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Abstract

Background: Caregivers often incorrectly use epinephrine autoinjectors. It is unclear whether this is due to insufficient
training or a difficult-to-use tool. Furthermore, the high costs of epinephrine autoinjectors may limit their availability; so
low-cost prefilled syringes may be the alternative.

Objectives and Methods: We performed a prospective randomized trial to compare successful epinephrine administration
at four stages: after reading written instructions, and immediately after, 6 weeks, and 3 months following video training.
The time required for successful epinephrine administration and failed steps in the administration of epinephrine autoin-
jectors and prefilled syringe were also investigated.

Results: Complete data analysis of 113 participants (prefilled syringe group, n=57; EpiPen, n=56) was performed. Sig-
nificantly more participants correctly demonstrated the use of prefilled syringes compared to EpiPen after reading
instructions, and immediately following 6 weeks, and 3 months after video training. ((adjusted OR 26.17 (95%CI 8.25-
83.04), adjusted OR 4.07 (95%CI 1.29-12.86), adjusted OR 14.01 (95%ClI 3.62-54.22)) and adjusted OR 31.44 (95%CI 5.73-
172.39), respectively) Four key step errors would likely result in failure of administration and were more common with
EpiPen (14.0% vs. 2.3%, p<0.001). There were no statistically significant differences in time of successful administration
between the two groups (p>0.05).

Conclusion: Epinephrine prefilled syringe was significantly easier to use with a higher rate of correct use compared to
EpiPen over time. All four key step errors in the administration were more likely with EpiPen. The time required for

successful epinephrine administration was not significantly different.
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Introduction

The prevalence of anaphylaxis appears to be increasing.'?
This may be due to more effective diagnosis by physicians, or
due to a genuine increase in prevalence. It is is mainly caused
by foods, drugs, and insects.* The most common leading cause
of anaphylaxis in children is food allergy.* Epinephrine is
the drug of choice for life-threatening allergic reactions and is
needed immediately in anaphylactic patients in community

and healthcare settings.® Epinephrine administration by injec-
tion into the muscle layer of the anterolateral thigh is an appro-
priate position.*

The rise in prevalence of anaphylaxis is leading to the in-
creased prescription of epinephrine. All patients with a history
of anaphylaxis or patients who are allergic to foods that are
likely to cause a severe allergic reaction, especially in patients
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allergic to nuts, fish and seafood, need to carry epinephrine
at all times.” Therefore, patients and caregivers must be aware
of the indications for use of epinephrine, which is the initial
treatment for anaphylaxis before reaching the hospital, in-
cluding the need to be able to use it correctly and quickly. If
this condition cannot be diagnosed or the initial treatment is
delayed or incorrect, it may lead to death.*® Most anaphylax-
is deaths occur in community settings rather than in health-
care settings.® Thus, epinephrine injectors need to be easy to
use and user-friendly devices. Previous studies have reported
that only 25-50 percent of anaphylactic patients carry epineph-
rine.”'® Moreover, the patients carry epinephrine, but they
don’t use epinephrine (73 percent in adults'' and 83 percent in
children).”? The reasons for patients or caregivers not using
epinephrine might be lack of knowledge about indications
for drug use, or how to use medication correctly, or a lack of
adequate training. In addition, equipment design may make
it difficult to use and thus reduce user confidence. Previous
studies showed that patients or parents could use self-injectable
epinephrine correctly in only 1 in 3 cases.’

Epinephrine delivery systems used to treat anaphylaxis
differ in their designs. Commercially available epinephrine
autoinjectors are expensive, causing restrictions on use.
Moreover, previous studies have found they are difficult to
use and autoinjector accidents occur frequently, including
finger injuries.’*'* Many studies have compared the function-
ality or usability of epinephrine autoinjector devices.""'® In
many countries worldwide, epinephrine autoinjectors remain
unavailable or unaffordable, patients at risk for anaphylaxis
are often provided with a manual prefilled syringe contain-
ing a premeasured epinephrine dose, however, there are some
problems with stability and sterility about 2-3 months after
preparation.'?

EpiPen is the only autoinjector brand available in Thai-
land. The previous study assessing the use of self-administered
EpiPen devices found that only 38% of patients/parents, 21%
of attending pediatricians and 36% of pediatric residents
could accurately demonstrate the EpiPen device.” Based on
its difficult usage, the EpiPen was redesigned. The subsequent
study found that more than 80% of parents and hospital
staff correctly demonstrated all steps in use of the redesigned
EpiPen.'® An epinephrine prefilled syringe is a low- cost thera-
peutic alternative to epinephrine autoinjectors. From the previ-
ous literature review, no study has compared the performance
of the two devices.

In this study, a prospective randomized controlled trial,
we compared the ability of caregivers of food-allergic children
to successfully inject epinephrine using autoinjectors, the
redesigned EpiPen and epinephrine prefilled syringe, after
reading instructions, receiving standard video training, and
whether they more easily recalled this information with usage
at six weeks (primary outcome), three months after training.
The secondary outcomes were evaluating the time required for
successful epinephrine administration and the failed steps of
epinephrine administration in each tool.

Methods

This prospective randomized controlled trial was approved
by the Institutional Ethics Committee of the Faculty of Med-
icine, Vajira Hospital, Navamindradhiraj University. Inclusion
criteria were participants who were responsible for taking
care the food allergic children that they were diagnosed with
combined skin prick test, serum IgE and clinical symptoms
and gave informed consent prior to commencing this study.
Exclusion criteria were participants who were healthcare per-
sonnel, unable to understand Thai, a history of, or having a
child with, anaphylaxis, or having a child with high risk of
anaphylaxis such as from tree nuts, peanut or seafood, or
having a child with food allergy and a history of asthma which
may be the reason for prescribed epinephrine injectors,” have
received previous education in use of an epinephrine injector,
and have significant psychiatric problems. The participants
were excluded if their children were prescribed epinephrine
injectors during the study. The study was registered with www.
clinicaltrials.in.th (TCTR20171127001).

We allocated caregivers of food-allergic children who met
the inclusion criteria to a computer-generated randomization
list to either the EpiPen group or prefilled syringe group
and asked them to demonstrate the use of a ‘trainer’ device
with a manikin after reading instructions and immediately
after receiving standard video training. Epinephrine prefilled
syringe was prepared from 0.3 ml of a 1 mg/ml epinephrine
solution in disposable plastic 1 ml. syringe with 25-guages and
1 inch (2.54 cm) needle. After evaluating their ability to use
epinephrine devices following video training, all participants
in the prefilled syringe group and EpiPen group were indi-
vidually shown the correct technique for their assigned epi-
nephrine trainer device by a single specialist pediatric allergist
and asked to immediately demonstrate its use with complete
accuracy and confidence. Participants’ ability to recall the
correct use of each device at 6 weeks and 3 months after initial
training in a standard situation was evaluated. Before the
reassessment (at 6 weeks and 3 months), the participants were
asked to confirm that they had not been trained in the use
of epinephrine devices during the intervening period. Partici-
pants were asked to suddenly demonstrate the trainer without
retraining. All demonstrations were evaluated by the same two
investigators. All demonstrations were videotaped for futher
evaluation in case of disagreement between the two investiga-
tors.

Outcome measures

Primary outcome was the comparison of successful epi-
nephrine administration using epinephrine autoinjectors, rede-
signed EpiPen, and prefilled syringe at six weeks after training.
The four key steps for EpiPen administration were as follows:
(i) remove blue safety cap; (ii) place the orange end of the
device against the thigh; (iii) push down to activate; and (iv)
hold device in place for 3 seconds for successful epinephrine
delivery.!”* For prefilled syringes the key steps were: (i) remove
needle cap; (ii) place needle against the thigh; (iii) push down
the needle on the thigh and needle up to the needle hub; and
(iv) push syringe tabs completely for successful epinephrine
administration. (Figure 1) The drug administration must be
demonstrated step by step that cannot skip the step.
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(i) remove needle cap

(iii) push down the needle on the thigh and
needle up to the needle hub

(iv) push syringe tabs completely for
successful epinephrine administration

Figure 1. The four key steps for epinephrine prefilled syringes administration

Secondary outcomes included comparing the rate of suc-
cessful epinephrine administration between the two devices
at three months after training, the time required for successful
epinephrine administration, and the failed steps of epinephrine
administration for each tool.

Statistical analysis

Data were analysed using SPSS (Statistical Package for the
Social Sciences for Windows) version 22.0. Sociodemographic
characteristics were compared to ensure comparability between
the two groups. Categorical data were described as frequencies
and analyzed with the Chi-square test. Continuous data and the
time required for successful epinephrine administration at each
time between groups were presented as meantstandard devia-
tion or median and analyzed with the Student t-test or Mann-
Whitney U-test for continuous data if they were non-normal
distribution. The proportion of participants for each successful
administration was compared between two groups at each of
the time points using Pearson’s chi-squared statistic or Fisher’s
exact test, and multiple logistic regression for adjusted analy-
ses of binary outcomes to calculate adjusted odds ratios (OR)
and 95% confidence intervals (95%CI). Whether the differences
in rates of successful epinephrine administration after reading
instructions immediately, 6 weeks and 3 months after training
was statistically significant or not was analyzed by McNemar
test (within group). The cut-oft of p<0.05 was used to determine
statistical significance.

Results

The flow chart of participants is shown in Figure 2. Com-
plete data analysis of 113 participants was performed (prefilled
syringe group, n=57; EpiPen group, n=56). Characteristics of
participants and food-allergic children are shown in Table 1.

The randomized groups were similar, except there was a dif-
ference in the respiratory manifestations of food allergy in the
EpiPen group (p=0.037).

Ability to successfully administer epinephrine after reading in-
structions, and immediately following, 6 weeks, and 3 months
after video training

After reading instructions, only 28.6% of caregivers in the
EpiPen group were able to perform a successful administra-
tion of epinephrine, while 89.5% in the prefilled syringe group
were able to perform successfully (p<0.001). Six weeks after
video training, the ability to recall steps in the use of the as-
signed trainer device was significantly higher in 53 of 57 (93%)
of the prefilled syringe group, compared to 34 of 56 (60.7%)
in the EpiPen group, after adjusting for age and education of
caregivers, other underlying allergic diseases and the number
of food allergies in patients (adjusted OR 14.01 (95%CI 3.62-
54.22). Only 58.9% of participants demonstrated correct EpiP-
en use at 3 months, compared with 96.5% for prefilled syringe
users. Successful epinephrine administration following reading
the instructions, immediately, and 3 months after video training
was significantly higher in the prefilled syringe group compared
to the EpiPen group (adjusted OR 26.17 (95%CI 8.25-83.04)),
(adjusted OR 4.07 (95%CI 1.29-12.86 and adjusted OR 31.44
(95%CI 5.73-172.39), respectively (Table 2).

There was a significant difference in increased success rate
of participants in EpiPen group after reading instructions and
immediately after video training (p<0.001) (Figure 3). The dif-
ferences in rates of successful epinephrine administration after
complete training and 6 weeks, 3 months later decreased in
the EpiPen group, however, this was not statistically significant
(p>0.05, respectively). There was an increased rate of success-
ful epinephrine administration after complete training and a
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Assessed for eligibility
(n=125)
Excluded: previous
prescription/education
in use of an epinephrine injector
(n=5)
Randomized
(n=120)
Prefilled Syringe group EpiPen group
(n=60) (n=60)
60 received intervention 60 received intervention
EpiPen group
Prefilled Syringe group 57 completed follow up
57 completed follow up 2 lost to follow up
3 lost to follow up 1 excluded due to being prescribed
at 6 weeks epinephrine injector for anaphylaxis
at 6 weeks

. EpiPen group
Prefilled Syringe group 56 completed follow up
57 completed follow up

1 lost to follow up
at 3 months
at 3 months
Figure 2. Study flow chart
Table 1. Demographic characteristics
Prefilled syringe EpiPen group Prefilled syringe EpiPen group
group n=56 (%) group n=56 (%)
n=57 (%) n=57 (%)

Demographic characteristics of participants

Demographic characteristics of food-allergic children

Age (years) Age (years)

Median (IQR) 39.33 (35.00-49.00)  41.42 (32.50-49.00) Median (IQR) 3.0 (1.10-8.00) 3.3 (1.20-6.30)
Sex Clinical manifestation of

Female 43 (75.4) 48 (85.7) food allergy*

Skin changes 49 (86) 48 (85.7)

Relationship to patients Respiratory symptoms 8 (14.0) 17 (30.4)

Father 8 (14.0) 4(7.1) Gastrointestinal symptoms 10 (17.5) 8 (14.3)

Mother 27 (47.4) 30 (53.6) Cardiovascular symptoms 0 (0) 1(1.8)

Grandfather/Grand- 9 (15.8) 13 (23.2) Neurological symptoms 0 (0) 0 (0)
mother

Others 13 (22.8) 9(16.1) Other allergic diseases of

patients

Education level of Atopic dermatitis 11 (19.3) 8 (14.3)
caregivers Allergic rhinitis 5(8.8) 12 (21.4)

Elementary School 7 (12.3) 12 (21.4) Asthma 1(1.7) 0 (0)

High School 18 (31.6) 20 (35.7)

College 8 (14) 8 (14.3) The number of food

Univesity 23 (40.4) 15 (26.8) allergies

Postgraduate 1(1.7) 1(1.8) 1 41 (71.9) 40 (71.4)

2 10 (17.6) 9 (16.1)

Family income per month >3 6 (10.5) 7(12.5)
(baht/month)

<10,000 4(7) 7 (12.5) *Some children had more than 1 clinical manifestation of food allergy

10,001-30,000 39 (68.4) 37 (66.1) IQR= interquartile range

30,001-50,000 12 (21.1) 8(14.2)

50,001-80,000 2 (3.5) 2 (3.6)

> 80,001 0 (0) 2 (3.6)
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Table 2. Comparision of successful epinephrine administration of prefilled syringe or EpiPen each time

Prefilled syringe group  EpiPen group OR pvalue  Adjusted OR*  pvalue
n=57 (%) n=56 (%) (95%ClI) (95%CI)

After reading instructions 51 (89.5) 16 (28.6) 21.25 <0.001* 26.17 <0.001*
(7.62-59.26) (8.25-83.04)

Immeaditely after video 52 (91.2) 40 (71.4) 4.16 0.010* 4.07 0.017*
training (1.41-12.32) (1.29-12.86)

6 weeks after training 53 (93) 34 (60.7) 8.57 <0.001%* 14.01 <0.001*
(2.72-27.06) (3.62-54.22)

3 months after training 55 (96.5) 33 (58.9) 19.17 <0.001* 31.44 <0.001*
(4.24-86.58) (5.73-172.39)

OR = odds ratio; 95%CI = 95% confidence interval

*Adjusted OR (95%CI); adjusted by age and education of caregivers, underlying other allergic diseases and the number of food allergies in patients

Rates of successful epinephrine administration
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m After reading instructions

m 6 weeks after VDO training

B [Immeadiately after VDO training
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Figure 3. Rates of successful epinephrine administration in prefilled syringe group or EpiPen group after reading the instruc-
tions, and immediately, 6 weeks and 3 months after video training.

3-month period in the prefilled syringe group, however, there
was no significant difference (p>0.05) (Figure 3).

Number of successful administrations of prefilled syringe or
EpiPen device

Participants in the prefilled syringe group were significantly
more likely to demonstrate correct administration technique on
all four assessment occasions compared to those in the EpiPen
group (47, 82.5% in prefilled syringe group vs 9, 16.1% EpiPen
group; p<0.001).

Comparison of failed steps in epinephrine administration
There are ‘four key steps’ for each device that if performed
incorrectly result in failure to deliver epinephrine. We com-
pared the two devices for failed steps each time and for total
assessments (Figure 4). The cause of failure to deliver epineph-
rine may be due one or more steps. The frequent errors with
EpiPens were failure to remove the blue safety cap (17%), apply

enough pressure to trigger the device (15.6%), hold the device
for a few minutes (12.9%) and place orange end on thigh
(10.3%). For prefilled syringes it was not placing needle on thigh
(3.1%), pushing syringe tab completely (2.2%), removing safety
cap (1.3%) and pushing the needle into the thigh (1.3%).

Comparision of the steps needed to succesfully administer
epinephrine and subsequent failures to demonstrate correct
technique showed that the EpiPen group failed significantly
more in all four key steps (step 1-4) compared to the prefilled
syringe group in total assessments (p<0.05) (Figure 4).

Adverse event

In the EpiPen group, 3 participants, 1 participant and 2 par-
ticipants choosing the wrong end of the device for placement
would have injected the digit after reading instruction, imme-
diately after, and 3 months after video training, respectively.
This adverse event did not occur in the prefilled syringe
group hroughout the study. However, there was no significant
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Figure 4. The failed steps of epinephrine device demonstration

Step 1: removal of safety cap.
Step 2: placement of correct end of the device against the thigh.

Immediately after training
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Step 3: push down to activate EpiPen, push down the needle on the thigh and needle up to the needle hub in prefilled syringe.
Step 4: holding device in place for 3 seconds in EpiPen, and pushing syringe tabs completely in prefilled syringe.

Table 3. The time required for successful epinephrine admin-
istration

Prefilled EpiPen p-value
syringe group
group

After reading instructions n*=51 n*=16 0.686
Median time (sec) to 15.27 17.33
administer (IQR) (11.24-25.39) (10.82-24.65)
After video training n*=52 n*=40 0.506
Median time (sec) to 11.92 10.92
administer (IQR) (8.34-16.19) (7.81-16.33)
6 weeks after training n*=53 n*=34 0.429
Median time (sec) to 11.86 10.58
administer (IQR) (9.70-15.45) (8.57-14.27)
3 months after training n*=55 n*=33 0.207
Median time (sec) to 12.43 10.58
administer (IQR) (9.87-15.31) (8.27-13.64)

n*= the number of participants who successfully administered epinephrine in
each time

IQR = interquartile range

sec=second

difference between groups with the frequency of accidental dig-
ital injection (p>0.05).

The time required for successful epinephrine administration

The median time for successful administration was 11.86 sec
(IQR 9.70-15.45) using prefilled syringe devices, and 10.58 sec
(IQR 8.57-14.27) using EpiPens at 6 weeks after video training.
There was no statistically significant difference. Additionally,
the time required for successful epinephrine administration was
not significantly statistically different between the two groups in
the other 3 assessments. (p>0.05, Table 3)

Discussion

To our knowledge, this is the first study comparing epi-
nephrine autoinjectors, the redesigned EpiPen, and prefilled
syringe in ease of use and the ability to recall and demonstrate
correct use at 6 weeks and 3 months after training.

Surprisingly, 89.5% participants were able to correctly
demonstrate the use of prefilled syringes without prior train-
ing when allowed to read the instructions while only 28.6%
of participants in the EpiPen group were able to demonstrate
correct use. These results can be generalized to the general
population, when anaphylaxis occurs in everyday life, that
prefilled syringes are easier to use without training. The read-
ing instructions appear to be an important factor supporting
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correct use, thus healthcare personnel should prepare the
prefilled syringe, stored in a pencil case with written instruc-
tions, about when and how to use this device. Additionally,
successful demonstration in the prefilled syringe groups was
significantly 4 times, 14 times and 31 times more likely com-
pared with the EpiPen group immediately after, 6 weeks and 3
months after video training. The findings may be generalized
to caregivers that the prefilled syringe is significantly easier to
use with high rates of success in epinephrine administration.
Furthermore, there was a decline in the ability to correctly use
Epipen (but not prefilled syringe) after a 6-week and 3-month
period (p>0.05, Figure 3).

Many studies have previously documented difficulties with
the use of epinephrine autoinjectors by patients, caregivers and
even medical practitioners.”>** These findings were similar
to previous studies of the original EpiPen that reported high
rates of failed EpiPen use. A study of the redesigned EpiPen
reported that most participants, including parents and hos-
pital staff, correctly demonstrated all steps in the use of the
redesigned EpiPen before, after training and 3 months of use
(89, 100 and 87%, respectively).*® However, a survey of com-
munity pharmacists found that only 62.1% could accurately
demonstrate to a ‘patient’ how to use the redesigned EpiPen.?
Similarly, our result found that 71.4% of participants were
able to successfully administer the redesigned EpiPen after
immediate video training. The participants in the EpiPen group
were able to demonstrate the increasingly correct use imme-
diately after video training (p<0.001). These findings found
that 60% of the participants who initially did not use their
EpiPen device correctly were then able to do so immediately
after receiving standard video training. This suggests that the
EpiPen is difficult to use when reading instructions and also
that video training can greatly assist with correct use. This
confirms that caregiver training has an important role in
correctly using autoinjectors.?** After being optimally trained,
completely accurate and confident in using their trainer, only
60.7% of participants correctly demonstrated the four key
steps in EpiPen use at 6 weeks compared with 93% for the
prefilled syringe (adjusted OR=14.01; 95%CI 3.62-54.22). A
previous study showed that among mothers of food-allergic
children, 42.5% were able to administer epinephrine using a
redesigned EpiPen in a simulated anaphylaxis scenario at 6
weeks following training.'” Our study occurs in the standard
scenario where levels of stress are likely to be lower so successful
administration is higher.

The prefilled syringe is easier to use than the EpiPen in 4
assessments. These findings may be explained by the fact that
prefilled syringes were prepared from an ampule of epineph-
rine and a disposable plastic 1-mL syringe with a needle that is
similar to the injection of other medications or vaccinations,
so the participants are familiar with the device. Interestingly,
two participants in the prefilled syringe group massaged the
site after injection in spite of it not being included in
the instructions. It was suggested that they are familiar with
this device in daily life. Additionally, previous studies have
found that the length of the epinephrine autoinjectors’ needle is
sometimes not long enough to reach muscular tissue in
the thighs of obese individuals.® An epinephrine prefilled
syringe was prepared from disposable plastic 1 mL syringes

and suitable needle lengths can be chosen to adequately give
epinephrine intramuscularly. Thigh circumference, body mass
index (BMI) and body weight are useful predictors for assessing
needle length.”

Four key step errors that would result in failure to administer
epinephrine were also more common with EpiPens compared
to prefilled syringes in all 4 assessments. Our study adapted
the 4 steps needed for successful EpiPen administration. This
included holding the device in place for epinephrine delivery
for 3 seconds because a previous study on epinephrine absorp-
tion suggested that holding the device in place for 1 second
might be just as effective,® thus EpiPen instructions suggest
that the injection hold time is 3 seconds.» The most com-
mon four key step errors in the use of the EpiPen, both after
reading instructions and immediately after video training,
was the failure to push down to activate. Similarly, the most
frequent errors made with the old EpiPen were not exerting
enough pressure to activate and quickly punching and holding
the autoinjector for less than 5 seconds.”** Failure to remove
the blue safety cap and failure to hold for 3 seconds were the
most common key step errors at 6 weeks and 3 months, respec-
tively. These results were similar to those reported by Umasun-
thar et.al, which showed that two common reasons for failure
were 28.8% failed to remove all safety caps and 17.8% applied
the autoinjector for less than 5 seconds using the redesigned
EpiPen at 6 weeks."”

We compared step by step the causes of the failed step of
epinephrine device demonstration. Failure to remove the blue
safety cap (step 1) and failure to hold for 3 seconds (step 4)
were significantly more common when using EpiPen com-
pared to prefilled syringe in 3 assessments (p<0.05, Figure 4).
Participants took the EpiPen out of the skin immediately after
the device had been triggered. These results were similar to a
previous study that reported that only 47% using the current
design of EpiPen could hold it in place.” The results suggested
these are important points for epinephrine autoinjector device
developers to focus on and emphasize to caregivers all steps,
especially the two common step errors, in action plans.

Accidental digital injection using the EpiPen was 2.68%
but this adverse event did not occur in the prefilled syringe.
Unintentional injection has led to digital ischemia in the
caregivers® and failure to receive epinephrine to the child in
need of it. This finding supported Simons et al,"* who reported
in a systematic review of the hazards of unintentional injec-
tion of epinephrine autoinjectors that accidental injection is
increasing.

The time required for successful epinephrine administra-
tion was not statistically significantly different between groups
throughout the study. We demonstrated that video training
on epinephrine injectors for caregivers shortened the time
required for successful administration by 6 seconds in EpiPen
and by 3 seconds in the prefilled syringe on average. The
time to successfully administer in each device was similar in
2 assessments at 6 weeks and 3 months after video training
(median time 12 seconds in prefilled syringe and 11 seconds in
EpiPen)

The strengths of our study includes that it is a prospective
randomized design investigating caregivers with food allergic
children. All participants are representatives who may, in the
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near future, have to actually use this device. Because food
allergy is the most common cause of anaphylaxis in children.>®
A previous study found that participants, including hospital
staff, were commonly able to administer epinephrine using
an epinephrine trainer but the results cannot be generalized
to people who will actually use this device.'® Epinephrine
autoinjector devices are restricted or unavailable in some
countries. One recent study reported that the most common
problem in the use of epinephrine was lack of availability.*!
Thus, our results suggested epinephrine prefilled syringe is a
user-friendly and available device. Moreover, with epinephrine
autoinjectors it is impossible to give an accurate dosage for
infants and many children by using currently available au-
toinjectors with fixed epinephrine doses (0.15 or 0.3 mg). In
contrast,prefilled syringes are prepared with an epinephrine
dose based on mg/kg for body weight of patient but should
be prepared by trained healthcare professionals for accurate
epinephrine doses and prompt use.”> However, the limitation
of epinephrine prefilled syringes is the need to replace them
every 3 months due to stability."*

Our study has some potential limitations. Firstly, this study
was not performed in settings with actual intances of ana-
phylaxis. It is possible that more frequent errors would have
occurred in the stressful environment of acute anaphylaxis.
Secondly, this study was performed with demonstrations using
the trainer and a manikin. The prefilled syringe with a needle
was also a trainer so the participants could not demonstrate
with their children because of ethical considerations. Needle
phobia may also be a key barrier to the use of epinephrine
prefilled syringe in real life situations. Thirdly, there was the
absence of gold standard test to diagnose food allergy, double
blind placebo controlled food challenge. (DBPCEC). Lastly,
this study cannot blind the investigators, it may be caused the
measurement bias, thus we observed with the same two inves-
tigators for reduced bias. If a disagreement between the two
investigators occurred, video recordings were used to decide
whether epinephrine would have been successfully delivered.

In conclusion, our study suggested that epinephrine pre-
filled syringe can be an appropriate alternative device for ana-
phylactic patients because of ease, ability to recall usage, and
safety. Additionally, the low cost of prefilled syringes increases
patients access to them.
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