
Update on the usage and safety of epinephrine 
auto-injectors, 2017

Citation
Posner, Larry S., and Carlos A Camargo. 2017. “Update on the usage and safety of epinephrine 
auto-injectors, 2017.” Drug, Healthcare and Patient Safety 9 (1): 9-18. doi:10.2147/
DHPS.S121733. http://dx.doi.org/10.2147/DHPS.S121733.

Published Version
doi:10.2147/DHPS.S121733

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:32072219

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:32072219
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Update%20on%20the%20usage%20and%20safety%20of%20epinephrine%20auto-injectors,%202017&community=1/4454685&collection=1/4454686&owningCollection1/4454686&harvardAuthors=22ecc57638cbc6e1d514affcf30fe085&department
https://dash.harvard.edu/pages/accessibility


© 2017 Posner and Camargo Jr. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug, Healthcare and Patient Safety 2017:9 9–18

Drug, Healthcare and Patient Safety Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
9

R E V I E W

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/DHPS.S121733

Update on the usage and safety of epinephrine 
auto-injectors, 2017

Larry S Posner1

Carlos A Camargo Jr2

1North Bay Allergy and Asthma 
Associates, Inc., Napa, CA, 
2Department of Emergency Medicine, 
Massachusetts General Hospital, 
Harvard Medical School, Boston,  
MA, USA

Abstract: Anaphylaxis is a serious, potentially fatal allergic reaction. Guidelines recom-

mend prompt intramuscular injections of epinephrine as the first-line therapy for anaphylaxis. 

Delayed epinephrine treatment may cause undesirable clinical outcomes, including death. In 

the community, epinephrine auto-injectors (EAIs) are commonly used to treat anaphylaxis. 

This literature review examines several recent concerns regarding the safety of EAIs that may 

prevent the timely administration of epinephrine. Reports of cardiovascular complications are 

linked with epinephrine administration, although recent studies suggest that these events are 

much more commonly associated with intravenous epinephrine rather than with EAIs. Recent 

studies have also highlighted accidental injections of EAIs in patients’ or caregivers’ fingers 

and lacerations associated with the use of EAI in children. However, the data suggest that both 

accidental injections and lacerations are rare and require limited medical intervention. In addi-

tion, patients may receive conflicting information on the safety and efficacy of using expired 

EAIs. Overall, it is believed that the benefits of using EAIs far outweigh the potential risks 

of not administering an EAI. Although legitimate safety concerns are associated with EAIs, 

adverse events are rare. Continued training of medical providers, caregivers, and patients may 

be beneficial to address these concerns and reduce EAI-associated injuries while ensuring that 

patients receive necessary medical care. 

Keywords: allergy, anaphylaxis, asthma, pediatrics

Background
Anaphylaxis is a severe, acute, and potentially fatal allergic reaction that can develop 

within minutes of exposure to an immunologic trigger.1,2 Major medical groups recom-

mend prompt intramuscular (IM) injection of epinephrine as the first-line therapy for 

anaphylaxis.2–5 Epinephrine auto-injectors (EAIs) can be used in the community for 

prompt delivery of epinephrine,2 which is known to significantly improve outcomes 

in individuals experiencing anaphylaxis.6–8 Despite the potentially life-saving benefits 

of using EAIs, epinephrine is not used to treat the majority of anaphylactic reactions.9 

There are several reasons why EAIs are not administered, including lack of availability 

and concerns over safety.9 Many parents have reservations about potentially using an 

EAI to administer epinephrine to their children due to concerns over injury, incorrect 

use, and poor outcomes.10 Prevalent safety concerns regarding the use of EAIs include 

cardiovascular (CV) complications,11–13 accidental injections,14–16 laceration injuries,17,18 

and the use of expired EAIs.19 The present literature review provides an overview of 

anaphylaxis and discusses the safety concerns, highlighting the recent developments 

on their frequency, severity, and prevention. 
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Overview of anaphylaxis
Anaphylaxis is a serious allergic reaction that is rapid in 

onset and, in rare cases, may cause death.1 Many immuno-

logic triggers can induce an anaphylactic reaction, the most 

common being food, insect venom, and medication.5,20–22 The 

rate of anaphylaxis appears to be increasing dramatically in 

the developed countries,23,24 which may partially be due to an 

increase in the prevalence of food allergies.25 Individuals with 

a previous history of allergic reactions and asthma are at the 

greatest risk.7,22 However, anaphylaxis can commonly occur 

in those with no known history of allergy,22 and triggers are 

never identified in many cases.20–22 Results from one study 

on a private allergy practice suggest that more than half of 

all the cases are idiopathic.26 Accordingly, predicting who is 

at the greatest risk of a fatal reaction has been proven to be 

very difficult.27

Anaphylactic reactions often occur within minutes of 

exposure to a trigger.2 Triggers can induce reactions affect-

ing multiple organs, including the skin, lungs, heart, and 

gastrointestinal system.2,21 Symptoms are diverse, including 

pruritus, hives, angioedema, breathing difficulties, abdomi-

nal pain, tachycardia, hypotension, and, potentially, cardiac 

arrest. Anaphylaxis is likely when one of three combinations 

of symptoms is observed (Figure 1).1,2 Symptoms affecting 

the skin are the most common and easy to recognize but might 

not always be present.2 As a wide range of organ systems are 

affected, the best therapies for anaphylaxis are those that can 

be used to treat all of the most serious symptoms.

Guidelines from the World Allergy Organization and 

other major medical groups recommend prompt IM injection 

of epinephrine as the first-line therapy for anaphylaxis.2–5 

Epinephrine is a naturally occurring ligand of adrenergic 

receptors, a broadly expressed class of G-protein-coupled 

receptors with distinct functions.28 Through adrenergic 

receptor signaling, epinephrine has a variety of physiological 

effects (Figure 2).2,29 Epinephrine induces vasoconstriction, 

increases blood pressure, and decreases mucosal edema 

through action on the α
1
-adrenergic receptor. Activation of 

the β
1
-adrenergic receptor increases cardiac output, whereas 

activation of the β
2
-adrenergic receptor increases broncho-

dilation and reduces immune mediator release. Thus, the 

administration of exogenous epinephrine can counteract some 

of the most severe symptoms of anaphylaxis.

However, epinephrine may still be used less frequently 

than other medications for the treatment of anaphylaxis. 

Although the prehospital use of epinephrine for anaphy-

laxis is increasing,30 a 2010 multicenter study of emergency 

departments found that half of the children with food-related 

anaphylaxis were never treated with epinephrine, and the 

majority were treated with antihistamines.31 Similarly, 

results from a survey on anaphylaxis survivors treated in a 

community setting demonstrated that epinephrine was not 

administered in the majority of cases, and the use of anti-

histamines was listed as the most common reason for why 

epinephrine was not administered.9 In contrast to epinephrine, 

antihistamines do not treat some of the most severe symptoms 

of anaphylaxis.2,29 H
1
-antihistamines (eg, diphenhydramine) 

can help relieve some of the skin and nasal symptoms of 

anaphylaxis, whereas H
2
-antihistamines (eg, ranitidine) may 

be effective in treating tachycardia and hives. However, anti-

histamines fail to treat many of the critical CV or pulmonary 

effects in a sufficiently timely manner. Antihistamines also 

have a relatively long time to onset of activity (0.7–3 h)32 and 

time to peak plasma concentration (0.8–2.8 h)33 and as such 

are not recommended as a first-line therapy for anaphylaxis. 

Early use of epinephrine is associated with prevention 

of hypotension, decreased rates of hospitalization, and 

increased survival.6–8 In the community, epinephrine can be 

promptly delivered via an EAI.2 EAIs can be self-adminis-

tered or administered by another individual upon onset of 

symptoms. A report from a Chicago-area hospital suggests 

that prescriptions for EAIs are increasing,30 as patients and 

providers are realizing the life-saving benefits of EAIs and 

importance of preparedness. Several brands of EAIs are 

currently available, with the EpiPen® Auto-Injector devices 

(Mylan Specialty L.P., Canonsburg, PA, USA) being the 

most widely prescribed, with a 90% EAI market share in 

the US.18,34,35 Patients admitted in emergency departments 

for anaphylaxis were less likely to be hospitalized if they 

had filled an EAI prescription in the prior year. This sug-

gests that prescribing EAIs may prevent hospitalizations in 

patients with anaphylactic reactions.36 However, predicting 

who is at a risk of fatal anaphylactic reactions is difficult 

as the severity of previous reactions is not indicative of the 

severity of subsequent reactions.27 Although epinephrine is 

an important, potentially life-saving, first-line therapy for 

anaphylaxis, there are several obstacles that may prevent 

someone from receiving timely epinephrine. 

Major obstacles to prompt the administration of epineph-

rine in the community setting include both the availability of 

an EAI and accessibility of someone who has been trained 

to use an EAI. Results from a 2012 survey of US paramed-

ics indicated that <40% of emergency response vehicles 

stocked EAIs.37 In addition, many of these paramedics were 

unprepared to properly treat anaphylaxis, as 54% of patients 

were unable to correctly identify epinephrine as the first-line 
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drug of choice for anaphylaxis. Similarly, severe allergic reac-

tions can occur on commercial aircraft, sometimes requiring 

diversion.38 Currently, the Federal Aviation Administration 

(FAA) does not require that airplane emergency medical 

kits contain epinephrine for the treatment of anaphylaxis, 

and the FAA recommends the use of oral antihistamines for 

the treatment of anaphylaxis.39,40 Ready availability of EAIs 

in school settings is also a major public health concern, as 

Anaphylaxis is highly likely when any one of the following three criteria is fulfilled:

Sudden onset of an illness (minutes to several hours), with involvement of the skin, mucosal tissue,
or both (eg, generalized hives, itching or flushing, swollen lips–tongue–uvula)

Two or more of the following that occur suddenly after exposure to a likely allergen or other trigger*
for that patient (minutes to several hours):

And at least one
of the following:

Sudden skin or mucosal
symptoms and signs

Infants and children: low systolic BP (age-specific)
or greater than 30% decrease in systolic BP***

** For example, after an insect sting, reduced blood pressure might be the only manifestation of anaphylaxis; or,
    after allergen immunotherapy, generalized hives might be the only initial manifestation of anaphylaxis.

*** Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than
     (70 mm Hg + [2 × age]) from 1 to 10 years, and less than 90 mm Hg from 11 to 17 years. Normal heart rate ranges 
     from 80 to 140 beats/minute at age 1 to 2 years; from 80 to 120 beats/minute at age 3 years; and from 
     70 to 115 beats/minute after age 3 years. In infants and children, respiratory compromise is more likely than
     hypotension or shock, and shock is more likely to be manifest initially by tachycardia than by hypotension.

* For example, immunologic but IgE-independent or non-immunologic (direct mast cell activation).

Adults: systolic BP of less than 90 mm Hg or greater
than 30% decrease from that person’s baseline

Sudden respiratory symptoms
and signs

Reduced blood pressure (BP) after exposure to a known allergen** for that patient
(minutes to several hours):

OR

OR

1

2

3

Sudden reduced BP or
symptoms of end-organ
dysfunction (eg, hypotonia
[collapse], incontinence)

Sudden gastrointestinal
symptoms (eg, crampy
abdominal pain, vomiting)(eg, generalized hives, itch-flush,

swollen lips–tongue–uvula)
(eg, shortness of breath, wheeze,
cough, stridor, hypoxemia)

Sudden respiratory symptoms
and signs

(eg, shortness of breath, wheeze,
cough, stridor, hypoxemia)

Sudden reduced BP or
symptoms of end-organ
dysfunction (eg, hypotonia
[collapse], incontinence)

Figure 1 Criteria that increase the likelihood of anaphylaxis. 
Note: Adapted from Simons FE, Ardusso LR, Bilò MB, et al. World allergy organization guidelines for the assessment and management of anaphylaxis. World Allergy Organ J. 
2011;4(2):13–37.2
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the prevalence of food allergies among children is increas-

ing.25 Anaphylactic events do occur in schools and have been 

frequently documented in students with no history of prior 

allergic reactions.22,41 However, some schools may not have 

stock EAIs available to students.22

As accessibility in the community is lacking, important 

steps have been taken on multiple levels to make life-saving 

epinephrine more widely available. Currently, the National 

Association of Emergency Medical Services (EMS) physi-

cians recommends that EMS providers be trained to recognize 

anaphylaxis and permitted to administer epinephrine in the 

field.42 Recently, the US Senate introduced the Airline Access 

to Emergency Epinephrine Act, which, if passed, would 

require airlines to stock EAIs in their emergency medical 

kits.43 Similarly, in 2013, the US Federal Government enacted 

the School Access to Emergency Epinephrine Act, which 

provides funding incentives to states that require schools 

to stock EAIs and to train staff to administer epinephrine.44 

State- and district-level policies are also being put into place 

to make stock epinephrine more widely available.45,46 In addi-

tion, the manufacturer of the EpiPen Auto-Injector, Mylan 

Specialty L.P., provides free EAIs to schools participating in 

the EpiPen4Schools® program.22 More than 60,000 US public 

and private schools have participated in this program. Alto-

gether, these legislative changes, policy implementations, 

and EAI stocking programs are working toward improving 

the treatment of anaphylaxis in the community and increas-

ing access to EAIs.

However, even if EAIs are available, safety concerns may 

prevent them from being administered in some situations. 

Parents still have reservations about using EAIs to administer 

epinephrine to their children, citing concerns over injury, 

incorrect use, and poor outcomes.10 These can include CV 

complications,11–13 accidental injections,14–16 laceration inju-

ries,17,18 and the use of expired epinephrine.19 The following 

sections discuss these safety concerns, highlighting the recent 

developments on their frequency, severity, and prevention.

CV complications
For decades, there have been reports on epinephrine admin-

istration resulting in severe, and sometimes fatal, CV com-

plications.11–13 Epinephrine increases cardiac output through 

action on the β
1
-adrenergic receptors in the heart.2 In addition, 

epinephrine induces vasoconstriction through the activation 

of the α
1
-adrenergic receptor. Due to the combination of vaso-

constriction and increased cardiac output, several CV adverse 

events (AEs) could potentially occur after the administration 

of exogenous epinephrine, including myocardial ischemia, 

ventricular tachycardia, and myocardial infarction.13

A recent literature review suggested that the majority of 

CV AEs seem to occur when epinephrine is administered via 

the intravenous (IV) route.13 These results were subsequently 

supported by a study on emergency department patients that 

demonstrated that CV AEs occurred in 10% of patients with 

anaphylaxis who received epinephrine as an IV bolus.12 In 

contrast, only 1.3% of patients presented with CV AEs when 

epinephrine was administered via IM injection, none of 

which were considered major. It is notable that the majority 

of serious CV AEs due to IV administration of epinephrine 

occurred in adults,12,13 suggesting that these events may be 

less common in children than in adults. Many of these CV 

complications occur when an excessive dose of epinephrine 

is administered.12,47 Epinephrine overdoses may result from 

confusion between the IM dose recommended for the treat-

ment of anaphylaxis (0.3–0.5 mg of 1 mg/mL concentration 

[1:1,000]), the IV dose used for the treatment of anaphylactic 

shock (0.1 mg of 0.1 mg/mL concentration [1:10,000]), and 

the IV dose used for the treatment of cardiac arrest (1 mg of 

0.1 mg/mL concentration [1:10,000]).47 When tested, only 

61% of doctors could correctly determine the volume of epi-

nephrine required when the concentration and desired mass 

were given,48 demonstrating how simple math miscalculations 

could result in a fatal dosing error. Results from an informal 

survey suggested that nearly all hospitals carried prefilled 

syringes of high dose of epinephrine appropriate for treating 

cardiac arrest while not carrying prefilled syringes of the dose 

used for the treatment of anaphylaxis.47 In addition, confu-

sion may arise from the use of ratios (eg, 1:1,000), percent-

ages (eg, 0.1%), and metric units (eg, 1 mg/mL) to express 

concentrations of various drugs.49 In order to help alleviate 

Epinephrine

a1-Adrenergic receptor

≠ Vasoconstriction

≠ Cardiac contraction force

≠ Bronchodilation

≠ Heart rate

≠ Blood pressure
Ø Mucosal edema

Ø Mediator release

b1-Adrenergic receptor

b2-Adrenergic receptor

Figure 2 Pharmacological effects of epinephrine in the treatment of anaphylaxis. 
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this uncertainty, the US Pharmacopeia and the National 

Formulary have issued new regulations no longer allowing 

the use of ratios to express concentrations of single-entity 

drug products, such as epinephrine. Accordingly, epinephrine 

concentrations are now to be expressed only in metric units. 

Although these changes may lead to fewer dosing errors in the 

long term, there is a concern that they may actually generate 

more confusion in the short term as providers adjust.49 Thus, 

administration of epinephrine via a stock EAI, containing the 

correct dose, may help prevent CV complications resulting 

from dosing errors associated with IV delivery. 

In addition to being recognized as generally safe, IM 

administration of epinephrine is regarded as an effective 

therapy for anaphylaxis.2 Accordingly, guidelines indicate 

that IM administration of epinephrine should be used in all 

settings, except under extreme circumstances.2–5 It is even 

recommended that patients with underlying ischemic heart 

disease be administered epinephrine to treat an anaphylactic 

reaction as a decrease in filling pressure due to anaphylaxis 

can occur and result in the progression of ischemia.50 How-

ever, a 2013 survey showed that although >90% of pediatric 

emergency physicians correctly identified epinephrine as 

the drug of choice for the treatment of anaphylaxis, only 

two-thirds correctly identified IM injection as the preferred 

route of administration.51 Therefore, even in an emergency 

setting, there appears to be some lack of awareness of how 

to properly and safely treat anaphylaxis. The use of clearly 

labeled stock EAIs (“use only for anaphylaxis”) and prefilled 

syringes (“use only for cardiac arrest”) coupled with the cir-

culation of a memo on proper administration of epinephrine 

has been successful in reducing AEs in a hospital setting.47 

Thus, simple policy changes and training may help reduce 

CV complications and overdoses when using epinephrine to 

treat anaphylaxis.

Accidental injections
Accidental injections of EAIs are a known concern that can 

occur under a variety of circumstances, such as when some-

one holds an EAI upside down and places his or her thumb 

on the tip during administration.14–16 A recent report shows 

that accidental injections can also occur when a child is 

playing with an EAI or confuses an actual EAI with a trainer 

device.52 How commonly accidental injections of EAIs occur 

is unknown, but several reports suggest that the incidence of 

such events is increasing.53,54 In addition, the potential sever-

ity of these events has, until recently, been unclear.

As an agonist of the α
1
-adrenergic receptor in vascular 

smooth muscle, epinephrine induces vasoconstriction.2 

Through this mechanism, it is possible that accidental digital 

injection of epinephrine may cause local ischemia and subse-

quent tissue necrosis. There have been reports of accidental 

injections resulting in severe vasoconstriction, leading to 

amputation of a digit.54 However, the frequency of digital 

tissue necrosis and permanent damage from accidental EAI 

injection has been called into question, as published reports 

of such events have been notably rare.55 A 6-year retrospec-

tive study from the Texas Poison Center Network of 365 

accidental injections showed that ischemia occurred in only 

3.1% of the cases and completely resolved within 24 h in 

all the cases, without any complications (no patients were 

hospitalized, required surgery, or developed necrosis).56 A 

systematic review also indicated that >99% of patients with 

accidental injections made a full recovery.57 When neces-

sary, the most frequently administered treatments for those 

requiring medical intervention included topical administra-

tion of nitroglycerin and subcutaneous administration of the 

α
1
-adrenergic receptor antagonist phentolamine.16,55,56 

Although the direct effects of accidental EAI injection are 

not usually serious, the loss of the dose required to treat the 

anaphylactic attack could be fatal.53 Approximately 10% of 

accidental injections occurred while administering an EAI to 

another person.53 In these cases, the person experiencing the 

anaphylactic attack may suffer delayed epinephrine admin-

istration. Although the scientific literature fails to provide 

much insight into the potential significance of the “lost dose 

hazard”, there was a media report of a child dying after a 

caregiver accidentally injected herself with an EAI.58 An 

EAI 2 pack would allow for multiple doses to be on hand,59,60 

which may help offset lost dose concerns.  

The best way to alleviate safety concerns associated with 

accidental injection of EAIs is to ensure proper administration. 

Appropriate technique dictates that an EAI be held in the palm 

with the thumb covering the index finger (Figure 3).60,61 If the 

thumb is placed on a tip, an accidental injection could occur, 

especially if the device is being held upside down. Patients and 

caregivers may think that the needle of an EAI will be located 

under the safety cap, but in some EAIs, the needle is located 

on the opposite end, which may cause users to hold the device 

upside down.62,63 Unfortunately, proper EAI administration 

technique is lacking at all levels. Among both food-allergic 

teenagers and parents of younger food-allergic children, only 

38% were able to correctly demonstrate how to administer an 

EAI.35 The pharmacists who dispense EAIs are often tasked 

with instructing patients on the use of EAIs. However, 35% of 

Australian pharmacists were unable to correctly demonstrate 

the most important steps in EAI administration, with 12% 
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incorrectly placing their thumb over the end of the device.64 

Similarly, the majority of medical professionals in metropolitan 

Toronto did not hold an EAI correctly when demonstrating its 

use.61 A study on general pediatric physicians in Turkey showed 

that when asked to simulate the administration of an EAI with 

a trainer device, 36% of them used a technique that may have 

caused self-injection into their own thumb.65 However, after 

theoretical and practical training, the potential self-injection 

rate was reduced to 7%,65 demonstrating the value of such train-

ing. Results from a study of interns with no prior EAI training 

demonstrated that EAI usage skills significantly decreased 6 

months after initial training.66 Thus, it is important that regular 

retraining of all those who may need to administer an EAI 

be emphasized, especially for medical providers who train 

patients and caregivers on appropriate techniques. In addition, 

advances in EAI technology may help prevent accidental injec-

tions. While older EAIs had exposed needles, some modern 

EAIs, like the recently redesigned EpiPen Auto-Injector, have 

been modified to help prevent accidental injections.18,67 These 

modifications include an orange needle sheath and a “needle 

end” label with a prominent arrow indicating proper orienta-

tion (Figure 4).60 Together, improved training and further 

device enhancements may prove beneficial in the prevention 

of accidental injections.

Laceration injuries
Recent publications by Brown et al have raised concerns 

over laceration and embedded-needle injuries resulting 

from the use of EAIs.17,18 These studies used social media 

and e-mail discussion groups to identify cases of injuries 

resulting from EAI use that occurred in North America. 

Together, they reported a total of 26 cases of laceration and 

embedded-needle injuries, 25 of which occurred when an 

adult was administering an EAI to a child under the age of 

11.17,18 Of the reported incidents, only 12% required wound 

repair with sutures.17,18 Although images of such injuries 

may be startling, they are believed to be rare events, and the 

authors emphasized that they should not discourage the use 

of an EAI.18 However, these reports provide helpful insight 

into the steps caregivers can take to prevent laceration and 

embedded-needle injuries when administering an EAI.

The majority of reported laceration injuries are the 

result of a child moving or jerking while epinephrine is 

being administered.17,18 This demonstrates the importance 

of properly restraining a child while administering an EAI. 

Recent studies have emphasized the importance of restraint 

and immobilization techniques (Figure 5).17 In addition, the 

prescribing information for the EpiPen Auto-Injector was 

recently updated to recommend that the caregiver hold the 

child’s leg firmly in place both before and during the injec-

tion.60 In order to help prevent laceration injuries, it may be 

important to identify the most effective methods of restraint 

and communicate these techniques to those who may have 

to administer an EAI to an uncooperative child.

Figure 3 Self-administration of an epinephrine auto-injector.

A B

Figure 4 Comparison of the (A) old-look and (B) new-look (right) EpiPen® Auto-
Injector (Mylan Specialty L.P., Canonsburg, PA, USA). 
Note: The EpiPen Auto-Injector was redesigned in 2011 to include safety features 
such as the orange needle sheath. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug, Healthcare and Patient Safety 2017:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

15

Safety of epinephrine auto-injectors

Some laceration injuries could also be the result of a phy-

sician or caregiver trying to reinsert the needle after a child 

jerked free.18 The EAIs available in North America have been 

prescribed with directions to insert the needle into the thigh 

and hold for 10 s to ensure full dose delivery.18 Very recently, 

the prescribing information for the EpiPen Auto-Injector was 

changed to shorten the time of insertion to 3 s and to mas-

sage the injection site for an additional 10 s.60 Epinephrine 

absorption should not be affected by this recommendation, as 

suggested by a study that used EAIs to inject epinephrine into 

beef.68 This study indicated that there may not be an increase 

in epinephrine absorbed or dispensed past 1 s of injection. 

Thus, the new shortened injection time should improve the 

safety profile of EAIs, as laceration injuries have occurred 

after trying to reinsert a needle that has become dislodged 

in <10 s.18 Another EAI that was formerly available had a 

needle that automatically retracted after injection to help 

prevent laceration injuries.18 However, the actual benefits 

of shortened injection time and retractable needles remain 

unclear. While laceration injuries may be uncommon, it was 

agreed that more research and discussion are required on how 

to further prevent them.

Use of expired epinephrine
Epinephrine is an unstable chemical.69,70 Accordingly, 

EAIs have a relatively short shelf-life, and prescribing 

Figure 5 Proposed child restraint options for the administration of an epinephrine auto-injector. 
Note: Reprinted from The Journal of Allergy and Clinical Immunology: In Practice, Volume 4/edition 3, Brown JC, Tuuri RE, Lacerations and embedded needles due to EpiPen 
use in children, Pages 549–551, Copyright 2016, with permission from Elsevier and Julie Brown, MD, MPH.17 
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information states that they should be stored at 20°C–25°C 

(68°F–77°F).59,60 Once the expiration date has passed, the 

concentration and bioavailability of epinephrine in an EAI 

decrease over time.69,71 Similarly, epinephrine stored outside 

the recommended temperature range may not provide the 

labeled dose.72 

Many patients carry expired EAIs, which may be the 

only source of epinephrine available.35 Recent literature 

suggests that physicians may give conflicting or inaccurate 

information regarding the safety and efficacy of expired 

EAIs. Some physicians highly emphasize the importance 

of keeping EAIs up to date.73 In contrast, some patients 

have reported that health care professionals have advised 

them to ignore the expiration dates and that EAIs are safe 

to use unless they are cloudy or discolored.19 However, sig-

nificant degradation of epinephrine in an EAI can occur in 

the absence of discoloration or precipitation, indicating that 

appearance alone should not be used to determine whether 

an EAI is safe to use.74 Other experts have suggested that if 

an expired EAI is the only source of epinephrine available 

to treat an anaphylactic event, it may be used as the risk of 

using a suboptimal dose of epinephrine potentially outweighs 

the risk of using no epinephrine at all.69 There are instances 

where patients have died from anaphylactic attacks after hav-

ing been administered epinephrine from an expired EAI.75 

Thus, in order to ensure proper treatment of anaphylaxis, it 

is believed that EAIs should always be replaced before they 

expire,2,69 and physicians should emphasize the importance 

of restocking expired EAIs to patients.

Discussion
Although epinephrine is an important, potentially life-saving, 

first-line therapy for anaphylaxis, concerns over safety may 

prevent someone from receiving timely epinephrine. One 

study revealed, for example, that a majority of parents of 

children with a peanut allergy and an epinephrine prescrip-

tion are afraid of administering an EAI.10 Commonly cited 

concerns included hurting the child, using the EAI incor-

rectly, and a bad outcome or death. This demonstrates that 

even parents with some level of training on EAI usage may 

have lingering concerns that affect their confidence in their 

ability to safely administer an EAI. 

Although important efforts are being made with leg-

islative and policy changes to increase the availability of 

EAIs,42–46 these alone are not enough, as people also need 

to be willing and able to safely use them. Multiple reports 

show that parents who had previously administered an EAI 

were more comfortable with using an EAI than those who 

had not.10,76 This suggests that overall familiarity with an EAI 

makes a parent more comfortable and perhaps more likely to 

administer an EAI during an emergency. Thus, regular hands-

on training, perhaps in conjunction with yearly prescription 

renewals (which include placebo trainer devices), may be 

the most beneficial for helping to prevent injuries associated 

with EAI use, such as accidental injections and lacerations. 

Addressing potential knowledge gaps for medical provid-

ers is also important. Medical providers need to be able to 

properly administer epinephrine to prevent CV AEs associ-

ated with epinephrine overdose and to train patients on the 

proper use of EAIs61,65 and the importance of replacing their 

EAIs before they expire.73 While very basic training methods 

may be extremely beneficial in preventing epinephrine-

associated injuries,47,65 recurring reminders on proper EAI use 

may also be valuable.66 There are legitimate safety concerns 

with the administration of EAIs, but recent evidence shows 

that injuries are rare and typically not serious. Moreover, 

there is a broad agreement that these safety concerns are far 

outweighed by the benefits of prompt administration of an 

EAI to treat anaphylaxis.5,13,18,69
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