
REVIEW ARTICLE

Anaphylaxis treatment: current barriers to adrenaline
auto-injector use
T. T. Song1, M. Worm2 & P. Lieberman3

1Department of Medicine, Allergy and Immunology, University of Washington, Seattle, WA, USA; 2Department of Dermatology and

Allergology, Charit�e – Universit€atsmedizin, Berlin, Germany; 3Department of Medicine & Pediatrics, University of Tennessee College of

Medicine, Memphis, TN, USA

To cite this article: Song TT, Worm M, Lieberman P. Anaphylaxis treatment: current barriers to adrenaline auto-injector use. Allergy 2014; DOI: 10.1111/

all.12387.

Keywords

adrenaline; anaphylaxis; auto-injector; food

allergy; regulatory issues.

Correspondence

Dr. T. Ted Song, Division of Allergy and

Infectious Diseases, Department of

Medicine, University of Washington, 11307

Bridgeport Way SW #200, Seattle, WA

98499, USA.

Tel.: +1 253 589 1380

Fax: +1 253 589 1786

E-mail: tsong@allergyasthmass.com

Accepted for publication 4 February 2014

DOI:10.1111/all.12387

Edited by: Werner Aberer

Abstract

Anaphylaxis is a life-threatening condition that is increasing in prevalence in the

developed world. There is universal expert agreement that rapid intramuscular

injection of adrenaline is life-saving and constitutes the first-line treatment of ana-

phylaxis. The unpredictable nature of anaphylaxis and its rapid progression

makes necessary the availability of a portable emergency treatment suitable for

self-administration. Thus, anaphylaxis treatment guidelines recommend that

at-risk patients are provided with adrenaline auto-injectors (AAIs). Despite these

clear recommendations, current emergency treatment of anaphylaxis continues to

be inadequate in many cases. The aim of this review is to highlight the barriers

that exist to the use and availability of AAIs and that prevent proper manage-

ment of anaphylaxis. In addition, we review the characteristics of all AAIs that

are presently available in Europe and the USA and discuss the need for regula-

tory requirements to establish the performance characteristics of these devices.

Although long recognized as a serious disorder (1), the defini-

tion of anaphylaxis as ‘a serious allergic reaction that is rapid

in onset and may cause death’ was only recently derived (2,

3) and agreed upon by clinical experts (3–5). Anaphylaxis

affects all ages and can manifest with multiple symptoms,

involving several organ systems, including the skin, respira-

tory and gastrointestinal tracts, and cardiovascular system

(3). It has been classified into four grades of severity (6), with

grades 3 and 4 being severe anaphylaxis, which includes car-

diovascular collapse, cardiac arrhythmia and severe broncho-

spasm (grade 3) and circulatory failure, cardiac and/or

respiratory arrest (grade 4). Fatal anaphylaxis has been con-

sidered to represent grade 5 (7). Common causes of anaphy-

laxis are food, insect stings and medicines (8, 9). Anaphylaxis

is due to the sudden systemic release of inflammatory media-

tors from mast cells and basophils. Although the mechanism

of anaphylaxis usually involves IgE-mediated activation of

mast cells and basophils, non-IgE-mediated mast cell and

basophil activation may cause what is often referred to as an

‘anaphylactoid reaction’, which presents identical clinical

symptoms requiring the same treatment (10, 11).

Prevalence

There is evidence that anaphylaxis is under-diagnosed (12)

and that it is increasing in prevalence (13, 14). In 2006, a

group of international experts used published epidemiological

data (13) to conclude that the prevalence of anaphylaxis was

as high as 2%, with an estimated frequency of 50–2000
episodes per 100 000 persons or lifetime prevalence of 0.05–
2.0%, but with the provision that there was probably signifi-

cant under-diagnosis. A US nation-wide survey of emergency

departments (in 1993–2004) (15) revealed an average of

1.03 million cases per year of allergy-related emergency

department visits, representing a mean annual incidence of

0.38% of the US population. Lin et al. (16) conducted an

analysis of New York state hospital admissions (in 1990–
2006) of patients aged <20 years with an allergic disease as the

primary diagnosis. The hospitalization rate for anaphylaxis

increased more than fourfold during the studied period (from

1/100 000 to 4.7/100 000). In a similar nation-wide analysis

(Australia National Hospital Morbidity Database) (17), for

the period 1993–2005, there was a continuous increase in the
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rate of hospital admissions for anaphylaxis of 8.8% per year

(Fig. 1), with a particularly steep increase in food-related ana-

phylaxis among children aged <5 years. A study in UK (18)

revealed that, from 1991 to 2004, prescriptions for anaphy-

laxis increased 12-fold.

Rapidity of onset and life-threatening nature

During anaphylaxis, the sudden systemic release of inflamma-

tory mediators can lead to cardiac or respiratory arrest (3, 19)

and be fatal if not treated promptly (20). Cardiac arrest can

be caused by the direct cardiac effects of the anaphylactic

mediators or by shock due to peripheral vasodilatation and

increased vascular permeability. Respiratory arrest is as com-

mon a cause of anaphylaxis-induced fatalities as cardiovascu-

lar shock or cardiac arrest (21) and can be caused by asthma

or upper airway obstruction due to pharyngeal or laryngeal

oedema, which may also lead to cardiac arrest. Cutaneous and

mucosal manifestations are the most overt and frequent signs

of anaphylaxis but are absent in 10–20% of cases (22), which

may partly explain the under-diagnosis of anaphylaxis. The

rapid onset of anaphylaxis is best illustrated by published data

obtained from a UK register of fatal anaphylactic reactions

(23). This report reviewed the period 1992–1998, during which

130 fatal cases of anaphylaxis were recorded of which 56 had

post-mortem (PM) reports. These PM reports revealed how

rapidly respiratory or cardiac arrest occurred after exposure

to allergen and the onset of a reaction. Respiratory or cardiac

arrest occurred with a median time of 30 min after ingestion

of food allergen, 15 min after insect stings and 5 min in iatro-

genic reactions. Fatalities are estimated to occur in 0.65–2.0%
of cases of severe anaphylaxis, accounting for perhaps one to

three deaths per million people (7). The incidence of fatalities

from food-induced anaphylaxis in children aged <16 years in

the UK is about one per 20 million per year (2).

Unpredictability

Allergen avoidance is the optimal protective strategy against

anaphylaxis, but unexpected allergen exposure remains a

hazard, particularly in cases due to food allergy (24) and

insect sting (20, 25), which are two of the most common

causes of anaphylaxis. There is also crucial evidence that a

high proportion of individuals experiencing fatal cases of

anaphylaxis have had no previous anaphylactic episodes (21,

26). Pumphrey et al. (21) reported the following rates of

cases without a prior anaphylactic event among fatal cases:

23/34 fatal cases of anaphylaxis to insect sting, 17/24 to anti-

biotics, 17/20 to muscle relaxants, 4/6 to nonsteroidal anti-

inflammatory drugs, 13/13 to other drugs and 10/10 in con-

trast media-related anaphylactic deaths.

Emergency management

Immediate intramuscular (im) injection of adrenaline is the

first-line treatment for anaphylaxis (5, 19, 22, 27). A rapid

increase in systemic adrenaline directly counteracts anaphy-

laxis-induced cardiovascular, respiratory, cutaneous and sub-

cutaneous manifestations (28, 29). It can be life-saving (30),

and delayed injection of adrenaline is associated with

increased risk of fatality (8, 31, 32), as demonstrated in

both insect sting- (31) and food-induced anaphylaxis (32).

The World Allergy Organization (WAO) has consistently

emphasized the need for prompt injection of adrenaline

(33). The joint American Academy of Allergy, Asthma and

Immunology (AAAAI) and American College of Allergy,

Asthma and Immunology (ACAAI) guidelines (19) state

that prompt recognition of the signs and symptoms of

anaphylaxis with immediate treatment is crucial to reduce

the severity of the systemic reaction, and that, if there is

any doubt, it is generally better to administer adrenaline.

Also, it is important to note that there are no absolute

contraindications to the prescription and utilization of self-

injectable adrenaline (34).

Experienced clinical management of anaphylaxis will often

not be available to a patient suffering an anaphylactic reac-

tion, not only with noniatrogenic anaphylaxis but also in the

clinic where the attending physician may not have previously

seen such a reaction (23). There needs to be increased aware-

ness, in the clinic and in the community, that adrenaline is

the first-line therapy for anaphylaxis and that adrenaline

auto-injectors (AAIs) facilitate a rapid and accurate injection

of intramuscular (im) adrenaline before specialized medical

care is available.

For emergency anaphylactic treatment, AAIs were first

introduced in the mid-1990s (35). They are intended to accu-

rately deliver a fixed dose of im adrenaline (35) and should

ideally be convenient to use and reliably deliver sufficient

adrenaline to the systemic circulation (36–38).

Barriers to proper management of anaphylaxis

Despite broad agreement across the various guidelines on the

use of adrenaline for anaphylaxis treatment, there is clear

evidence that it is not being employed judiciously. In the fol-

lowing, we review the evidence that specific barriers exist that

significantly impede an adequate emergency management of

anaphylaxis.
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Figure 1 Hospital admissions for anaphylaxis (per 100 000) in Aus-

tralia (adapted from published data from a national register from

Poulos et al [17] with permission).
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Limited awareness of the treatment of anaphylaxis by health

professionals

Data from several cohort studies illustrate the extent of

under-treatment of anaphylaxis and the low rate of adrenaline

use (12, 15, 39–41), with most cases of anaphylaxis that

require hospitalization not receiving an AAI on discharge.

Adrenaline is much less commonly used than antihistamines

and corticosteroids in treating anaphylaxis despite both anti-

histamines (42) and corticosteroids (43, 44) having an onset of

action that is delayed and too late to prevent respiratory and/

or cardiovascular arrest, which can occur within minutes (23).

One study compared the effect of three different antihista-

mine treatments (oral fexofenadine, oral diphenylhydramine

and im diphenylhydramine) in healthy subjects, given a hista-

mine skin test. The respective mean (�standard deviation

[SD]) values for the time for a 50% reduction in flare were

51.7 (�17.8), 79.2 (�18.4) and 101 (�12.7) minutes, respec-

tively (42). And corticosteroid treatment is considered to

have only a limited role in the treatment of anaphylaxis (45),

mainly because of its delayed effects. Corticosteroids may be

beneficial in the treatment of the more protracted anaphylac-

tic reactions, particularly for bronchospasm (10, 46, 47), but

require up to 4–6 h to reach maximum effect even after intra-

venous injection (43, 44).

From the anaphylaxis registry that includes 83 centres in

Germany, Austria and Switzerland, validated data from 58

of the centres and consisting of 2114 consecutive cases

(2006–2010) of severe anaphylaxis were recently analysed

(41), to establish the degree of compliance with treatment

recommendations. This study revealed that adrenaline was

given to only 13.8% of the patients, with just 3.9% receiving

im injection (Fig. 2). In contrast, 50.1% received

antihistamines and 51.3% received corticosteroids. A German

nationwide, questionnaire-based cohort study of paediatri-

cians (40) examined all anaphylactic reactions occurring in

the previous year. Of a total of 103 children with anaphy-

laxis, only 17% were prescribed an AAI (41).

Data from several cohort studies in the United States also

illustrate the extent of under-treatment of anaphylaxis and

the low rate of adrenaline prescription. Using the US

National Electronic Injury Surveillance System (NEISS), a

nationally representative sample of 20 821 visits at 34 hospi-

tal emergency departments was surveyed (12). For a 2-month

period (August–September, 2002) and a total of 2333 visits

for anaphylaxis, only 19% of patients received adrenaline.

Another US nation-wide survey of emergency departments

(15) reviewed the treatment of ‘acute allergic reaction’ requir-

ing emergency treatment between 1993 and 2004. In 12.4 mil-

lion (1.03 million/year) allergy-related emergency department

visits, adrenaline use was infrequent and declined significantly

(P = 0.04) during the period (from 19% to 7%). Most

patients (62%) received antihistamines, and an increasing

number (from 22% to 50%; P < 0.001) received corticoster-

oids. An US community cohort study (39) identified, in medi-

cal records from 1990 to 2000, that among 134 patients with

acute anaphylaxis and attending the emergency department,

only 36.6% were prescribed AAIs on discharge.

A recent systematic review (48) documented findings from

59 published studies and revealed a lack of knowledge (in

primary care, hospital and community settings) of anaphy-

laxis diagnosis and treatment resulting in the infrequent use

of im adrenaline and the failure to prescribe AAIs.

Lack of availability of AAIs for patients at risk of

anaphylaxis

Because anaphylaxis is largely unpredictable, occurs as fre-

quently in the community as in hospital, progresses rapidly

and is potentially life-threatening, it is essential that all

patients at risk of anaphylaxis are provided with an AAI and

are made aware of the importance of always carrying it with

them. Although AAIs are most often prescribed to patients

who have had a previous anaphylactic episode, serious ana-

phylaxis occurs with significant frequency in individuals who

have had no previous severe episode (21, 49). Thus, it is
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Figure 2 Frequencies of drug administered in emergency treat-

ment of anaphylaxis and separated according to causal allergen

(adapted from Grabenhenrich et al [41] with permission). Error bars

indicate 95% confidence limits.
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essential to carefully assess the individual allergic patient in

order to identify the patient at risk and to provide AAIs not

only to those who have suffered a previous allergic reaction

to food, insect stings, latex, drugs or other allergen. A signifi-

cant number of patients who have never suffered severe ana-

phylaxis are at a significant risk of a future attack. A history

of asthma appears to be a major risk factor for severe or life-

threatening anaphylactic reactions to food (32, 50–52), and

many fatal cases of anaphylaxis occur in allergic patients

with asthma (21, 23, 53). Additional risk factors that should

prompt consideration of prescribing AAIs include peanut/tree

nut allergy, allergic reactions to small quantities of a food,

high levels of atopy, food allergy in teenagers and living

remote from a medical facility (21, 53, 54).

Expansion of existing national and international databases

is expected to refine the quality of data and allow a more

systematic approach to identifying the patient at risk of ana-

phylaxis and requiring an AAI (55). The European Academy

of Allergy and Clinical Immunology (EAACI) has released a

public declaration on food allergy and anaphylaxis that

emphasizes that patients at risk of anaphylaxis must carry

AAIs (56). The EAACI is campaigning for food allergy and

anaphylaxis awareness (http://webr.emv2.com/eaaci/EAAC-

I_Anaphylaxis_Flyer_English.pdf, accessed on 6 December

2013) and states that at-risk patients are not only those who

have experienced a severe allergic reaction in the past but

also those who (i) have suffered an allergic reaction after

eating a very small amount of food or on skin contact, (ii)

have concomitant asthma and food allergy or (iii) have had

an allergic reaction after eating eggs, milk, nuts, seeds,

shellfish, fish or fruit. Increasingly, national authorities are

working with AAI manufacturers to modify AAI prescrip-

tion information in order to reflect the need to provide AAIs

to all at-risk patients and not only to those with a previous

anaphylaxis. For example, the EpiPen� has just been

approved for use in a number of European countries for

patients at risk of anaphylaxis (personal communication

from the manufacturer), which is in agreement with the

indications that were established several years ago in the

United States.

Guidelines indicate that a second adrenaline dose may be

needed if symptoms are ongoing or progressive 5–15 min

after the first injection and so recommend prescription of

two AAIs (19, 22, 27).

Lack of availability of AAIs in public spaces

Because an immediate adrenaline im injection can be life-sav-

ing (30), there needs to be a broad awareness in society of

the disease and how to provide emergency treatment using

AAIs, in a manner analogous to the general awareness of

cardiac arrest and the availability of automated external

defibrillators in public places. Effective prevention of

anaphylactic fatalities requires AAIs in public places, particu-

lar in venues attended by many people and where food is

consumed, such as schools, airports, shopping precincts,

sports stadia and restaurants. Provision of AAI needs to be

coupled to educating the general public and, in particular,

venue staff about the signs of anaphylaxis and how to

administer AAIs.

The EAACI/GA2LEN expert workforce on allergy in

schools has called (57) for ‘a cooperative partnership between

doctors, community and school nurses, school staff, parents

and the child’ to ensure protection of allergic schoolchildren.

They recommend that teachers are trained to recognize signs

of anaphylaxis and to use an AAI, which should be made

available in all schools. This is a response to evidence of the

risk of anaphylaxis in schoolchildren. In the United States,

many states have adopted a policy of schools being stocked

with AAIs, for use by any student in cases of anaphylaxis.

The School Access to Emergency Epinephrine Act is under

review for possible implementation nationally (see http://

www.gop.gov/bill/113/1/hr2094, accessed 6 December 2013).

Between 10% and 18% of all food allergy reactions or ana-

phylaxis are estimated to occur at school (40, 58), and 24%

of children with a history of anaphylaxis have their first epi-

sode at school (59). In the UK, the anaphylaxis rate is one

episode per 10 000 children per year and 82% of such epi-

sodes occur in schoolchildren and 61% of schools had one

child or more at risk of anaphylaxis (defined as having a his-

tory of anaphylaxis or carrying an AAI) (60). Less than half

of UK schools with an at-risk child had a teacher trained in

its management, and 12% had available adrenaline (61).

Limited access to AAIs due to regulatory and economic

restrictions

Adrenaline, as a treatment for anaphylaxis, is listed by the

WHO as an essential medicine. However, in many countries,

there is a significant lack of availability. In some countries,

AAIs are not commercially available (Fig. 3), whereas in oth-

ers, government agencies do not subsidize funding of AAI

prescription costs (62).

A survey of the global availability (38) among members

of the House of Delegates the WAO, with more than

38 000 individual members in 39 countries on six continents

(and with an unanimous response), indicated that AAIs for

use in adults were available in 22 countries, mostly in Eur-

ope, United States, Canada and Australia. There was lim-

ited availability in Asia, South America and Africa, and

AAIs for use in children were available in 17 countries. In

27.3% of the countries, no financial subsidy was provided

by government or private insurance to defray AAI prescrip-

tions costs.

Failure to use AAIs by patients

Many patients who have been given AAIs, because of a pre-

vious anaphylactic attack, do not carry them (11). It was

reported (63) that, at one clinic, 76 of 96 patients with insect

venom allergy were given an AAI, but <30% of these

patients carried it at all times. Only 22% of the patients said

that, after a re-sting, they would immediately use their AAI,

and 44% were able to demonstrate proper use of the AAI. In

a retrospective analysis (64), only 29% of children with

recurrent anaphylaxis were treated with their AAI. In a
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prospective study involving 14 paediatric allergy clinics

throughout the UK, the most common reasons given by

patients for not using the AAI were ‘thought adrenaline

unnecessary’ (54.4%) and ‘unsure adrenaline necessary’

(19.1%). The authors concluded that there is much need for

patient education to increase AAI use in anaphylaxis. A simi-

lar study in 271 children with peanut allergy (in Quebec,

Canada) (65) revealed that 48% of the children did not carry

their AAI with them in school. Those children who were

more likely to carry their AAI with them at school had been

previously administered adrenaline for a reaction (odds ratio

[OR], 2.7), were older children (OR, 1.1) or were those living

only with their mother (OR, 3.4). These authors concluded

that ‘more education is required regarding the importance of

a readily available autoinjector’. Marrs and Lack (66)

pointed out that, especially among adolescents at risk of ana-

phylaxis, education may not be enough and that more inno-

vative ways are required to encourage and support self-

management of allergy and reduce risk-taking in this group

of patients.

Efficiency of AAIs: how do they perform?

There are five different commercial AAIs currently available

and licensed in Europe and/or the United States (Europe:

Anapen�, EpiPen� and Jext�; US: Adrenaclick�, Auvi-QTM

and EpiPen�). They each aim to deliver an im dose of adren-

aline into the vastus lateralis muscle of the thigh.

Given the unpredictable and potentially fatal nature of

anaphylaxis, randomized, controlled double-blind trials are

impossible to conduct because of practical and ethical

reasons. However, there are alternative ways to test AAIs’

performance, such as through human and animal pharmaco-

kinetic and pharmacodynamic studies, as well as by means of

studies on adrenaline delivery time and delivery depth into

muscle tissue using animal models. Below we review the pub-

lished evidence from these types of studies.

Pharmacokinetics

In a randomized, single-blind, single-dose, parallel-group

study (67), anaphylactic children (n = 17, aged 4–12 years),

with a history of severe allergies and systemic anaphylaxis,

received from a nurse a single im adrenaline injection using

the EpiPen� or a sc injection of adrenaline. The children

were not studied during an anaphylactic attack and had not

had recent anaphylaxis. Plasma adrenaline concentrations

versus time are shown in Fig. 4. The mean time to maximum

concentration (Tmax) was shorter with the EpiPen� than with

sc adrenaline (8 min vs 34 min). The authors reported that 6/

8 children injected with the EpiPen� AAI had Tmax values

<5 min compared with only 2/9 with sc injection. The maxi-

mum plasma adrenaline concentration (Cmax) was 19%

higher with the EpiPen� than with sc injection (2.136 vs

1.802 pg/ml).

In another study (68) in children at risk of anaphylaxis

(n = 10, aged 5–8 years), the EpiPen� was used by the child

and Tmax was 15–16 min, which is some minutes later than

when the AAI was applied by a nurse. The authors con-

cluded that children probably self-inject less forcefully and

this affected the absorption, to some extent. This illustrates

the importance of the application technique and that, in very

young children, it may be preferable that an adult makes the

injection.

In a controlled, randomized, blinded, crossover trial, the

same group confirmed in allergic male adults (n = 13, aged

18–35 years) which significantly higher plasma adrenaline

concentrations were attained with EpiPen� AAI into the

Figure 3 The extent of availability of adrenaline auto-injectors (AAIs) worldwide (adapted from data from Simons [38] with permission).
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thigh compared with im or sc normal syringe injection into

the arm. A higher mean Cmax was also observed with the

EpiPen� into the thigh than with normal syringe injection

into the thigh (12.222 vs 9.722 pg/ml; no P-value given).

A pharmacokinetic study in rabbits (69) confirmed rapid

systemic exposure to adrenaline with EpiPen� im injection

(Tmax was 8–9 min). This study also found that adrenaline

bioavailability from outdated AAIs was significantly reduced.

This illustrates the importance of refilling AAIs once the

expiration date is reached and indicates that patients should

carry in-date AAIs. However, in case of anaphylaxis, the

authors recommend that, if there are no colour changes or

crystal formation in an out-of-date AAI, it should be used

rather than no adrenaline injection being made.

Only one pharmacokinetic study that compared different

AAI devices was found (70, 71). This was a single-dose, sin-

gle-blind, two-treatment, crossover study, in which 69 healthy

subjects received im adrenaline injection with the EpiPen�

and 67 with the Auvi-QTM. Bioequivalence of the two AAIs

was demonstrated (71), based on the standard pharmacoki-

netic parameters for bioequivalence assessment, Cmax, AUC0–t

(area under the concentration–time curve from injection to

time of last measurement), and AUC0–inf (area under the

concentration–time curve from injection to extrapolation to

infinity).

Pharmacodynamics

In their adrenaline pharmacokinetic (PK) study, Simons

et al. (72) also reported the pharmacodynamic effects of the

EpiPen�. A pharmacodynamic effect of adrenaline injection

was evident in each subject (Fig. 5), with blood pressure and

heart rate increasing over the baseline value. Of note, the

increase in blood pressure and heart rate occurred within

10 min after injection, meaning that pharmacodynamic

effects correlated closely with the blood levels of adrenaline

(Cmax in 8 min).

No other published studies of AAIs were found that dealt

with adrenaline pharmacodynamics.

Adrenaline delivery time into muscle tissue

Pharmacokinetic studies conducted with the EpiPen� estab-

lished that the im route is the optimal mode of administering

adrenaline for rapid and maximal systemic exposure. There-

fore, rapid delivery to the muscle compartment is crucial for

rapid systemic availability.

Baker et al. (73) examined whether reducing the duration

of im injection with the EpiPen� below the recommended

10 s would affect the amount of adrenaline injected. This of

interest as anxiety associated with self-injection may cause

the patient or caregiver to remove the device before 10 s. In

an animal model of marbleized beef, which has been shown

to be of predictive value for injection needle penetration of

living human muscle, 21 EpiPen�s were tested for the

amount of adrenaline injected into the muscle after seven dif-

ferent injection-time periods (1, 2, 3, 4, 5, 6 and 10 s). The

authors measured no linear relationship between time and

the amount (P = 0.48) or percentage (P = 0.29; correlation

coefficient = 0.464) of adrenaline injected or absorbed into

muscle tissue. At all durations, 95.9% or more of the adrena-

line dose was absorbed into the marbleized beef. The authors

concluded that holding the EpiPen� in place for 1 s was as

effective as 10 s.

No other studies of AAIs were found that tested adrena-

line delivery time into muscle tissue.

Adrenaline delivery depth into muscle tissue

Because im injection is the best mode of administering adren-

aline, AAIs must reliably deliver adrenaline into the muscle,

despite variation in the skin to muscle distance between indi-

viduals depending on adipose tissue thickness.

One study, using a pig model tested the depth of delivery of

adrenaline by the EpiPen� (74). It was designed to investigate

whether the EpiPen�, with a needle length of 1.43 cm, propels

adrenaline beyond the length of the needle. Methylene blue

(0.1 ml) was added, as a coloured tracer, to the 2.0 ml adrena-

line solution of the EpiPen� before injection in to the thighs

of pigs (n = 24). Dissection of the subcutaneous thigh tissue

revealed that the location of the dye was intramuscular after

each injection and at a mean (�standard deviation) depth of

2.78 (�0.59) cm, which was significantly (P < 0.0001) greater

than the length of the needle (see Fig. 6). The EpiPen� thus

propels adrenaline significantly beyond the needle tip,

reaching a depth of around twice the length of the needle

(94.4% beyond), which would be enough to reach the muscle

even in obese patients. According to the authors, these find-

ings suggest that the delivery of adrenaline beyond the length

Mean plasma adrenaline concentration (pg/ml)

0

200

400

600

800

1000

1200

1400

Adrenaline IM with AAI
1600

1800

0 20 40 60 80 100 120 140 160 180
Time (min)

Adrenaline SC with AAI

Figure 4 Mean plasma adrenaline concentration plotted against

time after intramuscular injection with the EpiPen� adrenaline

auto-injectors (n = 8) or subcutaneous injection of an adrenaline

solution (n = 9) in children (adapted from Simons et al [67] with

permission).
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of the needle is due to both the propulsion mechanism of the

AAI and to the compression force exerted on the tissue. The

AAIs in this study were applied exerting pressure gradually

until they triggered, which implies that the minimum pressure

(2 lbs) was applied as they triggered. This suggests that the

observed delivery depth is possibly even in the ‘worst case’ of

minimal applied force. The authors conclude from this that

with ‘more hand swing’, as suggested by the manufacturer,

would deliver possibly adrenaline even deeper.

A similar study, but in vitro, used pork shoulders (37) to

compare three AAIs, the EpiPen�, Anapen� and Jext�.

A maximal injection depth sufficient to propel adrenaline to

the muscle was achieved with both the EpiPen� and Jext�.

However, the Anapen� AAI was unable to inject adrenaline

beyond the needle length and failed to consistently reach the

muscle. Unfortunately, neither the actual injection depths for the

three AAIs nor any statistical analysis were reported; this would

have been helpful and should be considered in future studies.

From the above review of the data on AAI performance, it

can be seen that it is only the EpiPen for which published

data are currently available on the PK, pharmacodynamic,

depth of penetration and time to delivery of the total adrena-

line dose.

Conclusions

Although recommended by international guidelines and expert

groups, the use of AAIs for emergency first-line treatment of

anaphylaxis is not often performed. This is due to the existence

of various barriers related to clinicians, patients and regula-

tors. The barriers that need to be overcome in order to improve

emergency management of anaphylaxis have been reviewed

here, and a number of conclusions can be extracted.

There is a need to educate clinicians and patients on the

life-saving potential of self-injectable adrenaline. Currently

used antihistamines and corticosteroids are not recommended

in international guidelines as front-line treatment. There is a

particular need for clinicians to learn to recognize at-risk

patients, in order to provide them with AAIs and for patients

to appreciate the vital importance of always carrying AAIs

with them and being prepared to use them without delay at

the first sign of anaphylaxis. Clinicians and policymakers

need to work together to increase awareness of anaphylaxis

and to make AAIs accessible to all patients with prior history

and at risk of anaphylaxis. Promoting initiatives to make

AAIs available in public places is essential to prevent fatal

anaphylaxis.
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Figure 5 Systolic and diastolic blood pressure, heart rate and plasma

adrenaline concentration plotted against time, after intramuscular

injection using the EpiPen� adrenaline auto-injectors or subcutaneous

injection of an adrenaline solution (adapted from Simons et al [67]

with permission).

Adrenaline penetration

Needle length

Muscle

Subcutaneous fat 

Skin

Adrenaline auto-injector

2.78 cm

1.43 cm

Figure 6 An illustration of the depth of delivery of EpiPen� content

of methylene blue after intramuscular injection of pig thigh. Mean

adrenaline delivery depth (2.78 cm) is indicated and is nearly twice

(P < 0.0001) the length of the needle (1.43 cm) (data from Ref. 74).
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Despite the recognized importance of AAIs for the emer-

gency treatment of anaphylaxis, the available data on their

efficiency are surprisingly limited. Although ethical and

practical barriers impede testing AAIs conventionally by

means of randomized trials during anaphylaxis episodes, it is

possible to test their performance by other means. Currently,

published pharmacodynamics and pharmacokinetics data are

available for only two products. There should be open

discussion on the need for regulatory authorities to require

AAI manufacturers to provide supportive data for assessing

the efficiency of new AAI devices before marketing authori-

zation.

Acknowledgements

We acknowledge the expert assistance of GP McGregor, of

OmniScience SA, in preparing and editing this manuscript.

Conflicts of interest

Dr. Lieberman reports acting as a consultant and speaker for

Mylan, Sanofi-Aventis, Meda, Teva, Genentech and Merck.

Dr. Song has served as speaker for Meda, Teva and Novar-

tis. Dr Worm has served as a speaker for Meda, ALK and

Allergopharma and is an active advisory board member.

References

1. Cohen SG, Zelaya-Quesada M. Portier, Ri-

chet, and the discovery of anaphylaxis: a

centennial. J Allergy Clin Immunol

2002;110:331–336.

2. Atkins D, Bock SA. Fatal anaphylaxis to

foods: epidemiology, recognition, and pre-

vention. Curr Allergy Asthma Rep

2009;9:179–185.

3. Sampson HA, Munoz-Furlong A, Campbell

RL, Adkinson NF Jr, Bock SA, Branum A

et al. Second symposium on the definition

and management of anaphylaxis: summary

report–Second National Institute of

Allergy and Infectious Disease/Food

Allergy and Anaphylaxis Network sympo-

sium. J Allergy Clin Immunol 2006;117:391–

397.

4. Johansson SG, Bieber T, Dahl R, Fried-

mann PS, Lanier BQ, Lockey RF et al.

Revised nomenclature for allergy for global

use: report of the Nomenclature Review

Committee of the World Allergy Organiza-

tion, October 2003. J Allergy Clin Immunol

2004;113:832–836.

5. Simons FE, Ardusso LR, Bilo MB, El-

Gamal YM, Ledford DK, Ring J et al.

World allergy organization guidelines for the

assessment and management of anaphylaxis.

World Allergy Organ J 2011a;4:13–37.

6. Ring J, Behrendt H. Anaphylaxis and ana-

phylactoid reactions. Classification and path-

ophysiology. Clin Rev Allergy Immunol

1999;17:387–399.

7. Moneret-Vautrin DA, Morisset M, Flabbee

J, Beaudouin E, Kanny G. Epidemiology of

life-threatening and lethal anaphylaxis: a

review. Allergy 2005;60:443–451.

8. Liberman DB, Teach SJ. Management of

anaphylaxis in children. Pediatr Emerg Care

2008;24:861–866.

9. Worm M, Edenharter G, Rueff F, Scherer

K, Pfohler C, Mahler V et al. Symptom

profile and risk factors of anaphylaxis in

Central Europe. Allergy 2012;67:691–698.

10. Fisher M. Treatment of acute anaphylaxis.

BMJ 1995;311:731–733.

11. McLean-Tooke AP, Bethune CA, Fay AC,

Spickett GP. Adrenaline in the treatment of

anaphylaxis: what is the evidence? BMJ

2003;327:1332–1335.

12. Ross MP, Ferguson M, Street D, Klontz K,

Schroeder T, Luccioli S. Analysis of food-

allergic and anaphylactic events in the

National Electronic Injury Surveillance Sys-

tem. J Allergy Clin Immunol 2008;121:166–

171.

13. Lieberman P, Camargo CA Jr, Bohlke K,

Jick H, Miller RL, Sheikh A et al. Epidemi-

ology of anaphylaxis: findings of the Ameri-

can College of Allergy, Asthma and

Immunology Epidemiology of Anaphylaxis

Working Group. Ann Allergy Asthma Immu-

nol 2006;97:596–602.

14. Sheikh A, Hippisley-Cox J, Newton J, Fenty

J. Trends in national incidence, lifetime prev-

alence and adrenaline prescribing for ana-

phylaxis in England. J R Soc Med

2008;101:139–143.

15. Gaeta TJ, Clark S, Pelletier AJ, Camargo

CA. National study of US emergency

department visits for acute allergic reactions,

1993 to 2004. Ann Allergy Asthma Immunol

2007;98:360–365.

16. Lin RY, Anderson AS, Shah SN, Nurruzz-

aman F. Increasing anaphylaxis hospitaliza-

tions in the first 2 decades of life: New York

State, 1990–2006. Ann Allergy Asthma Immu-

nol 2008;101:387–393.

17. Poulos LM, Waters AM, Correll PK, Lob-

lay RH, Marks GB. Trends in hospitaliza-

tions for anaphylaxis, angioedema, and

urticaria in Australia, 1993–1994 to 2004–

2005. J Allergy Clin Immunol 2007;120:

878–884.

18. Gupta R, Sheikh A, Strachan DP, Anderson

HR. Time trends in allergic disorders in the

UK. Thorax 2007;62:91–96.

19. Lieberman P, Nicklas RA, Oppenheimer J,

Kemp SF, Lang DM, Bernstein DI et al.

The diagnosis and management of anaphy-

laxis practice parameter: 2010 update. J

Allergy Clin Immunol 2010;126:477–480.

20. Sampson HA, Munoz-Furlong A, Bock SA,

Schmitt C, Bass R, Chowdhury BA et al.

Symposium on the definition and manage-

ment of anaphylaxis: summary report.

J Allergy Clin Immunol 2005;115:584–591.

21. Pumphrey R. Anaphylaxis: can we tell who

is at risk of a fatal reaction? Curr Opin

Allergy Clin Immunol 2004;4:285–290.

22. Boyce JA, Assa’ad A, Burks AW, Jones SM,

Sampson HA, Wood RA et al. Guidelines

for the diagnosis and management of

food allergy in the United States: report of

the NIAID-sponsored expert panel.

J Allergy Clin Immunol 2010;6(Suppl 6):

S1–S58.

23. Pumphrey RS. Lessons for management of

anaphylaxis from a study of fatal reactions.

Clin Exp Allergy 2000;30:1144–1150.

24. Sicherer SH, Sampson HA, Bock SA,

Munoz-Furlong A. Underrepresentation

of the risk and incidence of anaphylaxis

to foods. Arch Intern Med 2001;161:2046–

2047.

25. Simons FE. Anaphylaxis. J Allergy Clin

Immunol 2010;125(2 Suppl 2):S161–S181.

26. Pumphrey RS, Gowland MH. Further fatal

allergic reactions to food in the United

Kingdom, 1999–2006. J Allergy Clin Immu-

nol 2007;119:1018–1019.

27. Burks AW, Tang M, Sicherer S, Muraro A,

Eigenmann PA, Ebisawa M et al. ICON:

food allergy. J Allergy Clin Immunol

2012;129:906–920.

28. Austen KF. Systemic anaphylaxis in the

human being. N Engl J Med 1974;291:

661–664.

29. Warren JB, McCusker M, Fuller RW. Sys-

temic adrenaline attenuates skin response to

antigen and histamine. Clin Allergy

1988;18:197–199.

30. Westfall C, Westfall D. Adrenergic agonists

and antagonists. In: Bruton L, Chabner B,

Knollmann B editors. Goodman & Gilman‘s

The Pharmacological Basis of Therapeutics,

12th edn. New York: McGraw-Hill, 2012:

282–287. Chapter 12.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Barriers to adrenaline auto-injector use in anaphylaxis Song et al.



31. Barnard JH. Studies of 400 Hymenoptera

sting deaths in the United States. J Allergy

Clin Immunol 1973;52:259–264.

32. Sampson HA. Anaphylaxis and emergency

treatment. Pediatrics 2003;111:1601–1608.

33. Simons FE, Ardusso LR, Bilo MB,

El-Gamal YM, Ledford DK, Ring J et al.

World Allergy Organization anaphylaxis

guidelines: summary. J Allergy Clin Immunol

2011b;127:587–593.

34. Sicherer SH, Simons FE. Quandaries in pre-

scribing an emergency action plan and self-

injectable epinephrine for first-aid manage-

ment of anaphylaxis in the community.

J Allergy Clin Immunol 2005;115:575–583.

35. Davis J. Self-injectable epinephrine for

allergic emergencies. J Emerg Med

2009;37:57–62.

36. Frew AJ. What are the ‘ideal’ features of an

adrenaline (epinephrine) auto-injector in the

treatment of anaphylaxis? Allergy

2011;66:15–24.

37. Schwirtz A, Seeger H. Comparison of the

robustness and functionality of three adrena-

line auto-injectors. J Asthma Allergy

2012;5:39–49.

38. Simons FE. Lack of worldwide availability

of epinephrine autoinjectors for outpatients

at risk of anaphylaxis. Ann Allergy Asthma

Immunol 2005;94:534–538.

39. Campbell RL, Luke A, Weaver AL, St

Sauver JL, Bergstralh EJ, Li JT et al. Pre-

scriptions for self-injectable epinephrine and

follow-up referral in emergency department

patients presenting with anaphylaxis. Ann

Allergy Asthma Immunol 2008;101:631–636.

40. Mehl A, Wahn U, Niggemann B. Anaphy-

lactic reactions in children–a questionnaire-

based survey in Germany. Allergy

2005;60:1440–1445.

41. Grabenhenrich L, Hompes S, Gough H,

Rueff F, Scherer K, Pfohler C et al. Imple-

mentation of anaphylaxis management

guidelines: a register-based study. PLoS

ONE 2012;7:e35778.

42. Jones DH, Romero FA, Casale TB.

Time-dependent inhibition of histamine-

induced cutaneous responses by oral and

intramuscular diphenhydramine and oral

fexofenadine. Ann Allergy Asthma Immunol

2008;100:452–456.

43. Atkinson TP, Kaliner MA. Anaphylaxis.

Med Clin North Am 1992;76:841–855.

44. Sreerekha, Rai R, Shanmuga SV, Karthick,

Prabhu S, Srinivas CR et al. Study of

histamine wheal suppression by dexametha-

sone with and without iontophoresis.

Indian J Dermatol Venereol Leprol 2006;72:

283–285.

45. Brown AF. Therapeutic controversies in the

management of acute anaphylaxis. J Accid

Emerg Med 1998;15:89–95.

46. Bochner BS, Lichtenstein LM. Anaphylaxis.

N Engl J Med 1991;324:1785–1790.

47. Brown AF. Anaphylactic shock: mechanisms

and treatment. J Accid Emerg Med

1995;12:89–100.

48. Kastner M, Harada L, Waserman S. Gaps

in anaphylaxis management at the level of

physicians, patients, and the community: a

systematic review of the literature. Allergy

2010;65:435–444.

49. Pumphrey RS, Roberts IS. Postmortem find-

ings after fatal anaphylactic reactions. J Clin

Pathol 2000;53:273–276.

50. Mullins RJ. Anaphylaxis: risk factors

for recurrence. Clin Exp Allergy

2003;33:1033–1040.

51. Pumphrey RS, Stanworth SJ. The clinical

spectrum of anaphylaxis in north-west Eng-

land. Clin Exp Allergy 1996;26:1364–1370.

52. Sampson HA. Fatal food-induced anaphy-

laxis. Allergy 1998;53(Suppl 46):125–130.

53. Sampson HA, Mendelson L, Rosen JP.

Fatal and near-fatal anaphylactic reactions

to food in children and adolescents. N Engl

J Med 1992;327:380–384.

54. Hourihane JO, Grimshaw KE, Lewis SA,

Briggs RA, Trewin JB, King RM et al. Does

severity of low-dose, double-blind, placebo-

controlled food challenges reflect severity of

allergic reactions to peanut in the commu-

nity? Clin Exp Allergy 2005;35:1227–1233.

55. Muraro A, Roberts G, Clark A, Eigenmann

PA, Halken S, Lack G et al. The manage-

ment of anaphylaxis in childhood: position

paper of the European academy of allergol-

ogy and clinical immunology. Allergy

2007;62:857–871.

56. EAACI. Food Allergy & Anaphylaxis Public

Declaration. Zurich: EAACI, 2013.

57. Muraro A, Clark A, Beyer K, Borrego LM,

Borres M, Lodrup Carlsen KC et al. The

management of the allergic child at school:

EAACI/GA2LEN Task Force on the allergic

child at school. Allergy 2010;65:681–689.

58. Eigenmann PA, Zamora SA. An internet-

based survey on the circumstances of food-

induced reactions following the diagnosis of

IgE-mediated food allergy. Allergy

2002;57:449–453.

59. McIntyre CL, Sheetz AH, Carroll CR,

Young MC. Administration of epinephrine

for life-threatening allergic reactions in

school settings. Pediatrics 2005;116:1134–

1140.

60. Bohlke K, Davis RL, DeStefano F, Marcy

SM, Braun MM, Thompson RS. Epidemiol-

ogy of anaphylaxis among children and ado-

lescents enrolled in a health maintenance

organization. J Allergy Clin Immunol

2004;113:536–542.

61. Rankin KE, Sheikh A. Serious shortcom-

ings in the management of children with

anaphylaxis in Scottish schools. PLoS Med

2006;3:e326.

62. Fitzharris P, Empson M, Ameratunga R,

Sinclair J, Crump V, Steele R et al. Anaphy-

laxis management: the essential role of

adrenaline (epinephrine) auto-injectors.

Should PHARMAC fund them in New

Zealand? N Z Med J 2006;119:U1965.

63. Goldberg A, Confino-Cohen R. Insect sting-

inflicted systemic reactions: attitudes of

patients with insect venom allergy regarding

after-sting behavior and proper administra-

tion of epinephrine. J Allergy Clin Immunol

2000;106:1184–1189.

64. Gold MS, Sainsbury R. First aid anaphy-

laxis management in children who were pre-

scribed an epinephrine autoinjector device

(EpiPen). J Allergy Clin Immunol

2000;106:171–176.

65. Ben-Shoshan M, Kagan R, Primeau MN,

Alizadehfar R, Verreault N, Yu JW et al.

Availability of the epinephrine autoinjector

at school in children with peanut allergy.

Ann Allergy Asthma Immunol 2008;100:

570–575.

66. Marrs T, Lack G. Why do few food-allergic

adolescents treat anaphylaxis with adrena-

line? Reviewing a pressing issue. Pediatr

Allergy Immunol 2013;24:222–229.

67. Simons FE, Roberts JR, Gu X, Simons KJ.

Epinephrine absorption in children with a

history of anaphylaxis. J Allergy Clin Immu-

nol 1998;101:33–37.

68. Simons FE, Gu X, Silver NA, Simons KJ.

EpiPen Jr versus EpiPen in young children

weighing 15 to 30 kg at risk for anaphylaxis.

J Allergy Clin Immunol 2002;109:171–175.

69. Simons FE, Gu X, Simons KJ. Outdated

EpiPen and EpiPen Jr autoinjectors: past

their prime? J Allergy Clin Immunol

2000;105:1025–1030.

70. Sclar DA. Bioequivalence evaluation of epi-

nephrine autoinjectors with attention to

rapid delivery. Ther Clin Risk Manag

2013;9:149–151.

71. Edwards ES, Gunn R, Simons ER, Carr K,

Chinchilli VM, Painter G et al. Bioavailabil-

ity of epinephrine from Auvi-Q compared

with EpiPen. Ann Allergy Asthma Immunol

2013;111:132–137.

72. Simons FE. Benefits and risks of inhaled

glucocorticoids in children with persistent

asthma. J Allergy Clin Immunol 1998;102:

S77–S84.

73. Baker TW, Webber CM, Stolfi A, Gonzalez-

Reyes E. The TEN study: time epinephrine

needs to reach muscle. Ann Allergy Asthma

Immunol 2011;107:235–238.

74. Song TT, Merrill NL, Cole JW. Delivery

depth of epinephrine by auto-injector into

the subcutaneous tissue of pig. Ann Allergy

Asthma Immunol 2013;111:143–145.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Song et al. Barriers to adrenaline auto-injector use in anaphylaxis


