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Abstract 

Anaphylaxis is a severe allergic reaction that is rapid in onset and can cause death. 

Recent and dramatic increases in prevalence have been driven by new and persisting 

allergies to food, insect venoms and medicines. Anaphylaxis in the community is a real 

concern because access to a health professional may be delayed, and death can occur 

within minutes.  

 Management of anaphylaxis in the community requires acute and long-term care. 

Acute treatment relies on the recognition of anaphylaxis and early use of adrenaline 

autoinjectors. Long-term care focuses on identification and avoidance of allergens, and 

preparation for recurrences. Education is crucial for both. Notwithstanding their role in 

supplying medicines, pharmacists can make a significant contribution to the education 

and care of anaphylaxis patients. In acute care, pharmacists should be ready to manage 

(and treat if necessary), patients who approach them suffering acute anaphylaxis. For 

long-term care, pharmacists prepare the patient to self-manage their anaphylaxis, 

through provision of advice and adrenaline autoinjectors.   

 This thesis investigates pharmacists’ preparedness for managing anaphylaxis, 

with a focus on education, knowledge and the interaction between pharmacists and 

people at risk of anaphylaxis. Four research areas are identified: 

1. A systematic review of the literature was undertaken to investigate whether e-

learning would be an effective strategy to deliver a standardised anaphylaxis 

education program to Australian pharmacists.  

2. A controlled intervention study was conducted to determine the effectiveness of a 

standardised anaphylaxis education program for pharmacists. This education 

program was delivered online and as face-to-face lectures by the Australasian 

Society of Clinical Immunology and Allergy (ASCIA). Effectiveness (as knowledge 
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change) was examined in tests on four occasions over 7 months, and compared with 

a group who did not receive training. 

3. A randomised, simulated patient study was conducted to evaluate how prepared 

Australian community pharmacists are for anaphylaxis. Willingness to discuss 

anaphylaxis with the patient was also investigated. 

4. The randomised, simulated patient study further assessed the intricacies of 

pharmacist accuracy in adrenaline autoinjector demonstration, and compared 

accuracy between the three different autoinjectors available at the time.  

 

Area 1. The systematic review identified that pharmacists consider e-learning to be a 

highly acceptable instructional format, and that it increases knowledge immediately 

after training. This suggested that e-learning would be a feasible option to allow 

widespread delivery of standardised anaphylaxis education to pharmacists. However, 

the lack of validated tools in evaluation, and the absence of long-term outcome 

evaluations posed new questions. Therefore when implementing ASCIA anaphylaxis 

training for pharmacists, effectiveness was measured over 7 months using a validated 

tool. The review also identified that there was no evidence for application of knowledge 

to practice gained through e-learning. This crucial aspect of knowledge translation 

applies equally to knowledge gained through traditional learning methods. Therefore, 

examination of how pharmacists communicate anaphylaxis knowledge to patients was 

assessed in a real world setting. 

 

Area 2. The controlled intervention study used a validated 12-question knowledge test 

administered pre-training, post-training, and 3 and 7 months after training. Pharmacists 

completed the e-learning program or attended an ASCIA anaphylaxis lecture. Controls 
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(students in pharmacy and medicine) attended an unrelated lecture as the intervention 

(i.e. no training). E-learning and lecture groups performed significantly better on all 

post-tests compared to the pre-test, and compared to the control group (all p<0.001). E-

learning and lecture scores were similar and not significantly different (p=0.6 at seven 

months). The proportion of learners achieving the minimum standard for anaphylaxis 

knowledge improved from 45% at pre-test to 87% (e-learning) and 81% (lecture-based 

learning) at 7 months. Knowledge of the steps for correct adrenaline autoinjector 

administration improved after training, but was comparatively lower (63% for e-learners 

and 61% for lecture-based learners) at 7 months. Demographic variables (age, main job, 

years since graduation, workplace location, gender) did not significantly affect 

knowledge scores. 

 

Area 3: In the randomised, simulated patient study of community pharmacist practice 

300 metropolitan pharmacies located in Perth, Western Australia, were randomised to 3 

groups of 100 (original EpiPen, new-look EpiPen or Anapen).  Using a standardised 

scenario, simulated patients approached pharmacists for assistance with adrenaline 

autoinjectors (EpiPen and Anapen), and for advice about using antihistamines in 

anaphylaxis. Anaphylaxis preparedness (readiness to treat acute anaphylaxis) and 

anaphylaxis engagement (willingness to engage the patient in discussing their 

anaphylaxis) were scored based on the number of predefined statements addressed by 

the pharmacist during the consultation (maximum score=5 for preparedness and 8 for 

engagement).  

 Of 300 pharmacies visited, 271 pharmacist consultations were included in the 

final analysis (88=original EpiPen, 92=new-look EpiPen, 91=Anapen). The mean 

anaphylaxis preparedness score was 2.39 (SD 1.17). Scores for new-look EpiPen were 
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significantly higher than for original EpiPen (2.75 vs 2.38, p=0.027) and Anapen (2.75 

vs 2.03, p<0.001). The mean anaphylaxis engagement score was 3.11 (SD 1.73). Scores 

for new-look EpiPen were similar to original EpiPen and Anapen (3.11 vs 3.32; 3.11 vs 

2.90, both p=0.42). Engagement was associated with preparedness. For each additional 

engagement point, preparedness increased by 7% (0.357 points; 95% CI: 0.291, 0.424; 

p<0.001). 

 

Area 4: Adrenaline autoinjector demonstration accuracy was assessed against the 

relevant ASCIA Action Plan for Anaphylaxis, in simulated patient visits to 300 

randomly selected pharmacies. Pharmacists were directly asked how to use original 

EpiPen, new-look EpiPen or Anapen. Of 250 pharmacist demonstrations, 46 (18.4%) 

accurately demonstrated all four steps on ASCIA Action Plan. Failure to state ‘do not 

touch the needle’ (74.8%) or ‘massage injection site’ (68.8%) reduced accuracy. 

However, 163 pharmacists (65.2%) accurately demonstrated the three steps required to 

inject adrenaline (no difference by device, p=0.15).  Associations with accurate 

demonstration were: checking if the patient had an anaphylaxis action plan (odds ratio, 

OR=16.1; 95% CI: 3.86-67.3); stating to call an ambulance after use (OR=4.0; 95% CI: 

1.44-11.1); or explaining the side effects of adrenaline (OR=4.5; 95% CI: 1.48-13.4). 

 

Collectively, the findings of this thesis demonstrate that pharmacists are not fully 

prepared for anaphylaxis in the community. Anaphylaxis and adrenaline autoinjector 

knowledge is incomplete and may be effectively improved (for at least 7 months) with a 

standardised anaphylaxis training program. In practice (during consultations with 

simulated anaphylaxis patients), pharmacists were not fully prepared for anaphylaxis in 

the community, with only modest preparedness scores and accuracy rates in autoinjector 
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demonstration. This suggests a lack of knowledge or a problem with knowledge 

translation. Deeper understanding of anaphylaxis (including the need for anaphylaxis 

action plans) is associated with accurate autoinjector technique. A novel framework for 

Australian community pharmacists to use in anaphylaxis management may aid 

understanding and should be developed to improve the community care of people at risk 

of anaphylaxis, and those presenting with anaphylaxis. 
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Opening statement 
 

Allergic disorders, including anaphylaxis, atopic asthma, allergic rhinitis and eczema 

are common immune hypersensitivity disorders that affect billions of people 

worldwide.1-7 Arguably the most severe of these conditions is anaphylaxis; a rapid-

onset, multisystem reaction that can cause death.8 Anaphylaxis is most frequently 

associated with the allergic (Immunoglobulin E; IgE) immune response, although non-

IgE pathways and non-immunologic mechanisms are also implicated.9-11 In IgE 

mediated anaphylaxis the most common triggers are food, insect venoms and 

medicines.10, 11   

 The incidence of anaphylaxis has dramatically increased over the past decade.12-

19 More cases occur in the community than the hospital setting,20 and the greater burden 

of disease (driven by rising food allergies) now exists in young people.13, 15, 16, 21, 22 

Early recognition of anaphylaxis and treatment with adrenaline is essential to prevent 

fatalities.10, 20, 23-26 However symptoms may vary from one episode to the next, and 

acute anaphylaxis may not always be recognised.10  Even more, the majority of people 

who have their own adrenaline autoinjector (such as EpiPen or Anapen) choose not to 

use it in an emergency,27 increasing their risk of fatal anaphylaxis.28-31 Other risk factors 

for fatal anaphylaxis include age (very young, very old, and adolescent), the presence of 

comorbid conditions (especially asthma and/or cardiovascular disease), and use of 

concurrent medicines (especially beta-blockers and angiotensin-converting enzyme 

(ACE) inhibitors).28-32 Therefore, while urgent treatment is essential, the issues of 

increased incidence of anaphylaxis, symptom recognition, comorbidities, and the 

reticence to self-administer adrenaline present unique challenges in anaphylaxis 

management. Beyond acute care is the need for consistent and accurate education to 

prepare people at risk of anaphylaxis for future events.10, 20, 23, 24  
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 Pharmacists in Australia are highly accessible primary care professionals who 

routinely supply adrenaline autoinjectors with or without a physician’s prescription. 

They should educate people how to recognise anaphylaxis and remind them of the need 

for an anaphylaxis action plan.33 In addition, pharmacists should teach people how to 

use their adrenaline autoinjector, so they will be confident to use it in an emergency.20, 

33 In the broader sense, community pharmacists also provide general allergy advice, 

treat comorbid conditions such as asthma, supply other medicines including 

antihistamines, and are often the first contact for people experiencing allergic reactions. 

There is great potential for them to play a crucial role in the community care and 

preparedness of people at risk of anaphylaxis, but little evidence to support this role.  

 Surveys conducted in United States and Canada have assessed provision of 

adrenaline autoinjector training, and provided a snapshot of anaphylaxis knowledge in 

pharmacists.27, 34, 35 They showed most people with anaphylaxis did not receive 

autoinjector training, and did not know how to use their adrenaline autoinjector,27, 34, 35 

but sought the role of the pharmacist to include provision of both anaphylaxis education 

and autoinjector training.34 One study identified large gaps in anaphylaxis knowledge in 

both pharmacists and patients. They recommended the establishment of a national 

pharmacist education program to ensure consistency in how they teach patients.35 

Australian research about community pharmacist attitudes to treat acute anaphylaxis 

showed they were unsure about how to manage anaphylaxis emergencies.36 

 As the incidence of anaphylaxis rises and the number of patients at risk of 

anaphylaxis increases, there is an urgent need to investigate whether Australian 

community pharmacists have the requisite knowledge to be able to act confidently in an 

emergency, and to educate people in the community about anaphylaxis. This thesis thus 

explores the role of the pharmacist caring for anaphylaxis patients in the real world: 

Pharmacists, Patients and Pens. 



Chapter 1 

Investigating the Management of Anaphylaxis in Pharmacy 5 

 
1.1 Background 

1.1.1 Allergic sensitisation and pathophysiology of anaphylaxis 

Anaphylaxis is most commonly IgE mediated, with prior allergen exposure required for 

sensitisation to occur (a T helper 2 cell [TH2] response). Allergens encountered for the 

first time are processed and presented by dendritic cells to naïve T cells in regional 

lymph nodes or local mucosa (Figure 1).37 In the presence of interleukin-4 (IL-4) these 

T cells acquire the characteristics of TH2-cells, pro-inflammatory cells that secrete the 

pro-inflammatory interleukins IL-4 and IL-13. In this environment and when the TH2-

cells are coupled with B cells, allergen-specific IgE antibodies are produced.38 

 After systemic distribution, these specific antibodies (along with allergen non-

specific IgE) bind to the high-affinity (FcεRI) IgE receptor on tissue-resident mast cells, 

and basophils in circulation. The individual is now sensitised to the specific allergen 

initially encountered, although not every sensitisation will be clinically significant. A 

multitude of immunologic, genetic, environmental and allergen-specific factors affect 

the sensitisation process, and T cell regulatory mechanisms may downregulate the TH2 

response.38 
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Figure 1. Allergen sensitisation. Reprinted with permission from Macmillan Publishers Ltd: Nature37 

Copyright (2008). 

 

 Allergen sensitisation does not itself produce symptoms of allergy or 

anaphylaxis. Instead, re-exposure to the specific allergen to which the individual is 

sensitised may result in a cascade of events that manifest as the allergic response 

(Figure 2).39 When the particular allergen is re-encountered and recognised by allergen-

specific IgE at the FcεRI receptor on mast cells and basophils, crosslinking and 

subsequent aggregation of FcεRI occurs. This activates mast cell (and basophil) 

degranulation. Preformed and lipid-derived mediators are released from the granules.38 

Although many people associate allergy with histamine, the preformed mediators are 

more complex and varied than just histamine. They also include proteoglycans (such as 

heparin), proteases (such as tryptase) and various other enzymes and growth factors.9, 38 

The lipid-derived mediators promote the synthesis and release of prostaglandins and 
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leukotrienes: themselves inflammatory mediators that cause immediate and ongoing 

inflammation, and are involved in amplifying the allergic response.9-11, 38 

 These mediators exert acute inflammatory effects in the surrounding tissue, 

causing vasodilation, bronchoconstriction, mucous production, increased vascular 

permeability and nerve stimulation.9, 10, 38 Local release of preformed mediators results 

in acute (and localised) symptoms of allergy, such as itching and rhinorrhea in allergic 

rhinitis. Rapid and systemic release of these mediators results in anaphylaxis.10, 38  

                  

Figure 2. Early allergic response. Reprinted with permission from Macmillan Publishers Ltd: Nature39, 

Copyright (2008).  

 

 Along with preformed mediators, various cytokines, chemokines and growth 

factors are also released from mast cell granules. They can contribute to the acute 

reaction, and also promote late-phase reactions by recruiting inflammatory leucocytes 

(such as eosinophils, basophils and neutrophils). Late-phase reactions usually develop 

2-9 hours after allergen exposure. Thus, these mediators may play an important role in 
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the pathophysiology of biphasic anaphylaxis.9, 38  

 Other immunologic mechanisms associated with anaphylaxis include the use of 

immune aggregates (such as intravenous immunoglobulin), biologic agents, or 

radiocontrast media; activation of complement or coagulation systems; or autoimmune 

mechanisms.9-11 Non-immunologic mechanisms include physical co-factors (such as 

stress, heat/cold, illness or exercise), and drugs (opiates, vancomycin, ethanol).9-11  

 

1.1.2 Pathogenesis of anaphylaxis  

Anaphylaxis can occur within seconds to minutes of allergen exposure.10 The most 

common triggers are foods, insect venoms and medicines, although IgE sensitisation 

may occur to any substance and subsequently cause anaphylaxis (Table 1). Multiple 

triggers may exist at the same time within an individual. Young people are more likely 

to experience food-induced anaphylaxis, whereas insect venoms and medicines are 

more common triggers in adults.10, 11, 24, 40, 41 Regional variations in diet and local insect 

populations mean triggers may vary depending on cultural influences and geographic 

location.10, 40-43 However, peanut, cows milk, egg and seafood remain the most common 

food triggers worldwide.43 Of concern is the trend for once-transient food allergies 

(such as egg and milk) to persist beyond childhood.6, 43  
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Table 1. Anaphylaxis triggers10, 12, 20, 24, 40 

Foods 

Peanut, tree nuts, shellfish, fish, cows milk, egg, sesame, wheat, soy, fruit, lupin, food 
additives (includes spices, gums and colourings) 

Insect venoms 

Stinging insects (Order Hymenoptera [Family: honeybees, wasps, ants]) 

Biting insects (ticks, caterpillars, mosquitoes, flies) 

Medicines 

Antibiotics (especially beta-lactam class) 

Non-steroidal anti-inflammatory drugs  

Therapeutic monoclonal antibodies (e.g. infliximab, rituximab, omalizumab) 

Chemotherapeutic agents (e.g. doxorubicin, carboplatin) 

Other IgE dependent triggers 

Natural rubber latex 

Seminal fluid 

Aeroallergens  

Radiocontrast media (may also be IgE independent) 

Non-immunologic triggers 

Physical factors (heat, cold, exercise*, sunlight). 

Ethanol 

Medicines (opiates, vancomycin)  

Idiopathic  

Foods are reported to account for 33% of anaphylaxis cases, insect venoms for 19%, 
medicines for 14% and other triggers for 9% of cases. In up to 25% of cases the cause may be 
non-immunologic or idiopathic.44 
*Exercise may cause anaphylaxis independently, or as a co-factor with food or medicines. 

 

 Anaphylaxis to vaccines occurs extremely rarely (estimated rate of 1 reaction 

per million doses).45 In the case of IgE mediated reactions, the trigger is usually an 

additive or residual vaccine component (such as gelatine, egg, latex, yeast or cows milk) 

rather than the microbial immunising agent itself.45 

 Regardless of the mechanism or trigger for anaphylaxis, the mediators released 

from mast cells and basophils initiate and maintain the reaction in a multi-system 

response. The signs and symptoms of anaphylaxis occur swiftly across a dynamic 
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continuum (Table 2). Although sudden-onset of symptoms is characteristic of 

anaphylaxis, the rate of progression may vary from one person to another, and one 

reaction to another.10 Similarly, anaphylaxis presentation may be different from one 

person to the next, or within the same person, from one episode to the next.10  

 Biphasic reactions (where symptoms resolve, then recur without further trigger 

exposure) may occur in up to 20% of cases within 8 hours, and have been reported as 

late as 72 hours after the initial reaction.40 The presence of asthma complicates 

symptom recognition and has been associated with more than 90% of anaphylaxis 

fatalities.10, 20, 30, 31, 46  

 

Table 2. Clinical features of anaphylaxis11, 24, 47  

Skin/mucosal Respiratory Cardiovascular Gastrointestinal Central Nervous 
System 

Flushing 

Pruritus 

Urticaria 

Morbilliform rash 

Angioedema 

Periorbital oedema 
and itch 

Oral oedema and 
itch 

Itching of palms, 
soles, genitalia 

Cough 

Dyspnoea 

Hoarseness and 
dysphonia 

Stridor 

Wheeze 

Chest tightness 

Nasal itching, 
rhinorrhoea, 
sneezing 

Cyanosis 

Respiratory arrest 

Chest pain 

Dizziness 

Hypotension 

Arrhythmias 
(tachycardia, 
bradycardia, other) 

Shock (collapse) 

Pallor 

Incontinence 

Cardiac arrest 

 

Nausea 

Vomiting 

Diarrhoea 

Abdominal pain 

Dysphagia 

Headache 

Aura of 
impending doom 

Sudden 
irritability or 
uneasiness 

Confusion 

Tunnel vision 

Altered mental 
state 

Skin and mucosal symptoms are reported to occur in 80–90% of patients with anaphylaxis, respiratory 
symptoms in up to 70%, cardiovascular symptoms in up to 45%, gastrointestinal symptoms in up to 45%, 
and central nervous system symptoms in up to 15%.24  
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1.1.3 Epidemiology of anaphylaxis 

With dramatic increases in food allergy over the past decade,6, 42, 43, 48, 49 and knowing 

that food is a common cause of anaphylaxis,44 it is not surprising that rates of 

anaphylaxis are also changing. Previously the lifetime prevalence of anaphylaxis has 

been reported as 0.05%-2%.10, 13 However the true epidemiology of anaphylaxis is 

difficult to determine.7, 13 Various factors contribute to this, including an historical lack 

of consensus on the definition of anaphylaxis, insufficient and inadequate International 

Classification of Diseases (ICD) codes, poor coding of anaphylaxis in hospital and 

administrative databases, and the use of varied methodologies for estimation (such as 

reviews of emergency department or hospital inpatient records, practitioner-based 

outpatient records, adrenaline autoinjector dispensing records or the use of population 

health datasets).  Patient level factors may also contribute to underestimation of 

anaphylaxis rates. Variable presentation or transient symptoms may result in inaccurate 

diagnosis (e.g. as asthma or urticaria). Patients who experience anaphylaxis in the 

community and recover spontaneously may not even see a health professional, and 

others may be treated by a general practitioner but not visit a hospital.10, 20, 27 

 At present there is no mechanism in place for mandatory recording of 

anaphylaxis events in Australia.50 Even though anaphylaxis frequently occurs in the 

community, most prevalence estimates are based on data from hospital admissions and 

represent point prevalence. In 2004-2005 the Australian prevalence of anaphylaxis 

(based on hospitalisations) was 10.8 per 100,000 population; the greatest burden was in 

children aged 0-4 years (admission rate 19.7 per 100,000 population).16 Compared with 

data from 1993-1994, anaphylaxis admissions to hospital had increased on average by 

8.8% per year.16 The substantial increase in anaphylaxis admissions in the 0-4 years age 

group (from 4.1 to 19.7 per 100,000 population over the 12-year period) was largely 

attributed to an increase in food anaphylaxis.16  In 2000-2001, the prevalence of 
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anaphylaxis in the United Kingdom was estimated as 3.8 per 100,000 population.21 

Similarly, in 2006, the prevalence of anaphylaxis in the United States was estimated at 

4.7 per 100,000 population; a more than four-fold increase from 1990.15 Children aged 

0-2 years and 14-18 years had the highest hospital admission rates for anaphylaxis, with 

food anaphylaxis occurring in 67.4% of all cases.15 Considering all of these figures, 

Australia has the highest prevalence of anaphylaxis in the world. 

 Although the lifetime prevalence of anaphylaxis is more difficult to estimate, in 

2011 (in the United States) this was estimated as 1.6-6.7% 51 (range based on ‘certain’ 

and ‘highly likely’ categorisation of anaphylaxis); a significant rise on estimates from 

2006.13 

 These changes in point and lifetime prevalence suggest an increasing incidence 

of anaphylaxis, especially in young people. Food anaphylaxis is a major concern 

because food allergies are tending to persist more now than ever before.6 Already 10% 

of one-year old children in Australia have challenge-proven food allergy.48 Between 

1995 and 2006 there was a 7-fold increase in specialist referrals (and a 5-fold increase 

in hospitalisations) for food anaphylaxis in Australian children aged 0-5 years.42  As 

these children reach adulthood with their allergy intact, there is expected to be a 

dramatic and sustained rise in anaphylaxis in the general population. Behind them, a 

potential wave of new cases is forming.6, 43, 49  

 Considering the difficulty people face in avoiding anaphylaxis triggers, this new 

epidemic should become a major concern in the community. First-time reactions can be 

fatal and death can occur within minutes (median 30 minutes for food, 12 minutes for 

insect stings and 5 minutes for medicines).30 Therefore, preparedness is of utmost 

importance – in anaphylaxis recognition and diagnosis, treatment and long-term 

management.  
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1.1.4 Diagnosis of anaphylaxis 

The diagnosis of anaphylaxis must be made clinically. This can be difficult for patients, 

carers and health professionals during the stressful period of acute anaphylaxis, and 

often anaphylaxis is not formally diagnosed until after the event. There are no 

laboratory tests or biomarkers that unequivocally diagnose anaphylaxis. Elevation of 

serum histamine and tryptase occurs during anaphylaxis. However, changes are not 

consistent for different triggers, and across different age groups, making them unreliable 

biomarkers for diagnosis in the acute phase (tryptase may aid diagnosis after the 

event).24, 52 Platelet-activating factor (PAF) correlates better with anaphylaxis severity 

than either histamine or tryptase, however concentrations return to baseline within 20 

minutes, thus this biomarker is not practically useful.52 Because there is no simple test 

to confirm anaphylaxis either at the time of presentation or afterwards, recognition of 

the features of anaphylaxis is of prime importance in initial events, then formal 

diagnosis and pattern recognition are important after the episode.10,11,24   

 Diagnosis depends on the presenting signs and symptoms, preceding activities 

(consideration of trigger/s), and any response to treatment.10,24 In the community this 

can be complicated by common differential diagnoses, such as acute asthma, acute 

generalised urticaria, syncope or panic attack.20, 24, 52 The pattern of sudden-onset and 

rapid progression of symptoms remains characteristic of anaphylaxis, although 

symptoms may vary by age.  In elderly people, cardiovascular symptoms associated 

with insect venom or medicine-based triggers are typical; whereas young people are 

more likely to be atopic, and present with respiratory symptoms associated with food 

triggers.52 Generalised urticaria may appear alarming but is not diagnostic, nor is its 

absence: in at least 10% of anaphylaxis cases, there may be no skin signs.20, 44 

Furthermore, many commonly used medicines and drugs can affect recognition of 

anaphylaxis. These include sedating H1-antihistamines, sedatives, antidepressants, 
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ethanol, and recreational drugs.20 Anaphylaxis may be hard to diagnose in infants and 

young children, and subtle signs such as persistent cough or hypotonia may not be 

recognised as part of anaphylaxis.20, 24  

 The key to diagnosis relies on pattern recognition of the collective circumstances 

and symptoms around the episode of anaphylaxis. Clinical criteria for diagnosis are 

shown in Table 3. Usually more than two body systems are required to be involved for 

diagnosis.24 However, in some circumstances, and after exposure to a known trigger, 

anaphylaxis may be diagnosed based on involvement of a single body system (for 

example sudden onset of cardiovascular symptoms after insect sting).24  
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Table 3. Clinical criteria for diagnosing anaphylaxis.24 

Anaphylaxis is highly likely when any ONE of the following three criteria is fulfilled, 
with acute onset of symptoms (minutes to hours): 

1. Sudden illness involving the skin, mucosal tissue or both (e.g. generalised urticaria, 
itching, flushing, swollen lips/tongue/uvula)  

AND AT LEAST ONE OF THE FOLLOWING 

a) Respiratory compromise (e.g. dyspnoea, persistent cough, bronchospasm/wheeze, stridor) 

b) Reduced blood pressure or associated symptoms of end-organ dysfunction (e.g. hypotonia, 
syncope, collapse, incontinence) 

OR – after exposure to a likely allergen for that person 

2. TWO OR MORE OF THE FOLLOWING 

a) Sudden illness involving the skin, mucosal tissue or both (e.g. generalised urticaria, 
itching, flushing, swollen lips/tongue/uvula) 

b) Respiratory compromise (e.g. dyspnoea, persistent cough, bronchospasm/wheeze, stridor) 

c) Reduced blood pressure or associated symptoms of end-organ dysfunction (e.g. hypotonia, 
syncope, collapse, incontinence) 

OR – after exposure to a known allergen for that person 

3. Reduced blood pressure 

a) Infants and children: low systolic blood pressure (age-specific) or greater than 30% 
decrease in systolic blood pressure 

b) Adults: systolic blood pressure less than 90 mmHg, or greater than 30% decrease in that 
person’s baseline blood pressure 

Table adapted from: Simons F et al. World Allergy Organiz J. 2011.24 

 

 After the acute event, it is essential that a specialist allergist verify the diagnosis 

of anaphylaxis: to identify the trigger, plan long-term management and institute risk 

reduction strategies.20 Management of people with a diagnosis focuses on allergen 

avoidance and preparedness to treat future events. However for obvious reasons, first 

time anaphylaxis in the community needs urgent recognition and care. In this context 

rapid first aid is crucial, and pharmacists are being sought – most likely because they 

are easily accessible health professionals known to stock adrenaline autoinjectors – as a 

treatment destination by people with acute anaphylaxis. Therefore pharmacists must be 

able to recognise the signs and symptoms of anaphylaxis, and be prepared to perform 

the dual role of acute and long-term care.  
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1.1.5 Management of anaphylaxis 

Anaphylaxis is a medical emergency requiring prompt treatment of acute events and 

long-term care to prevent and treat recurrences.10, 24 Importantly, there is no test that can 

predict the severity of future reactions.24 People with a diagnosis of anaphylaxis may 

misinterpret their risk for a fatal reaction based on their first reaction, complicating 

preparedness for self-treatment (in fatal anaphylaxis, just 20% of cases had a history of 

previous severe allergic reactions, while the other 80% had only previously experienced 

mild to moderate allergic reactions.30,41)  

 

 

The World Health Organization, the World Allergy Organization and all 

region-specific anaphylaxis guidelines state adrenaline is the drug of 

choice for treating acute anaphylaxis.24, 53-56 

  

 Adrenaline prevents and relieves the manifestations of mast cell and basophil 

degranulation through effects on most body systems. It quickly increases the force and 

rate of cardiac contraction, relaxes bronchial smooth muscle, decreases mucosal oedema, 

increases blood pressure and relieves urticaria.57-60 Because adrenaline causes 

vasodilation in skeletal muscle and is quickly absorbed from this highly vascular 

environment, intramuscular injection to the mid-anterolateral thigh is recommended in 

initial treatment of anaphylaxis.10, 24 In the community, this is best achieved using 

adrenaline autoinjectors, and these devices (although not universally available) are 

widely prescribed worldwide.33, 57, 59, 61, 62 There are two adrenaline autoinjectors 

available in Australia: EpiPen and Anapen. Both devices are available in low- and 

higher-dose forms (0.15mg for children>12 months, up to 20kg; and 0.3mg for children 
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over 20kg and adults). Repeated doses (every 5-15 minutes) may be required depending 

on the response to initial treatment and severity of the episode.24 

 Despite the widespread recommendation for adrenaline as first line treatment, 

and the evidence that delayed adrenaline is associated with fatal anaphylaxis, it is 

apparent that patients, carers and clinicians frequently underuse it, and instead 

administer antihistamines, beta2 agonists or glucocorticoids as first line treatment.24, 27, 

47, 63-66   These medicines are considered second line or ancillary agents and should 

never be administered either first line or as the sole treatment in anaphylaxis.8, 10, 24 

Table 4 shows the rationale for, and limitations associated with the use of second-line 

medicines in anaphylaxis.  
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Table 4. Second-line medicines used in anaphylaxis10, 20, 24, 52, 67-69 

Medicine Rationale Limitations 

H1 receptor 
antagonists 
(antihistamines) 

Relieve itching, flushing, urticaria, 
angioedema, eye and nose 
symptoms. 

Do not prevent or relieve laryngeal 
oedema and upper airway 
obstruction, hypotension or shock. 

Slow onset of action (1-3 hours). 

First generation antihistamines are 
associated with CNS depression, 
which may complicate 
interpretation of anaphylaxis. 

 

Beta2 adrenergic 
agonists 

Aid lower respiratory wheeze, 
cough and shortness of breath. 

Do not prevent or relieve laryngeal 
oedema and upper airway 
obstruction, hypotension or shock. 

 

 

Glucocorticoids Powerful anti-inflammatory effect: 
reduce production of pro-
inflammatory mediators and may 
reduce symptom recurrence after a 
severe reaction or a reaction with 
marked or persistent wheeze. 

Theoretically may prevent 
protracted or biphasic anaphylaxis. 

Onset of action too slow to treat 
acute anaphylaxis (several hours 
for effect). 

No conclusive evidence for 
prevention of protracted or 
biphasic anaphylaxis.  

 

 

The erroneous use of these medicines in anaphylaxis is of particular relevance to 

community pharmacists. Patients may purchase antihistamines and beta2 agonists (i.e. 

salbutamol) from pharmacies in Australia without a prescription. Some patients may not 

recognise their symptoms as anaphylaxis, and instead seek to purchase these over-the-

counter medicines to relieve rashes or bronchospasm, during early anaphylaxis.  

 Management of anaphylaxis does not end with resolution of the reaction or 

confirmation of the diagnosis by a specialist allergist. Despite best efforts to avoid 

triggers, there is no guarantee that further episodes of anaphylaxis will not occur. 

Inadvertent exposure, and sometimes even deliberate exposure to triggers (e.g. in 

adolescents), may cause recurrent anaphylaxis. For this reason, people with a history of 

anaphylaxis should be prescribed and supplied with two (of the same) adrenaline 
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autoinjectors to carry at all times. Individuals, their families and carers should be taught 

why, when and how to use these devices, and regular updates are essential.10, 20, 24, 57   

 A systematic approach to care, including avoidance of triggers and management 

of acute anaphylaxis is facilitated with the use of a personalised written anaphylaxis 

emergency plan (an anaphylaxis action plan).70 This document identifies anaphylaxis 

triggers, distinguishes the symptoms of anaphylaxis from mild-to-moderate allergic 

reactions, instructs patients and carers how and where to administer adrenaline, and 

highlights the importance of calling an ambulance/attending hospital after using 

adrenaline.20, 53, 70, 71 As with patients, health professionals should be prepared for 

anaphylaxis emergencies with a well displayed, written emergency protocol,24, 69 

although no pharmacy-specific protocols exist.  

 Management of comorbid conditions that increase the risk of fatal anaphylaxis is 

important.10 Pharmacists regularly supply medicines for patients with asthma, other 

respiratory and cardiovascular diseases, and participate in optimising the health of these 

patients. Furthermore, pharmacists should remind patients not to depend on 

antihistamines for treatment of anaphylaxis, especially patients who are familiar with 

them.20 

 Education at all levels is necessary for each of these management 

considerations: acute care, trigger avoidance, supply of adrenaline autoinjectors, the 

need for an anaphylaxis action plan, and optimising management of comorbid 

conditions. Indeed, education of patients, carers and health professionals is considered 

the most important preventive strategy for anaphylaxis recurrence, and is a priority of 

the World Allergy Organization.24, 25, 52, 57 In the community, pharmacists may play a 

vital role educating patients about their anaphylaxis, and instructing them when and 

how to use adrenaline.   
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1.1.6 Role of the pharmacist 

Consider the complexities of anaphylaxis – an illness that is not contagious yet has 

insidious beginnings; where harm is associated with the goings-on of everyday life; 

where the burden of disease is increasingly borne by the young who may also grow old 

with it; where urgent treatment is critical to save lives and preparedness through 

education is vital for all. People at risk of anaphylaxis are usually well, yet they have a 

chronic disease.10, 20 Unlike other chronic conditions (and notwithstanding approaches 

such as immunotherapy to remodel the immune response), anaphylaxis only requires 

drug treatment during acute events.10, 20 In any year, 1 in 12 people who have had 

anaphylaxis will experience a recurrence.41 But even these people will not be as 

practiced with adrenaline as those taking medicines for chronic disease on a daily basis. 

Many of them (and their carers), will never have been shown, will choose not to use, or 

will simply forget how to correctly use, their autoinjector.27, 34, 72-79 Even more, this is 

complicated by recent changes in adrenaline autoinjector availability in Australia. 

Before the listing of Anapen in 2010, EpiPen was the sole device available in Australia. 

A new-look EpiPen became available in 2011, and for a period all three devices were 

sold (original EpiPen, new-look EpiPen, Anapen). As a result, people who had 

adrenaline autoinjectors prescribed before 2010 had to change from one device to a 

different device after original EpiPen was withdrawn in 2012. 

 In Australia, pharmacists are the sole suppliers of adrenaline autoinjectors to 

patients (and their carers). It is during this supply that they can opportunistically engage 

the patient to practice autoinjector administration and discuss anaphylaxis. Such 

opportunities are becoming more frequent: spending on adrenaline autoinjectors through 

the PBS in Australia, grew from AU$188,000 in 2003 to almost AU$13 million in 

2013; a 70-fold increase independent of any increase in unit price.80 

 Although treatment with adrenaline is only necessary during acute anaphylaxis, 
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education about anaphylaxis should occur continuously.10, 20 Patients need to know 

about anaphylaxis action plans, adrenaline autoinjectors, trigger avoidance, and what to 

do if anaphylaxis recurs. They need to be told to always carry their adrenaline 

autoinjector and to replace it when it expires.10, 20, 24 Many will perceive antihistamines 

to be a safer option than adrenaline and will use them during an emergency, despite 

adrenaline being safe (in correct autoinjector use), even in children.56, 57, 59 All patients 

need to know exactly how to use and store their specific autoinjector, and that EpiPen 

and Anapen are not interchangeable. Patients who have asthma as well as anaphylaxis 

especially need optimal asthma control, and this is facilitated though asthma and 

anaphylaxis education, and identification of patients with worsening asthma, such as 

those presenting in pharmacy for frequent salbutamol purchases. Patients need to know 

to call an ambulance after anaphylaxis even if they have recovered, in case of biphasic 

reactions.10, 20, 24  

 While patients must ultimately take responsibility for their own anaphylaxis 

management, this comprehensive requirement for knowledge is universal. Pharmacists 

have the accessibility, time and place to make a significant contribution educating 

patients with a history of anaphylaxis. Moreover, pharmacists must be prepared to assist 

people who approach them suffering acute anaphylaxis. They need the skills to discern 

anaphylaxis from other allergy, and a thorough understanding of acute and long-term 

management.  

 However, the evidence for such involvement is limited. In a US survey of 

people who had experienced anaphylaxis (n=1885), almost half had not received 

adrenaline autoinjector training.27 Another US survey assessed the need for anaphylaxis 

and autoinjector training by community pharmacists (n=1887), and found oral 

counselling was not provided for over 86% of pharmacist-supplied adrenaline 

autoinjectors.34 Irrespective of this, patients in the study supported a greater role for the 
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community pharmacist to provide both anaphylaxis education and autoinjector 

training.34 A Canadian assessment (n=1083) of anaphylaxis knowledge found 62% of 

pharmacists did not know the signs and symptoms of anaphylaxis and 45% did not 

understand the importance of calling an ambulance after anaphylaxis. The same study 

assessed autoinjector technique in patients (n=1448) and found 63% did not know how 

to use their device and only 56% had received autoinjector training.35 This study called 

for standardised anaphylaxis and autoinjector training to be made available for 

pharmacists, to ensure consistency in teaching patients,35 a critical part of anaphylaxis 

preparedness. Until recently, such programs did not exist in Australia.81 Moreover, 

anaphylaxis has not always been a component of Australian pharmacy degree curricula. 

Therefore there is a potential gap in anaphylaxis knowledge amongst Australian 

pharmacists.  

 There is a lack of research evaluating Australian pharmacist practice, knowledge, 

and their preparedness for emergencies in the context of anaphylaxis. Given the 

unpredictable nature of anaphylaxis, the dramatic rise in new cases of anaphylaxis, the 

potential for first-time reactions to be fatal,30 and the prospect that some patients choose 

pharmacies as a treatment destination, there is a need to identify if pharmacists are 

ready to manage anaphylaxis. This thesis explores pharmacists’ real-world preparedness 

for anaphylaxis, with particular consideration to education, knowledge and the 

interaction between pharmacists and people at risk of anaphylaxis. 
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1.2 Scope of this research  

This research project considered the holistic role of the pharmacist in caring for people 

at risk of anaphylaxis. The overarching feature of all aspects of anaphylaxis care is 

education, and this project begins by assessing e-learning as a strategy to deliver a 

standardised anaphylaxis education program to Australian pharmacists. The research 

then explores pharmacists’ knowledge about anaphylaxis, and the impact of a 

standardised anaphylaxis education program on their knowledge. Beyond this, the 

research focuses on the interaction between pharmacist and patient, concentrating on 

how the pharmacist educates the patient about anaphylaxis and adrenaline autoinjectors. 

Collectively these broad concepts measure pharmacist preparedness for the community 

care of people at risk of anaphylaxis, by focussing on the following four research areas, 

and associated research questions: 

 

Area 1: 

How is effectiveness assessed in evaluations of pharmacy e-learning programs, and is it 

an effective instructional format in pharmacy education? 

 

Area 2: 

What level of knowledge do pharmacists possess about anaphylaxis and adrenaline 

autoinjectors? Is it possible to improve their knowledge using a standardised 

anaphylaxis education program? Are there differences in knowledge gained based on 

how the program is delivered (e-learning or face-to-face lectures)? Are knowledge gains 

sustained long-term? Can pharmacists gain enough knowledge to be able to manage 

anaphylaxis or demonstrate adrenaline autoinjectors (evidenced by reaching a minimum 

level of achievement), and is this also sustained long-term?  
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Area 3: 

Beyond knowledge assessments, what evidence exists for anaphylaxis preparedness in 

Australian community pharmacists? How do pharmacists educate people at risk of 

anaphylaxis under conditions of usual practice? Are pharmacists willing to engage in 

discussion (about anaphylaxis) with people at risk of anaphylaxis? Are there any 

features of the pharmacist-patient exchange that may improve pharmacist preparedness 

for anaphylaxis? 

 

Area 4: 

Given pharmacists supply all adrenaline autoinjectors to patients in Australia, how 

accurate are they at demonstrating correct use of these devices, under usual conditions 

of practice? Further, did the change in adrenaline autoinjector availability in Australia 

(2010-2011) affect demonstration accuracy? Are there any features of the pharmacist-

patient exchange that may improve pharmacists’ accuracy in adrenaline autoinjector 

demonstration? 

 

1.3 Structure of this thesis 

This thesis is submitted as a series of papers (which have resulted from the research and 

have been published in refereed journals), in accordance with rule 32 of the Doctor of 

Philosophy Rules of The University of Western Australia. The thesis comprises seven 

chapters: an introductory exposition, a methodological statement, four scientific papers, 

and a general discussion chapter to conclude. Each of the scientific papers contains an 

independent introduction, methods, results and discussion section, and some overlap in 

content is unavoidable to enable the papers to be read by the wider community as 
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discrete entities. Each chapter is referenced separately to acknowledge the relative 

contribution of prior works and expedite identification of related evidence.   

 The current chapter presents an overview of the problem, explaining the 

pathophysiology and pathogenesis of anaphylaxis, its epidemiology, diagnosis and 

management. This chapter highlights the importance of education and preparedness for 

anaphylaxis in the community and maps out the important role of the pharmacist in 

community care. Four research areas with focussed research questions are identified in 

this chapter.  

 Chapter 2 presents an overall methodological summary of the research. Methods 

included a systematic review of the literature, a controlled intervention study, and a 

randomised cross sectional simulated patient study.  Expanded methodology is 

presented in each of the scientific papers.  

 Chapter 3 addresses the first set of research questions, and considers for the first 

time, the effectiveness of e-learning in pharmacy education. This systematic review of 

the literature was conducted to ascertain how effectiveness in this setting is measured, 

to synthesise the evidence for each measure, and to determine overall if e-learning is an 

effective form of instruction in pharmacy education. The synthesis provides evidence 

that e-learning is effective, and identifies areas for further effectiveness research. 

Importantly, the evidence in chapter 3 supports the application of an anaphylaxis e-

learning intervention and provides effectiveness measures to assess the intervention.  

 Chapter 4 addresses the second set of research questions through a controlled, 

interrupted-time series study of a standardised anaphylaxis education program. This 

chapter assesses baseline then change in anaphylaxis knowledge over time, after 

implementation of the education intervention. The assessment thus applies and extends 

a key effectiveness measure identified in chapter 3 – long-term knowledge change. 
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Additionally, this chapter introduces level of achievement as a new effectiveness 

measure (identified as a gap in chapter 3).  

 Recognising that knowledge does not guarantee application to practice, chapter 

5 investigates the third set of research questions using a randomised, simulated patient 

approach. This chapter considers the content and features of the interaction that occurs 

between a pharmacist and a person at risk of anaphylaxis, in the community pharmacy 

setting. Key outcome measures that demonstrate translation of knowledge to practice 

are presented, including anaphylaxis preparedness and willingness to engage in a 

discussion about anaphylaxis. Features of the interaction that impact on preparedness 

are considered. One particularly important feature is the ability to accurately 

demonstrate an adrenaline autoinjector. This chapter identifies a potential problem with 

adrenaline autoinjector demonstration, and thus overall anaphylaxis preparedness 

among pharmacists.   

 Chapter 6 delves further into the problem with adrenaline autoinjector technique, 

and in doing so addresses the fourth set of research questions. This chapter continues to 

report the research commenced in chapter 5, closely assessing if and how pharmacists 

demonstrate each of the steps required for accurate autoinjector use. The cause of the 

potential problem is identified, and considered in context of demonstration accuracy by 

other health professionals. For the first time, this chapter identifies that pharmacists 

have the highest rates of adrenaline autoinjector demonstration accuracy (compared 

with physicians, patients and carers), although there is still room for improvement.  

 The final chapter presents a cohesive discussion of the four research areas, 

including critical consideration of the results. This section integrates the findings of the 

research with implications for policy and practice; and points to new areas for research 

as a result of the findings of this thesis.  
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2.1 Introduction 

The studies performed to address the four key research areas outlined in Chapter 1 are 

included in the thesis as a series of original papers, forming Chapters 3-6. These studies 

included a systematic review of the literature, a controlled interrupted time-series 

intervention study, and a randomised cross sectional simulated patient study.  This 

chapter describes the research and analysis methods applied in the studies.  

 

2.2 Ethics approvals 

All studies were approved by the Human Research Ethics Committee of The University 

of Western Australia (approval numbers RA/4/1/4850 and RA/4/1/5440).  All 

participants in the overt research provided written, informed consent. Participants in the 

simulated patient research were unaware of their participation. These participants were 

not identified, the risk for harm was low, and the benefits from the research outweighed 

any risks of harm associated with not seeking consent. Therefore, we were granted a 

waiver of informed consent for that study.  

 

2.3 Research methods 

2.3.1 Systematic review of the literature  

A systematic review of the literature was undertaken to address the first research area. 

The protocol for the review was published on the PROPSERO International prospective 

register of systematic reviews (see Appendix 1). The review was conducted according 

to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

Statement.1 In order to identify effectiveness measures used in pedagogical research, a 

separate review of the literature was undertaken prior to the systematic review. This 

identified Kirkpatrick’s model as a potential framework upon which to guide 
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effectiveness measures, (adopted in 2009 by the Best Evidence Medical Education 

Collaboration [BEME] as a grading standard for literature reviews).2, 3 Based on this 

model, three primary outcomes (learning, behaviour and results), and one secondary 

outcome (reaction) were identified for the review.  

 The systematic review was conducted using the Web-based systematic review 

software, DistillerSR (Evidence Partners Incorporated, Ottawa, Canada). Two reviewers 

independently assessed and then abstracted data using a series of dedicated forms that I 

developed based on the Evidence for Policy and Practice Information and Coordinating 

Centre (EPPI-Centre) data extraction and coding tool for education studies.4 These 

forms were piloted and refined prior to data abstraction, and applied through DistillerSR 

(see Appendix 2). I contacted the authors of publications for which additional data was 

required to answer questions included in the data abstraction forms.  

A quality assessment tool was developed for the systematic review based on 

three published tools,4-6 and the assessment embedded within the data abstraction forms 

in DistillerSR. (This tool is published as an appendix to Chapter 3). Further, the impact 

of each intervention, and the strength of findings for each study were considered based 

on two published scales.2, 3 Kirkpatrick’s hierarchy was used to assess the impact of 

each intervention in terms of learning, behaviour or results.3 The BEME weight of 

evidence rating scale (strength 1=no clear conclusions can be drawn, not significant; 

2=results ambiguous, but there appears to be a trend; 3=conclusions can probably be 

based on the results; 4=results are clear and very likely to be true; 5=results are 

unequivocal) was used to assess the strength of findings of each study, and was an aid 

to assist overall study quality assessment.2   

This review is presented as an original paper in chapter 3 of the thesis.  
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2.3.2 Controlled intervention study 

A controlled interrupted time-series study of a standardised anaphylaxis education 

program, was undertaken to address the second research area. There were three arms: e-

learning intervention, face-to-face lecture intervention and control. The key outcome 

measure was knowledge change over time. The secondary outcome measure was level 

of achievement, defined as achieving a score of 9/12 (75%) or better on the knowledge 

assessment test.  

 ASCIA developed the anaphylaxis education program in consultation with key 

pharmacy stakeholder groups and other members of the pharmacy profession (including 

the candidate).  The e-learning and lecture programs were equivalent in content and 

time required for completion.  

 Intervention participants included Pharmacists (registered with the Pharmacy 

Board of Australia (PBA)), pharmacy interns (provisionally registered with PBA and 

completing practice hours under the direct supervision of a registered pharmacist), and 

pharmacy students (enrolled in an approved course of study in the field of pharmacy at 

an Australian university). Control participants were students of medicine or pharmacy at 

the University of Western Australia. 

 Knowledge change was assessed using a 12-question test, the Anaphylaxis 

Training Pharmacist Assessment Tool (AT-PAsT) (see Appendix 3), which was 

developed and validated prior to first use. This used a combination of multiple-choice, 

yes/no, and order-the-steps questions to measure knowledge of the prevention, 

identification, and management of anaphylaxis in the community setting. An expert 

group of 10 allergy and immunology physicians and 2 clinical pharmacists (including 

the candidate) developed the test questions and assessed content validity. Modifications 

to wording and content changes were made to 2 questions. Face validity was evaluated 
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in a group of 15 pharmacists and 5 pharmacy students, and all agreed they understood 

the questions and response options. This test was piloted in a group of 67 pharmacists, 

then redeveloped and re-validated prior to use in the larger study. The final AT-PAsT 

was formatted to create four separate versions: a pre-test, a post-test, a 3-month test and 

a 7-month test. Questions and response options were re-ordered on each version to 

reduce practice effect. The test was administered in paper copy and/or online on four 

separate occasions (identified above) over a 7-month period. Level of achievement was 

assessed based on overall scores attained by participants relative to the minimum 

standard (score of 9/12 (75%) or better).  

 This study is presented as an original paper in chapter 4 of the thesis. 

 

2.3.3 Randomised cross-sectional simulated patient study 

A randomised cross-sectional simulated patient study of pharmacist practice was 

conducted to address the third and fourth research areas.  

 A random sample of 300 pharmacies (located within a 20km radius of the Perth 

Central Business District, and listed on the Pharmacy Registration Board of Western 

Australia Premises Register),7 was selected using a random number generator.8 Using 

the same generator, pharmacies were randomly assigned to original EpiPen, new-look 

EpiPen or Anapen groups, and then each group randomly allocated to one of three, 

trained research assistants. In a full-day training session prior to the study, the research 

assistants learnt a scenario, practised the role of the simulated patient, and learnt a 

‘script’ so that all responses to pharmacist questions were the same. EpiPen and Anapen 

trainers were used to teach research assistants correct device demonstration, and their 

device technique was assessed to ensure accuracy. The research assistants carried two of 
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the same new, unmarked, adrenaline autoinjector devices to each pharmacy visit. The 

autoinjectors were replenished as required to appear ‘new’.  

 The data collection for this study captured preparedness variables (broadly: 

allergy assessment, autoinjector demonstration, antihistamine recommendations); 

adrenaline autoinjector demonstration variables (broadly: materials used for 

demonstration, use of references, steps used in demonstration, errors or omissions in 

demonstration and other advice provided); and demographic variables (broadly: 

pharmacy environment, pharmacist age and gender).  The scenario and data collection 

form were piloted and minor adjustments made prior to the main study. The final 

scenario and data collection form are presented in Appendices 4 and 5.  

 At each visit during the study, the research assistants enacted the scenario of a 

newly diagnosed anaphylaxis patient. They asked the pharmacist to show them how to 

use their adrenaline autoinjector, and for advice regarding the use of antihistamines in 

anaphylaxis. Immediately after the visit (away from the premises) the assistants 

completed the data collection form. This data was subsequently entered into a Microsoft 

Excel file.  

 The primary outcome measure for the third research area was anaphylaxis 

preparedness. This was defined based on key statements from ASCIA9 and the World 

Allergy Organization.10, 11 Anaphylaxis preparedness (or readiness to treat acute 

anaphylaxis) considered symptom recognition, the need to call an ambulance after 

treatment, anaphylaxis action plans, adrenaline autoinjector use and antihistamine 

recommendations. Willingness to engage the patient in a discussion about their 

anaphylaxis was a secondary outcome, and concepts from the Australian Professional 

Practice Standards,12 and National Competency Standards Framework for Pharmacists 

in Australia13 were added to those used for the primary measure, in the definition of this 
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outcome. These concepts included allergen awareness, the need for specialist review, 

performing a hands-on autoinjector demonstration (as opposed to verbal counselling), 

providing written information, checking autoinjector expiry and explaining the side 

effects of adrenaline. Additionally, factors that may impact on anaphylaxis preparedness 

(such as demographic factors, type of autoinjector and anaphylaxis engagement) were 

considered during statistical analysis.  

 The key outcome measure for the fourth research area was accurate 

demonstration of the adrenaline autoinjector. Being able to correctly use an adrenaline 

autoinjector is the most crucial factor in immediate treatment of anaphylaxis in the 

community, and a central component of long-term strategies for the management of 

anaphylaxis. Accurate demonstration was defined based on the steps listed on the 

relevant ASCIA Action Plan for Anaphylaxis;9 Appendix 6. Secondary outcomes, 

including variation in accuracy by device, and predictors for accurate demonstration 

were investigated during statistical analysis.  

 This study is presented as two separate original papers in chapters 5 and 6 of the 

thesis. The paper for chapter 5 considers the questions around holistic preparedness for 

anaphylaxis, and identifies a potential problem with autoinjector demonstration. The 

paper for chapter 6 delves into this problem while providing detailed evidence for 

autoinjector demonstration accuracy.    

 
2.4 Analytical methods 

Qualitative and quantitative methods were used to analyse the data from my research.  

In the systematic review of the literature, the included studies differed 

significantly by design, intervention, duration, assessment method, and outcome. Few 

studies reported sufficient data to enable calculation of a combined effect size, and there 

was limited response to requests for data. Therefore it was not appropriate to conduct a 
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meta-analysis for any of the identified effectiveness measures. Instead, a meta-narrative 

approach to synthesis was adopted. Broad themes of effectiveness measures reported in 

each study were iteratively categorised using qualitative methods, to yield a detailed 

thematic map of e-learning effectiveness in pharmacy education. 

 The remainder of the research data was analysed quantitatively. All quantitative 

analyses were performed using SPSS v21 [IBM, New York, United States of America], 

and statistical tests reported as two-sided p-values at the 5% level of significance.  

 A linear mixed-effects model with post-hoc pairwise analysis (T-test) was used 

to evaluate knowledge change within and between groups in the controlled study of the 

standardised anaphylaxis training program for pharmacists.  

 In the simulated patient study, multiple linear regression was used to identify the 

extent to which various factors impact on anaphylaxis preparedness. One-way ANOVA 

with post-hoc pairwise analysis (T-test) was used to evaluate differences in anaphylaxis 

preparedness score by autoinjector group.   

 Univariate and multivariate binary logistic regression was performed to identify 

the impact of various features of the consultation with the pharmacist on accurate 

adrenaline autoinjector demonstration.  

 Comparison of categorical variables across groups in the controlled intervention 

and simulated patient studies was undertaken using the Pearson chi-squared test or 

Fisher’s exact test. McNemar’s test was used for within group comparisons.  

 All statistical models considered the influence of demographic and other 

potentially related variables on the outcome measure. Additional details regarding 

specific statistical tests, including power calculations are included in the relevant 

chapters.   
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Chapter 3 

A Systematic Review of the Effectiveness of E-learning in 

Pharmacy Education 
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Reference: Salter SM, Karia A, Sanfilippo FM, Clifford RM. Effectiveness of e-

learning in pharmacy education: a systematic review. American Journal of 

Pharmaceutical Education 2014; 78 (4): article 83. 

 

 

3.1 Background 

This chapter aims to address the first set of research questions by identifying and 

evaluating the literature on effectiveness of e-learning in pharmacy education. Of 

particular interest are the outcome measures used to assess e-learning programs, and 

whether these demonstrate that e-learning is an effective instructional format in 

pharmacy education.  
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3.3 Key points from this chapter  

• The measures used to evaluate the effectiveness of e-learning in pharmacy education 

are those of learning, reaction and behaviour, although behaviour has been used 

infrequently and only measured subjectively.  

• Learning has been measured objectively (as knowledge gain and skills change); and 

subjectively (as perceived benefits or increased confidence). 

• There is good evidence for immediate knowledge gain after e-learning, but no 

evidence that this gain is sustained beyond the immediate period after learning.  

• Only one paper applied robust research to measure skill development as a result of 

e-learning, thus the evidence for skills change after e-learning is limited.    

• Reactions to e-learning have been frequently assessed. Amongst those using e-

learning, the vast majority find it a highly acceptable instructional format in 

pharmacy education.  

• There is limited evidence for behavioural change. Where researched, learners agree 

immediately after e-learning that they intend to change behaviour or practice. 

However, this is subjective and representative only of the point in time immediately 

after training. Just one study investigated whether learners perceived they had 

actually changed practice (as opposed to intent).  

• There is no current evidence that the knowledge gained from e-learning courses is 

translated to practice or has improved patient outcomes.  

• E-learning effectiveness research has generally been of moderate quality. Wider 

sampling frames, randomisation, validated tools and the use of controls is needed to 

improve quality.  

• Assessment of individual e-learning programs should continue. Long term 

knowledge gain and translation of knowledge to practice are key areas for research. 
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Chapter 4 

Implementation and Evaluation of ASCIA Anaphylaxis 

Training for Pharmacists 

 

Presented as published in The American Journal of Pharmaceutical Education. 

 

Reference: Salter SM, Vale S, Sanfilippo FM, Loh R, Clifford RM. Long term 

effectiveness of online anaphylaxis education for pharmacists. American Journal 

of Pharmaceutical Education 2014; 78 (7): article 136. 

 

 

4.1 Background 

The systematic review of the literature reported in Chapter 3 showed that both 

pharmacists and pharmacy students consider e-learning a highly acceptable instructional 

format in pharmacy education.1 In the context of anaphylaxis, education is a crucial 

component of patient care.2-4 For pharmacists to educate people about anaphylaxis, they 

must first have the knowledge to do so, and then be retrained at an appropriate interval 

to maintain their knowledge. This was especially important in 2011 when adrenaline 

autoinjector devices in Australia were changing.   

 The aim of ASCIA anaphylaxis training for pharmacists is to provide a 

standardised anaphylaxis education program that is consistent with ASCIA programs 

delivered to doctors, other health professionals, schools, childcare staff and the general 

community.5 It is difficult to deliver such a program in a timely manner to a 

geographically diverse population. Chapter 3 showed there is evidence that e-learning is 

an effective instructional format in pharmacy education and increases knowledge in the 
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short term. Therefore, delivery of ASCIA anaphylaxis training for pharmacists online is 

a feasible option to overcome the barriers to learning of time and place. While the 

evidence for acceptability of e-learning is strong, the evidence for long-term knowledge 

gain after e-learning is limited.  

 This chapter aims to address the second set of research questions by assessing 

pharmacist knowledge about anaphylaxis and adrenaline autoinjectors, implementing a 

standardised anaphylaxis training program, and then reassessing knowledge. Of 

particular interest is long-term effectiveness of the training program. 

 The specific aim of this study was to evaluate the effectiveness of ASCIA 

anaphylaxis training for pharmacists after implementing it as an e-learning program. As 

no ASCIA training has been evaluated for effectiveness, the relative effectiveness of 

online ASCIA anaphylaxis training for pharmacists was measured in comparison with 

ASCIA lecture training and no training. The most suitable effectiveness measure in this 

circumstance was learning. This was assessed as immediate and long-term knowledge 

change, and level of achievement. 
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4.3 Key points from this chapter  

• Before training, most pharmacists had limited anaphylaxis knowledge. Less than 

half achieved the minimum standard for anaphylaxis knowledge at this point.  

• Knowledge of adrenaline autoinjector technique was also poor. Before training only 

one-third of pharmacists could correctly order the steps for adrenaline autoinjector 

administration.  

• ASCIA anaphylaxis training for pharmacists effected immediate and long-term 

gains in anaphylaxis knowledge. Immediately after training, almost 100% of 

pharmacists achieved the minimum standard for anaphylaxis knowledge and despite 

some decline in knowledge over time, by 7 months more than 80% of pharmacists 

still achieved the minimum standard. There were similar improvements in 

adrenaline autoinjector technique immediately after training, although by 7 months, 

only 61-63% of pharmacists correctly ordered the steps for autoinjector 

administration, a significant decline.   

• Participants who did not receive anaphylaxis training (controls), showed no change 

in anaphylaxis knowledge immediately or long-term after the control intervention. 

Whether pharmacists engaged in anaphylaxis e-learning or lecture training did not 

affect knowledge scores.  
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Chapter 5 

Pharmacists’ Response to Anaphylaxis in the Community: 

Advice Provided to Patients in the Pharmacy 

 

Presented as published in BMJ Open. 
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simulated patient study of pharmacist practice. BMJ Open 2014; 4: e005648. 

 

 

5.1 Background 

Chapter 4 of this thesis demonstrated that significant long-term improvements in 

pharmacists’ knowledge of anaphylaxis and adrenaline autoinjector technique could be 

achieved after appropriate training. Both ASCIA e-learning and face-to-face 

anaphylaxis training programs provide immediate and sustained knowledge gains in the 

majority of pharmacists. This improved knowledge may translate to improved patient 

care and ultimately reduce anaphylaxis morbidity and mortality in the community.  

 However, there is no evidence among pharmacists for translation of anaphylaxis 

knowledge to practice. Pharmacists must prepare the person at risk of anaphylaxis to 

self-manage their condition, and the best opportunity to do this is during adrenaline 

autoinjector supply. In addition, pharmacists must themselves be prepared to manage 

any patients who present to the pharmacy for assistance during acute anaphylaxis. 

Therefore, beyond knowledge assessments, practice-based evidence is required for 

anaphylaxis preparedness in Australian community pharmacists.  
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 This chapter aims to address the third set of research questions by assessing the 

advice provided by the pharmacist to an anaphylaxis patient during a pharmacy 

consultation. This study considers the elements of knowledge that are essential for 

anaphylaxis preparedness, and if pharmacists apply that knowledge as advice to patients 

under usual conditions of practice.  
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5.3 Key points from this chapter  

• Preparedness for anaphylaxis emergencies was defined based on five key statements 

from the WAO and ASCIA.1, 2 In this study pharmacists addressed a mean of 2.39 

out of the 5 statements during their consultation with the simulated patient, and thus 

did not demonstrate sound preparedness for anaphylaxis emergencies.  

• There were statistically significant differences in the mean number of preparedness 

statements addressed by pharmacists across the different adrenaline autoinjector 

groups, although in all cases the difference was small (less than one statement).  

• One of the five key statements for anaphylaxis preparedness was correct 

demonstration of the adrenaline autoinjector. This task is critical to save lives.3-6  

When assessed against the four steps for correct autoinjector use (published on the 

ASCIA Action Plan for Anaphylaxis)1, pharmacists had poor adrenaline autoinjector 

technique, with just 17.3% accurately demonstrating all four steps. This reinforces 

concerns that pharmacists are not prepared to manage anaphylaxis in the 

community. The nature and significance of errors in autoinjector demonstration 

must be investigated.  

• Additional statements from the WAO and ASCIA were supported by concepts from 

the Australian Professional Practice Standards and National Competency Standards 

Framework for Pharmacists in Australia,7, 8 with eight statements identified to 

define willingness of the pharmacist to discuss anaphylaxis with the patient. This 

concept is important, as pharmacists should engage anaphylaxis patients at every 

opportunity. In this study, pharmacists addressed a mean of 3.11 out of 8 statements 

during their consultation with the patient; disappointingly they missed the 

opportunity to provide the essential reminders and cues that patients need to self-
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manage anaphylaxis in the community. The scores did not change based on the 

adrenaline autoinjector demonstrated by the pharmacist. 

• There was a trend for pharmacists demonstrating the Anapen to be reticent to take 

responsibility to educate the patient, compared to those demonstrating the EpiPens. 

For example, only 50% of pharmacists in the Anapen group asked if the patient 

knew what they reacted to, compared to around 70% in the Epipen groups. Just 20% 

of the Anapen group discussed anaphylaxis without a prompt compared to 50% in 

the EpiPen groups; and only 40% in the Anapen group explained the symptoms of 

anaphylaxis, compared to 80% in the EpiPen groups. There is no clear evidence for 

the cause of this, although it is possible that the complexity of the Anapen device 

impacted pharmacists’ ability to provide holistic care.  

• Although a similar proportion of pharmacists across groups (90%) identified 

antihistamines were ineffective in treating anaphylaxis, more pharmacists in the 

EpiPen groups still sold an antihistamine to the patient compared to Anapen (50% 

vs 25%). Of concern where a sale occurred, only 56% of pharmacists in the original 

EpiPen group, 69% in the new-look EpiPen group and just 35% in the Anapen 

group reminded the patient to use their adrenaline autoinjector if there was no 

improvement after taking the antihistamine. This demonstrates a lack of attention to 

detail and suggests pharmacists did not translate their knowledge in this regard.  

• As this was a simulated patient study of pharmacists present in the pharmacy on any 

given day, it was not possible to determine each pharmacist’s level of anaphylaxis 

knowledge. Therefore a simple comparison for translation of knowledge to practice 

was not performed. However, when assessing the features of the pharmacist 

consultation including pharmacist age/gender, pharmacy characteristics, advice 

provided and adrenaline autoinjector demonstrated, an association between 
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willingness to discuss anaphylaxis and preparedness for anaphylaxis emergencies 

was observed. Pharmacists who had a more comprehensive general discussion about 

anaphylaxis with the patient were more prepared for anaphylaxis emergencies. This 

willingness to discuss anaphylaxis likely represents an interest in anaphylaxis or 

greater anaphylaxis knowledge. While the association suggests knowledge 

translation did occur in those who knew more about anaphylaxis, significant gaps 

(including poor adrenaline autoinjector technique) highlight areas of concern for 

further investigation. There was no relationship between age, gender, or pharmacy 

characteristics and anaphylaxis preparedness.  

  



Chapter 5 

Sandra Salter 90 

5.4 Bibliography 

1. ASCIA Action Plans for Anaphylaxis. Balgowlah, NSW (AU): The Australasian 
Society of Clinical Immunology and Allergy;  [cited 2011 August 3]; Available from: 
http://www.allergy.org.au/content/view/10/3/. 
2. Simons F, Ardusso LRF, Bilo MB, El-Gamal YM, Ledford DK, Ring J, et al. World 
Allergy Organization Guidelines for the assessment and management of anaphylaxis. 
World Allergy Organiz J 2011;4(2):13. 

3. Simons F. Anaphylaxis, killer allergy: long-term management in the community. J 
Allergy Clin Immunol 2006;117(2):367-77. 

4. Simons FER. Epinephrine auto-injectors: first-aid treatment still out of reach for 
many at risk of anaphylaxis in the community. Ann Allergy Asthma Immunol 
2009;102(5):403-9. 
5. Simons KJ, Simons F. Epinephrine and its use in anaphylaxis: current issues. Curr 
Opin Allergy Clin Immunol 2010;10(4):354. 
6. Simpson CR, Sheikh A. Adrenaline is first line treatment for the emergency treatment 
of anaphylaxis. Wilderness Environ Med 2010;81(6):641-2. 
7. Pharmaceutical Society of Australia (AU). Professional practice standards version 4. 
Deakin West, ACT (Australia): PSA;  [updated June 2010; cited 2012 Mar 4]; Available 
from:https://http://www.psa.org.au/supporting-practice/professional-practice-
standards/version-4. 

8. Pharmaceutical Society of Australia (AU). National competency standards. Deakin, 
ACT (Australia): PSA;  [updated Nov 2010; cited 2012 Mar 4]; Available from: 
https://http://www.psa.org.au/supporting-practice/national-competency-standards. 
 

 



Chapter 6 

Investigating the Management of Anaphylaxis in Pharmacy 91 

Chapter 6 

Investigation of Demonstration Accuracy of Adrenaline 

Autoinjector Devices by Community Pharmacists 

 

Presented as published in Allergy, Asthma & Clinical Immunology. 

 

Reference: Salter SM, Loh R, Sanfilippo FM, Clifford RM. Demonstration of 

epinephrine autoinjectors (EpiPen and Anapen) by pharmacists in a randomised, 

simulated patient assessment: acceptable but room for improvement. Allergy, 

Asthma & Clinical Immunology 2014; 10: 49.  

 

 

6.1 Background 

In chapter 4, pharmacists who had received ASCIA anaphylaxis training showed 

variable understanding of the steps required for adrenaline autoinjector administration, 

when asked to order the steps in a written test. The majority (87%) demonstrated sound 

understanding immediately after training, however this changed over time, with only 

45-47% able to order the steps at 3 months, and 61-63% able to do so at 7 months. By 

comparison in chapter 5, pharmacists demonstrated poor adrenaline autoinjector 

technique with only 17% able to accurately demonstrate a device when asked to do so 

by a simulated patient in the pharmacy. Both assessments used the same definition for 

accuracy, although pharmacists in the anaphylaxis training study had the benefit of 

having all steps (unordered) on the written test, while those in the simulated patient 

study were required to remember or identify the steps some other way.  
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 It is critical that anaphylaxis patients know how to use their prescribed 

adrenaline autoinjector correctly. Given that pharmacists supply all adrenaline 

autoinjectors to patients in Australia, they can uniquely influence patient knowledge. In 

this context (and notwithstanding the results identified in chapters 4 and 5), it is 

essential to identify exactly how pharmacists demonstrate these devices in practice 

(rather than as written tests).  

  This chapter aims to address the fourth set of research questions by closely 

assessing adrenaline autoinjector demonstrations by pharmacists to patients. The study 

specifically sought to identify autoinjector demonstration accuracy (and to pinpoint 

errors), differences in accuracy based on device (original EpiPen/new-look 

EpiPen/Anapen), and if any features of the consultation with the pharmacist improved 

demonstration accuracy.  
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6.3 Key points from this chapter 

• Accurate demonstration was defined as that fulfilling the four steps for adrenaline 

autoinjector administration listed on the relevant ASCIA Action Plan for 

Anaphylaxis.1 [Step 1 – remove safety cap/s; Step 2 – place against mid 

anterolateral thigh; Step 3 – push and inject/press red button/ hold 10 seconds; Step 

4 – remove EpiPen/Anapen and don’t touch needle/massage site]. 

• Of the pharmacists who were asked to demonstrate a device, 18.4% accurately 

demonstrated all four steps of the relevant ASCIA Action Plan for Anaphylaxis, 

while a further 6% refused to demonstrate. Based on the 4-step definition, original 

EpiPen was associated with significantly poorer demonstration accuracy compared 

to new-look EpiPen and Anapen. This accuracy rate is similar to that observed in 

doctors and patients/carers, where only steps 1-3 have been used to define accurate 

autoinjector demonstration.2-8    

• Based on a definition of steps 1-3 as those essential to receive a dose of adrenaline, 

65% of all pharmacists performed accurate demonstration. There was no difference 

in accuracy between autoinjector groups at this level. Compared to other health 

professionals, this represents significantly higher demonstration accuracy rates. 

• The most frequent errors were related to step 4, and were observed in over 69% of 

pharmacists. Demonstration errors similar to those in other studies2, 3, 5, 7-10 

(including failure to activate the device, insufficient time allowed for injection, and 

incorrect thumb position) were observed in less than one-third of pharmacists. 

However, these are clinically of greater concern than simply omitting step 4 as they 

result in a lost dose of adrenaline. 

• When assessing the features of the pharmacist consultation that may impact on 

accurate autoinjector demonstration (including pharmacist age/gender, advice 
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provided and device demonstrated), awareness of anaphylaxis action plans; the need 

for emergency care after adrenaline; and explaining the side effects of adrenaline 

were associated with accurate demonstration. Such associations do not confer 

technical expertise, although they do suggest a more detailed understanding of 

anaphylaxis and adrenaline autoinjector devices generally, and may indicate 

knowledge translation.  

• Notably, the action plan for anaphylaxis stands out in its association with accurate 

demonstration. This document may prove a useful tool for advice provision, either 

on its own, or as part of the development of anaphylaxis practice guidelines for 

pharmacists.  
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7.1 Background 

This thesis considered the holistic role of the community pharmacist in caring for 

people at risk of anaphylaxis. It represents the first work assessing Australian 

pharmacists in the context of anaphylaxis knowledge and management; and is the first 

in the world to directly assess how pharmacists interact with anaphylaxis patients. The 

overarching feature of all aspects of anaphylaxis care (and a priority of the World 

Allergy Organization) is education;1, 2 therefore this thesis has an educational focus. 

Through a series of original studies, this thesis examined the feasibility of delivering 

anaphylaxis education to pharmacists online; implemented and evaluated the 

effectiveness of anaphylaxis training for pharmacists (delivered online and as face-to-

face lectures); and assessed how pharmacists in the community educate people at risk of 

anaphylaxis about their condition and its management.  

 This chapter integrates the principal findings from each of the studies to explain 

anaphylaxis knowledge and preparedness, in view of the pharmacist’s role in the 

community care of people at risk of anaphylaxis. Critical consideration of the research 

along with implications for policy and practice are discussed. Finally, new perspectives 

for research are identified.  

 

7.2 Principal Findings  

The first area of research examined the effectiveness of e-learning in pharmacy 

education with a strategic view to deliver a standardised anaphylaxis education 

program, accessible to all pharmacists in Australia. The systematic review in Chapter 3 

demonstrated that pharmacists consider e-learning to be a highly acceptable 

instructional format, and that it increases knowledge immediately after training. 

However, many of the e-learning studies included in the review did not use validated 
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tools to assess outcomes and there was no evidence for long-term effectiveness.3 This 

suggested e-learning would be a feasible option to enable widespread delivery of 

standardised anaphylaxis education to pharmacists, although questions around long-

term effectiveness of this instructional format remained. Therefore when implementing 

ASCIA anaphylaxis training for pharmacists, it was important to identify long-term 

effectiveness of the program using a suitably validated tool. A further finding of the 

systematic review was that there was no evidence for assessment of the application of 

knowledge gained through e-learning to practice.3 This is a crucial aspect of knowledge 

translation that relates equally to knowledge gained through traditional learning 

methods. Therefore examination of how pharmacists communicate anaphylaxis 

knowledge to patients was assessed in a real world setting.  

 The second, third and fourth research areas focussed specifically on anaphylaxis 

knowledge and education to address evidence gaps identified in Chapter 3, as well as 

specific questions relating to pharmacist preparedness for anaphylaxis.  These research 

areas were presented in Chapters 4-6.   

 

7.2.1 Anaphylaxis knowledge  

The second and third research areas considered pharmacists’ knowledge of anaphylaxis. 

This was assessed in two ways. Firstly anaphylaxis knowledge was assessed directly 

through a validated 12-question test, administered on four occasions over a 7-month 

period. The first of these tests (before anaphylaxis training) represented baseline 

knowledge. In this test, pharmacists had poor knowledge of anaphylaxis and adrenaline 

autoinjector technique. Less than 46% achieved the minimum standard for knowledge 

and only 34% were able to correctly order the steps for autoinjector administration. 

Knowledge improved significantly immediately after training with almost 100% of 
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pharmacists achieving the minimum standard and over 87% correctly ordering 

autoinjector steps. 4 There was evidence of long-term knowledge change, with over 

80% of pharmacists achieving the minimum standard after 7 months. However, ability 

to order the autoinjector steps declined, with just over 60% of pharmacists able to do so 

at 7 months.4  

 Secondly, anaphylaxis knowledge was assessed indirectly in a random visit to 

pharmacists by simulated patients. Here, knowledge was measured based on how 

pharmacists responded (to the simulated patient) in the five key statements identified as 

those crucial to treating acute anaphylaxis (defined as ‘anaphylaxis preparedness’).1, 5 

Mean scores for anaphylaxis preparedness were 2.39 out of a possible 5 points, 

demonstrating that in practice, pharmacists again showed incomplete anaphylaxis 

knowledge.6  Due to the anonymity of simulated patient research, it was not known (or 

able to be identified) if the pharmacists in the simulated patient study had also 

undergone ASCIA anaphylaxis training, although the timing of each of the research 

projects could have allowed it. Even if the pharmacists had undergone training, these 

poor scores for preparedness demonstrate limited application of knowledge to practice. 

Interestingly, 65% of the pharmacists in the simulated patient study were able to 

correctly order the first 3 steps for autoinjector administration in a hands-on 

demonstration, (and as such, if this were a written test, the final step would be 

obvious).7 This is similar to the proportion of pharmacists in the ASCIA anaphylaxis 

training study who correctly ordered the autoinjector steps in a written test 7 months 

after training (60%), and much higher than those who could do so before training 

(34%).4 

 Seemingly, pharmacists in the simulated patient study demonstrated only 

baseline anaphylaxis knowledge but performed above baseline in autoinjector 
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demonstrations. This was probably because they were able to identify the steps for 

autoinjector administration (on the device or in some other reference) and not because 

of better knowledge. Therefore, a written checklist for pharmacists to remind them of 

key anaphylaxis points may similarly improve knowledge or its’ application to practice. 

Currently, no such documents for pharmacists exist in Australia.  

 The broader evidence for anaphylaxis knowledge in pharmacists is limited by 

few studies. In a large US survey of first-time adrenaline autoinjector supplies to newly 

diagnosed food allergy patients (similar to our simulated patient), 86.6% of pharmacists 

provided no advice, 13.4% provided information about adrenaline (7.7% in my 

research), 2.3% discussed the signs of an allergic reaction (64.9% in my research) and 

13.3% provided autoinjector training (65.2% did so accurately in my research).8 

Compared with that study, Australian pharmacists provided more advice and were more 

attuned to anaphylaxis. However, it is difficult to make knowledge comparisons 

between the patient survey and the more formal assessments applied in my research. 

Furthermore the lack of any other studies testing anaphylaxis knowledge in pharmacists 

means the work in this thesis is foundation work, and should drive ongoing research. 

The fact that my research identified that gaps in anaphylaxis knowledge in pharmacists 

can be addressed with appropriate training is particularly encouraging. Importantly, the 

one-hour time commitment required for ASCIA anaphylaxis training is not onerous, and 

the e-learning program may be completed at no cost at a time that suits the individual.9 

Improving knowledge is the fundamental starting point to improving anaphylaxis 

morbidity and mortality, and pharmacists should be regularly encouraged to update and 

maintain their knowledge with a program that is known to be effective, such as the 

ASCIA anaphylaxis training program.  
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7.2.2 Knowledge translation and patient education 

The third and fourth areas of research focussed on how pharmacists in the community 

educate people at risk of anaphylaxis about their condition and its management, and 

represents application of knowledge to practice. This turning of ‘knowledge into action’ 

is a key component of knowledge translation,10 and in this research served as an 

indicator of pharmacist preparedness for managing anaphylaxis. A simple framework 

for indicators of knowledge-to-action translation was proposed by Straus et al in 2010.11 

In this framework there are three indicators. Structural indicators focus on 

organisational aspects of provision of service, and are analogous to instrumental use of 

knowledge. Process-related indicators focus on care delivered to patients and include 

instances when evidence is communicated to patients and carers (again instrumental use 

of knowledge). Outcome-related indicators refer to the ultimate goal of care, such as 

quality of life of patients or admission to hospital.11 

 In this thesis, both structural and process-related indicators of anaphylaxis 

knowledge translation (and thus preparedness) were examined.  The use of anaphylaxis 

action plans and trainer adrenaline autoinjectors in advice provision represent structural 

indicators, and were poorly addressed by pharmacists in the simulated patient study. 

Less than 6% of pharmacists referred to anaphylaxis action plans, and less than 12% 

used a trainer autoinjector when teaching the simulated patient how to use their device.6, 

7 Pharmacists may be unaware of anaphylaxis action plans, or perceive them not to be 

an important part of pharmacist advice, because they must be initiated by a specialist 

allergist at the point of prescribing an adrenaline autoinjector.12 However, awareness of 

the need for an anaphylaxis action plan was associated with a 16-fold increase in the 

odds of performing accurate adrenaline autoinjector demonstration.7 Currently there is 

no requirement for pharmacists to use anaphylaxis action plans when providing advice 
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to people at risk of anaphylaxis. This is in contrast to Western Australian asthma 

guidelines where the adult asthma action plan includes a section for use by community 

pharmacists.13, 14  

 The process-related indicators, anaphylaxis advice and accuracy of adrenaline 

autoinjector demonstration, were also examined in this thesis. Demonstration of 

application of anaphylaxis knowledge by pharmacists (when providing advice) was 

inconsistent and incomplete. Pharmacists variably addressed predefined anaphylaxis 

preparedness statements during simulated patient consultations, with further differences 

seen between Anapen and EpiPen groups (40-80% identified the symptoms of 

anaphylaxis, and 53-65% advised the patient to call an ambulance after autoinjector 

use).6 This knowledge-to-action gap suggests either pharmacists did not have the 

requisite knowledge to manage anaphylaxis, or they were unable to apply it in practice 

(even in the low-stress scenario used in this research). Either way, this could result in a 

serious outcome for the patient.  Further, although a similar proportion of 

pharmacists in Anapen and EpiPen groups (89-94%) identified that antihistamines were 

ineffective in treating anaphylaxis, 25-50% still sold an antihistamine to the simulated 

patient.6 In these sales, only 35-69% of pharmacists advised the simulated patient to use 

their Anapen or EpiPen if there was no improvement after the taking the antihistamine. 

This demonstrates poor knowledge-to-action translation in the crucial area of over-the-

counter medicine supply, where pharmacists should be the experts.15, 16 It is possible 

that Anapen, being the newer autoinjector (and one with quite different administration 

technique), unnerved pharmacists who had been asked to demonstrate it. Notably, 

Anapen requires the removal of two safety caps before use (unlike one for EpiPen), and 

uses thumb pressure over the end of the device to activate it (unlike EpiPen, which does 

not use the thumb, and is activated using direct force). With pharmacists’ attention 
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diverted to demonstration of this unfamiliar autoinjector, the quality of their 

anaphylaxis counselling may have been affected. As pharmacists become familiar with 

Anapen, these differences may abate.  

 There were two interpretations of accurate adrenaline autoinjector demonstration 

applied in this thesis. The first judged pharmacists on a 4-step demonstration that 

matched the published guidelines for autoinjector administration,5, 17-19 but included the 

impractical (and obvious) step: remove the device after injection and massage the 

injection site. The second judged pharmacists on a 3-step demonstration that matched 

the instructions printed on both live and trainer adrenaline autoinjectors. Only 17.3% of 

pharmacists accurately demonstrated all 4 steps for autoinjector administration,6 

whereas 65.2% accurately performed the 3-step demonstration.7 Given 66% of 

pharmacists consulted the instructions on the simulated patient’s adrenaline autoinjector 

before demonstration, the accuracy of demonstration may reflect how well pharmacists 

could read, interpret and teach the instructions printed on the device, and not 

knowledge-to-action translation. These results suggest teaching adrenaline autoinjector 

technique is more complex than simply knowing the steps, or even reading them 

immediately before instruction, and this may be applicable whether pharmacists or 

patients are the student. How this translates to administration of an autoinjector in an 

anaphylaxis emergency is unknown.  

 No other evaluation of autoinjector demonstration (in any group or setting) has 

assessed the 4-step standard. Therefore, pharmacists have much higher rates of 

demonstration accuracy when compared with other groups who were tested for accuracy 

using 3-step demonstrations (21-41% of allergy specialists;20, 21 11-37% of other 

medical practitioners;20, 22, 23 and 9-36% of patients and carers24, 25). Nonetheless, the 

35% gap in autoinjector demonstration accuracy in pharmacists must be improved, as 
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errors in autoinjector use may prove fatal for the patient. 

 There are no other studies of pharmacist advice or adrenaline autoinjector 

demonstration to anaphylaxis patients. However, the broader literature indicates 

elements of anaphylaxis advice (identification and management of anaphylaxis; 

willingness to provide advice), and autoinjector technique (ability and intention to 

demonstrate) are suboptimal among other health professionals and patients.8, 21, 26-32  

 This thesis identified gaps in anaphylaxis knowledge and adrenaline autoinjector 

technique in pharmacists, including gaps in knowledge-to-action translation, through 

objective assessments at the care-provider level. There is a need to improve care and 

education of anaphylaxis patients and carers by health providers in the community. 

Given their presence in the community, pharmacists should play a fundamental role in 

delivering this anaphylaxis care and education. The findings of this thesis set the 

foundations upon which to guide and improve how pharmacists manage people at risk 

of anaphylaxis in the community.   

 

7.3 Limitations of the Research 

The studies undertaken for this thesis included a systematic review of the literature, a 

controlled intervention study, and a randomised cross sectional simulated patient study. 

The relative strengths and limitations of each approach were discussed in Chapters 3-6. 

Additional consideration of the key limitations of the findings, in context of the aims of 

the thesis [to explore pharmacists’ real-world preparedness for anaphylaxis, in terms of 

education, knowledge and the interaction between pharmacists and people at risk of 

anaphylaxis] is presented here.   
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7.3.1 Limitations to findings for preparedness for anaphylaxis in terms of 

education and knowledge 

Participants in the controlled intervention study were recruited using a convenience 

method either when attending an ASCIA anaphylaxis lecture, or when logging on to the 

ASCIA anaphylaxis e-learning program for pharmacists. Therefore they either had an 

interest in the topic, or recognised a deficiency in their own knowledge and as such 

were motivated to learn before enrolment in the study. Accordingly baseline and 

subsequent changes in anaphylaxis knowledge may have differed from the broader 

population, and thus impacted on external validity. Although anaphylaxis training was 

provided in lecture format only in Perth, Western Australia, it was presented using a 

standardised program (that includes a dedicated set of PowerPoint slides available for 

use by any ASCIA presenter in Australia or New Zealand), and this would not have 

impacted on external validity.  

 The need to lay the patient flat during acute anaphylaxis is an essential 

component of anaphylaxis management.1, 33, 34 This was not examined in knowledge 

tests and may have distorted true knowledge and anaphylaxis preparedness. Further, my 

study did not test whether ASCIA anaphylaxis training improves real technique for 

administering the adrenaline autoinjector, as steps for autoinjector administration were 

listed (unordered) in the tests themselves. These limitations do not affect external 

validity of the effectiveness of the anaphylaxis training program, but may limit 

explanations of pharmacists’ preparedness for anaphylaxis in terms of knowledge. 

Finally, this research assessed knowledge up to 7 months after training. Therefore 

conclusions about persistence of knowledge are limited to this timeframe.  
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7.3.2. Limitations to findings for preparedness for anaphylaxis in terms of the 

interaction between pharmacists and people at risk of anaphylaxis  

The randomised simulated patient study (through direct request) assessed only 

pharmacists’ preparedness for anaphylaxis. Pharmacy assistants routinely greet patients 

at the counter, provide advice, sell medicines (including antihistamines), and often hand 

out prescriptions that have been dispensed by pharmacists. As this research was 

concerned with pharmacist preparedness, pharmacy assistants were deliberately 

excluded. However, the findings of the research may not be generalisable to how 

anaphylaxis patients are managed when they present to pharmacies in general. In 

addition, simulated patients requested demonstration of the adrenaline autoinjector and 

asked about the use of antihistamines in anaphylaxis. Therefore there may be a 

difference in autoinjector demonstration or provision of anaphylaxis advice, when an 

adrenaline autoinjector is dispensed or an antihistamine is simply requested over-the-

counter.  

 The sampling frame included all pharmacies located within a 20km radius of the 

Perth CBD. This may limit generalisability to regional or rural areas, where pharmacists 

may have closer relationships with patients. Moreover pharmacists in rural areas often 

have different roles from their city counterparts, especially with regards to emergency 

care in towns without medical practitioners.  

 The use of only three simulated patients presented the potential for bias, as 

different patients (for example, parents with young anaphylactic children, or people in 

whom English is a second language), may evoke different reactions by the pharmacist. 

Therefore, the results for the different devices may be a reflection of the pharmacists’ 

responses to the three simulated patients, rather than being associated with the devices 

themselves. However, the use of large numbers of simulated patients must be balanced 
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with cost and consistent scenario delivery.35 Further, it is noted that reliability of visits 

improves with the number of visits conducted.35 Finally, although recording of 

consultations (using audio or video techniques) is recommended in simulated patient 

research,35, 36 it was not performed in this research as it is difficult to record physical 

demonstrations covertly. This may have resulted in recall bias, with a different 

estimation of pharmacist preparedness. However, it is important to acknowledge that 

real patients are subject to the same recall bias, given they don’t record their 

consultations with the pharmacist.   

 

 7.4 Implications for Policy and Practice 

Traditionally, community management of anaphylaxis has focused on discharge 

planning for the patient after initial treatment of acute anaphylaxis in a healthcare 

setting.1, 37-40 Key strategies include preparation for self-treatment of anaphylaxis 

recurrence, confirmation of anaphylaxis triggers, and prevention of future episodes of 

anaphylaxis.1, 37-40  Central to this model is the specialist allergist, with input from 

general practitioners, allergy nurses and dietitians,1, 37-40 and although the intention is to 

prepare the patient for living with anaphylaxis, the model is focussed on medical care 

and lacks consideration of the important role that pharmacists play in the care of 

anaphylaxis patients.  

 Once the patient returns to the community, they may have to wait many months 

for specialist review, and subsequently may only see a medical practitioner when they 

require a new prescription for an adrenaline autoinjector (every 1-2 years).39 Perhaps 

not surprisingly then, compliance with carrying and using adrenaline autoinjectors is 

poor,31, 33, 41-46 even though expert opinion recommends patients use them to self-treat 

anaphylaxis in the community, before attending a hospital.1, 2, 37  Furthermore, this 
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model does not consider the actions of people experiencing their first episode of 

anaphylaxis, many of whom may visit their local pharmacy for antihistamines or first 

aid.  

 Therefore there is a gap in the care of known and new anaphylaxis sufferers in 

the community. Given their accessibility and role in primary health care, community 

pharmacists should logically address this gap. They have been identified as an 

underutilised resource for providing anaphylaxis education and device training at the 

time of adrenaline autoinjector supply.8, 39 However until now there has been little 

evidence for their role in practice, or how prepared they are to undertake such a role. 

Further there is no formal recognition of the role of the pharmacist within the existing 

Western Australian Anaphylaxis Model of Care.40  

 This thesis provides evidence of pharmacists’ anaphylaxis knowledge (and how 

to improve it), and identifies strengths and weakness in pharmacists’ education of 

anaphylaxis patients. This evidence should be used to direct the development of a novel 

framework for Australian community pharmacists in anaphylaxis management. The 

framework for pharmacists should encompass: 

 

1. Provide anaphylaxis advice  

• A clear statement on advice for patients is required. Pharmacists in this research did 

not provide adequate anaphylaxis advice to prepare the patient to self-manage in the 

community. Only 40% of pharmacists provided any advice without a prompt.6 

• An antihistamine statement is required. Most pharmacists recognised that 

antihistamines are ineffective in managing anaphylaxis, yet only 35-69% of them 

advised the patient to use an adrenaline autoinjector if there was no improvement 

after taking the antihistamine.6 
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• A guide to refer patients with complicated or unconfirmed allergy is required. 

Despite knowing the patients in this research had anaphylaxis, only 20% of 

pharmacists identified the need for specialist review.6 

2. Be prepared for an anaphylaxis emergency 

• A written emergency protocol is required to enable pharmacists to recognise and 

respond to anaphylaxis in the community.1, 6 Pharmacists did not demonstrate 

knowledge in practice that would confer preparedness to manage acute anaphylaxis, 

although their knowledge after anaphylaxis training was sound.4, 6 The ASCIA 

Action Plan for Anaphylaxis (General)5 could be displayed in pharmacy work areas 

as a suitable written protocol. This ‘general’ anaphylaxis action plan takes the form 

of an A3-sized poster and excludes the patient specific sections that appear on the 

A4-sized ‘personal’ action plans for anaphylaxis.  

• Develop a pharmacy scheme similar to the ‘Orange Cross’ scheme47 to identify 

anaphylaxis-ready pharmacies and enable early intervention with adrenaline. This 

assists in fulfilling calls for a system that makes adrenaline autoinjectors easily 

available in public places, in case of anaphylaxis emergencies in new or unprepared 

patients.37 Additional consideration of pharmacist training and adrenaline 

autoinjector funding is required in the development of such a scheme.  

 

3. Dispense adrenaline autoinjectors, teach patients how to use them, and provide 

autoinjector education 

• Ensure familiarity with the different brands of adrenaline autoinjector available in 

Australia. Pharmacists in this research had lower scores for anaphylaxis 

preparedness when demonstrating Anapen compared to EpiPen.6  

• A clear protocol for autoinjector demonstration is required. One third of pharmacists 
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could not correctly order or demonstrate the steps for adrenaline injection.4, 7 The 

use of device-specific anaphylaxis action plans during demonstration may prompt 

improved accuracy and enhance anaphylaxis preparedness.6, 7 

• Additional autoinjector advice statements are required to provide depth of 

knowledge. Few pharmacists in this research explained the side effects of adrenaline, 

or autoinjector storage, although an association was identified between awareness of 

these points and accurate autoinjector technique.7  

• Early education for pharmacists about new adrenaline autoinjectors released in 

Australia is essential. Currently there are two devices available in Australia – 

EpiPen and Anapen. Additional devices exist worldwide including Emerade,48 

Jext,49 Auvi-Q,50 and Adrenaclick51 (along with its generic, epinephrine injection 

USP autoinjector52). Each has a different administration technique. The Auvi-Q is 

particularly interesting as it has a compact rectangular shape (easier for carrying), 

and voice prompts to guide injection.50 

  

4. Confirm the patient has an ASCIA Action Plan for Anaphylaxis 

• It is a requirement that all patients prescribed adrenaline autoinjectors on PBS 

prescriptions must also receive an anaphylaxis emergency management plan,12 yet 

only 5.6% of pharmacists in this research identified the need for this plan.6 

• The anaphylaxis action plan defines symptoms and treatment of anaphylaxis and 

underpins management.5, 53  

• A strong association between accurate autoinjector demonstration and awareness of 

the anaphylaxis action plan was identified in this research.7  
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5. Undertake regular training to improve and maintain anaphylaxis knowledge 

• Accurate and current anaphylaxis knowledge is an essential aspect of anaphylaxis 

management.1, 38 Just 45% of pharmacists in this research achieved the minimum 

standard for anaphylaxis knowledge without training.4  

• Continuing education should apply strategies shown to be effective at transferring 

knowledge.10 ASCIA anaphylaxis training was highly effective at improving 

pharmacists’ anaphylaxis knowledge immediately and for 7 months after training 

(over 80% achieved the minimum standard for anaphylaxis knowledge at 7 

months).4   

• Anaphylaxis and adrenaline autoinjector knowledge declines over time. A suitable 

interval for retraining needs to be defined. Further research may be required to do 

so.4  

• The inclusion of a statement on legal liability in treating a patient with acute 

anaphylaxis in the pharmacy is important for role definition.6, 54  

 

7.5 Future Research 

The conclusions and limitations of the studies in this thesis generate further questions 

for research. These include questions specifically related to study findings and 

limitations, as well as new areas relevant to community care of anaphylaxis patients. 

Future directions for research are outlined below.  

 

1. Assess anaphylaxis knowledge in a random sample of community pharmacists to 

identify true background knowledge and areas of weakness, to guide improvements 

to anaphylaxis training. The AT-PAsT should be updated to include assessment of 
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understanding of the ‘lay flat’ message, and a hands-on assessment of adrenaline 

autoinjector technique should be undertaken. 

2. Conduct further follow up tests of pharmacists’ knowledge in participants from the 

anaphylaxis training study (Chapter 4). This is important to define a suitable interval 

for retraining.  

3. Anaphylaxis preparedness and adrenaline autoinjector technique should be assessed 

in pharmacists in rural/regional areas where access to medical care may be limited. 

A rural pharmacists’ framework for care of anaphylaxis patients should be 

considered in the design of this research.  

4. Develop and pilot a framework for Australian community pharmacists in 

anaphylaxis management. Pilot research should recruit both pharmacists and 

patients to identify the impact of the framework on pharmacist performance and 

patient understanding.   

5. Consideration of the role of pharmacy assistants in the care of allergy patients is 

essential. This is particularly relevant where requests for over-the-counter medicines 

are made. Although common, antihistamine requests may flag more serious allergy, 

and requests for non-dairy or specialised infant formula may flag food allergy. A 

pathway for assistants to seek pharmacist involvement is essential. 

6. The studies in this thesis assessed structural and process-related indicators of 

knowledge translation.11 There is a need for outcomes based research, including 

actual care delivered during acute anaphylaxis, and admission (or readmission) to 

hospital for anaphylaxis. During the course of my doctoral studies, I designed a 

population-based study to assess patient outcomes after treatment by paramedics in 

the community, and/or presentation to hospital, and/or admission to hospital, for 

acute anaphylaxis (see Appendix 6). I have obtained ethics approval for the study 
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from the WA Department of Health and The University of Western Australia. This 

new study will examine anaphylaxis rates and trends in WA from 1980-2014, and 

investigate medical and pharmacological management of acute anaphylaxis from 

2007-2014 using linked hospital and St John Ambulance records (provided through 

the WA Data Linkage System, hospital and St John Ambulance notes). 

7. Develop and pilot a program that identifies specific pharmacies as ‘anaphylaxis 

ready’, and enables pharmacists to provide safe and appropriate care to anaphylaxis 

patients presenting to pharmacies for first aid.  The ‘Orange Cross’47 scheme 

provides some information to initiate development. Anaphylaxis training and 

adrenaline autoinjector funding models must be considered when developing such a 

program.  

 

7.6 Conclusion 

The findings of this thesis demonstrated that e-learning was a feasible option for 

delivery of anaphylaxis education to pharmacists, but that properly validated tools and 

long-term follow up were missing from e-learning effectiveness research. Baseline 

knowledge data identified that pharmacists have limited knowledge about anaphylaxis 

and adrenaline autoinjector technique. Implementation and evaluation of ASCIA 

anaphylaxis e-training for pharmacists, showed significant knowledge gains could be 

achieved immediately and for at least 7 months after training. These gains were similar 

to ASCIA anaphylaxis lecture training and superior to no training.  

 The findings also indicate that pharmacists were unable to show (during 

consultations with simulated anaphylaxis patients) preparedness for anaphylaxis in the 

community. This either supports evidence of limited knowledge, or represents an issue 

in transfer of knowledge to practice. Furthermore, most pharmacists did not demonstrate 
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all four steps listed for adrenaline autoinjector administration, although two-thirds of 

them correctly demonstrated the three steps required for adrenaline injection.  

 The research highlights for the first time, a lack of awareness of anaphylaxis and 

its management in pharmacists, and this is especially important given the increasing 

incidence of anaphylaxis and the potential for it to occur at any time, in any place. 

Although training is effective at improving anaphylaxis and adrenaline autoinjector 

knowledge, issues remain on how pharmacists educate patients about their own 

preparedness for future anaphylaxis, and autoinjector use. Development of a novel 

framework for Australian community pharmacists in anaphylaxis management is 

recommended to address these deficiencies and improve the care of anaphylaxis patients 

in the community.  
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Appendix 1: Effectiveness of e learning for the pharmacy profession: protocol for a 
systematic review  
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Appendix 2 – Data abstraction forms used in the systematic review of the 
literature. 
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Appendix 3 – Anaphylaxis Training Pharmacist Assessment Tool (AT-PAsT):  
Pre-training test. 
 

 
 

 
IMAP Study: Comparing Lectures with 
Online Learning 
 
Pre-CE Quiz 
 
 
 

Question 1 
A patient having an allergic reaction comes into your pharmacy.  The only 
symptoms they present with are hives on their body.  What action would you 
take? (please circle) 
 

a) Give them loratadine 10mg orally and tell them if they have any signs of 
anaphylaxis they must call an ambulance 

b) Give them adrenaline using an adrenaline autoinjector and call an 
ambulance 

c) Give them hydrocortisone 1% cream and tell them if they have signs of 
anaphylaxis they must call an ambulance 

d) All of the above 
 
Question 2 
A patient comes into your pharmacy with a prescription for Anapen to replace 
their expired device.  You currently only have EpiPen in stock.  Do you… (please 
circle) 
 

a) Dispense the EpiPen as you are aware that Anapen and EpiPen are 
brand substitutable 

b) Ask them if they would prefer the EpiPen to save them coming back to 
collect the Anapen

c) Inform them that you are out of stock of the Anapen and they will have to 
come back to collect their Anapen when the stock arrives or obtain it 
from a different pharmacy 

d) Hold the prescription on file for them until you have Anapen in stock and 
recommend they buy an EpiPen over the counter in the meantime 

 
  

 
Participant 
Code 
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Question 3 
A patient with a history of asthma presents to your pharmacy with 
bronchoconstriction after eating shellfish. You are unsure if they are 
experiencing asthma or anaphylaxis. What action should you take?  (please circle) 
 

a) Give adrenaline autoinjector first, then give asthma reliever medication 
b) Give asthma reliever medication first, then give adrenaline autoinjector 
c) Give adrenaline autoinjector 
d) Give asthma reliever medication and call an ambulance 

 
Question 4 
 A patient has been stung by a bee and is vomiting and complaining of 
abdominal pain. Are these symptoms of anaphylaxis? (please tick) 
 

 Yes       No 
 
 
 
The following three questions relate to device usage and require 
pharmacists to correctly order the four steps for administering the 
devices. 
 
Question 5 
How to use new look EpiPen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 1 

Step 2 

Step 3 

Step 4 
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Question 6 
How to use Anapen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 7 
How to use original EpiPen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 1 

Step 2 

Step 3 

Step 4 

Step 1 

Step 2 

Step 3 

Step 4 
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Question 8 
Which factors increase the risk of fatal anaphylaxis? (please circle) 

a) Asthma, delayed adrenaline administration and upright posture 
b) Asthma, upright posture, young child 
c) Large local reactions to bee stings 
d) Delayed administration of antihistamine 

 
Question 9 
With regards to adrenaline, which of the following statements is FALSE? 

a) It is equally effective when administered by IM or SC injection 
b) Repeat doses may be required as maximum effects last only 15-20 

minutes 
c) It inhibits the release of inflammatory mediators 
d) It is well tolerated in children and adults 

 
Question 10 
Which of the following components are included on the ASCIA Action Plan for 
Anaphylaxis? (please circle) 

a) Action for allergic reaction with a picture of how to use an adrenaline 
autoinjector 

b) Signs of anaphylaxis 
c) Symptoms of mild to moderate allergic reaction 
d) All of the above are correct 
e) Answers (a) and (b) are correct 

 
Question 11 
At what stage should a child’s prescription change from a junior dose 
adrenaline autoinjector (0.15mg) to a higher dose adrenaline autoinjector 
(0.30mg)? 
 

a) When the child is >20kg in weight 
b) When the child is >30kg in weight 
c) When the child is aged 8 years 
d) When the child is aged 12 years 

 
Question 12 
A man presents to your pharmacy for advice 30 minutes after successfully 
administering his adrenaline autoinjector for insect sting anaphylaxis.  The man 
appears to have fully recovered but wants to know if he still needs to go to 
hospital.  Do you immediately refer him to the nearest emergency department? 
 

 Yes    No 
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Appendix 3 – Anaphylaxis Training Pharmacist Assessment Tool (AT-PAsT):  
Post-training test. 
 

 
 
 
IMAP Study: Comparing Lectures with 
Online Learning  
 
Post-CE Quiz 

 
 
 
Question 1 
A man presents to your pharmacy for advice 30 minutes after successfully 
administering his adrenaline autoinjector for insect sting anaphylaxis.  The man 
appears to have fully recovered but wants to know if he still needs to go to 
hospital.  Do you immediately refer him to the nearest emergency department? 
 

 Yes    No 
 
 
Question 2 
Which of the following components are included on the ASCIA Action Plan for 
Anaphylaxis? (please circle) 

f) Action for allergic reaction with a picture of how to use an adrenaline 
autoinjector 

g) Signs of anaphylaxis 
h) Symptoms of mild to moderate allergic reaction 
i) All of the above are correct 
j) Answers (a) and (b) are correct 

 
Question 3 
At what stage should a child’s prescription change from a junior dose 
adrenaline autoinjector (0.15mg) to a higher dose adrenaline autoinjector 
(0.30mg)? 
 

e) When the child is aged 8 years 
f) When the child is aged 12 years 
g) When the child is >30kg in weight 
h) When the child is >20kg in weight 

 
  

 
Participant 
Code 
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Question 4 
Which factors increase the risk of fatal anaphylaxis? (please circle) 

e) Asthma, upright posture, young child 
f) Delayed administration of antihistamine 
g) Asthma, delayed adrenaline administration and upright posture 
h) Large local reactions to bee stings 

  
 
Question 5 
A patient having an allergic reaction comes into your pharmacy.  The only 
symptoms they present with are hives on their body.  What action would you 
take? (please circle) 
 

e) Give them hydrocortisone 1% cream and tell them if they have signs of 
anaphylaxis they must call an ambulance 

f) Give them adrenaline using an adrenaline autoinjector and call an 
ambulance 

g) Give them loratadine 10mg orally and tell them if they have any signs of 
anaphylaxis they must call an ambulance 

h) All of the above 
 
The following three questions relate to device usage and require 
pharmacists to correctly order the four steps for administering the 
devices. 
 
 
 
Question 6 
How to use original EpiPen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 1 

Step 2 

Step 3 

Step 4 
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Question 7 
How to use Anapen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 8 
How to use new look EpiPen 
(please draw a line linking the correct order for each of the steps) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 1 

Step 2 

Step 3 

Step 4 

Step 1 

Step 2 

Step 3 

Step 4 
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Question 9 
A patient comes into your pharmacy with a prescription for Anapen to replace 
their expired device.  You currently only have EpiPen in stock.  Do you… (please 
circle) 
 

e) Hold the prescription on file for them until you have Anapen in stock and 
recommend they buy an EpiPen over the counter in the meantime 

f) Ask them if they would prefer the EpiPen to save them coming back to 
collect the Anapen 

g) Inform them that you are out of stock of the Anapen and they will have to 
come back to collect their Anapen when the stock arrives or obtain it 
from a different pharmacy 

h) Dispense the EpiPen as you are aware that Anapen and EpiPen are 
brand substitutable 

 
Question 10 
With regards to adrenaline, which of the following statements is FALSE? 

e) Repeat doses may be required as maximum effects last only 15-20 
minutes  

f) It is well tolerated in children and adults 
g) It is equally effective when administered by IM or SC injection 
h) It inhibits the release of inflammatory mediators 

 
Question 11 
A patient with a history of asthma presents to your pharmacy with 
bronchoconstriction after eating shellfish. You are unsure if they are 
experiencing asthma or anaphylaxis. What action should you take?  (please circle) 
 

e) Give adrenaline autoinjector 
f) Give asthma reliever medication and call an ambulance 
g) Give asthma reliever medication first, then give adrenaline autoinjector 
h) Give adrenaline autoinjector first, then give asthma reliever medication 

 
 
Question 12 
A patient has been stung by a bee and is vomiting and complaining of 
abdominal pain. Are these symptoms of anaphylaxis? (please tick) 
 

 Yes       No 
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Appendix 3 – Anaphylaxis Training Pharmacist Assessment Tool (AT-PAsT):  
3-month online test.  
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Appendix 3 – Anaphylaxis Training Pharmacist Assessment Tool (AT-PAsT):  
7-month online test. 
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Appendix 4 – Simulated patient scenario. 

 
 
 



Appendices 

Sandra Salter 168 



Appendices 

Investigating the Management of Anaphylaxis in Pharmacy 169 

Appendix 5 – Pharmacists’ response to anaphylaxis in the community (PRAC) 
data collection tool.  
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Appendix 6 – ASCIA Action Plans for Anaphylaxis. 
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Appendix 7 – Research Proposal (Future research suggestion number 6, section 
7.5). 
 
Epidemiology of Anaphylaxis in Western Australia (EPAWA): 
identifying the burden and management of anaphylaxis in the WA 
population. 
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PROPOSED STUDY 

 

Title: 

Epidemiology of Anaphylaxis in Western Australia (EPAWA): identifying the burden and 

management of anaphylaxis in the WA population. 

 

Background:  

Anaphylaxis is defined as a severe allergic reaction that is rapid in onset and might cause death.1 

Previously the lifetime prevalence of anaphylaxis was estimated at 0.05%-2%,1,2 however in the 

past decade there has been a five-fold increase in potentially anaphylactic food allergies in 

young children3, and new population estimates are required. There is evidence anaphylaxis is 

increasing in prevalence and disproportionately affects children and adolescents.1-4  

 

It is frequently reported in the literature that the true incidence and prevalence of anaphylaxis is 

difficult to determine.1,5-9 Various factors contribute to this, including an historical lack of 

consensus on the definition of anaphylaxis, insufficient and inadequate International 

Classification of Diseases (ICD) codes, and poor coding of anaphylaxis (eg as an alternative 

diagnosis such as acute asthma or stridor). Anaphylaxis in the community poses an additional 

challenge, as not all anaphylaxis survivors seek medical assistance10,11 and so may not be 

included in population estimates. 

 

A number of methods have been used to determine anaphylaxis epidemiology. An Australian 

study assessed hospital admission data from the National Hospital Morbidity Database to 

examine anaphylaxis epidemiology trends from 1993-4 to 2004-5.6 This study provided useful 

insight, however is limited in terms of true population estimates as events (rather than 

individuals) were counted. Another retrospective audit examined all admissions to a paediatric 

hospital in Brisbane, Australia, over a three-year period (1998-2001).7 Both studies used ICD 

codes to identify patients.  An alternative method utilised dispensing claims data for all 

outpatient adrenaline formulations over a five-year period to 2000, in Manitoba, Canada.12 

Review studies have attempted to integrate existing data, although the results are not 

encouraging: a review of all major epidemiology studies of anaphylaxis, from 1968-2004, found 

“data on anaphylaxis incidence and prevalence to be sparse and often imprecise”.2 The same 

review identified children and adolescents as the group with the highest incidence of 

anaphylaxis. Recently, an Australian team quantified current rates of severe allergy in infants, 

through a Victorian population based sample of over 2800 infants; over 10% had food-

challenge proven severe food allergy with the potential for anaphylaxis.13  
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In March 2011, The World Allergy Organization (WAO) Anaphylaxis Guidelines were 

published.14 These guidelines include detail on anaphylaxis triggers, clinical diagnosis, 

management (in both healthcare and community settings), risk factors for severe or fatal 

anaphylaxis, and significant detail on drug therapy. 14 The mainstay of therapy in anaphylaxis is 

adrenaline.1-3,6,7,18 Other pharmacological agents may be employed second line, including 

antihistamines, beta-2 adrenergic agonists, and glucocorticosteroids.14 

 

Adrenaline auto-injector devices (AAIDs) are universally recommended as first-aid for 

anaphylaxis occurring in the community.1, 5, 8, 14-18 In Australia, patients are able to access 

AAIDs on subsidised prescription via the Pharmaceutical Benefits Scheme (PBS)19, or through 

hospital pharmacy services on discharge from hospital. In addition, patients may choose to 

purchase an AAID from a pharmacy, under the direct advice of a pharmacist and without a 

doctor’s prescription. Worldwide, there are five different AAIDs marketed for the management 

of anaphylaxis. Currently two of these devices are approved for marketing in Australia, EpiPen 

and Anapen.19 Until recently, EpiPen was the only device available in Australia; Anapen was 

listed as a benefit on the PBS in September 2010.19 Further, a new-look EpiPen was launched in 

Australia in July 2011, meaning that for a crossover period there were three AAIDs available to 

consumers. This is significant: the devices look different and have different administration 

techniques.  

 

Anaphylaxis in the community may occur rapidly, where no health professional is present, or 

where accessibility to emergency services is limited10. Therefore, consumers need sufficient 

training and provision of supporting written plans to be prepared for such events. In one large 

study of anaphylaxis survivors (n=1885), almost half the participants had not received AAID 

training11. In a cross-sectional study assessing the need for community pharmacist-provided 

training (n=1887), oral counselling was not provided for over 86% of pharmacist dispensed 

AAID prescriptions20. A short survey conducted to assess the training provided by physicians to 

parents of children with anaphylaxis for AAID (n=98) showed that in up to 92% of cases, 

device demonstration was not performed21. There is concern that adrenaline autoinjectors may 

be underused, even when prescribed. Patients, their family and friends, schools and childcare 

services and primary care health professionals may be inconsistent in their use of adrenaline 

auto-injectors. There may be an associated knowledge gap and multiple other factors impacting 

on the use of AAIDs by consumers in an emergency.  

 

With the increased burden of persons at risk of anaphylaxis, the increasing complexity of 

adrenaline autoinjector devices, and an historical lack of adequate consumer education, the risk 

of increased anaphylaxis fatalities rises. The direct cost to the healthcare system similarly rises 
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with emergency services, hospital, outpatient, physician and pharmacy needs. Accurate 

epidemiology data will help identify areas where improvements at these levels can be made, and 

in turn drive funding for programs that ultimately reduce the morbidity and mortality of 

anaphylaxis. 

 

Therefore, there is a need for accurate data on persons at risk of anaphylaxis, number of cases of 

anaphylaxis each year and whether treatment with adrenaline autoinjectors is used in the 

community. There is no published research describing events of anaphylaxis, case fatality, near 

misses and their surrounding circumstances in Western Australia. In addition, there is a lack of 

evidence of ‘in-practice’ management of anaphylaxis, especially in the community. There is no 

published research describing the epidemiology of anaphylaxis in Western Australia. Data 

linkage is a powerful research technique that provides quality epidemiology data, however there 

are no published data linkage studies of anaphylaxis epidemiology worldwide. The EPAWA 

study is designed to address the questions of anaphylaxis epidemiology, and management of 

anaphylaxis in the Western Australian population.  
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RESEARCH DIRECTION 

 

Aims: 

This research aims to: 

1. Determine the epidemiological parameters of anaphylaxis, and 

2. Evaluate current management of anaphylaxis in the Western Australian population. 

 

These aims are addressed through two related objectives. 

 

Objectives: 

 

Objective 1. To determine epidemiological parameters of anaphylaxis in the Western Australian 

population, using data linkage.  

 

Key points of this objective are to: 

• Identify the Western Australian anaphylaxis cohort (1980-2014) 

• Determine epidemiological parameters for anaphylaxis (1990-2014); 

• Identify trends in anaphylaxis risk based on key variables; 

• Assess trends in incidence and prevalence of hospital admissions, emergency 

department presentations and St John Ambulance attendance for anaphylaxis; 

• Assess trends in adrenaline autoinjector supply (1980-2014). 

 

This objective will be achieved using linked data on hospital admissions, emergency department 

presentations and mortality (all core datasets of the Western Australian Data Linkage System 

(WADLS)) and St John Ambulance attendance (a dataset requiring linkage to those above). 

Cross-Jurisdictional legislation exists between the Commonwealth and Western Australian 

governments to link Pharmaceutical Benefits Scheme (PBS) data with the WADLS, however no 

new applications for data are being accepted and linkage of PBS data is not possible. Instead, 

PBS statistical data and adrenaline autoinjector device sales data (from pharmaceutical 

manufacturers) will be used to assess trends in adrenaline autoinjector supply and estimate 

wastage from expired devices.  
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Objective 2. To review pharmacological management of acute anaphylaxis, through assessment 

of a subset of cases identified in the data linkage process.  

A subset of identifiable cases will be generated for specific study of pharmacological 

management of anaphylaxis.  Ambulance and hospital records for anaphylaxis patients 2007-

2014 will be assessed manually. Key variables will be investigated to determine: 

 

• Current pharmacological management of anaphylaxis; 

• Trends in adrenaline autoinjector use (or non-use) in the community by patients with 

anaphylaxis; 

• Differences in adrenaline autoinjector use based on geographical location. 

 

Methodology: 

 

Study Design 

The EPAWA study is a data linkage project that will identify an historical anaphylaxis cohort in 

the Western Australian population from 1980-2014 (the WA Anaphylaxis Cohort), with 

incidence and prevalence measured by point estimates over a 25-year period (1990-2014). 

 

Phases of Research 

The EPAWA study will involve four principal research phases:  

 

1. Data Linkage: 

 

The following core datasets ate routinely linked by the Western Australian Data Linkage 

System (WADLS): 

• Hospital Morbidity Data Collection (HMDC; includes admissions to any hospital in WA, 

public or private): since 1970, however the quality of the links is high only from 1979 

onwards; 

• Emergency Department Data Collection (EDDC; includes attendance at any public hospital 

emergency department in WA, including co-located private hospitals and excluding solely 

private hospitals): since 2002; 

• Mortality Register (any death registered in Western Australia): since 1969.   

St John Ambulance (SJA) data have not historically been linked, although records have been 

linked previously for specific projects, and an infrastructure arrangement is planned. It is 

essential to link SJA records to identify cases of anaphylaxis in the community that may have 

been incorrectly coded or not coded in hospital databases. This is because most cases of 
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anaphylaxis in the community are not admitted to hospital (and thus would not have an entry in 

the HMDC), but are either self-treated in the community with their own AAID, or treated by 

SJA paramedics prior to attending an emergency department. Coding of anaphylaxis in Western 

Australian hospitals is complex: EDDC records use a different set of codes from those used for 

HMDC, and EDDC codes are limited compared to the more comprehensive set available to 

HMDC. Therefore it is possible that a patient with anaphylaxis who presents to an emergency 

department but is not admitted may not have an anaphylaxis code recorded in the EDDC, and 

may only be identified as an anaphylaxis case in the SJA database. Approval to link SJA 

records will be sought from the SJA Data Custodian (see section I: Approvals). Provision of 

anaphylaxis cases from the SJA dataset to the WA Data Linkage Branch (WADLB) will be 

made subject to Approval. The time period covered by the cases will depend on previous SJA 

linkage with the WADLS and approvals granted by SJA. The SJA records will then be linked 

with corresponding records from the three datasets outlined above, namely HMDC, EDDC and 

Mortality.  

 

2. Data Extraction: 

 

In accordance with WADLS requirements, approval to extract data will be sought from the 

individual Data Custodians for the HMDC, EDDC and Mortality datasets (see section I: 

Approvals). 

 

Anaphylaxis events for the period 1980-2014 will be identified based on relevant codes or text. 

These include: 

• The World Health Organization’s International Statistical Classification of Diseases (ICD) 

diagnosis codes;  

• The EDDC Symptom Codes; 

• Free text field searching where no coding exists or is unreliably recorded; 

• External Cause codes.  

 

This period encompasses ICD versions 9, 9 CM, 9CM Australian version 2, and 10 AM 

versions 1 through 7. Events will include those arising in the community as well as in hospital 

(for example, patients admitted for a different indication, who develop anaphylaxis during the 

course of their admission). Preliminary ICD and symptom codes have been identified for 

anaphylaxis and external causes, including wide population codes. Final codes used will be 

determined in consultation with clinical coding experts from Perth metropolitan hospitals.  
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All cases for the period 1980-2014 with anaphylaxis will be extracted from the HMDC, EDDC, 

Mortality and SJA linked datasets and will form the WA Anaphylaxis Cohort. Data extracted in 

this phase will be analysed to determine anaphylaxis incidence, prevalence, rates of admission 

and trends.  

A random sample of 1000 cases from a subset of the WA Anaphylaxis Cohort who were 

admitted to Perth metropolitan hospitals for the period 2007-2014 will be identified and used for 

case review. 

 

3. Case Review: 

 

The subset of cases from WA Anaphylaxis Cohort will be identifiable by their Unit Medical 

Record Number (UMRN), hospital code and ambulance code to allow extraction of data from 

medical notes (hospitals and St John Ambulance services). The clinical data to be obtained from 

medical notes are not available from the linked core datasets of the WA Data Linkage System. 

Data to be obtained includes the use of life-saving adrenaline, which can be administered by 

non-medical persons in the community. Adrenaline autoinjector devices are prescribed to 

persons at risk of anaphylaxis, for individual management of anaphylaxis, in the absence of 

access to immediate emergency medical care. Other medicines may be administered 

inappropriately instead of adrenaline. Details of pharmacological management are not recorded 

in the existing datasets and case note review is the only way to identify this information. Other 

factors that may impact on the use or non-use of adrenaline autoinjectors may be ascertainable 

through case note review. Identifying this information is key to planning initiatives to improve 

management of anaphylaxis in community settings. It is also essential to review ambulance and 

hospital records at the individual level, to identify near-miss anaphylaxis mortality and the 

surrounding circumstances in the community setting. Better description of anaphylaxis 

morbidity is possible through case review. This information is essential to describe anaphylaxis 

epidemiology and management of anaphylaxis for the WA population.  

 

The lists of UMRN will be provided to the medical records departments at metropolitan 

hospitals, who will pull patient notes for review. A research assistant will enter the necessary 

information into a Microsoft Access database containing encrypted root number. Identifying 

information (including UMRN) will not be collected. A similar procedure will be used for SJA 

records. A file of SJA record number and encrypted root number will be provided and 

information from the ambulance records will be collected in this Access database. Again, this 

will only contain the encrypted root number and no identifying information.  
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When the case review is completed, the files of identifying information will be permanently 

destroyed. The researchers will not attempt to re-identify any individual.  

Variables to be reviewed in hospital and ambulance records are identified in the following table:  

 

4. Adrenaline autoinjector supply and wastage estimates: 

 

Additional unlinked data will be obtained from historical estimates of adrenaline autoinjector 

supply through sales history data (from device manufacturers; 1980-most recent), and 

Pharmaceutical Benefits Scheme statistical data (1992 to most recent). These estimates will 

assist in identifying trends in new diagnoses of anaphylaxis, and may estimate wastage 

associated with unused or expired devices. 

Analysis 

Analysis will be performed using Statistical Analysis System (SAS) and Microsoft Excel 

software packages and will include but is not limited to: 

• Age-standardised rates of admission for anaphylaxis and mortality rates in the Western 

Australian population; 

 Hospital Variables St John Ambulance Variables 

Demographic Data Age, gender, dates of admission and 
discharge, principal diagnosis (ICD 
code), external causes of episode of 
care, place of occurrence of episode of 
care, health region and postcode of 
residence 

Age, gender, principal diagnosis 
(anaphylaxis), date and location of 
episode (eg school, childcare, 
shopping centre, sports oval, 
restaurant, home) 

Clinical Data Adrenaline autoinjector use or non-use; 
supplemental adrenaline use (either 
autoinjector or other forms); 
antihistamine, glucocorticosteroid or 
beta-2 agonist use; other supplemental 
management to discriminate severe 
anaphylaxis from anaphylaxis (eg ICU 
admission, other supportive therapy); 
allergen identified; referral to allergy 
specialist; provision of an anaphylaxis 
management plan and adrenaline 
autoinjector to patient on discharge. 

Adrenaline autoinjector use by 
patient or carer prior to ambulance 
attendance; adrenaline autoinjector 
(or other adrenaline) use by 
paramedics during ambulance 
attendance; time of initial 
adrenaline use (by ambulance 
paramedics or patient prior to 
ambulance attendance); time of 
onset of anaphylaxis; supplemental 
adrenaline used by ambulance 
services; time of supplemental or 
repeat adrenaline use; location of 
first adrenaline autoinjector use (eg 
in the home, school, shopping 
centre, restaurant); location of 
subsequent (supplemental) 
adrenaline autoinjector use (eg 
ambulance, hospital); antihistamine 
use by patient prior to ambulance 
service attendance; glucocorticoid 
or beta-2 agonist use; identification 
of suspected allergen; cause of 
anaphylaxis. 
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• Cox survival analysis will be used to estimate the risk of readmission (emergency 

department or hospital inpatient) for anaphylaxis in people previously admitted for 

anaphylaxis; 

• Rates of provision of a new AAID, written action plan and specialist referral after 

emergency department presentation for anaphylaxis; 

• Causative allergen rates; 

• Impact of location of episode of anaphylaxis on use of AAIDs; 

• Differences in outcome based on pharmacological management will be assessed in the 

subset of patients with data from case notes. 
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