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ABSTRACT

Although epinephrine autoinjectors (EAIs) are crucial

for the management of anaphylaxis, patient carriage
frequency of EAl is as low as 57% and usage of EAls

is erroneous 35%—43% of the time. Our objective

was to improve patient carrying frequency of EAl and
understanding of EAI usage.

We implemented a quality improvement initiative using
consistent closed-loop education, redesigned clinic
workflow, electronic medical record reminder-based
interventions, and educational materials to improve
patient EAI carriage compliance and understanding of EAI
indications and proper technique.

The percentage of our patients who carried the EAI

at all times increased from 55% to 93% in 6 months.
Participants knowledge of EAl indications also improved
from 22% to 91%. Patient demonstration scores of the EAI
device improved from 21% to 91% as well.

Our quality improvement interventions demonstrated a
significant improvement>80% in EAI carriage frequency,
knowledge of indications, and proper device technique.

PROBLEM

Problem

Our institution is an academic, tertiary care
centre with approximately 6000 outpatient
visits seen in the Division of Basic and Clin-
ical Immunology annually. The standard
practice for patients with indications for EAls
are to prescribe and refill the device as appro-
priate, and to educate the patient at that
time. The healthcare providers document the
specific type of EAI and whether the patients
brought their EAIs to the visit. We have found
that at routine follow-up visits, there is a
large percentage of non-compliance of EAI
carriage. In addition, there is lack of knowl-
edge of EAl indications and steps of use when
patients are asked to demonstrate technique
with the epinephrine trainer devices.

Aim

To increase patient carriage frequency of EAI
and knowledge of indications and proper
technique to at least 80% after 2 cycles of
education in a 6-month period.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patient carriage frequency of epinephrine autoinjec-
tors (EAls) is as low as 57% and usage of EAls is
erroneous 35%—43% of the time.

WHAT THIS STUDY ADDS

= This study highlights that quality improvement in-
itiatives can improve EAI carriage compliance and
understanding of EAI usage.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Using multifaceted interventions with closed-loop
education, electronic medical record reminders,
and educational materials, this quality improve-
ment initiative provides a clinic workflow process
that healthcare providers can use to improve EAI
carriage frequency and understanding of usage in

patients at risk for anaphylaxis.

BACKGROUND

Anaphylaxis is a life-threatening systemic
hypersensitivity reaction with high prob-
ability of occurrence in the community
setting.' ? Epinephrine autoinjectors (EAls)
are the firstline treatment for anaphylaxis.”
The proper use of EAls is a life-saving skill not
only for healthcare personnel but for patients
themselves. It is crucial for patients to always
carry their EAIs and be sufficiently skilled
in correctly and safely administering them.
Management of anaphylaxis is multifactorial
and includes early recognition, proper device
carriage and technique, as well as subsequent
communication with emergency medical
services.

Although patients are provided EAIs by
general physicians, emergency department
physicians, and specialists alike, they are
not always taught how often they should
carry them or how to use the devices in an
effective manner. The current literature has
demonstrated that there is a suboptimal prac-
tice of anaphylaxis management in regards
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to adult patient self-administered epinephrine via auto-
injector devices.® In particular, daily EAI device carriage
represents a significant barrier fundamental to proper
anaphylaxis management. The cost of the device, misper-
ception of allergy severity, and not having experienced
a prior allergic reaction have all been cited as reasons
patients do not carry the device at all times.” For those
that routinely carry the device, studies have demonstrated
that underuse is still common.® When looking at food
allergies, epinephrine was not administered for 30% of
severe reactions where it was indicated.” This is largely
due to gaps in knowledge secondary to limited training
as well as psychosocial barriers such as the perception of
using a ‘weapon-like’ device.® This trend also includes
the ability of parents and other adults such as teachers to
administer the device to children.”" Currently, there is a
scarcity of literature examining how to effectively improve
patient EAI carriage as well as understanding of the indi-
cations and proper device technique, leaving the needs of
patients largely unmet. Ridolo et al examined the knowl-
edge of device use in patients who had been prescribed
EAIs for a minimum of 1 year and were taught by an aller-
gist at initial prescription and during routine follow-up
visits. Only 39% of subjects demonstrated correct use
of the device which signifies that effective methods to
improve patient compliance and knowledge of EAIs need
to be developed as per the system.'*

MEASUREMENT

This was a prospective quality improvement project
which involved a multidisciplinary team including
allergy providers, nursing staff and clinic administration.
Our inclusion criteria consisted of paediatric and adult
patients who were prescribed EAIs for allergic indications
which included: anaphylaxis, angioedema, food or drug
allergies, stinging insect allergies, and/or allergy immu-
notherapy. Our study cohort consisted of a total of 106
patients during the period between 15 April 2019 to 15
November 2020. Data were collected during the initial
visit, as well as at 3-month, and 6-month follow-up appoint-
ments. We excluded 12 patients who did not follow-up at
either the 3-month or 6-month time periods post initial
intervention. Given that EAI device education and use is
standard of care, participants were not consented for the
study.

Electronic medical record (EMR) was
for patient demographics including age, gender and
ethnicity. Our main goals were to assess whether patients
knew the clinical indication(s) of epinephrine use, had
consistent daily device carriage and knew the correct
steps of usage. In addition, we assessed the time when the
device was first prescribed, the provider or staff who did
the most recent EAI teaching, patient comfort and confi-
dence level with administration, quality of life measures
with carrying and knowledge of device use, the number
of severe past allergic reactions, the number of past EAI

reviewed

uses, and whether subjects had any prior medical educa-
tion or experience in healthcare.

The foundation underlying our clinical indications of
EAI use was set by the anaphylaxis guidelines from the
National Institute of Allergy and Infectious Diseases and
Food Allergy Research & Education in 2006, which have
also been re-emphasised in Anaphylaxis Practice Param-
eters 2020. The following criteria for anaphylaxis were
used, with anaphylaxis highly likely when any one of the
three criteria are met: (1) acute onset of an illness (over
minutes to several hours) involving skin and/or mucosal
tissue in the setting of respiratory compromise, reduced
blood pressure, or other signs of end-organ dysfunction,
(2) two or more system involvement after exposure to a
likely allergen such as involvement of the skin-mucosal
tissue, respiratory compromise, reduced blood pres-
sure or associated symptoms of end-organ dysfunction,
or persistent gastrointestinal symptoms, or (3) reduced
blood pressure after exposure to a known allergen for that
patient.”® This criteria was prospectively validated in the
emergency department setting with a positive likelihood
of 3.26 and negative likelihood of 0.07."* In addition,
this anaphylaxis criteria is supported by the American
Academy of Allergy, Asthma, and Immunology, American
College of Allergy, Asthma, and Immunology, and World
Allergy Organisation.'”” Anaphylaxis recognition was
assessed in our patient cohort in a multiple-choice format
by a preintervention survey as well as postintervention
surveys administered at 3-month and 6-month periods.

Assessment of EAI carriage frequency was conducted
through our patient survey and provider confirmation
that subjects were in possession of the device on the day
of clinic visits. The survey question directly asked whether
patients carry the EAI at all times, and for those under 18
years, whether they carry or have the device available at
school. EAI device carrying compliance was measured at
the initial, 3-month, and 6-month timepoints. EAI carriage
at educational facilities was also examined in our appro-
priate paediatric population given the significant amount
of time children spend at school. Lack of anaphylaxis
recognition, device access and administration knowledge
have all been cited as barriers to anaphylaxis treatment
which our study aimed to improve. Delayed epinephrine
administration is associated with increased mortality and
represents an area of improvement that would greatly
benefit patients at risk.'®

Patient understanding of device usage was assessed
via graded demonstrations at each visit (figure 1). The
administration instructions set by the manufacturer
included: (1) removal of device cap, (2) injection into
lateral thigh, (3) confirmation of audible click, (4) device
engagement for>3s, and (5) calling 911. In addition, we
evaluated patient knowledge of (6) ability to use device
over clothes, and (7) avoidance of placing thumb or any
finger over the needle tip."” A total score was then calcu-
lated and participants scores were followed longitudinally
during the course of our study to demonstrate the benefit
of the proposed interventions.
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. Removes blue cap before injection
A. Yes
B. No
2. Presses EpiPEN on lateral thigh
A. Yes
B. No
3. Presses EpiPEN until clicking sound
A. Yes
B. No
4. Holds EpiPEN in place for at least 3 seconds
A. Yes
B. No
5. Call 911 or get emergency medical help
A. Yes
B. No
6. Knows EpiPEN can be used on top of clothes
A. Yes
B. No
7. Knows to never put thumb or any finger over the orange tip (needle area)
A. Yes
B. No

Total Score:

Figure 1
Criteria.

Epinephrine Autoinjector Demonstration Scoring

At baseline, 55% of participants confirmed they carried
the EAI at all times. Initial knowledge of EAI anaphylaxis
indications started at 22%. Only 21% of participants were
able to demonstrate all the correct steps of EAIL

Statistical analysis

Patient baseline demographics were obtained to demon-
strate applicability of our sample size to the general
population. Participants age, gender, ethnicity, Epipen
prescription indication, instructor type, and mean time
of prescription were measured. Next, participants knowl-
edge of Epipen steps, quality of life, indications knowl-
edge, demonstration scores and device carrying rates
were measured longitudinally at baseline, 3months, and 6
months. Carrying rates were further analysed to examine
gender and age differences, and inclusion of rates of
device carriage at school in applicable children. The
Wilcoxin-Pratt Test was used as an association measure
for demonstration scores at the different time intervals,
with values of p<0.05 considered statistically significant. R
V.3.6.3 was used to perform all calculations.

DESIGN

Design and strategy

The Plan-Do-Study-Act format was used in this study.
Paediatric and adult patients who had been prescribed
EAls were recruited for our study between 15 April 2019
to 15 November 2020. A preintervention survey was
provided to assess baseline patient knowledge and deficit
areas. This included EAI carriage frequency, indications
of use, self-reported level of knowledge and quality of life
measures. Patients were subsequently provided a trainer
device and were graded on their demonstration of use.
Several interventions were instituted in this study after
meeting with clinical faculty who had identified gaps in

EAI knowledge among their patients (Plan). Clinic work-
flow changes included ancillary staff such as medical
assistants and nurses identifying patients with EAIs when
completing the medicine reconciliation while rooming
the patients. In addition, there was utilisation of EMR noti-
fications to create reminders to all the providers which
included attending physicians, fellows and residents, to
incorporate patient-focused closed-loop teaching sessions
during clinical visits as well as provide EAI reference mate-
rials for patients to refer to in their discharge paperwork
(Do). Using the EMR, we created reminders in the physi-
cians’ daily schedules and in the patient’s individual chart
to alert the providers which patients had EAls. Closed-
loop education was also used which focused on demon-
strating EAI steps of use and indications; after physicians
completed the same teaching at the initial, 3 and 6 month
visits, they asked their patients if they could repeat the
EAI indications and redemonstrate steps of usage with
the trainer device (Study). Teaching sessions were done
at the conclusion of the visit and were approximately
10min in duration. The content focused on reinforcing
the steps of EAI usage and indications of use and matched
the summary document given to the patients. Patients
were then given a summary document of the EAI indica-
tions, steps of usage, proper storage, and when to call 911
or emergency medical services in their clinic discharge
summary paperwork so they could refer to the documents
on their own time. We noticed all these workflow changes
added more time to the overall clinic visit. In order to
save time, we asked our nurses to place the survey forms
in the patient chart prior to the visit so patients could
complete them during registration (Act). A postinter-
vention survey was administered at follow-up appoint-
ments at 3-and 6 months to examine their epinephrine
carriage frequency and retention of knowledge. Patients
were then again graded on their demonstration of tech-
nique and subsequently received closed-loop education
on proper EAI techniques in an effort to improve their
understanding (figure 2).

RESULTS

A total of 106 patients were included in the study, 46 male
and 60 female. Of the 106, 38 (36%) were under the age
of 18 years, for which surveys were filled out by a parent.
The mean age (years) was 30.5+21.3. Mean time of initial
EAI prescription was 27.8 months prior to enrolment,
with median time being 12 months. Ethnicity of partici-
pants were white 37 (35%), Asian 25 (25%), Hispanic 23
(22%), African American 6 (5%), and other 15 (14%).
Indication for prescription included food allergy in 55
patients (52%), allergy immunotherapy injections in 23
patients (22%), angioedema in 15 patients (14%), drug
allergy in 7 patients (6%), hymenoptera venom allergy
in 4 patients (4%), and for anaphylaxis of unknown aeti-
ology in 12 patients (11%). Some of these participants
had more than 1 indication for EAI Participants reported
their past teacher as being an allergist 55 (52%), primary
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Prior to clinic, nurse checks
schedule and places EpiPen
survey in patient chart

Patient arrives and checks in
with registration

Registration clerk gives patient
EpiPen form to fill out before
seeing physician

After patient is roomed,
physician resident, fellow, or
attending has a standard clinic
visit

At end of visit, attending with
resident or fellow ask patient to
show EpiPen to confirm he/she

brings it with him/her

Patient is asked to demonstrate
steps of usage with EpiPen
trainer

Physician scores patient on
demonstration of steps of
EpiPen usage

Physician then goes through
filled out EpiPen survey form
with patient

Physician(s) then ask patient to
repeat back the indications of
EpiPen usage and to re-
demonstrate how he/she uses
EpiPen with trainer (closed loop
education)

Physician(s) then discuss
indications of EpiPen usage,
remind patient to carry EpiPen
at all times, and demonstrate
EpiPen steps of usage

Physician(s) gives patient a
summary form of the
discussion of indications and
steps of usage of EpiPen

Patient is discharged by nurse
and given a visit follow up in 3
months

Physician places EMR reminder
(blue note) in patient chart
viewable to all allergy
physicians about next Epipen
survey

Nurse places another EMR
reminder in the physician
schedule which is viewable to
all staff in allergy clinic

Figure 2 Process flow chart of pathway of patient in allergy clinic. Steps of clinic workflow process for allergy patients with

epinephrine autoinjectors.

care physician 25 (24%), pharmacist 8 (8%), nurse 4
(4%), emergency medicine physician 2 (2%), and urgent
care physician 2 (1%), and 11 individuals (10%) reported
no one had taught them how to use EAI

In examining EAI carriage among our total population,
we demonstrated a longitudinal increase in frequency of
carrying with each proposed intervention. Fifty (55)%
of all participants carried the device at baseline, which
increased to 84 (79%) at 3 months and 99 (93%) at 6

09

08

Percentage

Al

* School Age Children

05

T T T
0 Month 3 Months, 6 Months

Time

Figure 3 Epinephrine autoinjector carriage frequency.
Carriage frequency (as a percentage) of all subjects (grey)
and school aged children (yellow) at 0, 3 and 6 months.

months. In regards to our paediatric school-aged popu-
lation (ages 4-18 years), carrying frequency at school
followed a similar trend. Twenty (57%) carried the device
atschool at baseline, 26 (74%) at 3 months, and 33 (94%)
by 6 months (figure 3). Gender differences in this paedi-
atric subgroup that existed at baseline, namely females
having higher carrying rates compared with male coun-
terparts (71% vs 44%, respectively), normalised by the
6-month mark with both groups demonstrating equal
carrying rates of 94%. Participants knowledge of EAI use
improved longitudinally as well with 23 (22%) knowing
the proper indications at baseline, improving to 66
(62%) by 3 months and 96 (91%) by 6 months (figure 4).
Demonstration scores also followed a similar trend.
Twenty (21%) performed all 7 EAI device steps properly
at baseline which improved to 66 (62%) by 3 months and
96 (91%) by 6 months (figure 5). At the end of 6 months,
the most missed steps were device engagement for>3s
(4%) and remembering to call 911 (3%) after device
use. The Wilcoxon-Pratt Test was used as an association
measure for demonstration scores at the different time
intervals to assess the benefit of our teaching interven-
tion and at each point there was a statistically significant
increase in scores (pre-test vs 3 months: 7.94, p<0.001,
pre-test vs 6 months: 8.53, p<0.001, 3 months vs 6 months:
6.01, p<0.001).

Whereas 20% of our population reported having used
their EAI during a severe allergic reaction at baseline,
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Figure 4 Understanding when to use an epinephrine
autoinjector. Indication knowledge scores (as a percentage)
of all subjects at 0, 3 and 6 months.

an increasing number reported use during subsequent
episodes after our intervention (84.6% at 3 months and
71.4% at 6 months). At baseline, patients prescribed the
epipen for stinging insect allergy or allergy immuno-
therapy injections had the highest rates of carrying, (75%
and 65 %, respectively), with drug allergy and angioedema
having the lowest rates (29% and 40%, respectively).
By the 6-month time period, we noticed>80% carrying
frequency among all groups. When examining baseline
carrying rates and length of time of first EAI prescrip-
tion, we used 6-month increments as a reference range to
compare. Subjects with an initial prescription from 0.5 to
1year were 0.92 times as likely to carry their device (95%
CI 0.32 to 2.65), those an initial prescription within the
past 1-2year were 0.77 times as likely (95% CI 0.26 to
2.27), and lastly those with a prescription longer than 2
years were 1.35 times more likely (95% CI 0.44 to 4.18).
Participants selfreported knowledge of all the steps

rcentage

06

05

0 Month 3 Months

Figure 5 Demonstration scores of epinephrine autoinjector
use. Demonstration score trend (as a percentage, separated
by individual steps outlined in figure 1) at 0, 3 and 6 months.
Average score is delineated by the grey line.

reached 100% by 6 months, compared with 76.6% at
baseline. Quality of life measures demonstrated improve-
ment from 0 to 6 months. Participants noted subjective
improvement in their quality of life from carrying the
device (84% at baseline, improving to 94% and 96%
at 3-month and 6-month periods). They also reported
consistently high levels in quality of life from knowing
how to use the device, measuring 99% across all three
time points.

LESSONS AND LIMITATIONS

Our goal was to improve patient EAI knowledge of indi-
cations, accurate usage and carrying frequency through a
collaborative initiative. We showed a longitudinal increase
in frequency of EAI carriage with each postintervention
in our total cohort and school aged cohort. The number
of patients who understood the indications of using
EAI and who were able to use the EAI device correctly
also improved. Our project highlights the importance
of a multidisciplinary intervention involving providers,
support staff and EMR to achieve our aim.

Anaphylaxis requires immediate access to epineph-
rine, which is the most important life-saving medication.
Most studies have shown the gaps in patient knowledge of
understanding anaphylaxis and preparedness with using
EAI Few studies have looked into ways to narrow the gap
in knowledge.'® '™ The success of our quality improve-
ment initiative was due to a combination of patient-
focused closed loop teaching, clinic workflow addition,
EMR provider alerts, and reminder discharge summa-
ries for patients. We were able to surpass our initial goal
of>80% improvement in our patients.

Given the size of the multidisciplinary team, which
involved attending physicians, training fellows, residents,
medical students, nurses and clerks, it was difficult to
arrange meetings to discuss with everyone involved. To
overcome this barrier, we held several meetings in small
groups so everyone would be updated. In addition since
our project lasted several months, we often had to give
reminders to the entire team and to train new staff when
there were nursing or clerk changes. On reflection, it
would have been more effective to assign a lead nurse and
a lead clerk to facilitate communication.

Using EMR reminders to alert the physicians and
nursing staff about which patients to give the epinephrine
questionnaire forms was initially difficult to implement
in the clinic workflow. For new patients, the physicians
first give the preteaching questionnaire forms. After the
closed-loop education is completed, the patients are
given a discharge summary with the indications and steps
of EAI usage. The nurses then add a reminder to their
next visit on the physician EMR schedule. The physicians
also place a reminder on the EMR blue notes which are
automatically shared with all providers once the specific
patient encounter has been opened. Prior to the next
follow-up, the clerks place post-teaching questionnaire
forms in the patient chart. This helps with time efficiency
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as patients can fill out the form while waiting for the
physician appointment. A possibility may be that if some
reminders were not placed in patients” EMR, it may have
affected our number of patients for follow-up. However,
we only had 12 participants who did not follow-up, which
was a small number in our cohort.

Our quality improvement study has some limitations.
Our patient cohort was in an academic hospital-based
allergy clinic, and generalisability of our findings to non-
hospital-based allergy clinics is not known. However, our
interventions were straightforward and can practically
be implemented into the clinic workflow. We did not
have a control group who did not receive EAI teaching
which prevented comparisons between our study cohort
and controls. Balancing measures were not implemented
during the limited time of our study. Furthermore,
sustainability data were not collected.

Limitations of our study also included having a small
percentage of patients who had severe allergic reactions
after our teaching interventions. Therefore, our data
were not sufficient to statistically analyse the number of
patients who used their EAI appropriately during a severe
reaction. However, we did see a trend of increasing patient
self-use of their EAI device during severe reactions. This
suggests that our multidisciplinary quality improvement
initiative may have improved patient outcomes during
anaphylaxis as well. Therefore, we would encourage
further studies to determine the extent and effectiveness
of higher patient EAI carriage rates and knowledge of
indications with reduction of anaphylaxis morbidity and
mortality.

CONCLUSION

We demonstrate the importance of a multifaceted
approach in the setting of a university based allergy clinic
to improve patient compliance through increasing EAI
carriage rates and knowledge of the indications of use.
Our initiative has shown a clear stepwise improvement
in both paediatric and adult device carriage rates and
increased recognition of when to use the device. Addi-
tionally, patient demonstration scores improved across
all steps with each teaching intervention. These find-
ings support the significance of patientfocused closed-
loop teaching sessions by providers at regular intervals
in patient education and retention. We have learnt that
implementing changes to clinic workflow and utilisation
of EMR to alert and remind providers also contributed
to the success of our quality improvement project. Our
reference guides for EAls also solidified each teaching
session for the patients. These measures have been incor-
porated into our standard clinical workflow to best ensure
our patient population at risk of anaphylaxis better under-
stand how and when to use their EAL

Contributors The authors all certify that they have collectively made substantial
contribution to design, data acquisition, or data interpretation, drafted and edited
the article, and given final approval of the version to be published. TJ is the author
acting as guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the University of California, Irvine
Institutional Review Board.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Tiffany Jean http://orcid.org/0000-0001-5468-360X

REFERENCES

1 Lee S, Hess EP, Lohse C, et al. Trends, characteristics, and incidence
of anaphylaxis in 2001-2010: a population-based study. J Allergy Clin
Immunol 2017;139:182-8.

2 Harduar-Morano L, Simon MR, Watkins S, et al. A population-based
epidemiologic study of emergency department visits for anaphylaxis
in Florida. J Allergy Clin Immunol 2011;128:594-600.

3 Shaker MS, Wallace DV, Golden DBK, et al. Anaphylaxis-a 2020
practice parameter update, systematic review, and grading of
recommendations, assessment, development and evaluation (grade)
analysis. J Allergy Clin Immunol 2020;145:1082-123.

4 Waserman S, Avilla E, Ben-Shoshan M, et al. Epinephrine
autoinjectors: new data, new problems. J Allergy Clin Immunol Pract
2017;5:1180-91.

5 Warren CM, Zaslavsky JM, Kan K, et al. Epinephrine auto-injector
carriage and use practices among US children, adolescents, and
adults. Annals of Allergy, Asthma & Immunology 2018;121:479-89.

6 Uguz A, Lack G, Pumphrey R, et al. Allergic reactions in the
community: a questionnaire survey of members of the anaphylaxis
campaign. Clin Exp Allergy 2005;35:746-50.

7 Sampson HA, Berin MC, Plaut M, et al. The consortium for food
allergy research (CoFAR): the first generation. J Allergy Clin Immunol
2019;143:486-93.

8 Money AG, Barnett J, Kuljis J, et al. Patient perceptions of
epinephrine auto-injectors: exploring barriers to use. Scand J Caring
Sci 2013;27:335-44.

9 Brown J, Tuthill D, Alfaham M, et al. A randomized maternal
evaluation of epinephrine autoinjection devices. Pediatr Allergy
Immunol 2013;24:173-7.

10 Pouessel G, Deschildre A, Castelain C, et al. Parental knowledge and
use of epinephrine auto-injector for children with food allergy. Pediatr
Allergy Immunol 2006;17:221-6.

11 Dumeier HK, Richter LA, Neininger MP, et al. Knowledge of allergies
and performance in epinephrine auto-injector use: a controlled
intervention in preschool teachers. Eur J Pediatr 2018;177:575-81.

12 Ridolo E, Montagni M, Bonzano L, et al. How far from correct is the
use of adrenaline auto-injectors? A survey in ltalian patients. Intern
Emerg Med 2015;10:937-41.

13 NIAID-Sponsored Expert Panel, Boyce JA, Assa'ad A, 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;126:1105-18.

14 Loprinzi Brauer CE, Motosue MS, Li JT, et al. Prospective validation
of the NIAID/FAAN criteria for emergency department diagnosis of
anaphylaxis. J Allergy Clin Immunol Pract 2016;4:1220-6.

15 Simons FER, Ardusso LRF, Bilo MB, et al. World allergy organization
anaphylaxis guidelines: summary. J Allergy Clin Immunol
2011;127:587-93.

16 Prince BT, Mikhail |, Stukus DR. Underuse of epinephrine for the
treatment of anaphylaxis: missed opportunities. J Asthma Allergy
2018;11:143-51.

6

Ziyar A, et al. BMJ Open Quality 2022;11:6001742. doi:10.1136/bmjoq-2021-001742

1ybuAdoo
Aq pesioid 1senb Ag €20z ‘s Areniga4 uo jwod fwq Aujenbuadolway/:dny woly pspeojumoq ‘Zz0z J18qwaldas £z uo Z¢/T00-TZ0zZ-bolwa/9eTT 0T se paysiand isiy :rend uado (NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5468-360X
http://dx.doi.org/10.1016/j.jaci.2016.04.029
http://dx.doi.org/10.1016/j.jaci.2016.04.029
http://dx.doi.org/10.1016/j.jaci.2011.04.049
http://dx.doi.org/10.1016/j.jaci.2020.01.017
http://dx.doi.org/10.1016/j.jaip.2017.06.027
http://dx.doi.org/10.1016/j.anai.2018.06.010
http://dx.doi.org/10.1111/j.1365-2222.2005.02257.x
http://dx.doi.org/10.1016/j.jaci.2018.12.989
http://dx.doi.org/10.1111/j.1471-6712.2012.01045.x
http://dx.doi.org/10.1111/j.1471-6712.2012.01045.x
http://dx.doi.org/10.1111/pai.12048
http://dx.doi.org/10.1111/pai.12048
http://dx.doi.org/10.1111/j.1399-3038.2006.00391.x
http://dx.doi.org/10.1111/j.1399-3038.2006.00391.x
http://dx.doi.org/10.1007/s00431-017-3073-y
http://dx.doi.org/10.1007/s11739-015-1255-z
http://dx.doi.org/10.1007/s11739-015-1255-z
http://dx.doi.org/10.1016/j.jaci.2010.10.008
http://dx.doi.org/10.1016/j.jaci.2010.10.008
http://dx.doi.org/10.1016/j.jaip.2016.06.003
http://dx.doi.org/10.1016/j.jaci.2011.01.038
http://dx.doi.org/10.2147/JAA.S159400
http://bmjopenquality.bmj.com/

17 These highlights do not include all the information needed to 18 Portnoy J, Wade RL, Kessler C. Patient carrying time, confidence,
use EPIPEN® and EPIPEN Jr® safely and effectively. See full and training with epinephrine autoinjectors: the race survey. J Allergy
prescribing information for EPIPEN and EPIPEN Jr. EPIPEN® Clin Immunol Pract 2019;7:2252-61.

(epinephrine injection, USP), Auto-Injector 0.3 mg, EPIPEN Jr® 19 Wood RA, Camargo CA, Lieberman P, et al. Anaphylaxis in America:
(epinephrine injection, USP) Auto-Injector 0.15 mg, for intramuscular the prevalence and characteristics of anaphylaxis in the United
or subcutaneous uselnitial U.S. Approval: 1939, 2018. Available: States. J Allergy Clin Immunol 2014;133:461-7.

https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=
7560c201-9246-487c-a13b-6295db04274a&type=display

Ziyar A, et al. BMJ Open Quality 2022;11:001742. doi:10.1136/bmjog-2021-001742 7

1ybuAdoo
Aq pesioid 1senb Ag €20z ‘s Areniga4 uo jwod fwq Aujenbuadolway/:dny woly pspeojumoq ‘Zz0z J18qwaldas £z uo Z¢/T00-TZ0zZ-bolwa/9eTT 0T se paysiand isiy :rend uado (NG


https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=7560c201-9246-487c-a13b-6295db04274a&type=display
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=7560c201-9246-487c-a13b-6295db04274a&type=display
http://dx.doi.org/10.1016/j.jaip.2019.03.021
http://dx.doi.org/10.1016/j.jaip.2019.03.021
http://dx.doi.org/10.1016/j.jaci.2013.08.016
http://bmjopenquality.bmj.com/

	Improving epinephrine autoinjector usability and carriage frequency among patients at risk of anaphylaxis: a quality improvement initiative
	Abstract
	Problem﻿﻿
	Problem
	Aim

	Background
	Measurement
	Statistical analysis

	Design
	Design and strategy

	Results
	Lessons and limitations
	Conclusion
	References


