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Abstract

Background
The use of inconsistent definitions for anaphylaiscomes limits our understanding of the
natural history and epidemiology of anaphylaxisdering clinical practice and research efforts.

Objective
To develop consensus definitions for clinicallyeregint anaphylaxis outcomes utilizing a
multidisciplinary group of clinical and researctperts in anaphylaxis.

M ethods

Using Delphi methodology, we developed agenda sopid drafted questions to review during
monthly conference calls. Through online surveys9-amember panel, including experts in
allergy/immunology and emergency medicine, rateit level of agreement with the
appropriateness of statements on a 1 to 9 scateeddan value of 1.0 to 3.4 was considered
“inappropriate;” 3.5 to 6.9, “uncertain;” and 7®9.0, “appropriate.” A disagreement index was
then calculated, with values less than 1.0 categdras “consensus reached.” If consensus was
not reached after the initial survey, subsequerneys were sent to panel members incorporating
the aggregate de-identified responses from prioveys. This process was repeated until
consensus was reached or after 4 survey rounds véfich the question was categorized as “no
consensus reached.”

Results

The panel developed outcome definitions for peraistrefractory and biphasic anaphylaxis, as
well as persistent and biphasic non-anaphylactictiens. There was also consensus among
panel members regarding the need to develop arhglaags severity grading system.

Conclusion

Dissemination and application of these definitionslinical care and research will help
standardize the terminology used to describe aapisyoutcomes, and serve as the foundation
for future research, including the developmentrofnaphylaxis severity grading system.
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Clinical Implication
The anaphylaxis outcome definitions proposed ig $hidy have the potential to improve and
standardize the care of, and research outcomgmf@nts with anaphylaxis.

Capsule Summary

We developed consensus anaphylaxis definitionpdasistent, refractory, and biphasic
anaphylaxis; dissemination and application of tenitions has the potential to standardize and
improve clinical care and advance future research.

Keywords
Anaphylaxis; biphasic anaphylaxis; biphasic nonplayéactic reactions; Delphi; emergency
department; persistent anaphylaxis; persistentamayphylactic reactions; refractory anaphylaxis.

Abbreviations

DI: disagreement index

ED: emergency department

IM: intramuscular

IV: intravenous

NIAID/FAAN: National Institute of Allergy and Infé@us Disease and Food Allergy and
Anaphylaxis Network

NOS: not otherwise specified
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135 Introduction
136 Anaphylaxis is a severe, systemic mast cell ana#sophil-mediated reaction that occurs
137 after exposure with an allergy-causing substarmedd, medications, insect venom), while in
138 other cases the etiology may be unknown or occtelation to mast cell disordet$.From 2008
139 to 2016 there were over 400,000 emergency depattfa&) visits for anaphylaxis in the US.
140 During this time period, ED visit rates for anapxis doubled among all ages and tripled among
141  children® These reactions impose a significant personafiaadcial burden on patients and
142  families. In 2010 direct and indirect expenditui@sanaphylaxis in the US were $1.2 billion and
143  $609 million respectively, and these costs havayiincreased during the past decade.
144 Prompt recognition and treatment of anaphylaxi&witramuscular (IM) epinephrine are
145 essential to mitigate reaction severity and to enéomplications, including respiratory failure,
146 cardiovascular collapse, and death. In 2006, thHeh Institute of Allergy and Infectious
147 Disease and Food Allergy and Anaphylaxis NetworlA(R/FAAN) developed a widely
148 accepted definition of anaphylaxis for children aldilts and established clinical diagnostic
149 criteria (see Table ¥)The NIAID/FAAN guidelines have been instrumentaktandardizing
150 anaphylaxis diagnostic criteria, encouraging redagnand appropriate treatment, improving
151 communication between healthcare providers anemiatiand optimizing the care of patients
152  with anaphylaxis across healthcare settings.
153 Although most anaphylactic reactions resolve prdyrgiter treatment with epinephrine,
154 patients may experience persistent or recurrenp&yms necessitating additional interventions.
155 However, there are no uniformly accepted consebaged definitions to describe these
156 disparate clinical outcomes, limiting our understiag of their epidemiology and risk factors as
157  well as our ability to investigate or standardizeit managemenrit: The lack of clear and

158 objective definitions likely contributes to widenability in reported rates of biphasic
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anaphylaxis (between 1% to 19%) and inconsistestrggions of predictors of biphasic
anaphylaxis in recent studi&$.

This gap presents a need to develop consensugtioenof anaphylaxis outcomes for
application in clinical care and research, inclgdoersistent, refractory, and biphasic
anaphylaxis as well as persistent and biphasicamaphylactic reactions. Such definitions will
be instrumental when reporting outcomes in popaihadind patient level studies, including trials
comparing the efficacy of adjunctive and novel dpautics. Therefore, the objective of the
study was to develop consensus definitions forifipeclinically relevant anaphylaxis outcomes

utilizing a multidisciplinary group of clinical angsearch experts in anaphylaxis.
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M ethods
Delphi group panel members

We convened a Delphi group consisting of a 19-mermhbeel of experts in the field of
anaphylaxis, including allergists/immunologists getheral and pediatric emergency medicine
specialists. Panel members were selected basdwwrclinical expertise, prior published
research, expert recommendations, and membershagional research networks and
anaphylaxis interest groups. Three experts in taiale and Delphi methodology were also
included. Panel members engaged in monthly conéerealls and surveys from September 2019
through March 2020 to develop consensus anaphytaxcome definitions. The institutional

review board at Cincinnati Children’s Hospital Meali Center approved this study.

Literature search

We performed a literature review of Embase, PubNiathrane and Scopus databases
for English articles from 1997 to August 2019 usihg following search terms: anaphylaxis
severity, anaphylaxis grading system, anaphylarddigg scale, anaphylaxis grade, biphasic
anaphylaxis, persistent anaphylaxis, refractorypbhylaxis, and protracted anaphylaxis. Articles
published prior to 1997 were also included if thegre cited at least 5 times in references from
the literature search. The primary investigator \ T&iewed the literature search and excluded
duplicate articles and articles not related todfuely aims. Study panel members had access to
relevant articles and were asked to review thewr poi conference calls and before responding
to survey questions. If a panel member felt an i@ article was omitted from the literature
search, the article was disseminated to all pamehlbers and made available in a common

online study folder that included all articles frane search.

Delphi surveys
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The Delphi method is a structured group conseretisitque with identified subject-
matter experts answering survey questions in iterabunds. We used the approach by Fitch
and colleagues (the RAND/UCLA appropriateness nthehich has been used in similar
studies>* In each survey round, panel members were askede¢@ach statement on level of
agreement (1 extremely inappropriate to 9 extrerapfyropriate), or not applicable if panel
members did not feel they had the necessary egpeatibackground knowledge to rank a
particular statement®** Additionally, panel members were encouraged tevsuftee text
comments to clarify their response to every quassaggest additional questions, or
recommend modifications to existing questions. Aliae appropriateness value of 1.0 to 3.4
was considered “inappropriate;” 3.5 to 6.9, “una@rf’ and 7.0 to 9.0, “appropriaté®!* A
disagreement index (DI) was then calculated (dele 82 in the Online Repository), and, a
value less than 1.0 indicated “consensus reacteggirding the statemetft**

If consensus for a question was not reached ddéeinitial survey, subsequent surveys
were sent to panel members incorporating the agtgete-identified responses from prior
surveys with the goal of narrowing responses tohr@&nsensus. This process was repeated until
consensus was reached for each statement or aftevdy rounds. If no consensus was reached
by the fourth round, the question was categorizetha consensus reached.” After consensus
was reached for individual questions pertaining topic (e.g. biphasic anaphylaxis), a
composite definition was created based on the resgsofrom questions pertaining to the study
topic. For an explanation of questions that theigrconsidered when determining the need for
and developing consensus outcome definitions,leesupplemental document in the Online

Repository.
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Conference calls

Three panel members (TD, HS, DS) developed ag@amiestand drafted questions to
review during conference calls. Monthly conferenakls with the full Delphi panel were
designed to answer logistical questions relatexiudy execution, review results from the prior
survey rounds including questions for which theugrdid not reach consensus, and review and
clarify questions. During calls, panel members discussed relevant research and clinical
experiences related to the questions. Audio rengsdof the calls were made available to panel
members who could not join the live calls. Qualtathemes discussed during calls related to
specific questions and topics are presented inethdts section to provide a contextual
framework for the definitions. Following conferenzals, panel members were asked to
review/revise questions, and the primary investigabmpiled revisions and incorporated them

into a secure, anonymous online survey (ReseaettrBhic Data Capture, Nashville, TH).
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230 Results

231 All panel members (n=19) participated in each Betpund. An overview of questions
232 related to each Delphi topic, including the mediaare, DI, number of survey rounds to reach
233 (DI <1.0) or not reach consensus (P1.0) on questions, and number of panel members for

234 each round are listed in Table E3 in the OnlinedRépry.

235 There was consensus that the 2006 NIAID/FAAN ankpty criteria should be used to
236 categorize anaphylaxis in all outcome definiticansg that the definitions developed by the

237 expert panel would apply to all ages, includingmts, children, and adults. Consensus was also
238 reached that anaphylaxis is a clinical diagnosid,taus the definitions can apply to all cases of
239 anaphylaxis that fulfill NIAID/FAAN criteria no m&r the allergen, pathophysiologic response
240 (e.g. IgE mediated vs. non-IgE mediated), undegyionditions, or comorbidities. There was
241 consensus that the panel should develop outconmataefs for persistent anaphylaxis,

242 refractory anaphylaxis, biphasic anaphylaxis, a6 agepersistent non-anaphylactic reactions,
243 biphasic non-anaphylactic reactions, and an anaglsyseverity grading system (see Table E3

244  in the Online Repository for question specific naedappropriateness values and DI).

245 Consensus was also reached regarding the needdmdeeparate diagnostic criteria
246  (other than the NIAID/FAAN anaphylaxis critetjdor infant anaphylaxis given the

247 NIAID/FAAN criteria may lack adequate sensitivityrfdiagnosing anaphylaxis in this age

248 group. However, in the free text option for thisegtion, panel members responded that rather
249 than developing separate criteria for infant an#gptiy, the NIAID/FAAN criteria could be

250 modified to include clinical features that are mseasitive for diagnosing anaphylaxis in

251 infants.

252  Definition of persistent anaphylaxis
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The definition for persistent anaphylaxis is shawitable Il. Panel members
acknowledged that there is minimal data suppowuitigne threshold for classifying reactions as
persistent, and thus the proposed time threshdidged on expert opinion, clinical expertise,
and an extensive review of the literature. To aotder this, panel members were asked to
suggest time thresholds based on their revieweofitdrature and clinical experience. Suggested
time thresholds were 1, 2, 4, 6, 12, and 24 h@ftsr two Delphi rounds, there was consensus
that to be categorized as persistent anaphylagisjgtent symptoms must fulfill NIAID/FAAN
anaphylaxis criteria and must last hours: Additionally, there was agreement that the

definition of persistent anaphylaxis was indepena@déthe management of the initial reaction.
Definition of refractory anaphylaxis

The definition of refractory anaphylaxis is showriTiable Il. It took three Delphi rounds
to determine whether reactions must be treated 2vith3 epinephrine doses to be categorized as
refractory anaphylaxis. Consensus was reachedcalet categorized as refractory anaphylaxis,
the initial reaction must be treated with 3 or mapgropriate doses of epinephrine (or initiation
of an intravenous [IV] epinephrine infusion) in &txh to symptom-directed medical
management, such as an IV fluid bolus for hypotamsr supplemental oxygen for hypoxia or
shock. For this question, we intentionally did mmiude every possible symptom/therapy
combination, but instead included a general stateémoereflect the need for patients to receive
appropriate resuscitative/supportive therapieslditeon to treatment with epinephrine. The
group reinforced that this statement does not nogaitians should delay or substitute treatment
with epinephrine to administer other therapies. (elgaled beta agonists, IV fluid boluses);
instead, it reflects the importance of ensuringgods receive appropriate resuscitative efforts

before classifying reactions as refractory. Theas also agreement that the definition of
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refractory anaphylaxis was not dependent on thatdur of symptoms/exam findings, but
instead the persistence of anaphylaxis followingrapriate epinephrine administration and

medical management of specific symptoms/exam foglin
Definition of biphasic anaphylaxis

The composite definition of biphasic anaphylaxisuglined in Table 1. Panel members
reached consensus that initial symptoms need t@ledety resolve prior to the onset of
recurrent symptoms and that recurrent symptoms fuligt NIAID/FAAN anaphylaxis
criteria’. Furthermore, there was agreement that the definif biphasic anaphylaxis is
independent of the management of the initial reactThus, initial reactions do not have to be
treated with epinephrine for recurrent symptomd@ategorized as a biphasic anaphylaxis.
During dialogue about this question, panel membgrsed that anaphylactic reactions may
resolve without treatment with epinephrine priomedical provider evaluation. Thus, there
would be no indication to administer epinephrinéhattime of provider evaluation. If patients
then developed recurrent symptoms that fulfillgohlaisic anaphylaxis criteria, the reaction

would appropriately be categorized as biphasic.

Consensus was reached that there should be a ammand maximum time threshold
from the complete resolution of initial symptomghe onset of recurrent symptoms. Panel
members noted that reducing the minimum time tlolels{ihe threshold before which the
presence of new/recurrent symptoms/exam findingsavoot be categorized as biphasic
anaphylaxis) would increase the definition’s sevisyt while expanding the threshold would
increase the definition’s specificity. In contragthe upper time threshold (the threshold after
which the presence of new/recurrent symptoms/exadmigs would not be categorized as

biphasic anaphylaxis) was excessively long (ewgeék), it would decrease the definition’s
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specificity by including reactions that may notre&ated to the initial reaction but instead
represent discrete reactions. Panel members segdester (30, 60, 120, and 240 minutes) and
upper time thresholds (24, 36, 48, and 72 hoursjl&ssifying biphasic reactions based on their
review of the literature and clinical expertiseeTinal lower and upper time thresholds
developed by the group weré hour (required two Delphi rounds to reach consghand< 48

hours (required three Delphi rounds to reach cas®respectively.
Definitions of persistent and biphasic non-anaphylactic reactions

The definitions of persistent and biphasic non-ay&getic reactions are listed in Tables
lll. The only difference between the definitionsparsistent and biphasic non-anaphylactic
reactions and persistent and biphasic anaphylaxisai for the former definitions, persistent and

recurrent symptoms do not fulfill NIAID/FAAN anaplais criteria®

Definition of anaphylaxis not otherwise specified (NOS)

Consensus was reached that anaphylaxis NOS isededis anaphylactic reactions that do
not fulfill the following clinical outcomes: fat@naphylaxis, persistent anaphylaxis, biphasic
anaphylaxis, persistent non-anaphylactic reactionbiphasic non-anaphylactic reactions.
However, the panel recognized that there is a gjpaabf severity among patients with this label
and that the definition can only be applied aftgéhdéurs (the time at which reactions can no

longer be classified as biphasic).

The outcome definitions shown in Figure 1 are notually exclusive and a patient may
fulfill more than one outcome through their cliflicaurse; however, one outcome must always
precede another. For example, a patient may hénaetrery anaphylaxis (for which symptoms

completely resolve after treatment with 3 doseldvbépinephrine) and if the initial reaction lasts
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4 hours it would then fulfill persistent anaphylaxriteria (this example would be categorized as

refractory, persistent anaphylaxis).
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Discussion

We convened a multidisciplinary panel of anaphydasiperts to develop consensus
anaphylaxis outcome definitions for persistentiaetory, and biphasic anaphylaxis, as well as
persistent and biphasic non-anaphylactic reactiélisough there was agreement that there is
also a need to develop an anaphylaxis severityirggaystem and separate criteria for
diagnosing infant anaphylaxis (or modify existinbAND/FAAN criteria to include symptoms
more specific for infant anaphylaxisyve felt these topics were beyond the scope efshidy
and would be better addressed through future irgag&in which could expand upon or

incorporate components of the definitions outlinethis study.

The study was conducted using rigorous Delphi nalogy previously applied in other
clinical fields of medicin€;** and we included clinicians and researchers wiffegise in
Delphi methodology and qualitative research to emgiwe appropriateness of methods and study
procedures. This is the first study to evaluatengxed for anaphylaxis outcome definitions based
on input from a multidisciplinary group of anaphyiaexperts, including

allergists/immunologists and ED providers who darechildren and adults.

This study advances the classification of anaphylaMtcomes by defining not only
persistent, refractory, and biphasic anaphylaxis abso persistent and biphasic allergic reactions
that do not fulfill NIAID/FAAN anaphylaxis criteria We felt these were necessary designations
given that prior studies have categorized all bfaheeactions, no matter whether they fulfill
NIAID/FAAN criteria, as biphasic anaphylaxis>*°This distinction is important to harmonize
data about the prevalence and risk factors fordsjghanaphylaxis in clinical practice, given
clinicians may make different management decisbased on the risk of biphasic anaphylaxis

versus biphasic non-anaphylactic reactions. Adadliily, the outcome definitions only apply to
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348 anaphylactic reactions and thus cannot be useddaritde clinical courses following non-
349 anaphylactic reactions. For example, if a patiest & non-anaphylactic reaction and then
350 develops recurrent symptoms that fulfill anaphydeciiteria, the recurrent symptoms cannot be

351 classified as biphasic anaphylaxis.

352 The definitions are designed to apply to both chhicare and research, and are based on
353 best available, although limited evidence. Nonetb®| we believe the definitions are pragmatic
354 and also provide a nuanced approach for evaludistonct, clinically important outcomes of

355 patients with anaphylaxis. Thus, we do not anttgsagnificant barriers when applying the

356 definitions to bedside care because they are b@sadportant clinical questions and they

357 incorporate reaction features that are easily &soed during medical evaluation (e.g. duration

358 of symptoms, resolution of initial symptoms/examdings).

359 During conference calls, panel members routinatesitthat there is a lack of validated
360 data to inform responses to many of the questitils. this study is a practical, necessary first
361 step in standardizing the outcomes of patients aphylaxis. Applications of the definitions
362 in clinical care and research has the potentiahfirove communication among clinicians and
363 patients/families and to standardize research owgsoFor example, if a patient develops

364 isolated urticaria 2 hours after complete resotutibinitial anaphylaxis symptoms, the reaction
365 would be classified as “anaphylaxis with a bipha&io-anaphylactic reaction,” while a patient
366 with anaphylaxis who requires 3 doses of epinehaimd who receives symptom-directed
367 therapy would be described as having “refractogpaiylaxis.” These efforts may help better
368 elucidate the true prevalence of persistent, redrgcand biphasic anaphylaxis and may be
369 incorporated in study protocols to evaluate thicadly of adjunctive anaphylaxis medications

370 (e.g. systemic steroids, antihistamines) and nihexhapeutics.
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There was robust discussion about whether defirstghould apply to broad categories
of patient ages and allergens, or instead shouloiiited in scope. These were important
guestions given that reactions may be caused bxgalhs involving different pathophysiologic
pathways that necessitate tailored short- and teng-management decisions. Although there
was uncertainty as to whether the definitions sthaplply to infants, consensus was ultimately
reached that infants should be included; howevés,important to acknowledge that the
sensitivity of these definitions may be lower ifaimcy because symptoms are more difficult to
detect in this age group. Thus, these criteria lshoot dictate management decisions across all
settings and contextual clinical management rema@namount. Instead, the definitions are
designed to standardize the terminology used toritiespatient outcomes following
anaphylactic reactions. This statement was instnt@héo the study given we sought to develop
definitions that clinicians and researchers alilkkésupport to advance patient care and research,

and thus we believe will lead to their widespreas$emination and application.

Panel members repeatedly emphasized that the titgismare not intended to dictate
clinical care given there may be unique diagnaatid therapeutic decisions for specific
allergens and patient presentations. Additionatlg,definitions are not prescriptive to decision
making about observation periods or need for hakpétion. For example, it may be reasonable
for a patient with isolated oropharyngeal edemiaaiee an extended observation period to ensure
she does not develop upper airway obstruction teeipe patient not fulfilling persistent or
refractory anaphylaxis criteria. Similarly, a patievith anaphylaxis that lasts 3 hours may

require hospitalization despite the reaction ndilling persistent anaphylaxis criteria.

When developing the outcome definitions, a keycept was whether definitions were

independent of the management of the initial reactThe group reached consensus that for
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persistent and biphasic reactions, the diagnosssnetdependent on the management of the
initial reaction given the definitions are intendectlassify the presence/absence of symptoms in
relation to the initial reaction. However, thereswacognition that there is a subset of patients
who have persistent anaphylactic reactions degpgisément with multiple doses of epinephrine
and symptom-directed medical management, and teuseweloped a definition for refractory
anaphylaxis. Although the definition introduces jsghve elements such as treatment decisions,
we believe this is an important clinical and resbkatistinction given there is no precise estimate
in the literature about the prevalence and riskofacfor refractory or fatal anaphylaxis, nor how

to optimize treatment strategies in this high-dskort®°

A fundamental theme of the definitions is the tigmdf new/recurrent symptoms and the
duration ofpersistent anaphylaxis. Although there was agreement thamitiehs should include
clear time delineations, there was acknowledgniattthere are insufficient data to inform these
time periods. It was underscored that reducingkteraling time thresholds would affect the
prevalence of outcomes and the sensitivity/spegifaf definitions. Similarly, shortening the
asymptomatic period fdsphasic anaphylaxis would be associated with an increpsedalence
of these reactions and would also increase thaitlefi’'s sensitivity. In contrast, an excessively
short asymptomatic period (e.g. one minute) wowldoe clinically or biologically plausible and
would reduce the definition’s specificity while arcessively long minimal asymptomatic period
(e.g. 12 hours) would not have face validity fanicians who would be reluctant to not
categorize symptoms that recur after 4 or 6 hositsighasic. To account for these scenarios, the
group made a concerted effort to ensure time tlotdstwere clinically and biologically

plausible to ensure buy-in from clinicians and aeskers alike and agreed that for persistent
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anaphylaxis symptoms/exam findings must ¥ashours and for biphasic anaphylaxis the

asymptomatic period must be from 1 to 48 hours.
Limitations and future areas for research

This study is subject to limitations, mainly reldtto the paucity of validated clinical or
basic science research to support the criteria wgoch the definitions are based. We recognize
that consensus was reached for definitions andttmesholds based on expert opinion using
best available evidence, and not objective dath aadrends in the level of anaphylaxis
biomarkers (e.g. tryptase) over time. This was iregy as there are currently no biomarkers that
are routinely used in clinical practice that caatelwell to symptoms or clinical cours8s.
Additionally, for the definitions of persistent abghasic anaphylaxis, we were not able to
provide an explanation for how the route of allerggposure may elicit persistent or
recurrent/new symptoms (e.g. persistent allerggo®xre in the gastrointestinal tract), or the
effect of medications and their half-lives on syamptduration or recurrence. Although the
definitions rely on the 2006 NIAID/FAAN anaphylaxisiteria; we recognize that there are new
proposed anaphylaxis diagnostic criteria in therditure’’ The group reached consensus that the
2006 NIAID/FAAN criteria should be used given thee broadly applied in clinical practice
and research, have been validated in both retragpeand prospective studies, and have
withstood the test of time since their inceptidfi’°We believe the definitions proposed in this
study could be easily adopted based on modificatiorihe NIAID/FAAN criteria or new

diagnostic criteria.

Despite these limitations, we believe this studipismdational because it proposes
definitions that have the potential to advanceicdihcare and research, including prospective

cohort studies to evaluate the feasibility of appiythe definitions in clinical and research
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settings and thereby determining the true preval@fthese reactions. Although we based
definitions on symptoms and exam findings, we gténastic this work reinforces the need to
transition current clinical practice to a precisiordicine model of car@:?* Such a model would
incorporate biomarkers, genetics, and epigenatienhance clinicians’ ability to accurately
diagnose anaphylaxis, predict treatment resporse®lhas patient specific risks of persistent or
biphasic reactions, and develop targeted therapigeat and prevent anaphylaxis among high

risk individuals.

Finally, there is a need for a consensus anapisysexerity grading system for
application in clinical care and research. Limdas of prior grading systems include the use of
non-specific terms to denote reaction severitytaednability to differentiate between clinically
important phenotypes. Additionally, some gradingtesns are complex and difficult to
remember (which precludes their use in clinicaégavhile others have limited relevance in
research because they lack granularity or do nmiwat for the totality of symptoms during the
course of reaction€>*Thus, a consensus grading system must be clipicd#vant for patients
and families and enable researchers to accuraaédgarize reaction severity when assessing the
efficacy of current and novel therapies in clinitéls. Such a severity system could be
incorporated into the outcome definitions outlimedhis study to categorize the severity of

persistent and biphasic anaphylaxis.
Conclusion

We developed consensus definitions of persistefractory, and biphasic anaphylaxis,
as well as persistent and biphasic non-anaphylesgictions. Successful dissemination and
application of these definitions in clinical caredaesearch has the potential to standardize the

terminology used to describe anaphylaxis outcomesng clinicians and patients. They can
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serve as a foundation for future research to etaline epidemiology of anaphylaxis, transform
current clinical practice to a precision medicined®l of care, and determine the efficacy of
current and novel therapeutics. Additionally, #iisdy supports the need to develop a consensus

anaphylaxis severity grading system for applicatiodlinical care and research.
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Tablel: Clinical criteria for diagnosing anaphylaxis”

Anaphylaxisis highly likely when any one of the following 3 criteria are fulfilled:

1.

Acute onset of an illness (minutes to several Howith involvement of the skin, mucosal
tissue, or both (eg, generalized hives, pruritufushing, swollen lips-tongue-uvula)
AND AT LEAST ONE OF THE FOLLOWING

a.

b.

Respiratory compromise (e.g. dyspnea, wheeze-bospelsm, stridor, reduced peak
expiratory flow, hypoxemia)

Reduced blood pressure or associated symptomslesrgian dysfunction (e.g.
hypotonia [collapse], syncope, incontinence)

Two or more of the following that occur rapidlyefiexposure to a likely allergen for that
patient (minutes to several hours):

a.

b.

C.

d.

Involvement of the skin-mucosal tissue (e.g. gdirsad hives, itch-flush, swollen
lips-tongue-uvula)

Respiratory compromise (e.g. dyspnea, wheeze-bospealsm, stridor, reduced peak
expiratory flow, hypoxemia)

Reduced blood pressure or associated symptomshgggtonia [collapse], syncope,
incontinence)

Persistent gastrointestinal symptoms (e.g. crarbppminal pain, vomiting)

Reduced BP after exposure to known allergen fdrghtient (minutes to several hours):

a.

b.

Infants and children: low systolic BP (age spetificgreater than 30% decrease in
systolic BP

Adults: systolic BP of less than 90 mm Hg or gre#gtan 30% decrease from that
person’s baseline

TLow systolic blood pressure for children is defirmdless than 70 mm Hg from 1 month to 1
year, less than (70 mm Hg + [2 x age]) from 1 to/&lrs, and less than 90 mm Hg from 11 to
17 years. Used with permission.
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Tablell: Clinical criteriafor diagnosing persistent, refractory, and biphasic anaphylaxis

Persistent anaphylaxisis highly likely when the following criterion is fulfilled: 2

Presence of symptoms/exam findings that fulfill 20906 NIAID/FAAN anaphylaxis criteria
that persist for at least 4 hodrs.

Refractory anaphylaxisis highly likely when both of the following 2 criteria are fulfilled: °

1. Presence of anaphylaxis following appropriate qgin@e dosing and symptom-directed
medical management (e.g. IV fluid bolus for hypsten).

2. Theinitial reaction must betreated with 3 or more appropriate doses of epinephrine
(or initiation of an |V epinephrineinfusion). ©

Biphasic anaphylaxisis highly likely when all of the following 4 criteria are fulfilled:

1. New/recurrent symptoms/exam findings must fulfikt2006 NIAID/FAAN anaphylaxis
criteria’

2. Initial symptoms/exam findings must completely tes@rior to the onset of
new/recurrent symptoms/exam findings.

3. There cannot be allergen re-exposure prior to tiseof new/recurrent symptoms/exam
findings.

4. New/recurrent symptoms/exam findings must occuhiwif to 48 hours from complete
resolution of initial symptoms/exam findings.

4The diagnosis of persistent anaphylaxis is independf the management of the initial
reaction. For reactions that do not fulfill persigtanaphylaxis criteria, please refer to Table 1lI
(clinical criteria for diagnosing persistent noraphylactic reactions).

PRefractory anaphylaxis is not dependent on thetiuraf symptoms/exam findings.

¢ Appropriate epinephrine dosing: 0.01 mg/kg IM epihrine, maximum single dose 0.5 mg.
Also includes manufacturer recommended dosinggorephrine auto-injectors.

9The diagnosis of biphasic anaphylaxis is independethe management of the initial reaction.
For reactions that do not fulfill biphasic anaphxysacriteria, please refer to Table 11l (clinical
criteria for diagnosing biphasic non-anaphylaatiaations).
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585

Tablelll: Clinical criteriafor diagnosing persistent and biphasic non-anaphylactic
reactions

Persistent allergic reactions are highly likely when the following criterion is fulfilled: @

Presence of symptoms/exam findings that do natlftiie 2006 NIAID/FAAN anaphylaxis
criteria that persist for at least 4 hotirs.

Biphasic allergic reactions are highly likely when all of the following 4 criteria are fulfilled: °

1. New/refurrent symptoms/exam findings do not futhik 2006 NIAID/FAAN anaphylaxis
criteria:
2. Initial symptoms/exam findings must completely fesrior to the onset of new/recurrent
symptoms/exam findings.
3. There cannot be allergen re-exposure prior to tiseiof new/recurrent symptoms/exam
findings.
4. New/recurrent symptoms/exam findings must occuhiwif to 48 hours from complete
resolution of initial symptoms/exam findings.
586 ?The diagnosis of persistent allergic reaction tejpendent of the management of the initial
587 reaction.
588 PThe diagnosis of biphasic allergic reaction is jmetedent of the management of the initial
589 reaction
590
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Figurelegend

Figure 1: Algorithm for applying the anaphylaxis outcome definitionsin clinical care and
research

Anaphylaxis not otherwise specified is defined @apdylactic reactions that do NOT fulfill the
following clinical outcomes: fatal anaphylaxis, gpistent anaphylaxis, biphasic anaphylaxis,
persistent non-anaphylactic reactions, or biphasrcanaphylactic reactions.

a. There cannot be allergen re-exposure priordmitset of new/recurrent symptoms/exam
findings.

b. Appropriate epinephrine dosing: 0.01 mg/kg INhephrine, maximum single dose 0.5 mg or
manufacturer recommended dosing for epinephrine-iagctors.

c. Symptom-directed medical management such ag #uitl bolus for hypotension or albuterol
for wheezing.

d. Outcome definitions are not mutually exclusiggy( a patient who has refractory anaphylaxis
may also have/develop persistent or biphasic araypisy.
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Online repository
Supplemental document E1: Outstanding questioaddoess with the Delphi process

Topic 1. Outcome definitions, patient population, care locations, allergens
Definitions

The first topic sought to assess what anaphylaxisome definitions the group should
develop, and what anaphylaxis diagnostic criteivallel be used during the Delphi process.
Definitions were intended to provide clear, condsscriptions and criteria of common clinical
courses following anaphylactic reactions, spediffgaersistent and recurrent symptoms/exam
findings and the timing of such symptoms in relatio the initial reaction. Proposed definitions
included: 1) persistent symptoms/exam findings thlfitl anaphylaxis criteria following an
anaphylactic reaction; 2) refractory symptoms/esfiawtings that fulfill anaphylaxis criteria
following an anaphylactic reaction despite treattweith epinephrine; 3) persistent
symptoms/exam findings that do not fulfill anaphysacriteria following an anaphylactic
reaction; 4) biphasic symptoms/exam findings th#tlf anaphylaxis criteria following an
anaphylactic reaction; 5) biphasic symptoms/examifigs that do not fulfill anaphylaxis criteria

following an anaphylactic reaction.

Beyond these definitions, the group was also askegther there was a need to develop
separate anaphylaxis diagnostic criteria for irdagiven the potential for the 2006
NIAID/FAAN anaphylaxis criteria to not have adegaaensitivity for diagnosing anaphylaxis in
infants who may present with subtle symptoms @rgwsiness, excessive crying, clinging to
caregivers, or cessation of pldy)Lastly, given there have been recommendationsveldp a

severity scoring system for acute allergic reactfdrthe group was asked whether there was a
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similar need to develop a severity grading systpetific to anaphylaxis for application in

clinical care and research.

Definition application

Given the intent of the study was to develop outea®finitions that could be easily and
broadly applied in clinical practice and reseaml ,wanted to assess whether participants agreed
that definitions should be applicable to broad gaties of patient ages, allergens, and care
settings while recognizing that there may be unigjirecal scenarios for which the definitions

should not be used.

Patient ages and care settings

We sought to assess what patient ages (e.g. infantdren, adults) the outcome
definitions should apply. Additionally, althoughaghylaxis can occur in any setting (e.g. non-
healthcare locations such as schools and homésspital-based locations such as the ED or

operating room), we sought to stipulate what cacations the definitions would apply.

Allergens and conditions

The group wanted to determine whether there aeifépallergens or triggers (including
conditions that may cause anaphylaxis such aseefisictivation disorders) for which the
definitions should or should not apply. InherentHis was the realization that allergists and ED
providers may approach this question from two uejduut important perspectives. Specifically,
allergists may be more inclined to think mechacly (e.g. IgE mediated vs non-IgE mediated
reactions) and incorporate pathophysiological exagian for reactions compared to ED
providers who practice in an environment in whieéyt are forced to make rapid diagnostic and

management decisions based on pattern recognitrated historical information, and without
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laboratory diagnostics (e.g. allergen IgE levet# prick testing). Thus, when assessing what
allergens to incorporate/exclude from the defimigioa critical question was whether this
designation should be based on phenotypic chaistatsr(symptoms/exam findings),
pathophysiologic mechanisms (e.g. IgE vs non-IgHiated reactions), or a combination of the

two.
Topic 2: Persistent anaphylaxis, refractory anaphylaxis, persistent allergic reactions

For the second topic, we sought to develop dedimst for persistent symptoms/exam
findings after an anaphylactic reaction. Inhererthis topic is the word “persistent,” which
describes the duration of symptoms/exam findingsdwes not reflect the treatment of the initial
reaction (e.g. receipt of epinephrine). Howevegrdéhwas recognition that there may also be
value in developing a definition of symptoms/exandlings that persist despite treatment with
epinephrine. Thus, the group sought to assess ethithre was need to develop separate
outcome definitions to describe three clinical s@srof patients with persistent symptoms/exam
findings after an anaphylactic reaction: 1) peesissymptoms/exam findings that fulfill
NIAID/FAAN anaphylaxis criteria despite treatmeritimviM epinephrin&®, 2) persistent
symptoms/exam findings that fulfill NIAID/FAAN an&plaxis criteria independent of the
treatment of the initial reaction, 3) persistenhgyoms/exam findings that do not fulfill

NIAID/FAAN criteria.

Questions related to refractory anaphylaxis inallidg To be categorized as refractory
anaphylaxis, how many doses of epinephrine (1,d,rBore) need to be administered without
resolution of anaphylaxis (e.qg. if patients do mspond to said dose(s) of epinephrine the
reaction may be categorized as refractory)? 2)é& odbegorized as refractory anaphylaxis, in

addition to treatment with appropriate epinephdosing, does the reaction need to be treated
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with appropriate medical management of specificfgypms? Although epinephrine is the first
line therapy to treat anaphylaxis and should beiidtered repeatedly or as a continuous
intravenous infusion for refractory symptoms, patiiemay also require other resuscitative
interventions such as an IV fluid bolus for hypatien, inhaled beta agonists for persistent
wheezing or respiratory distress, or supplementgdien for hypoxia or shock. Additionally,
there was question as to whether the definitiorefsactory anaphylaxis is based solely on the
persistence of anaphylaxis following appropriatmephrine dosing and medial management of
specific symptoms/exam findings (e.g. IV fluid b®lior hypotension), or if it is also dependent

on the duration of symptoms/exam findings.

Questions related to persistent anaphylaxis incutlewhether persistent
symptoms/exam findings must fulfill NIAID/FAAN anhplaxis criterid”, or, whether isolated
symptoms (not including hypotension) could be dfeesbas persistent anaphylaxis? 2) To be
classified as persistent anaphylaxis, did initgaations need to be treated with epinephrine, or is
the diagnosis of persistent anaphylaxis indepenalathe management of the initial reaction? 3)
After initial symptom onset, should there be a miam duration of symptoms/exam findings to

classify reactions as persistent?
Topic 3: Biphasic anaphylaxis and biphasic allergic reactions

For the third topic, we sought to develop a congsmfinition of biphasic anaphylaxis
and biphasic allergic reactions. Key questiongedl#o this topic included: 1) Do biphasic
anaphylactic reactions need to fulfill the 2006 NDAAAN anaphylaxis criteriz, or can
recurrent symptoms/exam findings be in isolatiag.(articaria or emesis) and not fulfill
NIAID/FAAN criteria? 2) Do symptoms/exam findingom the initial anaphylactic reaction

need to completely resolve prior to the onset ofineent symptoms/exam findings? 3) Do initial
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reactions need to be treated with IM epinephriner o the onset of recurrent symptoms/exam
findings, or, is the definition of biphasic anapdik independent of the management of the
initial reaction? Although treatment with IM epirfeme is the first line therapy for anaphylaxis,
there is the potential for symptoms/exam findirgsetsolve without receipt of epinephrine by
the time patients are evaluated by healthcare geosj and, in this scenario patients may
develop recurrent symptoms/exam findings followamgasymptomatic period. 4) For reactions
to be categorized as biphasic anaphylaxis, doesititeng allergen need to be known or
suspected/likely? Although the inciting trigger mayunknown in 18% of biphasic reactidis,

if the allergen is unknown there is potential thabay still be present (e.g. food in the
gastrointestinal tract) and thus may elicit recoirisymptoms/exam findings. 5) Does there need
to be a minimum time interval from resolution oiti@ symptoms to onset of recurrent
symptoms/exam findings, and if so, what time in&¢should be used? 6) Should there be a
maximum upper time threshold from resolution ofiadisymptoms to onset of recurrent
symptoms/exam findings, and if so, what time inééshould be used? For this question we
wanted to determine whether there is a time thidgbe@yond which symptoms/exam findings
would not be categorized as biphasic anaphylakiengextending this threshold may decrease
the likelihood that recurrent symptoms are relatethe initial reaction. Although 72 hours has
been cited as an upper time threshold for cateiggriziphasic anaphylaxfé;®there is
uncertainty as to whether symptoms that occur ataund 72 hours are truly related to the
initial reaction or instead represent distinct teaxs. Finally, given the potential for patients to
have recurrent symptoms that do not fulfill bipleceamnaphylaxis criteria, we felt it important to

define these reactions. This is especially truemirecurrent symptoms may influence clinical
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decision making (e.g. length of clinic or ED obs#ion, need for hospitalization) and are

important to patients/families no matter whetheytkulfill biphasic anaphylaxis criteria.
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Table E2: Disagreement index (DI) calculation™’

Lower Limit IPR = 33rd percentile of the seriesrafings

Upper Limit IPR = 66th percentile of the seriegatings

IPR°= (Upper Limit IPR) — (Lower Limit IPR)

IPRCP (Central point of IPR) = Average of Upper LimitRRand Lower Limit IPR
Asymmetry Index = (5) - (IPRCP)

IPRAS = 2.35 + (1.5 * Asymmetry Index)

Disagreement Index (DI) = IPR/IPRAS

4PR = Interpercentile Range
PIPRCP = Interpercentile Range Central Point
‘IPRAS =Interpercentile Range Adjusted for Symmetry
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Table E3: Summary Delphi results, stratified by topic (Participants = 19)

Question

M edian®

DI

Rounds

Definition application

The definitions are designed to apply to the
broadest categories of patient ages, allerge
and care settings while recognizing there w
be specific clinical scenarios for which the
definitions may not be applicable.

ns,
il

0.34

Anaphylaxis is a clinical diagnosis, thus the
definitions can apply to all cases of
anaphylaxis that fulfill NIAID/FAAN criteria
no matter the allergen, pathophysiologic
response (e.g. IgE mediated vs. non-IgE
mediated), underlying conditions, or
comorbidities.

0.34

The diagnosis of anaphylaxis we will utilize
the 2006 NIAID/FAAN anaphylaxis
diagnostic criteri&>

S 8

0.31

Need for definitions

Anaphylaxis severity grading system

0.00

Infant anaphylaxis diagnostic criteria

0.03

Persistent anaphylaxis

0.34

Refractory anaphylaxis

0.34

Biphasic anaphylaxis

0.00

Persistent non-anaphylactic reactions

0.98

Biphasic non-anaphylactic reactions

0.37

Ages

Patients less than 18 years of age will be
categorized as children and those 18 years|
older will be categorized as adults.

and

0.34

The definitions will apply to adults.

0.34

There should be an upper age threshold for

which the anaphylaxis definitions do not
apply.

15

0.13

The definitions will apply to pre-pubertal
children.

0.00
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The definitions will apply to post-pubertal 9 0.00 1
children.
The definitions will apply to children 8 0.1 3
including infants.
Care locations
The definitions will apply to the following care settings or individuals:
Out of hospital, non-healthcare setting (e.g 9 0.02 1
home or school)
Outpatient healthcare setting (primary or sub- 9 0.00 1
specialty clinic)
Emergency department 0.00 1
Urgent care 9 0.00 1
Inpatient including stepdown and intensive 9 0.00 1
care units
Perioperative 8 0.91 1
Operating room 0.34 1
Prehospital/emergency medical services 9 0.00 1
personnel
Persistent anaphylaxis
To be categorized as persistent anaphylaxis, 9 0.34 1
symptoms/exam findings must fulfill the 2006
NIAID/FAAN anaphylaxis criteria.
The definition of persistent anaphylaxis is 9 0.34 2
independent on the management of the initjal
reaction.
There should be a minimum duration of 8 0.34 1
symptoms/exam findings for an anaphylactic
reaction to be categorized as persistent
anaphylaxis.
To be categorized as persistent anaphylaxis,
symptoms/exam findings must laskX
hour(s).
>1 hour 1 0.00 1
>2 hours 1 0.00 1
>4 hours 9 0.15 2
>6 hours 1 0.00 1
>12 hours 1 0.00 1
>24 hours 1 0.00 1
Refractory anaphylaxis
The definition of refractory anaphylaxis is | 0.00 | 1
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characterized by the persistence of
anaphylaxis following appropriate
epinephrine dosing and medical managemg
of specific symptoms/exam findings (e.g. IV
fluid bolus for hypotension) and is not
dependent on the duration of symptoms/ex
findings.

am

To be categorized as refractory anaphylaxi
the initial reaction must be treated with a
minimum of 2 appropriate doses of
epinephrine (e.qg. if the patient does not
respond to 1 dose of epinephrine and requi
a 2nd dose, the reaction may be categorize
refractory).

UJ

res
d as

0.00

To be categorized as refractory anaphylaxi
the initial reaction must be treated with a
minimum of 3 appropriate doses of
epinephrine (e.qg. if the patient does not
respond to 2 doses of epinephrine and
requires a 3rd dose, the reaction may be
categorized as refractory).

)

0.00

To be categorized as refractory anaphylaxi
the initial reaction must be treated with 3 or
more appropriate doses of epinephrine (or
initiation of an intravenous [IV] epinephrine
infusion) in addition to symptom-directed
medical management, such as an IV fluid
bolus for hypotension.

)

0.02

To be categorized as refractory anaphylaxi
in addition to treatment with appropriate

epinephrine dosing, patients must also rece
appropriate medical management of specif

symptoms/exam findings (e.g. IV fluid bolus

for hypotension).

)

Bjve
c

D

0.34

Biphasic anaphylaxis

The anaphylaxis severity grading system th
will be developed by this group can also be
used to grade the severity of biphasic
anaphylactic reactions.

at

0.34

To be categorized as biphasic anaphylaxis,
recurrent symptoms/exam findings must
fulfill the 2006 NIAID/FAAN anaphylaxis
criteria.

0.71

To be categorized as biphasic anaphylaxis,
allergen(s) must be known or

the

likely/suspected.

0.13
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To be categorized as biphasic anaphylaxis,
initial symptoms/exam findings must
completely resolve prior to the onset of
recurrent symptoms/exam findings.

0.34

To be categorized as biphasic anaphylaxis,
there cannot be allergen re-exposure prior
the onset of recurrent symptoms/exam
findings.

0.34

The definition of biphasic anaphylaxis is
independent of the management of the initi
reaction.

0.34

There should be a minimum time threshold
from resolution of initial symptoms/exam
findings to the onset of new/recurrent
symptoms/exam findings(e.g. Recurrent/ne
symptoms/exam findings must occétx
minutes from resolution of initial
symptoms/exam findings).

w

0.34

To be categorized as biphasic anaphylaxis
new or recurrent symptoms/exam findings
must occur X minutes from complete

resolution of initial symptoms/exam findings.

>30 minutes

0.29

>60 minutes

0.02

>120 minutes

6.26

>240 minutes

N|00|OIN

0.29

RIN|NIN

There should be a maximum time threshold
from resolution of initial symptoms/exam
findings to the onset of new/recurrent
symptoms/exam findings.

0.21

To be categorized as biphasic anaphylaxis
new or recurrent symptoms/exam findings
must occur within X hours of complete

resolution of initial symptoms/exam findings

(e.g. if symptoms occur beyond 48 hours th

cannot be categorized as biphasic reaction).

24 hours

[ —

0.00

36 hours

N

0.52

=W

48 hours

0.15

72 hours

0.00

Persistent non-anaphylactic reactions

To be categorized as persistent allergic
reaction, recurrent symptoms/exam finding
do not fulfill the 2006 NIAID/FAAN

Uy

anaphylaxis criteria.

0.00




Dribin 20

The definition of persistent allergic reaction
independent of the management of the initi
reaction.

is 9
al

0.34

There should be a minimum duration of
symptoms/exam findings for a reaction to b
categorized as a persistent allergic reactior
(e.g. symptoms/exam findings must [aét
hours).

0.34

The minimum time thresholds developed fa
persistent anaphylaxis are applicable to the
definition of persistent allergic reaction.

_‘
©

0.34

Biphasic non-anaphylactic reactions

To be categorized as biphasic allergic
reaction, recurrent symptoms/exam finding
do not fulfill the 2006 NIAID/FAAN
anaphylaxis criteria.

Uy

0.00

To be categorized as biphasic allergic
reaction, the allergen(s) must be known or
likely/suspected.

0.66

To be categorized as biphasic allergic
reaction, initial symptoms/exam findings mt
completely resolve prior to the onset of
recurrent symptoms/exam findings.

ISt

0.58

To be categorized as biphasic allergic
reaction, there cannot be allergen re-expos|
prior to the onset of recurrent symptoms/ex
findings.

ure
am

0.12

The definition of biphasic allergic reaction is
independent of the management of the initi
reaction.

U7
o

0.34

There should be a minimum time threshold
from resolution of initial symptoms/exam
findings to the onset of new/recurrent
symptoms/exam findings.

0.00

There should be a maximum time threshold
from resolution of initial symptoms/exam
findings to the onset of new/recurrent
symptoms/exam findings.

8.5

0.34

The minimum and maximum time threshold
developed for biphasic anaphylaxis are
applicable to the definition of biphasic
allergic reaction.

0.34

Anaphylaxis not otherwise specified

Anaphylaxis not otherwise specified is define

d 8

as anaphylactic reactions that do NOT fulfill

0.34
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the following clinical outcomes: fatal
anaphylaxis, persistent anaphylaxis, biphasi¢
anaphylaxis, persistent non-anaphylactic
reactions, or biphasic non-anaphylactic
reactions.

%A median appropriateness value for statementsOofol3.4 was considered “inappropriate;” 3.5
to 6.9, “uncertain;” and 7.0 to 9.0, “appropriate.”
PDisagreement ind&% DI < 1.0 = consensus reached;>D1.0 consensus not reached



