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Anaphylaxis is an acute, life-threatening, systemic hypersensitivity reaction that is frequently 1 

underdiagnosed, underreported, and undertreated by medical professionals
1
. A recent study by 2 

Lindor et al. has shown that medical errors in the setting of anaphylaxis can lead to increased 3 

morbidity and mortality. Although the prevalence of anaphylaxis-related hospitalizations has 4 

significantly increased over the past 20 years
2,3

, there remains limited graduate medical 5 

education (GME) curriculum dedicated to allergy/immunology (A/I) topics, including 6 

anaphylaxis
4,5

. Electronic learning (e-learning) modules can be incorporated into the GME 7 

curriculum to ensure all trainees have access to didactics and offer an alternative to the 8 

traditional classroom setting.  9 

Utilizing Articulate Storyline 2® software, a 15-minute e-learning module was created to 10 

educate residents on anaphylaxis. This software has been successfully utilized by our institution 11 

for medical student and resident educational modules. The interactive module included both a 12 

lecture and multiple-choice questions highlighting the definition, clinical presentation, and 13 

management of anaphylaxis. Anonymous written questionnaires were completed in-person by 14 

pediatric, internal medicine, family medicine, and emergency medicine residents at the 15 

University of Iowa prior to watching the e-learning anaphylaxis module during their specialty-16 

specific academic conferences between July 2017 and March 2018. Five weeks later, the same 17 

questionnaire was e-mailed to the residents in attendance during the e-learning module, and 18 

data was collected anonymously through SurveyMonkey®. Five weeks was chosen as the time 19 

point, as this coincided with the 5-week rotating ambulatory clinic cycle. 20 

The pre- and post-module questionnaire consisted of 15 multiple choice questions addressing 21 

resident demographics, prior clinical experience treating anaphylaxis, prior completion of an 22 
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elective rotation in A/I, and knowledge relating to anaphylaxis diagnosis and management. Data 23 

analysis was performed by using SAS software®, version 9.4 (SAS Institute, Inc. of Cary, North 24 

Carolina). Statistical methods included simple frequency distributions, two-group t-test for two 25 

group comparisons, paired t-test for pre- and post- comparisons within one group, and ANOVA 26 

for more than two group comparisons. The study was approved by the University of Iowa 27 

institutional review board, and signed informed consent was obtained from all participants.  28 

The most relevant data is reported in Table 1. The pre-module questionnaire and e-learning 29 

module were completed by 78 residents of PGY-1, PGY-2, PGY-3, or higher training years. The 30 

majority of participants were internal medicine (33%) and pediatric (27%) residents and were in 31 

the PGY-1 training year. Only 15% of all residents participating in the module had previously 32 

completed an A/I rotation. Emergency medicine residents and those in higher training years 33 

had the most prior clinical experience diagnosing and treating anaphylaxis. The post-module 34 

questionnaire was completed by 51% of residents who took the pre-module questionnaire. 35 

Overall, residents scored significantly higher on the 5-week post-questionnaire than the pre-36 

questionnaire (p<0.0001); however, only internal medicine scores were statistically significant 37 

(p=0.002). Residents in all levels of training improved their scores on the post-questionnaire; 38 

however, only PGY-1 and PGY-2 residents had a significant improvement (p=0.009 and p=0.002, 39 

respectively).  40 

Residents with prior clinical experience with anaphylaxis scored significantly higher on the pre- 41 

questionnaire (82%) compared to those without experience (76%) (p=0.04). Yet, both residents 42 

with and without prior anaphylaxis clinical experience, significantly improved their test scores 43 
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after the module (p=0.042 and 0.0002, respectively). Residents who completed a prior A/I 44 

rotation did not score higher on the pre- and post- questionnaires than those who had not.  45 

Questions regarding epinephrine treatment demonstrated the most significant change in pre- 46 

versus post- questionnaire scores. Epinephrine was selected as first-line treatment for 47 

anaphylaxis by 92% of participants on the pre-questionnaire and 98% of participants on the 48 

post-questionnaire, which was not statistically significant (p=0.190).   49 

Our data reveals that residents from all specialties and levels improved their knowledge of 50 

anaphylaxis diagnosis and treatment after completion of the e-learning module. Prior to the 51 

module, the mean questionnaire score was modest at 80% correct, which may reflect that the 52 

test content was not challenging enough.  53 

We found that residents in their first year of training were more likely to participate in the 54 

questionnaire and e-learning module, which was likely due to increased attendance during 55 

educational conferences. Those in the earlier training years significantly improved their test 56 

scores following the module suggesting they had the largest knowledge gap. Based on this, we 57 

would recommend that future educational interventions focus on residents early in training. 58 

Internal medicine residents were the only specialty to show a statistically significant 59 

improvement following the module which may have been due to their larger number of 60 

participants compared to the other specialties.  61 

Furthermore, our results show that baseline knowledge of anaphylaxis was higher in those with 62 

prior clinical experience with anaphylaxis, suggesting that those with hands-on experience 63 

appear to be more knowledgeable. This has been observed with medical trainees who have 64 
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participated in high-fidelity simulation studies, which can also be an effective learning tool.
6
 In 65 

contrast, we found that residents who had previously completed a rotation in A/I, did not do 66 

better on the pre-module questionnaire than those who had not completed a rotation. We 67 

suspect this is due to limited exposure to anaphylaxis in the clinic and suggest increased 68 

emphasis be placed on education of anaphylaxis during this rotation.  69 

There were several limitations of this study. The questionnaire was not validated, nor was there 70 

a control group who completed the pre- and post-module questionnaire without watching the 71 

module. The post-test questionnaire was completed 5 weeks after completion of the electronic 72 

module, and it may have been beneficial to evaluate longer term acquisition of knowledge. In 73 

addition, only 51% of residents completed the post-module, decreasing the power of our study. 74 

It is also not known whether those residents who did not complete the 5-week questionnaire 75 

differed in terms of knowledge. This was a single academic center study, and it may be 76 

beneficial to compare the results of community-based residency programs as well.  77 

Anaphylaxis e-learning modules result in knowledge acquisition and retention for a diverse 78 

group of trainees. Widespread use of this learning method for anaphylaxis education can 79 

improve trainees’ ability to recognize, diagnose, and treat this potentially life-threatening 80 

condition.      81 
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Table 1 

Resident demographics and questionnaire results pre- and post-anaphylaxis module 

    
Prior A/I rotation 

(pre-module) 

Prior anaphylaxis 

clinical experience 

(pre-module) 

Participants 

pre-module 

Participants 

post-module 

Mean        

pre-module 

questionnaire 

score 

Mean      

post-module 

questionnaire 

score 

P value 

Overall 12 (15%) 47 (60%) 78 (100%) 40 (100%) 80% 88% <0.0001 

Training year 

 PGY-1 4 (13%) 12 (39%) 31 (40%) 17 (43%) 77% 86% 0.009 

 

PGY-2 5 (21%) 15 (63%) 24 (31%) 15 (38%) 79% 90% 0.002 

 

PGY-3+ 3 (13%) 20 (87%) 23 (29%) 8 (20%) 84% 89% 0.296 

Specialty 

 IM 5 (19%) 16 (62%) 26 (33%) 14 (35%) 78% 89% 0.002 

 

EM 1 (6%) 12 (75%) 16 (21%) 12 (30%) 82% 87% 0.282 

 

FM 2 (13%) 8 (53%) 15 (19%) 7 (18%) 83% 90% 0.125 

 

Peds 4 (19%) 11 (52%) 21 (27%) 7 (18%) 78% 87% 0.069 

A/I rotation 

 Prior Rotation         12 (15%) 5 (13%) 80% 90% 0.079 

 

No Prior Rotation         66 (85%) 35 (88%) 80% 88% 0.0003 

Anaphylaxis clinical experience         

 Prior Experience         47 (60%) 17 (43%) 82% 88% 0.042 

 

No Prior Experience         31 (40%) 23 (58%) 76% 89% 0.0002 

Anaphylaxis questionnaire*          

 Q1-Timing of anaphylaxis symptoms         78 (100%) 40 (100%) 77% 88% 0.170 

 

Q2-Description of anaphylaxis symptoms         78 (100%) 40 (100%) 94% 98% 0.300 

 

Q3-Recognition and treatment of anaphylaxis         78 (100%) 40 (100%) 92% 98% 0.190 

 

Q4-Location for epinephrine injection         78 (100%) 40 (100%) 88% 100% 0.002 

 

Q5-Monitoring time in ED following anaphylaxis         78 (100%) 40 (100%) 45% 63% 0.070 

 

Q6-Epinephrine treatment in adults         78 (100%) 40 (100%) 78% 93% 0.026 

 

Q7-Epinephrine treatment in children         78 (100%) 40 (100%) 87% 88% 0.960 

 

Q8-Frequency of re-dosing epinephrine         78 (100%) 40 (100%) 41% 60% 0.050 

 

Q9-Description of biphasic reaction         78 (100%) 40 (100%) 97% 100% 0.159 

 

Q10-Prescription medication upon ED discharge         78 (100%) 40 (100%) 96% 98% 0.710 

                          

A/I, Allergy and immunology; IM, internal medicine; EM, emergency medicine; FM, family medicine; Peds, pediatrics; Q, Question 
 *Full anaphylaxis questionnaire can be found online as e-supplementary data 
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Anaphylaxis Questionnaire

Demographics:
1. What is your specialty?

a) Pediatrics
b) Family medicine
c) Emergency medicine
d) Internal medicine
e) Med-Psych
f) Family Med-Psych

2. What is your level of training?
a) PGY-1
b) PGY-2
c) PGY-3
d) PGY-4
e) PGY-5
f) Other: ___________________

3. Have ever had clinical experience diagnosing and treating anaphylaxis?
a) Yes
b) No

4. Have you ever completed a clinical rotation in the field of Allergy-Immunology?
a) Yes
b) No

5. Are you aware of the UIHC anaphylaxis action plan in Epic?
a) Yes
b) No

Quiz:
1. When do symptoms of anaphylaxis occur?

a) Within minutes after exposure to an allergen
b) Within hours after exposure to an allergen
c) Within days after exposure to an allergen
d) A & B

2. Which of the following signs and symptoms can patients with anaphylaxis present with?
a) Angioedema
b) Diarrhea
c) Syncope
d) All of the above

3. A 27 yo F presents to the ER with wheezing, shortness of breath, and urticaria. Which of the following should be
used first to treat the patient’s symptoms?

a) Antihistamines
b) Epinephrine
c) Corticosteroids
d) Nebulized albuterol/ipratropium

4. What is the preferred site of injection for epinephrine?
a) Lateral thigh
b) Lateral upper arm
c) Buttocks
d) Abdomen



5. Subsequent to an anaphylactic reaction, how long is recommended for a patient to be monitored prior to discharge
from an emergency department?

a) 1 hour
b) 4 hours
c) 6 hours
d) Must be admitted to hospital for observation

6. What is an appropriate dose and route of epinephrine in adults with anaphylaxis?
a) 0.15 mg; Subcutaneous
b) 0.15 mg; Intramuscular
c) 0.3 mg; Subcutaneous
d) 0.3 mg; Intramuscular

7. What is an appropriate dose and route of epinephrine for a 15 kg child with anaphylaxis?
a) 0.1 mg; Subcutaneous
b) 0.15 mg; Intramuscular
c) 0.25 mg; Subcutaneous
d) 0.3 mg; Intramuscular

8. How frequently may epinephrine be re-dosed?
a) Every 1 to 5 minutes
b) Every 5 to 15 minutes
c) Every 15 to 30 minutes
d) Every 30 minutes to 60 minutes

9. What is a biphasic reaction?
a) Symptoms of anaphylaxis presenting in 2 different organ systems
b) Symptoms of anaphylaxis lasting longer than 2 hours
c) Anaphylaxis as a child and as an adult
d) Complete resolution of signs and symptoms of anaphylaxis with recurrence of symptoms up to 12

hours later
10. Following an episode of anaphylaxis, which prescription medication should patients receive on discharge from
the emergency department?

a) Epinephrine autoinjector
b) Diphenhydramine
c) Cetirizine
d) Oral corticosteroids
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