WEALTY 4
of %,

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

/ HHS Public Access

Author manuscript
ﬁ Expert Rev Clin Immunol. Author manuscript; available in PMC 2024 July 01.

Published in final edited form as:
Expert Rev Clin Immunol. 2023 ; 19(9): 1171-1181. doi:10.1080/1744666X.2023.2229517.

Epinephrine treatment of food-induced and other cause
anaphylaxis in United States and Canadian Emergency
Departments: a systematic review and meta-analysis

Geneva D. Mehtal, Joumane El Zein?, Isis Felippe Baroni?, Myrha Qadir2, Carol Mita3,
Rebecca E. Cash?, Carlos A. Camargo Jr."2

1Brigham and Women’s Hospital, Boston, Massachusetts
2Massachusetts General Hospital, Boston, Massachusetts

SHarvard Medical School Countway Library, Boston, Massachusetts

Abstract

Introduction: Studies from more than 10 years ago showed epinephrine treatment of food-
induced anaphylaxis in the emergency department (ED) was unacceptably low. We investigated
whether epinephrine treatment of food-induced and other cause anaphylaxis in United States and
Canadian EDs has changed over time.

Methods: Guided by a health sciences librarian, we performed a systematic search in Medline,
Embase and Web of Science on January 11, 2023. We included observational studies that reported
epinephrine use to treat anaphylaxis in the ED. We stratified by anaphylaxis etiology (food-,
venom-, medication-induced, any cause). Associations between year and epinephrine use were
tested using Spearman correlation, and proportional meta-analysis.

Results: Of 2,458 records identified in our initial search, 40 met inclusion criteria. Of these, 14
examined food-induced, 4 venom-induced, 0 medication-induced, and 24 any cause anaphylaxis.
For epinephrine treatment of food-induced anaphylaxis in the ED, among studies using similar

definition of anaphylaxis, meta-analysis showed a pooled value of 20.7% (95% CI 17.8, 23.8) for
studies performed >10 years ago, and 45.1% (95% CI 38.4, 52.0) from those in the last 10 years.
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For anaphylaxis of any cause, there was no change over time, with a pooled value of 45.0% (95%
Cl 39.8, 50.3) over the last 10 years.

Discussion: Epinephrine treatment of food-induced anaphylaxis in the ED has increased
over time. There was no clear change for anaphylaxis of any cause. Over the last 10 years,
approximately 45% of ED patients with anaphylaxis received epinephrine. A limitation of the
evidence is heterogeneity in anaphylaxis definitions.

Keywords

anaphylaxis; epinephrine; food-induced anaphylaxis; meta-analysis; proportion; systematic
review; treatment

1.0 Background

Anaphylaxis is a serious allergic reaction that is rapid in onset and can be life-threatening.!
It is relatively common, with lifetime prevalence of anaphylaxis from all triggers

estimated to be 0.05% to 5%.23 The incidence of anaphylaxis appears to be rising

and food-induced anaphylaxis is the leading cause of anaphylactic reactions treated

in the emergency department (ED).#® Although use of adjunctive medications (e.g.,
antihistamines, glucocorticoids) to treat anaphylaxis is common, epinephrine administration
is most clearly associated with decreased morbidity and mortality and is the single first-line
management strategy.5-8 Early studies showed that real world use of epinephrine to treat
food-induced and other cause anaphylaxis in the ED was lower than expected.®10 Over the
last two decades there seems to be increasing awareness about the primacy of epinephrine
in anaphylaxis management by ED healthcare providers primarily due to increased emphasis
of this principal in anaphylaxis management guidelines.2:11-16 However, there have been no
systematic reviews that have investigated this topic.

Our objective was to examine whether epinephrine use to treat food-induced and other cause
anaphylaxis in United States and Canadian EDs has changed over time. Secondarily, we
examined pre-ED epinephrine use, any epinephrine use (pre-ED or ED), prescription for
epinephrine, and referral to allergy clinic on discharge from the ED.

2.0 Methods

We prospectively registered this study in the international prospective register of systematic
reviews (PROSPERO) under the registration number: CRD42023389616. This can be
accessed at crd.york.ac.uk/prospero. Amendments to the protocol are listed in Supplement
Table 1. We adhered to Preferred Reporting Items of Systematic Review and Meta-Analyses
(PRISMA) for reporting of this systematic review and meta-analysis.}” This systematic
review did not involve human subjects and therefore Institutional Review Board approval
was waived.

2.1 Search strategy

We identified studies reporting the use of epinephrine to treat anaphylaxis in the ED
by searching Medline/PubMed (National Library of Medicine, NCBI); Embase (Elsevier,
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embase.com), and Web of Science Core Collection (Clarivate). Controlled vocabulary terms
(i.e., MeSH, Emtree) were included when available and appropriate. The search strategies
were designed and carried out by a health sciences librarian (CM). A language limit was
applied to include studies published in English and French due to the geographic region of
interest. No publication date restrictions were applied. The search was conducted on January
11, 2023. The exact search terms used for each of the databases are provided in Supplement
Table 2. To reduce the risk of missing any related citation, we also manually searched the
reference list of included original articles.

2.2 Study selection

We included studies that reported the frequency of epinephrine treatment in the ED for
anaphylaxis in a population of people who presented to the ED for anaphylaxis (food-
induced, venom-induced, medication-induced, any cause) in the United States or Canada.
Other inclusion criteria were observational study design, English or French language and
report was a published manuscript. We excluded studies that did not report the sample

size of the anaphylaxis population or the timeframe of data collection, surveys of patients
and case reports/case series. Studies of interventions, reviews, systematic review and meta-
analyses were also excluded.

Four reviewers performed title/abstract screening using Covidence, a web-based
collaboration software platform that streamlines production of systematic and other
literature reviews (Covidence systematic review software, Veritas Health Innovation,
Melbourne, Australia. Available at www.covidence.org). As a calibration exercise, all
reviewers screened the same 50 titles and abstracts and discussed questions/discrepancies
prior to moving on to the formal reviewing phase. Each title/abstract was screened to meet
the inclusion/exclusion criteria by two reviewers, independently. For titles/abstracts where
there was disagreement, a third senior reviewer adjudicated. Each full text was screened to
meet the inclusion/exclusion criteria by two reviewers, independently. For full texts where
there was disagreement, a third senior reviewer adjudicated.

2.3 Data extraction and quality assessment

Three reviewers performed data extraction from included full texts. Two reviewers
independently extracted data from each full text and consensus was reached on any
discrepancies. We contacted corresponding authors for data clarification as needed. For
each selected full text manuscript, we extracted the following primary outcome data: number
of participants with anaphylaxis, number of participants treated with epinephrine in the
ED, and etiology of anaphylaxis. We also extracted the following variables: lead author
name, year of publication, study design, country of data collection, study period, age of
participants, definition of anaphylaxis (Supplement Table 3), number of participants treated
with epinephrine pre-ED (defined as self/parent/school/other administration or emergency
medical services [EMS] administration), number of participants treated with epinephrine
pre-ED or in the ED, number of participants prescribed epinephrine on discharge, and
number of participants who received allergy clinic referral on discharge. Studies of
anaphylaxis of any cause were examined for sub-analysis reporting of epinephrine use in
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the ED for food-, venom- and medication-induced anaphylaxis. Food-induced anaphylaxis
was our primary diagnosis of interest.

To assess risk of bias among the full texts included, we used the Joanna Briggs Institute
Prevalence Critical Appraisal Tool.18-20 This tool uses nine questions with four standard
answer options yes/no/unclear/not applicable. Two reviewers independently evaluated each
article and consensus was reached on any discrepancy.

2.4 Data analysis

Interrater reliability was assessed using Cohen’s kappa statistic. For studies that collected
data over multiple years, the median year of the study period was used for data analysis.

To assess for change in epinephrine treatment of anaphylaxis over time, we first examined
the data qualitatively using scatter plots (x-axis = median year, y-axis = percent of patients
with anaphylaxis treated with epinephrine in the ED). If there were sufficient number

of studies, we used Spearman correlation and meta-analysis stratified by time period to
quantitatively assess the relationship. We performed meta-analysis using a user-written Stata
command called metaprop to calculate pooled proportions and 95% CI overall and for

two time periods, 2013-2022 (last 10 years) and prior to 2013.21:22 pooled proportions

are presented as percentages for clarity. Heterogeneity was determined by /2 values. Given
concern for bias, we excluded from the Spearman correlation and meta-analysis studies
with overlapping cohorts or where the number treated with epinephrine was not stated.

For overlapping cohorts, we selected those with shorter time frames, that included multiple
timeframes within the study, or that increased total number of studies in the meta-analysis,
and excluded the others. Secondary outcomes were not meta-analyzed due to concern for
incomplete capture of relevant literature as our systematic search was optimized for capture
of our primary outcome. Analyses were performed using Stata 15.1 (Stata Corp, College
Station, TX, USA).

3.0 Results

3.1 Literature search and study selection

We identified 2,442 records though our systematic database search and then an additional
16 records by manual search of references from included articles (Figure 1). There were
1,639 records after removal of duplicates. Title/abstract review excluded 1,511 records, the
remaining 128 were assessed for eligibility. Of these, 88 were excluded and a total of 40
were included in the systematic review. A sample of studies that may have appeared to meet
the inclusion criteria, but which were excluded are available in Supplement Table 4.

Of 1639 titles/abstracts, there was disagreement on 61 (3.7%). Of 128 full texts, there was
disagreement on 15 (12%). The interrater reliability of the title/abstract screening ranged
from 0.61-0.80 among reviewers who reviewed >10 of the same titles/abstracts.
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3.2 Characteristics of eligible studies

Of the 40 eligible studies reporting epinephrine treatment of anaphylaxis in the ED, 14
reported on food-induced anaphylaxis, four venom-induced anaphylaxis, and 25 anaphylaxis
of any cause (Table 1).

No included studies examined medication-induced anaphylaxis. Most studies were
retrospective (n = 28), though some were prospective (n = 4), or a combination of the

two (n = 8). Most studies used the National Institute of Allergy and Infectious Diseases/
Food Allergy and Anaphylaxis Network (NIAID/FAAN) definition of anaphylaxis (n = 27).
Fewer studies used International Classification of Disease, Ninth Revision or Tenth Revision
(ICD-9 or ICD-10) codes for anaphylaxis (n = 5), ICD-9 or ICD-10 codes for anaphylaxis
followed by application of the NIAID/FAAN definition (n = 4), or other definitions of
anaphylaxis (n = 4). There was a mix of studies that examined pediatric (n = 20), adult (n

= 5) or both age groups (n = 15). There were 9 publications that reported on overlapping
cohorts/timeframes: excluding three of these studies removed all potentially overlapping
cases.29:32:43 Gaeta 2007 only reported a percentage for epinephrine use in the ED, but

not the number treated with epinephrine and therefore was also excluded from further
analyses.*6

3.3 Bias assessment

Overall, the quality of the studies included was good. Potential bias mainly came from
differences in sample size, differences in the definition of anaphylaxis, and lack of reporting
of important clinical factors (e.g., number of participants who received epinephrine before
arriving to the ED [pre-ED]). Supplement Table 5 summarizes the potential for bias of each
study.

3.4 Food-induced anaphylaxis

Of the 14 studies examining food-induced anaphylaxis, the median year of study period
ranged from 2000 to 2016. The percentage of ED patients who received epinephrine
treatment ranged from 17 to 63% (Table 2). There appeared to be a trend toward increase

in epinephrine use in the ED over time (r = 0.49, p=0.07) (Figure 2A); excluding the three
studies that used a non-NIAID/FAAN definition of anaphylaxis led to a stronger association
(r=0.72, p = 0.009) (Figure 2A). Meta-analysis of studies stratified by time period (prior
to 2013 vs 2013-2022) showed trend toward an improvement in epinephrine use over time
(prior to 2013: pooled 27.6% [95% CI 15.8, 41.1], 12 = 98.7%, p < 0.001; 2013-2022:
pooled 45.1% [95% CI 38.4, 52.0], 12 = 85.1%, p < 0.001); however, heterogeneity was
high (Supplement Figure 1). Sensitivity analysis examining only studies using the NIAIAD/
FAAN definition of anaphylaxis, stratified by time period, showed an improvement over
time with a pooled value of 20.7% (95% CI 17.8, 23.7; 12 = 57.9; p = 0.04) for studies
performed prior to 2013, and a pooled value of 45.1% (95% CI 38.4, 52.0; 12=85.1; p <
0.001) from those performed from 2013-2022 (Figure 3).

Many studies included participants of all ages. When restricting the analysis to studies
that included only children (n = 8) the primary finding remained the same. There was an
improvement in use of epinephrine in the ED for treatment of food-induced anaphylaxis
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(prior to 2013: 25.6% [95% CI 11.2, 43.5]; 2013-2022: 51.0% [95% CI 47.5, 54.4]). There
were an insufficient number of studies that included only adults (n = 1) to examine this
subgroup.

Examination of pre-ED epinephrine use over time did not show a clear improvement, with
rates ranging between 17% and 55% (Figure 2B). However, when examining pre-ED or ED
epinephrine use there appeared to be an improvement over time, with studies in the last

10 years ranging between 56% and 80% compared to studies prior to 2013 with range of
31% to 61% (Figure 2C). Qualitative examination of epinephrine prescription and allergy
clinic referral on discharge from the ED also showed improvement (Figure 4A, B). These
secondary outcomes were not meta-analyzed due to possible incomplete capture of data in
the literature.

3.5 Venom-induced anaphylaxis

Of the four studies examining venom-induced anaphylaxis, the median year of study period
ranged from 2000 to 2014. The percentage of ED patients who received epinephrine
treatment ranged from 6% to 50% (Table 2). Given the low sample size, we were not able to
assess for changes in ED epinephrine use over time in this group. We also were not able to
assess for changes in pre-ED or pre-ED and/or ED epinephrine use over time.

3.6 Anaphylaxis of any cause

Of the 25 studies examining anaphylaxis of any cause, the median year of study period
ranged from 1995 to 2019. The percentage of ED patients who received epinephrine
treatment ranged from 6% to 72% (Table 2). There did not appear to be an increase in
epinephrine use in the ED over time (r = 0.08, p = 0.71) (Figure 5A). This finding did not
change when we excluded studies that used a non-NIAID/FAAN definition of anaphylaxis.
Meta-analysis stratified by time period also showed no significant change; a pooled value
of 38.3% (95% CI 19.8, 58.6; 12 = 99.9%:; p < 0.001) for studies performed prior to 2013,
and a pooled value of 45.0% (95% CI 39.8, 50.3; 12 = 92.4; p < 0.001) for those performed
from 2013-2022 (Supplement Figure 2). The overall pooled value was 41.0% (95% CI 27.1,
55.6, 12 = 99.9%, p < 0.001). This finding was similar when we excluded studies that used a
non-NIAID/FAAN definition of anaphylaxis (Supplement Figure 3).

When restricting the analysis to studies that include only children (n = 13) the primary
findings remain the same. There was no change over time for use of epinephrine in the
ED for treatment of any cause anaphylaxis (prior to 2013: 46.7% [95% CI 38.4, 55.1];
2013-2022: 44.7% [95%CI 37.4, 52.2]). There were an insufficient number of studies that
included only adults (n = 4) to examined this subgroup.

There did appear to be qualitative improvement in pre-ED use of epinephrine and pre-ED
and/or ED use of epinephrine over time (Figure 5B,C). These secondary outcomes were not
meta-analyzed due to possible incomplete capture of data in the literature.
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4.0 Discussion

We performed a systematic review and meta-analysis to examine whether use of epinephrine
in the ED for treatment of food-induced and other cause anaphylaxis, in the United States
and Canada, has changed over time. We found that for food-induced anaphylaxis, the pooled
percentage of ED patients treated with epinephrine in the ED improved from 21% for studies
performed >10 years ago (prior to 2013), to 45% for those from the last 10 years (2013—
2022), among studies who use the NIAID/FAAN definition of anaphylaxis. We did not find
a change over time for anaphylaxis of any cause, but noted a similar frequency of treatment
(45%) for studies performed over the last 10 years. There were not enough studies to analyze
changes for venom- or medication-induced anaphylaxis.

4.1 Food-induced and any cause anaphylaxis

We have shown that the use of epinephrine for treatment of food-induced anaphylaxis in the
ED has improved over time. Although the same cannot be said about any cause anaphylaxis,
the frequency of epinephrine treatment started higher than for food-induced anaphylaxis --
and usage was similar (45%) for both food-induced and any cause anaphylaxis over the last
10 years. However, an important question remains: is 45% high enough or is there continued
room for improvement in ED administration of epinephrine?

Although ED treatment is a key part of the care of a patient who experiences anaphylaxis,
the pre-ED management, including self/parent/school/other and emergency medical services
(EMS) administration of epinephrine will influence ED management. A recent systematic
review and meta-analysis showed that only 8% of patients with anaphylaxis require more
than a single dose of epinephrine.® Therefore, if a patient receives epinephrine prior to

ED arrival, on most occasions the ED would not need to administer an additional dose.
Further, since early administration of epinephrine is an important predictor of morbidity
and mortality associated with epinephrine use,26:62 preferably there would be increased
pre-ED use of epinephrine which would necessarily and appropriately result in decreased
need for ED use of epinephrine. Our secondary outcome, rate of pre-ED epinephrine use for
treatment of anaphylaxis did not appear to improve over time for food-induced anaphylaxis,
but it did appear to improve for any cause anaphylaxis. For any cause anaphylaxis, more
pre-ED epinephrine use over the last 10 years may explain why we do not see an increase in
ED epinephrine use over the same time frame.

Although we did not include studies from outside the United States or Canada in the
present study, it appears that treatment of any cause anaphylaxis by a health professional in
Europe may have improved over time. Using data from the European Anaphylaxis Register,
Grabenhenrich and colleagues found that over the last decide, epinephrine administration
from a health professional to treat anaphylaxis almost doubled to reach 30.6% in 2015—
2017.83 While this study examines epinephrine use in healthcare professionals generally,
rather than ED clinicians, it does suggest that epinephrine usage was very low 10 years

ago and has improved over time, but may still remain suboptimal. This study does not
examine epinephrine use by anaphylaxis etiology (e.g. food-induced anaphylaxis), so it is
not possible to know if food-induced anaphylaxis also has an improvement over time.
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We found that for both food-induced and any cause anaphylaxis, any epinephrine use
(pre-ED or ED) did appear to improve over time with rates as high as 80% in two different
studies. Among the patients who did not receive epinephrine for their anaphylaxis pre-ED
or in the ED, it is possible that non-guideline based care was given; however, there may be
alternative explanations in many cases. For example, anaphylaxis may have resolved prior
to ED presentation (e.g, Pouessel and colleagues found that among 116 children seen in an
ED for grade 3 or 4 anaphylaxis, 52% had rapid improvement of anaphylaxis symptoms
prior to ED arrival without epinephrine administration®4), the anaphylaxis may have been
mild (e.g., flushing and abdominal pain without other symptoms) and the patient may have
preferred not to receive an intramuscular medication, or the provider may have felt that the
risk outweighed the benefit (e.g., mild anaphylaxis in a patient with severe coronary artery
disease). Indeed, a study by Baalmann et al found that although more than 60% of patients
with anaphylaxis did not receive epinephrine in the ED, case review by two board certified
allergy immunology physicians deemed ED management appropriate in 98% of total
cases.3? In sum, epinephrine should always be used as soon as anaphylaxis symptoms are
recognized. However, ED clinicians may evaluate patients whose anaphylaxis has already
been treated with epinephrine prior to ED arrival or whose anaphylaxis spontaneously
resolved prior to evaluation, and therefore will likely not administer epinephrine to 100% of
patients who are presenting for anaphylaxis.

4.2 Limitations of the evidence

Limitations of the evidence used in this systematic review include, most importantly,
differences in the way anaphylaxis was defined. Some studies performed chart review of

all potential allergic reaction cases applying the NIAID/FAAN criteria for anaphylaxis,
which is the most widely accepted definition. Others used ICD-9 and/or ICD-10 codes

for anaphylaxis to identify possible cases and then performed chart review using NIAID/
FAAN criteria to verify the diagnosis, likely producing a higher severity group of patients
with anaphylaxis as there may have been cases that presented to the ED who met the
NIAID/FAAN criteria, but were not given an ICD-9 and/or ICD-10 code for anaphylaxis,
but rather were labeled with a different code like adverse food reaction or allergic reaction
not otherwise specified. Still others used only ICD-9 and/or ICD-10 codes for anaphylaxis
without additional validation, which has been shown to both over and under-include true
anaphylaxis cases in a sample.® There were also other methods in identified articles, which
have not been validated or present possible concern for bias. We attempted to address this by
performing sensitivity analyses using anaphylaxis definition (Figure 3).

An additional limitation is that several studies used in the food allergy analysis were focused
on single foods and therefore may not be representative of food allergy generally. Further,
several of the more recent food allergy studies are from the Cross-Canada Anaphylaxis
Registry (C-CARE). We ensured that we did not use overlapping samples by excluding

the study that covered a larger time period, if there were two timeframes that overlapped,
but it does give large representation to data from the C-CARE cohort, especially for
food-induced anaphylaxis data over the last 10 years. Reassuringly, C-CARE is the most
robust Canadian data available on anaphylaxis which includes data from multiple centers
across Canada. It has both retrospective and prospective data collection and therefore is less
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likely to be missing substantial numbers of observations. Finally, severity of anaphylaxis
was not reported in the vast majority of studies and therefore we were not able to report
whether treatment of anaphylaxis with epinephrine varied between mild, moderate and
severe presentations.

4.3 Limitations of the review process

Limitations of the review process include that we based our inclusion and exclusion criteria
on the primary outcome, rate of use of epinephrine for treatment of anaphylaxis in the

ED, and therefore studies that only reported data for our secondary outcomes (pre-ED
epinephrine use, any epinephrine use [pre-ED or ED], epinephrine autoinjector prescription
and allergy clinical referral on discharge) were not included in the systematic review. This
limits our ability to interpret the secondary outcomes, as we likely did not capture all extant
relevant literature on these different topics.

5.0 Conclusion

Epinephrine treatment of food-induced anaphylaxis in the ED has improved over time to
45% in the last 10 years. There is no clear change over time for anaphylaxis of any cause,
but there was the similar usage of epinephrine (45%) over the last 10 years as seen for
food-induced anaphylaxis. These data show possible improvements in pre-ED epinephrine
use and any epinephrine use (pre-ED or ED) for anaphylaxis, but our systematic search was
focused on ED administration and therefore may not have completely captured literature
related to these secondary outcomes. It is important to emphasize that pre-ED epinephrine
use will affect the rate of ED epinephrine use. We encourage future studies (including
systematic reviews) on epinephrine use in the treatment of food-induced and other cause
anaphylaxis to focus on pre-ED epinephrine use and any epinephrine use (pre-ED or ED) for
treatment of anaphylaxis. Similar studies (and systematic reviews) could be completed for
epinephrine prescriptions and allergy referral.
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