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Abstract

Background—Studies have documented inconsistent emergency anaphylaxis care and low

compliance with published guidelines.

Objective—To evaluate anaphylaxis management before and after implementation of an

emergency department (ED) anaphylaxis order set and introduction of epinephrine auto-injectors

and to measure the effect on anaphylaxis guideline adherence.

Methods—A cohort study was conducted from April 29, 2008-August 9, 2012. Adult ED

patients diagnosed with anaphylaxis were included. ED management, disposition, self-injectable

epinephrine prescriptions, allergy follow-up and incidence of biphasic reactions were evaluated.

Results—The study included 202 patients. Median age of patients was 45.3 years (IQR 31.3 –

56.4); 139 (69%) were female. Patients who presented after order set implementation were more

likely to be treated with epinephrine (51% vs. 33%, OR 2.05, 95%CI 1.04- 4.04) and admitted to

ED observation unit (EDOU) (65% vs. 44%, OR 2.38, 95%CI 1.23-4.60) and less likely to be

dismissed home directly from ED (16% vs. 29%, OR: 0.47, 95%CI 0.22- 1.00). Eleven patients

(5%) had a biphasic reaction. Of these, five (46%) had the biphasic reaction in EDOU; one patient

was admitted to intensive care unit (ICU). Six patients (55%) had reactions within 6 hours of

initial symptom resolution of whom two were admitted to ICU.

© 2014 American Academy of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved

Correspondence to: Dr. Ronna L Campbell, MD, PhD, Department of Emergency Medicine, Mayo Clinic, 200 First Street SW,
Rochester, Minnesota, USA 55905. campbell.ronna@mayo.edu Tel: 001 (507) 255-7002 Fax: 001 (507) 255-6592.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2015 May 01.

Published in final edited form as:
J Allergy Clin Immunol Pract. 2014 ; 2(3): 294–299.e1. doi:10.1016/j.jaip.2013.11.009.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Conclusion—Significantly greater proportions of anaphylaxis patients received epinephrine and

were admitted to EDOU after introduction of epinephrine auto-injectors and order set

implementation. Slightly over half of the biphasic reactions occurred within recommended

observation time of 4-6 hours. These data suggest that the multifaceted approach to changing

anaphylaxis management described here improved guideline adherence.
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INTRODUCTION

Several studies have demonstrated inconsistent anaphylaxis management in the Emergency

Department (ED). A study published by Ross et al. using data from 34 EDs found that only

19% of patients with food-related allergic events received epinephrine as part of

management.(1) Similarly, in a study including 15 EDs, only 13% of patients presenting

with insect sting anaphylaxis received epinephrine while in the ED.(2) Low rates of self-

injectable epinephrine prescriptions and allergist referrals in ED anaphylaxis patients have

also been reported in several studies.(2-5) In addition, guidelines recommend that patients

with anaphylaxis be observed for 4-6 hours due to the risk of a biphasic reaction, and

prolonged observation periods are recommended for patients with severe or refractory

symptoms.(6-8)

Epinephrine is the first line treatment for anaphylaxis, and delayed epinephrine

administration has been associated with anaphylaxis fatality.(8-11) Epinephrine is available

in different doses and concentrations and can be administered via several routes. Dosing

errors in epinephrine administration can have potentially lethal consequences.(12) Thus,

rapid administration of epinephrine in the setting of anaphylaxis can be challenging, and

uncertainty about dosing and risk of error may deter providers from treating patients with

epinephrine.

ED management of anaphylaxis is time and resource intensive. In order to ensure timely

delivery of key interventions and to prevent omission of important aspects of care, experts

have recommended an algorithmic approach.(13) An algorithmic approach was shown to be

effective in improving the management of anaphylaxis in pediatric patients but has never

been evaluated in adults.(14)

The objective of this study was to evaluate anaphylaxis management before and after the

implementation of a multidisciplinary consensus-based emergency department anaphylaxis

management order set and introduction of epinephrine auto-injectors, to determine the effect

on anaphylaxis guideline adherence and to describe the biphasic reactions that occurred in

our cohort.

Manivannan et al. Page 2

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



METHODS

Study design and setting

A retrospective observational cohort study of ED patients presenting with anaphylaxis was

conducted from April 29, 2008-August 9, 2012. The study was approved by the institutional

review board. Patients were consecutively included at a tertiary care academic ED in

southeast Minnesota with 73,000 annual patient visits. The ED includes 51 beds with an

additional 10-bed observation unit and is staffed by approximately 35 attending physicians

who supervise physician assistants, nurse practitioners, and residents.

Selection of participants

Patients 18 years of age and older who presented to the ED from April 29, 2008 to August 9,

2012 and who were diagnosed with anaphylaxis were eligible for inclusion. Electronic

medical records were reviewed to ensure that the National Institute of Allergy and Infectious

Disease and Food Allergy and Anaphylaxis Network (NIAID/FAAN) anaphylaxis

diagnostic criteria were met.(7)

Intervention

With multidisciplinary input from specialists in emergency medicine, allergic diseases,

pharmacy and nursing, we developed an Anaphylaxis Management Order Set designed to

optimize the diagnosis, management, observation and safe dismissal of adult ED patients

with anaphylaxis (Figure 1). It was then refined after incorporating feedback from key

stakeholders in patient care. The ED anaphylaxis management order set included a

schematic of the NIAID/FAAN anaphylaxis diagnostic criteria to promote accurate

recognition. It also included medication dosing to be used in the ED and continued dosing if

the patient was admitted to the ED observation unit (EDOU). Further, the order set included

nursing orders to: 1) provide an anaphylaxis education packet to the patient with information

about anaphylaxis, epinephrine auto-injector use, and patient advocacy organizations; 2)

show a video demonstrating the use of an epinephrine auto-injector; 3) observe the patient

demonstrating the proper use of an epinephrine auto-injector and; 4) provide anaphylaxis

dismissal instructions with emphasis on allergen avoidance. A recommendation for a self-

injectable epinephrine prescription was included along with an automated allergist referral

on discharge to encourage optimal follow-up. The automated allergy referral involved an

order for the nurse to request an allergy clinic follow up. The allergy clinic received

information about the patient referral. The patient was then provided with contact

information for the allergy clinic and was required to contact the allergy office to schedule

the appointment. Epinephrine auto-injectors [0.3 mg (0.3 ml, 1:1000)] were also added to

our automated medication dispensing machines in the ED to simplify dosing and

administration of epinephrine.

The anaphylaxis management order set was made available to ED providers to use at their

discretion on May 10, 2009. Providers were oriented to the order set at a 1-hour grand

rounds presentation prior to implementation. Automated medication dispensing machines

were stocked with epinephrine auto-injectors shortly before order set implementation. The

ED Nursing Committee also conducted educational sessions for the nurses on proper use of
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epinephrine auto-injectors through demonstration with trainer pens. To ensure compliance

with training sessions, a demonstration of the use of an epinephrine auto-injector was

required as part of the emergency department's annual nurse competency assessment.

Data collection and outcome measures

Data were abstracted from electronic medical records using a standardized data abstraction

form. Data were collected on order set use, patient demographics, inciting allergens,

epinephrine use, characteristics and management of biphasic reactions, disposition, self-

injectable epinephrine prescriptions and allergy follow-up. A biphasic reaction was defined

as recurrence of symptoms within 72 hours meeting NIAID/FAAN criteria for anaphylaxis

following symptomatic resolution of the initial event.

The outcome measures of interest were administration of epinephrine in the ED, ED

disposition of patients, dismissal prescriptions for self-injectable epinephrine, frequency and

timing of biphasic reactions, and allergist referral.

Statistical analysis

Continuous data are presented as medians with inter quartile ranges (IQR). Categorical data

presented as percent frequency of occurrence were compared using the Chi square test.

Logistic regression models were fit to measure the association between order set use and the

outcome measures previously described.

Odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were calculated for

each association. P-values represent 2-sided hypothesis testing, and p ≤ .05 was considered

statistically significant. Statistical analyses were performed using JMP software version 9.0

(SAS Institute Inc, Cary, North Carolina). If no events were observed in a 2 by 2 table, this

was corrected by adding a fixed value (+0.5) to all cells to avoid computational errors by

dividing by a zero count.(15, 16)

RESULTS

There were 202 patients who presented to the ED with anaphylaxis during the study period.

The median age was 45.3 (IQR 31.3-56.4) years; 139 (69%) were female. Approximately

90% of the cohort was Caucasian. A specific trigger was suspected in 75% of the patients

(n=152) and was unknown in 25% (n=50). Overall, after ED management, 121 patients

(60%) were observed in the EDOU, 39 (19%) were dismissed home from the ED, 11 (5%)

were admitted to a general medical floor and 31 (15%) were admitted to an intensive care

unit (ICU).

Of the 202 patients, 48 (24%) received care before implementation of order set and 154

(76%) after implementation of order set in our ED. After the introduction of the order set, it

was used in 88 (57.2%) of the patients. Table I compares baseline characteristics of patients

treated before and after the implementation of the order set. There were no significant

differences between the two groups when comparing demographics, suspected triggers, pre-

hospital use of epinephrine or history of asthma and cardiovascular disease.
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ED management and disposition are shown in Table II. Patients who presented after order

set implementation and epinephrine auto-injector introduction were more likely to be treated

with epinephrine (51% vs. 33%, OR 2.05, 95%CI 1.04- 4.04) and admitted to the EDOU

(65% vs. 44%, OR 2.38, 95%CI 1.23- 4.60) and less likely to be dismissed home directly

from the ED (16% vs. 29%, OR: 0.47, 95%CI 0.22- 1.00). There were no statistically

significant differences in the likelihood of receiving an epinephrine auto-injector

prescription (62% vs. 54%, OR 1.36, 95% CI 0.71- 2.62), being admitted to the hospital

(general medical floors or ICU) (19% vs. 27%, OR 0.62, 95% CI 0.29- 1.33) or allergy

follow up (42% vs. 44%, OR 0.94, 95% CI 0.49- 1.81).

Eleven patients (5%) had a biphasic reaction. All these patients were admitted to the EDOU

following the initial reaction. Six of these patients received care guided by order set on

presentation of the initial reaction (Table III). Five of the reactions (46%) occurred in the

EDOU. All of the reactions in the EDOU occurred within six hours after initial resolution of

symptoms. Among these five patients, four of the biphasic reactions were treated with

epinephrine, and one patient was admitted to the general medical floor and one to the ICU.

Of the remaining six reactions that did not occur in the EDOU, one had a reaction at 3 hours

after symptom resolution and all of the rest had reactions occurring at or after 10 hours.

Among these patients, two were treated with epinephrine and one patient was admitted to

the ICU.

DISCUSSION

Anaphylaxis management guidelines developed with multidisciplinary representation and

endorsed by national and international allergy organizations recommend treatment with

epinephrine, a period of observation due to the risk of a biphasic reaction, SIE prescription,

and allergy follow up.(6-8)

We found that a significantly greater proportion of anaphylaxis patients received

epinephrine and were admitted to the EDOU after introduction of epinephrine auto-injectors

and order set implementation. Thus, these data suggest that the multifaceted approach to

changing anaphylaxis management described here improved anaphylaxis guideline

adherence.

Patients with anaphylaxis present with diverse signs and symptoms involving various organ

systems. Rapid diagnosis and appropriate early management is necessary to facilitate an

optimal outcome. In a review on ED management of food allergies, Clark and Camargo

suggested that an algorithm for the diagnosis and management of anaphylaxis would allow

emergency medicine practitioners to more rapidly recognize and treat allergic reactions in

the ED.(13) The ED Anaphylaxis Management Order Set described here incorporates

diagnosis, management, observation; dismissal and outpatient follow up components of

anaphylaxis care.

Intramuscular injection of epinephrine is regarded as the first-line medication in the

treatment of anaphylaxis.(17) Furthermore, delayed epinephrine administration has been

associated with anaphylaxis fatality.(9-11) Despite the complexities of epinephrine dosing,
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many EDs do not stock epinephrine auto-injectors. An e-mail survey of local hospitals in

southeast Michigan revealed that 6 of 7 hospitals did not stock prefilled intramuscular dose

syringes for emergency use in anaphylaxis.(12)

The cost of the epinephrine auto-injector is significantly greater than the 1:1000 epinephrine

vial and this difference must be considered in this time of overall increasing healthcare

costs.(18) Although, hospital medication costs are difficult to ascertain and can vary widely

based on multiple factors, the average wholesale price (AWP) of the autoinjector used in this

study was approximately $75.00 US for both the 0.3 mg and 0.15 mg doses compared to the

AWP for the 1 mg (1:1000) vial of epinephrine which is $3.00 US.(19) However, safe and

accurate epinephrine administration is challenging due to the multiple possible routes of

administration, associated dosages, patient acuity and the relatively infrequent need for

administration. In addition, adverse cardiovascular complications and fatalities associated

with epinephrine dosing are most commonly due to inappropriate dosing.(12) Thus, these

risks must be carefully weighed against the increased cost.

We found a significant increase in epinephrine administration in our ED after introduction of

the changes described here (33% to 51%). The rate of ED epinephrine administration in our

study cohort is higher than in other ED studies of anaphylaxis. Prior studies have shown

13% to 24% of anaphylaxis patients received epinephrine in the ED in the absence of

specific interventions to modify anaphylaxis management.(2, 4) However, our findings are

similar to a study by Arroabarren and colleagues, who increased epinephrine use with an

order set in their pediatric ED from 27% to 57.6%.(14)

Anaphylaxis management does not end with resolution of the acute episode. Patients must

be prepared to treat symptom recurrence in case of a biphasic reaction or accidental re-

exposure to the trigger. Although the differences in self-injectable epinephrine prescriptions

(62% vs. 54%) did not reach statistical significance, the point estimate favored an increase

after interventions (OR 1.36 95%CI 0.71- 2.62). Furthermore, our pre-implementation

proportion was higher than those reported in previous studies, including an earlier study at

our center where we found that 36.6% of patients were prescribed self-injectable

epinephrine before ED discharge between 1990 and 2000.(3, 20) Arroabarren found an

increase from approximately 7% prior to anaphylaxis order set implementation to 55% after

order set implementation, a proportion similar to our pre-implementation proportion.(14)

Thus, it is likely that implementation of similar changes in other adult EDs would result in

significant increases in self-injectable epinephrine prescriptions.

Despite the inclusion of an automated referral in the order set, we did not find an increase in

allergy follow up. The reasons for this are unclear but may be related to the already

relatively high proportion of patients who followed up prior to order set implementation

(44%).(2, 4) This is higher than the post-implementation referral rate in the Arroabarren

study in pediatric patients (38%).(14) Furthermore, it may be that a significant amount of

patients already had established allergy care prior to the ED visit. We did not collect data on

how many patients had been evaluated by an allergist prior to the ED visit. However, we did

collect data on the proportion of patients who had a prior prescription for self-injectable

epinephrine and found that 40% of patients in our cohort did have a previous auto-injector
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prescription (data not shown) suggesting that they had previously been evaluated for

anaphylaxis. Finally, because the referral was automated, providers may not have spent as

much time discussing the importance of follow up with the patient. Further studies are

needed to elucidate methods to ensure appropriate follow up after an ED visit for

anaphylaxis.

Patients presenting with anaphylaxis should be observed due to the risk of a biphasic

reaction. However, the time period of observation is controversial. Guidelines recommend

that patients be observed for 4-6 hours and for longer periods if they present with severe or

refractory symptoms.(7) The relatively low incidence of biphasic reactions and the time

range of onset in our study are consistent with other retrospective studies.(21-23) Overall, 6

(55%) of patients had the onset of biphasic symptoms during the recommended time frame

of observation in published guidelines. We found that after the implementation of the order

set, patients were more likely to be admitted to the EDOU and less likely to be dismissed

home. Although not statistically significant, admissions to the ICU or general medical floor

decreased somewhat. We also found that all but one of the patients who experienced the

onset of biphasic symptoms in the EDOU were treated with epinephrine and one (20%) was

admitted to the ICU, demonstrating the need for additional interventions and underscoring

the importance of observation. However, the benefits of observation must be weighed

against the increased length of stay considering that the vast majority of patients did not

experience a biphasic reaction. Additional studies are needed to evaluate the cost-

effectiveness of observation and to identify patients who have the greatest risk of

experiencing a biphasic reaction.

LIMITATIONS

Our study is limited by its retrospective design and relatively small sample size. Although

the uneven cohort sizes (before and after implementation) could introduce statistical bias,

when comparing these two groups we found no significant differences. Also the “before

implementation” cohort was the closest to the standard practice in our ED, and going back

further in time (earlier than 2008) to increase the cohort before implementation would

potentially introduce even more biases secondary to different treatments and standards of

care. Furthermore, this is a single center study and the findings may not be generalizable to

other academic centers or community practices. Multicenter prospective studies are needed

for further evaluation.

CONCLUSION

In conclusion, patients treated following implementation of the order set and introduction of

the epinephrine auto-injectors were more likely to receive epinephrine in the ED, be

admitted to the EDOU and less likely to dismissed directly from the ED. The multifaceted

approach described here addresses the complexities of anaphylaxis management and data

suggest that implementation of such an approach in the ED may increase guideline

compliance in anaphylaxis patients. Additional multidisciplinary collaborations including

allergists and emergency physicians are needed to encourage the use of algorithms such as
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the one presented here to continue to improve ED anaphylaxis care and identify barriers to

allergy follow up after the ED visit.
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CI Confidence Interval

ED Emergency Department

EDOU Emergency Department Observation Unit

ICU Intensive Care Unit

IQR Interquartile Range

NIAID/FAAN National Institute of Allergy and Infectious Disease and Food Allergy

and Anaphylaxis Network

OR Odds ratio

SIE self-injectable epinephrine
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Highlights box

1. What is already known about this topic?

Inconsistent emergency anaphylaxis care and low compliance with published guidelines

have been documented in studies. An algorithmic approach was shown to be effective in

improving the management of anaphylaxis in pediatric patients.

2. What does this article add to our knowledge?

The article provides an evaluation of anaphylaxis management before and after

implementation of an emergency department (ED) anaphylaxis order set and introduction

of epinephrine auto-injectors and measures the effect on anaphylaxis guideline adherence

in adults.

3. How does this study impact current management guidelines?

The multifaceted approach described here addresses the complexities of anaphylaxis

management and data suggest that implementation of such an approach in the ED may

increase guideline compliance in anaphylaxis patients.
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Figure 1.
Emergency Department Anaphylaxis Management Order Set
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Table I

Patient characteristics based on order set use

Characteristic All Patients (N= 202) No.
(%)

Order Set p-value

Before implementation
(N= 48) No. (%)

After implementation
(N=154) No. (%)

Female 139 (69) 31 (65) 108 (70) 0.47

Age (years)

Median (IQR) 45.3 (31.3- 56.4) 44.9 (32.8- 58.6) 45.4 (31.1- 56.2) 0.28

Range 18- 98.4 21- 98.4 18- 89.4

Race

African American 4 (2) 0 4 (100) 1.00

White 187 (93) 47 (98) 140 (91) 0.13

Asian 2 (1) 1 (2) 1 (1) 0.42

Other/Unknown 9 (5) 0 9 (6) 0.46

Suspected trigger

Food 60 (30) 13 (27) 47 (31) 0.65

Medication 41 (20) 12 (25) 29 (19) 0.35

Venom 33 (16) 8 (17) 25 (16) 0.94

Other 18 (9) 4 (8) 14 (9) 1.00

Unknown 50 (25) 11 (23) 39 (25) 0.74

Prehospital Epinephrine 31 (15) 7 (15) 24 (16) 0.87

History of Asthma 46 (23) 11 (23) 35 (23) 1.00

History of cardiovascular disease 27 (13) 7 (15) 20 (13) 0.81

IQR: Interquartile Range.
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Table II

Univariate analysis of ED management and patient disposition based on order set use

Characteristic All Patients (N= 202)
No. (%)

Order Set P value OR (95%CI)

Before implementation
(N= 48) No. (%)

After implementation
(N=154) No. (%)

Use of epinephrine in ED 94 (47) 16 (33) 78 (51) 0.04, 2.05 (1.04- 4.04)

ED disposition

        Home 39 (19) 14 (29) 25 (16) 0.05, 0.47 (0.22-1.00)

        Observation unit 121 (60) 21 (44) 100 (65) 0.009, 2.38 (1.23- 4.60)

        General Hospital floor 11 (6) 4 (8) 7 (5) 0.30, 0.52 (0.15- 1.87)

        Intensive Care Unit 31 (15) 9 (19) 22 (14) 0.45, 0.72 (0.31- 1.70)

        General floor or ICU 42 (21) 13 (27) 29 (19) 0.22, 0.62 (0.29- 1.33)

Outcome

        SIE prescription 121 (60) 26 (54) 95 (62) 0.35, 1.36 (0.71- 2.62)

        Allergist follow-up 86 (43) 21 (44) 65 (42) 0.85, 0.94 (0.49- 1.81)

CI: Confidence Interval, ED: Emergency Department, ICU: Intensive Care Unit, OR: Odds ratio, SIE: self-injectable epinephrine.
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