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Results: 44 (46%) trainees claimed they had not received training about how to treat anaphylaxis. There was a
discrepancy between claimed knowledge of how to treat anaphylaxis 86 (90%) and actual knowledge as none of the
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Anaphylaxis and Epinephrine Auto-Injector use:
A Survey of Pediatric Trainees
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Absiract- Background: Pediatric trainees in many instances are
the first medical responders and at the frontline managing
children at risk for anaphylaxis in the hospital and at
community level. Their fundamental knowledge is crucial in
anaphylaxis. This study aimed to assess pediatric trainees’
knowledge in acute management of anaphylaxis and looked at
knowledge gaps between the different trainees’ levels.

Method: This study was a two-phase cross-sectional survey-
based study of 94 pediatrics trainees in phase one and 84 in
phase two at the only tertiary hospital in Doha, Qatar. The
primary outcome was frainees’ knowledge related to
anaphylaxis management and Epinephrine auto-injector
(EpiPen®) use.

Results: 44 (46%) trainees claimed they had not received
training about how to treat anaphylaxis. There was a
discrepancy between claimed knowledge of how to treat
anaphylaxis 86 (90%) and actual knowledge as none of the
trainees’ level answered all the questions correctly. Moreover
41 (49%) were unaware that EpiPen® should be administered
IM in the lateral part of the thigh and 24 (28%) did not know it
should be used in case of anaphylaxis.

Conclusion: Deficient knowledge about Epinephrine injection
site, concentration and mode of administration among
pediatric trainees were the most concerning outcome.
Overconfidence in anaphylaxis management in senior trainees
was worrisome. Continuing medical education, coupled with
training opportunities to apply knowledge and practice skills, is
needed to improve trainees’ knowledge.

[. INTRODUCTION

naphylaxis is a life-threatening event, which
Arequires urgent and prompt medical attention. Its

exact incidence in pediatric is unknown, because
few epidemiologic studies to date have examined the
incidence of anaphylaxis in the general pediatric
population.1 Available UK estimates suggest that
approximately 1 in 1333 of the population of England
has experienced anaphylaxis at some point in their
lives.2 Lifetime prevalence based on international
studies is estimated at 0.05-2%.3 This translates to a
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major impact on quality of life and healthcare costs. 4
Increase in  diagnosis of anaphylaxis and
hospitalizations were reported from multiple countries.
5-8 Pediatric trainees are at the frontline managing
children at risk for anaphylaxis in the hospital and at
community level. In many instances, they are the first
medical responders. Their fundamental knowledge is
crucial in all sorts of emergencies including anaphylaxis.
Clinical diagnosis of anaphylaxis is based on
consideration of the patient’s presenting symptoms and
signs and on ruling out other sudden-onset multisystem
diseases.1 9 10 Epinephrine is the first-line and
lifesaving medication of choice in anaphylaxis. Its use is
recommended in guidelines issued by the World Allergy
Organization.1 9 Epinephrine should be injected by the
intramuscular route in the mid-anterolateral thigh as
soon as anaphylaxis is diagnosed or strongly
suspected, in a dose of 0.01 mg/kg of a 1:1,000
(1 mg/mL) solution, to a maximum dose of 0.3 mg in
children and the patient should be placed on the back
with the lower extremities elevated. Intravenous
epinephrine is potentially hazardous and should be
avoided except in an intensive care setting.1

These guidelines advise that epinephrine via the
intramuscular route should be given by first medical
responders. 11 Early administration of epinephrine
effectively reduces morbidity and mortality in human
anaphylaxis, whereas delayed administration of
epinephrine is associated with increased mortality
because epinephrine becomes progressively less
effective in reversing anaphylaxis with the passage of
time.12 13 cardiovascular side effects and overdoses
were  significantly more likely with intravenous
epinephrine compared to intramuscular administration.
14 Plumb and colleagues found that junior doctors
today seem to be no better at correctly identifying the
clinical need for, and correct dose and route for
administration of, adrenaline than their predecessors a
decade earlier.15 Deaths have been reported from the
inappropriate use of epinephrine in the context of
allergic reaction.16 17 The latest NICE guideline 2016
recommended sufficient and appropriate training of
healthcare professionals in management of patients with
anaphylaxis.18 Immunologists Pete Storey and Penny
Fitzharris stated that the knowledge gap regarding
anaphylaxis was not unique to the United Kingdom.
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1. “We need to rethink how we train doctors and
nurses in the care of all aspects of the management
of this life-threatening condition,” they wrote,

2. “We know that some patients die because they are
not given adrenaline soon enough, or at all, or are
given it by the wrong route.

3. “This is a longstanding and international problem.
Doctors,  especially those in  emergency
departments need to be skilled and confident in the
care of these patients.”19

The primary objective of our study was to

evaluate the level of knowledge regarding anaphylaxis
and its management in our pediatric training program.
The secondary objective was to compare knowledge
between the most junior and most senior residents for
any observed knowledge gap. Understanding key
knowledge gaps and their underlying reasons are vital to
optimizing the training at medical school and/or during
the training program, thus ensuring that a fatal outcome
to a reversible condition is avoided. This furthermore will
give the chance to implement training interventions at
the right time points of pediatric training.

[I. METHODS

a) Study Design

This study was a two-phase cross-sectional
study where verbal consent was taken from the trainees
after explaining the objectives of the study.
Questionnaires with pre-determined multiple-choice
questions and one open ended question were handed
out to the trainees. Phases one and two were 1 month
apart. The reason for the two-phase study was to
reinforce the accuracy of the responses. The study was

e total number trainees: 98
e 2 non-responders
e 2 incomplete responses

e total number trainees: 98
e 13 non-responders
¢ 1 incomplete responses

approved by the IRB and Hamad Medical Corporation
Hospital Committee.

b) Setting

The study was conducted at Hamad Medical
Center (HMC), the only tertiary hospital in the state of
Qatar. In phase one, the participants were approached
after the moming report and asked to fill a
questionnaire. They were divided into six groups
according to their training level. Each questionnaire took
about 3 minutes to complete. Phase two questionnaire
was started 1 month after completed Phase one. The
surveys were collected immediately after they were
completed. 12 trainees were reached via WhatsApp®
only. Their responses were received electronically. Each
round of surveys took around 7 days to complete

c) Participants

Our six trainee groups included interns, who
rotate in all specialties one year prior to residency
program, and pediatric residents divided into post-
graduate year 1 (PGY1), post-graduate year 2 (PGY2),
post-graduate year 3 (PGY3), post-graduate year 4
(PGY4), and pediatric fellows from all pediatric
subspecialties. The study was done between February
and March 2015.

d) Selection criteria

We selected all trainees in the pediatric
department including interns, residents and fellows. We
only excluded those who were not willing to participate.
Sample Size

The questionnaires were distributed to 96
trainees. For sample size refer to Figure 1.

Part 1
Response-rate
96%

Part 2

Response-rate
86%

Figure 1: Sample size
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e) Study tools

trainees for

)

Participants were informed verbally about the
questionnaire and paper surveys were distributed to the
both phases one and
administered questions were in English language. The
interview questions were created based on previous

two.

studies and the clinical expertise of the investigator

group.

Survey

Table 1: Questionnaire Part 1

A total number of 12 questions was given to the
trainees (Table1). In each phase one and two, there
were two demographic questions plus four knowledge
related questions.

What's your Male Female
Gender
What's your
Level of Intern PGY-1 PGY-2 PGY-3 PGY-4 | Fellow
training?
Question 1 Do 1.3
12 1.4
you know how 11 Maybe, |
Yes, but | No, and |
to treat Yes, and | got . forgot how .
. > did not get did not
Anaphylactic | training about o to treat
; training . get any
shock due to it. about it despite my trainin
Food Allergy? training 9
Question 2
What is the 2.1 2.2 53 2.4 2.5 2.6 57
lifesaving Antihistamine | Methylpre TerbthaIine Norepine | Epinep \Y ox ) en
drug in this dnisolone phrine hrine fluids ¥9
case?
Question 3 3.7
Which route 31 3.2 33 34 35 36 \/la 3.8
would you use Nebulizer continuous In the
- Oral . Y SC M Rectal
to administer or inhaler mask heart
the treatment? inhalation
. 4.2 4.4
Question 4 41 .
What dose 0.001mg/kg O'Og ma/kg 43 2mg Im ﬁ"5 | 3'6 ,
would you from 1:1,1000 rom 1mg/kg 2m ! I|ter/ ont
. " 1:1,1000 nebulizer | minute know
give? solution . .
solution solution
Table 2: Questionnaire Part 2
What's your Gender Male Female
What's your Level of training Intern PGY-1 PGY-2 PGY-3 PGY-4 Fellow
Question 5 51 52 5.3
Have you heard of Epinephrine Yés No | can’t
Autoinjector / Epipen? remember
Question 6
Do you knqw when to use it 6.1 6.0
(which case)? Yes NoO
-> Advised to stop here if
answer “no”
. 7.2 7.3
lQuesnon 7. . 71 Correct Other
Please write down which case it
. No answer answer answer
is used for .
(anaphylaxis) (wrong)
8.1 82 8.3 8.4 8.5 86
Question 8 lateral part X frontal part frontal lateral '
o lateral part . . no
Where would you give it? upper arm thiah IM upper arm | part thigh | part thigh answer
sc 9 M sC_ | IMorsc
Variables
Three variable themes were included in the 3. Epinephrine auto-injector (EpiPen®) knowledge-

questionnaire:

1.
2.

Demographic data i.e. gender and training level,
questions

Anaphylaxis-related

ie.,

medications, route of administration and dosage,

related questions. Outcomes

The outcomes of importance were:
lifesaving 1.

Knowledge related to anaphylaxis management and
EpiPen® use among pediatric trainees;
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2. ldentification of possible gaps in trainees’
knowledge among different levels of training related
to anaphylaxis management, with the aim to target
teaching accordingly.

g) Data sources/measurement

This study aimed to assess pediatric trainees’
knowledge in acute management of anaphylaxis as
primary objective. Secondary objective was to assess
possible knowledge gaps between the different trainees’
levels, to evaluate whether the educational deficiencies
are found at medical school or postgraduate training, so
targeted training can be implemented accordingly.
Statistical Analysis Descriptive statistics were used to
summarize the demographics and level of training of the
participants. We assessed knowledge related responses

knowledge between the most junior and most senior
trainees, we used the fisher exact test (multivariate
analysis).

A two-sided P value <0.05 was considered
statistically significant. Surveys with missed data were
not included in the analysis. All statistical analyses were
performed using statistical package SPSS, version 19.0
(IBM Corporation, Armonk, NY).

I11. RESULTS

A total of 98 trainees were approached for both
phases one and two, from whom we analysed 94 (96%
response rate) for phase one and 84 surveys (86%
response rate) in phase two (Figure 1). Most
participants were females and pediatric fellows in both
parts as seen in table 3.

amongst trainees using frequencies along with
percentages (univariate analysis). To compare
Table 3: Demographics for phases 1 and 2*
Variable Part 1 N=94 Part 2 N=84
Gender
a. Male 40 (41.5%) 39 (46%)
b. Female 56 (58.5%) 45 (54%)
Training level
a. Interns 7 (7%) 4 (5%)
b. Pgy1 20 (21%) 15 (18%)
c. Pgy2 19 (20%) 17 (20%)
d. Pgy3 11 (12%) 10 (12%)
e. Pgy4 9 (9%) 7 (8%)
f.  Pediatric fellows 30 (31%) 31 (37%)
R Knowledge related responses
- Table 4: Knowledge related responses
Knowledge related responses Trainees N (%)
Q1. Do you know how to treat Anaphylaxis? Did you receive
any training about it?
a. Yes and | got training about it. 46 (48)
b. Yes, but | did not get training about it. 40 (42)
c. May be, | forget how to treat despite my training. 4 (4)
d. No, and | did not get any training. 4 (4)
Q2. What is the lifesaving drug in this case?
a. Antihistamine 3(3)
b. Norepinephrine 2 (2
c. Epinephrine 89 (92)
Q3. Which route would you use to administer the treatment?
a. lv 6 (6)
b.S.C 12 (13)
c.IM 76 (80)
Q4. What dose would you give?
A. 0.001mg/kg from 1:1000 solution 4(4)
B. 0.01mg/kg from 1:1000 solution 77 (80)
C. 1mg/kg 4 (4)
D. 2mg in 2ml nebulizer solution 1(1)
. F. Not sure 8 (8)
Q5. Have you heard about the EpiPen®?
A. Yes 71 (85)
B. No 11 (13)
C. Not sure 2)
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A. Yes
B. No

Q6. Do you know when to use it (which case)?

Not sure
Anaphylaxis
Other

Q7. Please write down which case it is used for

Q8. Where would you give it?
a. Lateral part upper arm SC
b. Lateral part thigh IM

c. Frontal part upper arm IM

d. Frontal part thigh SC

e. Lateral part thigh IM or SC
f. Not sure

Table 4 shows knowledge related responses for
all participants. Of notice 44 (46%) of the trainees
responded they received no training about how to treat
anaphylaxis. While 86 (89%) claimed they know how to
treat anaphylaxis, 41 (49%) trainees were unaware that
epinephrine should be administered in the lateral part of
the thigh by intramuscular route and 24 (28%) trainees
did not know that the EpiPen® is used in case of
anaphylaxis.

In table 5 we compared the knowledge related
responses between the most junior and most senior

trainees in the residency program, to explore whether
the training programs were well equipped with the
necessary tools to provide trainees with the necessary
knowledge and skills to treat anaphylaxis Comparing the
most junior and most senior trainees, there was no
statistical difference in knowledge related responses
except that all 9 (100%) senior residents claimed to
know how to treat anaphylaxis compared to only 14
(74%) of junior residents (p-value 0.01).

Table 5: Comparing knowledge related responses of PGY1 to PGY4

Correct responses to knowledge questions PGY1 PGY4 (Pﬁ;/g:]ueer
Questionnaire Part 1 N=19 (%) N=9 (%)
exact test)
; ?
Q1. Do you knovv_ h_ow to treat anaphylactic shock due to food allergy” 421) 7 (78) 001
Yes, and | got training about it.
Yes, but | didn’t get training about it. 10 (53) 2 (22) 0.27
Maybe/No. 5 (26) 0 0.24
) ) ) - 5
02._ What is the lifesaving drug in this case” 18 (95) 9 (100) 09
Epinephrine
; — o
Cl)f/l Which route would you use to administer the treatment? 19 (100) 8 (89) 06
Q4. What dose would you give?
0.01mg/kg from 1:1000 solution 15(79) 9(100) 0.3
Correct response to knowledge questions PGY1 PGY4 P value
Questionnaire Part 2 N=15(%) N=7(%)
i ?
?{géHave you heard about EpiPen®? 11 (73) 7 (100) 0.3
it?
$6. Do you know when to use it? 10 (67) 7 (100) 02
es
. : . "
Q7. Pleasg write down which case it is used for? 10 (67) 7 (100) 02
Anaphylaxis
Q8. Where would you give it?
Lateral part of the thigh 74 5(71) 0.5
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As summarized in figure 2, pediatric fellows (12
fellows or 30%) and PGY1 (10 residents or 25%) were

more likely to report that they did not receive training
compared to other categories.

50
40 B Yes and [ got
30 tramning about it
20 B Yes but Idid not
10 i get training about it
0 ‘ L. i -m L = B ®May be, I forget
how to treat despite
%2 4 + B a2 O
Q > qf;'“ qﬁa“ q{f&k O & & my tramning
& & K‘:s? B No, and I did not get
g"‘ any ramnmg
& '
&
s
&
=

Figure 2: Knowledge of anaphylaxis treatment and training received among all trainees
(% of total number by trainee level)

IV. DISCUSSION

There are notable findings from our study.
Despite the vital importance of knowing the emergency
treatment of anaphylaxis, of significance is the
observation that none of the trainees’ categories
answered all the questions correctly. Surprisingly
significant number of the total trainees 44 (46%) claimed
they did not receive any training about how to treat
anaphylaxis. Almost half of the trainees 41 (49%) were
not aware that the EpiPen® should be administered in
the lateral part of the thigh by intramuscular route.
Moreover, 24 (28%) of trainees did not know that
EpiPen® is used in case of anaphylaxis. Our study
showed that 13 (15%) have never heard about
epinephrine auto-injectors from which the most junior
trainees represent about half.

These worrisome results indicate that both
medical schools and training programs need to
consider restructuring their existing educational agenda
to better address low prevalence high consequence
conditions like anaphylaxis and other emergencies.
There is an urgent need for improving training in the
recent international consensus.20 There was an obvious
discrepancy between claimed and actual knowledge in
our study. While 86 (89%) of the trainees claimed they
knew how to manage anaphylaxis, when they were
asked more detailed questions, half of them were
unaware that epinephrine should be administered in the
lateral part of the thigh by intramuscular route and one
third did not know that the EpiPen® is used in case of
anaphylaxis.

© 2020 Global Journals

Studies suggested that doctors claim to know
how to treat anaphylaxis but this is often not translated
into practice.19 Unlike our findings, a large survey
based study of doctors and nurses in a Singapore
hospital indicated not only good recognition of
anaphylaxis but also a trend to over-diagnose this
condition.21 A systematic review study showed that
participants reported high levels of confidence in
diagnosing or managing anaphylaxis at baseline and
follow-up despite their limited clinical experience.22
Physicians’ overestimation of their own competence
may compromise the safety and clinical outcomes of
patients. It may be advantageous to help trainees at all
levels to become more cognizant of this disconnect.23
The incorporation of continuous medical education to
practice skills is essential to maintain knowledge and
competency.24 25 Though most participants knew that
epinephrine is the drug of choice for treating
anaphylaxis, few interns thought wrongly that
antihistamine is the drug to use for treating anaphylaxis.
While most of the pediatric trainees 76 (80%)
acknowledged that the best mode of administrating
epinephrine during anaphylaxis is .M, 18 (20%)
assumed dangerously that IV and S.Q are the standard
modes of treatment during anaphylaxis. Similar to our
findings, in a questionnaire-based study done in UK with
a sample size of 68 foundation doctors, 27/68 (40%)
chose the correct route (IM), 17/68 (25%) wrongly chose
the (IV) route and 1/68 (1%) incorrectly chose either
subcutaneous or nebulized routes of administration.15
Regarding the dose and concentration of epinephrine,
most of the trainees except the interns acknowledged



the right dose and concentration of epinephrine. A study
of first- and second-year UK doctors in 2008 identified
that even junior doctors who had completed ALS
training had poor knowledge of adrenaline use and
dose.26

Our study showed that 13 (15%) have never
heard about epinephrine auto-injectors from which the
interns and PGY1 represent about half. This might
indicate gaps in the educational programs at medical
schools. We anticipate that trainees’ performance will
continue to decline in the absence of educational
reinforcement. When we compared the knowledge-
related responses of the most junior and most senior
trainees, we found no statistical difference between the
two categories in most of the core areas. Similar to our
study, a survey-based study in adult medicine by Droste
et al, which compared two district hospitals with different
levels of trainees showed that there was a lack of
knowledge in a significant number of senior and junior
doctors regarding the dose, route, and concentration of
epinephrine with no much difference among trainee
levels.27 Another study by Drupad HS et al of 265
subjects in which a pretested structured questionnaire
was used showed no significant difference between
senior and junior doctors.28 Trainees of all grades who
may be the first responders at a scene of anaphylaxis
should solidify their knowledge about emergencies and
should be well prepared if anaphylaxis ensued.
Innovative educational interventions are essential to
improve and maintain trainees’ knowledge and clinical
competency.

V. (CONCLUSION

Although prompt treatment with epinephrine is
critically important for survival in anaphylaxis, we
continue to have gaps in the critical knowledge of the
frontline trainees regarding anaphylaxis management.
Knowledge about epinephrine injection site, mode of
administration and the lack of overall training of
anaphylaxis treatment were the most concerning
findings.

Continuing medical education, coupled with
training opportunities to apply knowledge and practice
skills, is needed to improve trainees’ knowledge.

Limitations

Our study was based on self-reports. Our
institution is the only tertiary center in the area and is
comprised of pediatric trainees from all over the world.

Strengths

Our training program enrols medical school
graduates from multiple different countries, which
makes our findings more generalizable and consists of
a large number of 98 trainees within a single institution.
We handed out surveys are 2 time points to ascertain
our findings and included comprehensive questions on
anaphylaxis knowledge and treatment/ EpiPen® use,

both of which are important to successfully recognize
and treat such condition. We had a high response rates
using both paper and electronic version of the
questionnaire.

VI. SUMMARY-BoOX

What is known about the subject? 1. Pediatric
trainees are at the frontline managing children with
anaphylaxis inthe hospital and at community level. Their
fundamental knowledge of anaphylaxis treatment is
crucial. 2. Studies showed that poor knowledge of
anaphylaxis management impairs patients’ quality of life,
and leads to increased healthcare costs and
preventable deaths. 3. There is limited data about
pediatric  trainees’ knowledge of  anaphylaxis
management according to their level of training.

What this study hopes to add: 1. Deficient
knowledge  about  Epinephrine  injection  site,
concentration and mode of administration among
pediatric trainees were the most concerning outcome. 2.
Overconfidence in anaphylaxis management in senior
trainees was worrisome 3. Continuing medical
education, coupled with training opportunities to apply
knowledge and practice skills, is needed to improve
trainees’ knowledge.
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