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ABSTRACT
Background

Anaphylaxis is a serious hypersensitivity reaction that is rapid in onset and may cause death. Adrenaline (epinephrine) auto-injectors are
recommended as the initial, potentially life-saving treatment of choice for anaphylaxis in the community, but they are not universally
available and have limitations in their use.

Objectives

To assess the effectiveness of adrenaline (epinephrine) auto-injectors in relieving respiratory, cardiovascular, and other symptoms during
episodes of anaphylaxis that occur in the community.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (7he Cochrane Library 2012, Issue 1), MEDLINE
(Ovid SP) (1950 to January 2012), EMBASE (Ovid SP) (1980 to January 2012 ), CINAHL (EBSCO host) (1982 to January 2012
), AMED (EBSCO host) (1985 to January 2012 ), LILACS, (BIREME) (1980 to January 2012 ), ISI Web of Science (1950 to
January 2012 ). We adapted our search terms for other databases. We also searched websites listing on-going trials: the World Health
Organization International Clinical Trials Registry Platform, the UK Clinical Research Network Study Portfolio, and the meta Register
of Controlled Trials; and contacted pharmaceutical companies who manufacture adrenaline auto-injectors in an attempt to locate
unpublished material.

Selection criteria

Randomized and quasi-randomized controlled trials comparing auto-injector administration of adrenaline with any control including
no intervention, placebo, or other adrenergic agonists were eligible for inclusion.

Data collection and analysis

Two authors independently assessed articles for inclusion.
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Main results
None of the 1328 studies that were identified satisfied the inclusion criteria.
Authors’ conclusions

Based on this review, we cannot make any new recommendations on the effectiveness of adrenaline auto-injectors for the treatment
of anaphylaxis. Although randomized, double-blind, placebo-controlled clinical trials of high methodological quality are necessary to
define the true extent of benefits from the administration of adrenaline in anaphylaxis via an auto-injector, such trials are unlikely
to be performed in individuals experiencing anaphylaxis because of ethical concerns associated with randomization to placebo. There
is, however, a need to consider trials in which, for example, auto-injectors of different doses of adrenaline and differing devices are
compared in order to provide greater clarity on the dose and device of choice. Such trials would be practically challenging to conduct.
In the absence of appropriate trials, we recommend that adrenaline administration by auto-injector should still be regarded as the most
effective first-line treatment for the management of anaphylaxis in the community. In countries where auto-injectors are not commonly
used, it may be possible to conduct trials to compare administration of adrenaline via auto-injector with adrenaline administered by
syringe and ampoule, or comparing the effectiveness of two different types of auto-injector.

PLAIN LANGUAGE SUMMARY
Adrenaline auto-injectors for the treatment of anaphylaxis in the community

Anaphylaxis is a serious allergic reaction that is rapid in onset and may cause death. It is commonly triggered by a food, insect sting,
medication, or natural rubber latex. The reaction typically occurs without warning and can be a frightening and life-threatening
experience for those at risk and for their families and friends. Adrenaline (epinephrine) is widely advocated as the main treatment in
people experiencing anaphylaxis and many people at risk of anaphylaxis are prescribed adrenaline auto-injectors (such as the Adrenaclick,
Anapen, Epipen, Jext, and Twinject) so that they or their families can, if needed, administer adrenaline in the community. Potential
problems with adrenaline auto-injector use include failure to carry the auto-injector at all times; failure to use it because the signs
and symptoms of anaphylaxis are not recognized; a preference to use an oral antihistamine; or fear and panic in the emergency. In
addition, in many countries adrenaline auto-injectors are either not available or they are not affordable. The evidence base regarding
the effectiveness of adrenaline auto-injectors is unclear. We therefore conducted a systematic review of the literature, searching key
databases for high quality published and unpublished material on the use of adrenaline auto-injectors during episodes of anaphylaxis
in the community. We also contacted the relevant pharmaceutical companies to see if they had any such information on the topic.
Our searches found many studies relating to anaphylaxis and adrenaline auto-injector use but no randomized controlled trials on this
subject. We concluded that the use of adrenaline auto-injectors in anaphylaxis is based on the best available information at present.
There is no evidence from randomized controlled trials for the effectiveness of adrenaline auto-injectors in the emergency treatment of
anaphylaxis in the community. Such trials would ideally involve comparison of adrenaline with placebo; however, use of a placebo in
anaphylaxis treatment would be unethical. We therefore recommend that auto-injectors remain the medication of first choice in the
treatment of anaphylaxis in the community.

BACKGROUND
people (Decker 2008; Lin 2008; Sheikh 2008b). Many episodes

of anaphylaxis occur in community settings rather than in hospital

or healthcare settings (Decker 2008).
Description of the condition

Anaphylaxis is a serious allergic reaction that is rapid in onset
and may cause death (Lieberman 2006; Sampson 2006). It is no D inti f the int "
longer considered to be a rare event (Lieberman 2006; Simons escription o € intervention

2008a). The rate of occurrence is increasing, especially in young  Adrenaline (epinephrine) is the initial medication of choice in the
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treatment of an acute anaphylaxis episode. It is recommended by
the World Allergy Organization (WAO) (Kemp 2008; Simons
2011) and all anaphylaxis guidelines published in indexed, peer-
reviewed journals (Alrasbi 2007; Brown 2006; Lieberman 2010;
Simons 2011; Worth 2010) including the recently updated, com-
prehensive United Kingdom guidelines (Soar 2008). The World
Health Organization lists adrenaline (epinephrine) as an essen-
tial medication for the treatment of anaphylaxis (WHO 2009).
Adrenaline auto-injectors are the key components of emergency
preparedness to treat anaphylaxis in the community (Simons
2009d). They provide a single, pre-loaded dose of adrenaline to
be self-administered intramuscularly in an anaphylactic episode.

The dose depends on body weight.

How the intervention might work

Through the alpha-1 adrenergic receptor, adrenaline administra-
tion leads to vasoconstriction, increased peripheral vascular resis-
tance, and decreased mucosal oedema. These actions are unique
among the medications used for the treatment of anaphylaxis in
community settings because they lead to prevention and relief of
obstruction to airflow, both in the upper airway and in the lower
airway, as well as to prevention and relief of hypotension and
shock. Additional actions of adrenaline are also useful in anaphy-
laxis. These include its beta-1 adrenergic agonist inotropic and
chronotropic effects that increase the force and rate of cardiac con-
tractions and its beta-2 adrenergic agonist effects including bron-
chodilation and decreased release of chemical mediators of inflam-
mation (Simons 2009a).

Cardiorespiratory arrest in the community from anaphylaxis oc-
curs in a median time of 15 minutes from an insect sting and a
median time of 30 minutes after ingestion of a food to which the
patient is sensitized (Pumphrey 2000). Failure to inject adrenaline
promptly in a patient with anaphylaxis potentially increases the
risk of death from anaphylaxis (Bock 2007; Greenberger 2007;
Pumphrey 2007). It also potentially increases the risk of bipha-
sic anaphylaxis in which initial symptoms resolve only to recur
one to 72 hours later despite no further exposure to the trigger
(Lieberman 2005). People at risk of anaphylaxis in the community
therefore need to be equipped and trained to self-inject adrenaline.

Why it is important to do this review

A previous Cochrane review acknowledged that the efficacy and
safety of adrenaline in anaphylaxis has never been documented in
randomized controlled trials (Sheikh 2008a). It is nevertheless rec-
ommended that adrenaline administration by intramuscular injec-
tion should be regarded as the first-line treatment in the manage-
ment of anaphylaxis, based on 100 years of clinical experience and
consensus opinion as well as on fatality reports in which individuals
dying from anaphylaxis had not received prompt adrenaline treat-

ment (Bock 2007; Greenberger 2007; Pumphrey 2007; Sheikh
2008a).

The recommended first-aid dose of adrenaline for the treatment
of acute anaphylaxis in a community setting is 0.01 mg/kg, up to
a maximum dose of 0.5 mg in an adult, injected intramuscularly
in the mid-anterolateral thigh to rapidly achieve peak plasma and
tissue concentrations (Sampson 2006; Simons 2010a; Soar 2008).
At present, three fixed doses of adrenaline are available in auto-
injectors, 0.15 mg, 0.3 mg, and also 0.5 mg, introduced in 2010
(Simons 2010a). These adrenaline doses are lower than the initial
1 mg dose that is used in cardiopulmonary resuscitation (Worth
2010).

In some patients with severe or protracted uniphasic anaphy-
laxis the symptoms are not relieved by one injection. In addi-
tion, biphasic anaphylaxis, as defined previously, is reported in up
to 23% of patients with anaphylaxis (Licberman 2005; Scranton
2009). It seems to be less common in children (Jarvinen 2009;
Lee 2000; Mehr 2009; Scranton 2009). Whether or not people
in the community who are at risk of anaphylaxis should carry
more than one adrenaline auto-injector with them at all times is a
subject of debate (Arkwright 2009; Worth 2010). The percentage
of those experiencing anaphylaxis who are given a second injec-
tion of adrenaline appears to vary considerably, from 6% (Jarvinen
2009); 12% (Rudders 2010a); 13% (Manivannan 2009); 16%
(Oren 2007; Rudders 2010b); 19% (Jarvinen 2008); through to
35% (Korenblat 1999). In cases of biphasic anaphylaxis where the
first dose of adrenaline was given promptly, a second dose was not
needed during the later phase (Confino-Cohen 2010; Scranton
2009). An interval of five to 15 minutes between injections is gen-
erally recommended (Kemp 2008; Sampson 2006; Soar 2008),
however this recommendation is based on clinical experience and
consensus rather than on prospective studies. In most countries
apart from the USA, it is not standard practice to recommend
that people at risk of anaphylaxis in the community carry two
adrenaline auto-injectors with them at all times.

Currently, several types of adrenaline auto-injectors are available.
These include the EpiPen (most commonly used worldwide), the
Anapen, the Adrenaclick, the Jext, and the Twinject. Each has lim-
itations with regard to dose, needle length, shelf life, and a lack
of user-friendly design (Gallagher 2011; Simons 2010a). The first
limitation is lack of options with regard to the adrenaline doses
available. The 0.15 mg dose is too high for infants and young
children weighing less than 15 kg. The 0.3 mg dose is too low
for some children and for teens and adults, especially those who
are overweight or obese (Simons 2001a; Simons 2002a; Simons
2002b). The second limitation is that, based on computed tomog-
raphy scans of the distance from the skin to the surface of the
vastus lateralis muscle in the thigh, adrenaline auto-injector nee-
dles are not long enough to penetrate the subcutaneous tissue and
to achieve intramuscular injection in many children let alone in
overweight or obese teens and adults (Song 2005; Stecher 2009).
The force of the adrenaline injection may compensate to some
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extent for the short needle on the adrenaline auto-injector. The
third limitation is the short shelf life of adrenaline auto-injectors,
which for Epipen and Twinject is only 12 t018 months and for
Anapen and Jext is 21 to 24 months. After the expiry date has
passed, gradual degradation of adrenaline to adrenochrome and
melanin occurs over the ensuing months and years. These degra-
dation products have no pharmacologic activity in anaphylaxis
(Simons 2000a). The fourth limitation is that all users, includ-
ing physicians and other healthcare professionals, must be trained
(and re-trained regularly) in how to use the auto-injectors cor-
rectly and safely (Arkwright 2006; Huang 1998; Mehr 2007). The
ability to correctly and safely inject adrenaline through an auto-
injector is not intuitive. Injuries after unintentional injection of
the adrenaline into fingers, thumbs, and other body parts have
been reported (Simons 2009b; Simons 2010b).

Failure to use an adrenaline auto-injector for treatment of an ana-
phylaxis episode that occurs in the community has been reported
(Simons 2009¢). There are many reasons for this, including that
the person atrisk for anaphylaxis had not received a prescription for
an adrenaline auto-injector, the person used an antihistamine oran
asthma inhaler, the allergic reaction was mild or transient, the per-
son had an auto-injector but it was not being carried or was not ac-
cessible at the time, they were afraid to inject adrenaline, they were
concerned about potential adrenaline adverse effects, or the signs
and symptoms of anaphylaxis were not recognized (Ben-Shoshan
2008; Campbell 2011; Flokstra-de Blok 2011; Gallagher 2011;
Greenhawt 2009; Sheikh 2007; Simons 2009c¢).

Adrenaline auto-injectors are not available in many countries and
in some countries where they are available, their high cost makes
them unaffordable (Simons 2009d). Randomized controlled clin-
ical pharmacology studies of one auto-injector (EpiPen 0.3 mg,
EpiPen 0.15 mg) have been conducted in adults and in chil-
dren (Simons 1998; Simons 2001b; Simons 2002a). Injection of
adrenaline from this auto-injector produces plasma, and presum-
ably tissue, adrenaline levels that are likely to be associated with
relief of systemic symptoms and are typically associated with mild,
transient pharmacologic effects such as pallor, tremor, and palpita-
tions (Simons 1998; Simons 2001b; Simons 2002a). Mechanical
failure of auto-injectors is uncommonly reported in the medical
literature. Other adrenaline formulations cannot be depended on
to rapidly produce high adrenaline plasma and tissue concentra-
tions. These other formulations include adrenaline metered-dose
inhalers that are no longer widely available because they contain
chlorofluorocarbon propellants; moreover, most adults find it dif-
ficult to inhale the 20 to 30 puffs (or for children 10 to 20 puffs)
required to produce plasma and tissue adrenaline levels likely to be
associated with relief of systemic anaphylaxis symptoms (Simons
2000b). People without medical training are significantly slower
in drawing up a dose of adrenaline from an ampoule than are
healthcare professionals, and lack of accuracy in the adrenaline
doses drawn up by untrained individuals, especially the small doses
needed for children, has been documented (Simons 2001c). The

problem with syringes pre-filled with adrenaline (as physicians in
low resource countries commonly give to patients) is that an in
vitro study has shown that the shelf life of adrenaline is only three
to four months when dispensed in this manner (Rawas-Qalaji
2009).

Existing adrenaline auto-injectors have limitations and uncertain-
ties with regard to their use. Although placebo-controlled trials of
adrenaline auto-injectors would clearly be unethical, it might be
possible to conduct randomized controlled trials comparing two
different first-aid doses of adrenaline in auto-injectors, for exam-
ple, 0.3 mg versus 0.5 mg in adults, or to compare administra-
tion of adrenaline in two different types of auto-injectors (Simons
2008b; Simons 2009a).

In summary, at present there are no life-saving alternatives for
the first-aid or pre-hospital treatment of anaphylaxis. A systematic
and critical review of the literature pertaining to adrenaline auto-
injectors is therefore needed in order to serve as the basis for future
investigations, including randomized controlled trials.

OBJECTIVES

To assess the effectiveness of adrenaline auto-injectors in relieving
respiratory, cardiovascular, and other symptoms during episodes
of anaphylaxis that occur in the community.

METHODS

Criteria for considering studies for this review

Types of studies

We planned to include randomized controlled trials (RCTs) com-
paring auto-injector administration of adrenaline with any control
including no intervention, placebo, other adrenergic agonists, and
different treatment approaches to the administration of adrenaline.
We also planned to include quasi-randomized trials, where the
method of allocation was not truly random.

Types of participants

We were interested in participants of all ages (that is infants, chil-
dren, and adults) where adrenaline had been administered by auto-
injector during an episode of anaphylaxis from any aetiology in-
cluding idiopathic anaphylaxis for which no trigger had been iden-
tified.
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Types of interventions

We were interested in studies where adrenaline had been admin-
istered in any setting by any type of auto-injector (Adrenaclick,
Anapen, EpiPen, or Twinject) compared to no treatment, placebo,
alternative pharmacological agent, or adrenaline by an alternative
route. This included adrenaline administered in a child or adult
dose; self-administered or administered by a lay caregiver, for ex-
ample a parent, other relative, teacher; or administered by a health-
care professional. The adrenaline may have been administered in
the community, hospital, other healthcare facility, or ambulance.

Types of outcome measures

Our outcome measures of interest were as follows.

Primary outcomes

1. Death

Secondary outcomes

2. Process outcomes: (a) proportion of participants carrying auto-
injector; b) proportion correctly using auto-injector; c) propor-
tion experiencing difficulty using auto-injector; d) proportion that
failed to use auto-injector in a timely and appropriate manner

3. Resolution of airway obstruction

4. Improvement in arterial blood pressure (> 50 mm Hg systolic
in an adult)

5. Hospital attendance or admission

6. Re-presentation for treatment within 72 hours

7. Cost-effectiveness

8. Adverse events due to treatment in either treatment arm, includ-
ing long-term morbidities such as neurological damage, stroke,
hemiparesis; and including self-injury or injury to the person ad-
ministering adrenaline through the auto-injector

Search methods for identification of studies

Electronic searches

We searched the Cochrane Ear, Nose and Throat Disorders Group
Trials Register, the Cochrane Central Register of Controlled Trials
(CENTRAL) (7he Cochrane Library 2012, Issue 1), see Appendix
1; MEDLINE (Ovid SP) (1950 to January 2012), see Appendix
2; EMBASE (Ovid SP) (1980 to January 2012), see Appendix 3;
CINAHL (EBSCO host) (1982 to January 2012), see Appendix
4; AMED (EBSCO host) (1985 to January 2012), see Appendix
5; LILACS (BIREME) (1980 to January 2012), see Appendix 6);
IST Web of Science (1950 to January 2012), see Appendix 7. We

adapted our search terms for other databases (see Appendix 8): Ko-
reaMed, IndMed, PakMediNet, ZETOC, IMEMR (Index Medi-
cus for WHO Eastern Mediterranean Region), IMSEAR (Index
Medicus for WHO South-East Asian Region). We did not apply
any language restrictions.

We also planned to develop a database of first and last authors
of potentially eligible studies and to search the Science Citation
Index Expanded (SCI-EXPANDED) (1945 to January 2012 )
using these authors’ names for additional studies, and to search

the bibliographies of identified studies.

Searching other resources

In an attempt to uncover additional relevant published data, grey
literature, unpublished data, and research in progress, we searched
the following websites listing on-going and recently completed
trials: the World Health Organization International Clinical Tri-
als Registry Platform (ICTRP), the UK Clinical Research Net-
work Study Portfolio, and the meta Register of Controlled Trials
(mRCT). We also searched conference proceedings (ISI Web of
Science). We contacted pharmaceutical companies which manu-
facture adrenaline auto-injectors for any additional relevant infor-
mation (Appendix 9).

Data collection and analysis

Four authors (AS, AW, VB, and FERS) undertook this review; AW

co-ordinated the review.

Selection of studies

Two authors (AW and VB) independently reviewed titles and ab-
stracts identified from the literature searches for relevant trials. We
planned to retrieve the full text copies of all potentially eligible
studies and subject each to independent review using the inclusion
criteria detailed above. We planned to resolve any disagreements
by discussion between authors. In the case of consensus not being
reached, we would have involved a third author (AS) to participate

in discussions and, if necessary, to arbitrate.

Data extraction and management

We planned for two authors (AW and VB) to independently ex-
tract data using an adapted version of the data extraction form
developed by the Cochrane Anaesthesia Review Group (Appendix
10). We intended to resolve any disagreements by discussion be-
tween the authors. In the case of consensus not being reached,
we would have involved the third author (AS) to participate in
discussions and, if necessary, to arbitrate. This did not prove to be
necessary.
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Assessment of risk of bias in included studies

We planned to assess the quality of included RCTs following the
Cochrane approach, using the methods detailed in Section six
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We proposed the construction of risk of bias tables
to support judgements of quality, obtained using the Cochrane
‘Risk of bias’ tool (Higgins 2011) with the following criteria.

o Was the allocation sequence adequately generated?

e Was allocation adequately concealed?

e Was knowledge of the allocated interventions adequately
prevented during the study?

e Were incomplete outcome data adequately addressed?

e Are reports of the study free of suggestion of selective
outcome reporting?

e Was the study apparently free of other problems that could
put it at a risk of bias?

The judgement would have been be recorded as ’risk of bias’ in-
dicating that the study met that quality parameter, ’risk of bias’ if
it did not, or as 'unclear’ if there was insufficient information to
make a judgement either way.

We intended to analyse data obtained from quasi-randomized con-
trolled trials together with data derived from randomized con-
trolled studies; however, given the inherent high risk of bias in
quasi-randomized designs, we stated we would undertake a sensi-
tivity analysis by excluding such studies and thus focusing on the
findings from the more methodologically robust studies.

We proposed that two authors (AW and VB) would independently
assess study quality. The authors would not be masked to study
details. The agreement of authors on methodological quality as-
sessment would be assessed. We would resolve disagreements by

discussion and, if necessary, with the involvement of a third author

(AS).

Measures of treatment effect

We intended to provide a risk ratio (RR) for the primary outcome
of each trial included, on the basis of an intention-to-treat analysis.
An estimated pooled weight average for RRs would have been cal-
culated using the Mantel-Haenszel fixed-effect or random-effects
model, as appropriate.

Unit of analysis issues

We anticipated that included studies would most likely follow a
parallel group design, with individuals randomized to one of two
arms of the trial. We did not anticipate identifying any cluster-

randomized trials in this review.

Dealing with missing data

In any studies with missing data, in line with recommendations
in the Cochrane Handbook for Systematic Reviews of Interventions,

Section 16.1.2 (Higgins 2011), we intended to contact the authors
for further information. In the event of being unable to obtain
such information, we would have reported this and discussed its
potential impact, but we did not intend to impute the missing
data.

Assessment of heterogeneity

We planned to test for heterogeneity using the I? statistic and sig-
nificant heterogeneity would have been assumed if I* was greater
than 40% (that is more than 40% of the variability in outcome be-
tween trials could not be explained by sampling variation) (Higgins
2002). We planned to undertake meta-analysis using fixed-effect
or random-effects modelling depending on whether or not data
were found to be homogenous. In the absence of any statistically
significant between-study heterogeneity, we planned to report a
pooled effect derived from the fixed-effect model; if we had un-
covered statistical heterogeneity, however, we would have inves-
tigated this (see below). If it had been still considered clinically
appropriate to pool data, we would have report a pooled effect de-
rived from the random-effects model. In the absence of problem-
atic clinical heterogeneity (such as trials enrolling infants versus
those enrolling adults) we would, where possible, have tested for
the source of this heterogeneity by undertaking subgroup analyses
based on the age of the participants studied (that is children versus
adults), the severity of the reaction (that is mild to moderate versus
severe), and the type of adrenaline auto-injector used.

Assessment of reporting biases

We planned to assess publication bias graphically using funnel
plots and statistically using Begg and Egger tests (Egger 1997).

Data synthesis

We proposed that AS and AW would carry out data analysis. We
planned to use Review Manager (RevMan 5.1) for data analysis
and quantitative data synthesis. For dichotomous data, we would
have calculated individual and pooled statistics as relative risks
(RR) with 95% confidence intervals (CI). For continuous data,
we would have calculated individual and pooled statistics as mean
differences (MD) or standardized means differences (SMD) with
95% Cls. We planned to give consideration to the appropriateness
of meta-analysis in the presence of significant clinical or statistical
heterogeneity. We would have carried out quantitative analyses of
outcomes, wherever possible, on an intention-to-treat basis.

Subgroup analysis and investigation of heterogeneity

In the event of uncovering significant heterogeneity, we intended
to investigate this by undertaking subgroup analyses. Our sub-
groups of interest were as follows.
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1. Mild versus moderate versus severe anaphylaxis (Brown
2004).

2. Type of device used (for example Adrenaclick, Anapen,
Epipen, Twinject).

3. Time from onset of first anaphylaxis symptom to receiving
adrenaline.

4. Age (infants, children, adolescents, adults, elderly).

Sensitivity analysis

We planned to undertake sensitivity analysis for the allocation of
missing data by best and worst case analysis and also to under-
take sensitivity analysis on the basis of only including randomized
studies, which would have allowed an assessment of the impact on
the review conclusions of excluding studies judged to be at high

risk of bias.

RESULTS

Description of studies

Searching different databases up to January 2012 yielded 1586 ci-
tations. After removal of duplicates, 1328 citations remained (see
Figure 1). After scrutiny of the abstracts of these studies, no studies
fulfilled the inclusion criteria. We contacted pharmaceutical com-
panies but were unable to identify any relevant published or un-
published studies. The search of the WHO International Clinical
Trials Registry Platform, the UK Clinical Research Network Study
Portfolio, and the meta Register of Controlled Trials identified no

relevant studies.
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Figure 1. Study flow diagram.
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Adrenaline auto-injectors for the treatment of anaphylaxis with and without cardiovascular collapse in the community (Review)
Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Results of the search

There were no eligible studies.

Included studies

There were no eligible studies.

Excluded studies

All 1328 studies were excluded as they did not meet the inclusion
criteria.

Risk of bias in included studies

For any included studies, we intended to construct a risk of bias
summary table, assessing whether each study was low risk, high
risk, or unclear in respect of the following potential sources of bias.
See data extraction sheet for details (Appendix 10). There were no
eligible studies.

Allocation

We intended to examine eligible studies for details of how partici-
pants were randomized or otherwise allocated, and to what extent
and how treatment concealment was conducted and maintained.
There were no eligible studies.

Blinding
We intended to examine eligible studies for evidence of blinding

of participants, those undertaking assessments, and those under-
taking the analysis. There were no eligible studies.

Incomplete outcome data

We intended to examine eligible studies for reporting of incom-
plete outcome data. There were no eligible studies.

Selective reporting

We intended to examine eligible studies for evidence of selective
reporting by comparing the a priori stated outcomes with those
detailed in the studies identified. There were no eligible studies.

Other potential sources of bias

We intended to examine included studies for evidence of other
sources of bias, such as the funding source of trials and an assess-
ment of the likely validity of trial findings. There were no eligible
studies.

Effects of interventions

We intended to examine included studies for evidence of effec-
tiveness in relation to our primary and secondary outcomes of in-

terest. There were no eligible studies.

DISCUSSION

Summary of main results

This review failed to uncover any evidence from prospective
randomized or quasi-randomized trials on the effectiveness of
adrenaline auto-injectors in relieving cardiovascular, respiratory
and other related symptoms during episodes of anaphylaxis in the
community.

Overall completeness and applicability of
evidence

We found no relevant evidence for the effectiveness of adrenaline
auto-injector use in the treatment of anaphylaxis. We are, there-
fore, unable to make any new recommendations based on the
findings of this review. Ideally, recommendations for adrenaline
auto-injector administration in anaphylaxis would be based on
prospective randomized, double-blinded, placebo-controlled tri-
als in individuals actually experiencing severe acute allergic reac-
tions. Such placebo controlled clinical trials would, however, be
unethical because prompt administration of adrenaline is the po-
tentially life-saving first-line treatment in anaphylaxis. Moreover,
the unpredictability of anaphylaxis and the likelihood of occur-
rence in unsupervised community settings make such trials diffi-
cult to conduct (Simons 2009a). We support existing guidelines
(Simons 2011; Soar 2008) stating that intramuscular injection of
adrenaline via auto-injector is the recommended initial treatment
of anaphylaxis in the community.

Auto-injectors are under-used in anaphylactic emergencies forava-
riety of reasons, including fear and panic, failure to recognise ana-
phylaxis, and uncertainty over technique (Bock 2007; Gallagher
2011; Kemp 2008; Simons 2009¢; Simons 2010a). Many people
at risk of anaphylaxis have not received training in auto-injector
use that adequately equips them to self-administer adrenaline dur-
ing an anaphylactic emergency (Gallagher 2011). The under-use
of adrenaline auto-injectors in anaphylaxis is likely to contribute
to fatalities (Bock 2007; Pumphrey 2007), and individuals who
are at high risk of anaphylaxis should carry an adrenaline auto-
injector and receive training and support in how, when, and why
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to use it (Simons 2011; Soar 2008). A recent Swedish study in
young people at risk of anaphylaxis recurrence has evaluated the
impact on children’s anxiety of self-administering adrenaline via
auto-injector with promising initial results (Hellstrom 2011).
Effective alternative routes of adrenaline administration which
might be more acceptable to patients are not yet developed. An
animal study concluded that a sublingual adrenaline tablet and
adrenaline intramuscular injection can potentially produce similar
plasma concentrations of adrenaline (Rawas-Qalaji 2006). This
has not yet been replicated in humans. An adrenaline metered-
dose inhaler has been found to be impractical with regard to rapid
and adequate dosing (Simons 2000b).

There have been some recent developments with regard to
adrenaline auto-injectors. The EpiPen available in the US and
Canada has been modified to include needle protection after in-
jection. Another modified auto-injector, Jext (ALK-Abello, Berk-
shire, UK), introduced in Europe, has needle protection after in-
jection, fewer restrictions on optimal storage conditions, and a 24-
month shelf life. A novel auto-injector, e-cue (Sanofi US, Bridge-
water, NJ, USA), is approved for use in the USA and Canada. It has
a compact design (credit card size and mobile phone thickness),
voice prompting to help guide the user through the injection pro-
cess, and needle protection before and after injection (Guerlain
2010a). The training materials for the e-cue are reported to be
safer and easier to use in comparison to the trainers for EpiPen
and Twinject (Guerlain 2010a; Guerlain 2010b). Whether mod-
ified auto-injectors or novel auto-injectors, including others cur-
rently being developed, will truly be easier and safer for patients
and caregivers to use needs to be tested in controlled studies (Frew
2011). Bioequivalence testing among auto-injectors is now being
conducted (Edwards 2011).

Quality of the evidence

We found no relevant trials on the effectiveness of adrenaline auto-
injector use in the treatment of anaphylaxis.

Potential biases in the review process

The multiple searches conducted minimised the chance of failure
to identify relevant studies, although there remains a remote risk
that the review authors may have missed some relevantstudies. The
absence of studies identified for inclusion in this review minimised
the possibility of bias in the review process.

Agreements and disagreements with other
studies or reviews

We are not aware of any other systematic reviews on the effective-
ness of adrenaline auto-injectors. A previous systematic review of
adrenaline for the treatment of anaphylaxis (Sheikh 2008a) also did

not identify any relevant trials. The conclusions of this review align
with the consensus in the literature and guidelines that adrenaline
auto-injectors remain the first-line emergency treatment for ana-
phylaxis in the community (Simons 2011; Soar 2008).

AUTHORS’ CONCLUSIONS

Implications for practice

Currently, adrenaline auto-injectors remain the best available treat-
ment for first-aid management of anaphylaxis in community set-
tings, based on both pharmacological action and practical experi-
ence. Despite lack of high quality evidence, we agree with Simons
that adrenaline auto-injectors should remain a key component of
emergency preparedness to treat anaphylaxis in the community
(Simons 2009d).

Continued efforts should be made to ensure that more effective
training in adrenaline auto-injector use is given to people at risk
of anaphylaxis and their care-givers.

Implications for research

Although placebo-controlled trials of adrenaline auto-injectors
would clearly be unethical, there are key questions which could be
addressed. In particular, there is currently no evidence-based in-
formation on whether a first-aid dose of 0.3 mg adrenaline is more
effective than 0.5 mg for the treatment of anaphylaxis; it might be
possible to conduct randomized controlled trials in adults com-
paring these two different doses of adrenaline in auto-injectors,
and this has been suggested (Simons 2008b). In countries where
auto-injectors are not commonly used, it may also be possible to
conduct randomized controlled trials to compare administration
of adrenaline via auto-injector with adrenaline administered by
syringe and ampoule; or comparing the effectiveness of two dif-
ferent types of auto-injector.

Alternative methods of dose-equivalent adrenaline delivery, such
as the sublingual route (Rawas-Qualaji 2006), should be explored
further.
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