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EXECUTIVE SUMMARY

Anaphylaxis is an acute, life-threatening systeafliergic reaction that may have a wide range of
clinical manifestations. (1) The clinical critepaoposed in 2006 by National Institutes of
Allergy and Infectious Diseases (NIAID) continuepi@vide a helpful framework in

approaching patients with acute allergic symptdmsause diagnosis and management of
anaphylaxis must occur rapidly and confirmatoryinesfor anaphylaxis has poor sensitivity. (2)
While NIAID anaphylaxis diagnostic criteria haveensitivity of 95% with a specificity of 71%

in an emergency department setting (3), fulfilloiggnostic criteria is not a prerequisite for

epinephrine administration in a patient experieg@n acute allergic reaction.

The lifetime prevalence of anaphylaxis has beemeastd at 1.6% to 5.1%. (1, 4) Risk factors
for severe anaphylaxis include cardiovascular diseasthma, older age, and additional
coexisting, comorbid conditions. (5-9) Medicati@rsl stinging insects are the leading triggers
in adults, with foods and stinging insects the nfiegjuently implicated triggers in children and
adolescents. (1, 10-12) Food allergy impacts 8%i&b of children and adults in the United
States (13-15), while adverse drug reactions (ACR#ext up to 10% of the population (and
20% of hospitalized patients), with hypersensgiveactions accounting for 10% of all ADRs.
(16) While medical complexity increases for patsanith prior hypersensitivity reactions to
radiocontrast media (RCM), fortunately the prevaéeaf RCM ADRSs has decreased in recent
decades. (17) Systemic reactions to Hymenopterametcur in 0.5% to 3.3% of the US
population, with most fatalities occurring in pati® who have no prior history of systemic

allergic reaction to Hymenoptera.(16)

IgE binding and cross-linking of the high-affinttgceptor FCEpsilonRI on the surface of mast
cells and basophils is an important mechanism inynecases of anaphylaxis. (18) Some patients
with anaphylaxis have low or undetectable circalgtllergen-specific IgE. (19) Additional cell
types involved in anaphylaxis may include neutrépimonocytes, macrophages, and platelets,
signaling through mediators that include complentemiponents, CysLTs, platelet activating
factor, IL-6, IL-10 and TNF-receptor 1. (20) (21)
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Epinephrine administered intramuscularly (in a dofs@.01 mg/kg of a 1:1,000 (1mg/mL)
solution to a maximum of 0.5 mg in adults and Ogimchildren) into the anterolateral thigh is
the first-line treatment for anaphylaxis.(22) Egphrine is the cornerstone of anaphylaxis
management but continues to be underutilized. &34s a nonselective adrenergic agonist,
epinephrine works rapidly to increase peripherakuéar resistance through vasoconstriction, to
increase cardiac output, to reverse bronchocotistriand mucosal edema, and to stabilize mast
cells and basophils. (26, 27) Despite underusamflly acting epinephrine as first-line
treatment, fatal anaphylaxis is a rare outcome) matpulation prevalence rates between 0.47 to
0.69 per million persons (0.25%-0.33% of anaphédraspitalizations or emergency department
visits). (9, 28-31) Antihistamine agents are coesdd second-line treatment for anaphylaxis,
given their slow onset of action, inability to stete or prevent mast cell degranulation, or to
target additional mediators of anaphylaxis. (32)ikénepinephrine, antihistamines will not
effectively treat cardiovascular and respiratomnptoms such as hypotension or bronchospasm.
Although glucocorticoids are frequently used asdjunctive therapy for anaphylaxis, evidence
is lacking to support clinical benefit and they slabalso not be administered in place of

epinephrine in the treatment of acute anaphyl43&.34)

Biphasic anaphylaxis is recurrent anaphylaxis aoegrl to 72 hours after resolution of an

initial anaphylactic episode, though an outsidetlwh 78 hours has also been suggested.
(35)(36) Estimates of biphasic anaphylaxis varyfiless than 1% to 20% of patients; however,
the ability of antihistamines and glucocorticoidsaffect this outcome is unclear. (37-44)
Despite a lack of clear evidence supporting the oblantihistamines and glucocorticoids in
anaphylaxis, these agents continue to be routungygl in anaphylaxis management. To evaluate
the role for these second-line, supplemental thesaphe JTFPP undertook a systematic review
and Grading of Recommendations, Assessment, Dawnelopand Evaluation (GRADE) analysis
of antihistamines and glucocorticoids in anaphyax$pecifically, the JTFPP sought to better
inform the practice of anaphylaxis prevention i taroad topic areas through (i) identification
and mitigation of risk factors for biphasic anaghxys and (ii) evaluation of the use of
supplemental glucocorticoid and/or antihistaminenpedication. While the goal of the JTFPP
was to rigorously evaluate the literature to fonidence-based recommendations, there are

limits to the available evidence in human anaphglaxe to ethical considerations and the



223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253

absence of double-blind studies in a potentiallglfaacute condition. This GRADE analysis
incorporated the balance of relative benefits aardnls of treatments under consideration, the

certainty of the evidence, and the impact of pateaferences and values.

Key Questions Assessed by this Systematic Revied@aphylaxis:

Topic Area 1: Identification and mitigation of risk factors for biphasic anaphylaxis

Question 1. What risk factors should clinicians take into consideration in determining the
likelihood of biphasic anaphylaxis?

Topic Area 2: Evaluation of the use of supplementailucocorticoids and/or antihistamine

premedication for the prevention of anaphylaxis

Question 2. Should antihistamines and/or glucocorticoids be used to prevent biphasic
anaphylaxis?

Question 3. Should antihistamine and/or glucocorticoid premedication be used to prevent index
hyper sensitivity/infusion reactions to chemotherapy?

Question 4. Should antihistamine and/or glucocorticoid premedication be used to prevent
recurrent hypersensitivity reactions to radiocontrast media?

Question 5. Should antihistamine and/or glucocorticoid premedication be used to prevent

hyper sensitivity reactions to allergen immunotherapy or other agents?

Question 1: What risk factors should clinicians tale into consideration in determining the

likelihood of biphasic anaphylaxis?

Recommendation 1: We suggest that a clinician ingoorate severity of anaphylaxis

presentation and/or the administration of more thanone dose of epinephrine for the
treatment of initial anaphylaxis as a guide to detanining a patient’s risk for developing
biphasic anaphylaxis Conditional recommendation; Certainty rating of evidence: very low

While the ability to accurately predict which patig with resolved initial anaphylaxis will

experience biphasic anaphylaxis is imperfect, atetstanding of risk factors allows a more
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tailored approach to patient management. Riskfaalso provide useful parameters to
incorporate into decision making regarding duratbobservation following initial resolution of

anaphylaxis.

The JTFPP findings suggest biphasic anaphylaxdasssciated with a more severe initial
presentation of anaphylaxis (OR=2.11, 95% CI 1.53-Bor repeated epinephrine doses (i.e.,
more than one dose of epinephrine) required withritial presentation (OR 4.82, 95% CI 2.70-
8.58). Additional risk factors include wide pulsegsure (OR 2.11, 95% CI 1.32 — 3.37),
unknown anaphylaxis trigger (OR 1.63, 95% CI 1.13B®, cutaneous signs and symptoms (OR
2.54, 95% CI 1.25-5.15), and drug trigger in cleld(OR 2.35, 95% CI 1.16-4.76). While
presence of dyspnea on presentation was assowidted decreased risk for anaphylaxis,
overall confidence in this estimate was low (OR O%% CI 0.38-0.96). Prompt and adequate
treatment of anaphylaxis appears central to redugiiphasic anaphylaxis risk, in the opinion of
the JTFPP. While the possibility of biphasic andakig should be emphasized in this higher
risk group, it is important to educate all patiemsthe chance of a biphasic reaction as well as
avoiding known triggers, identifying symptoms obahylaxis, the use of auto-injector

epinephrine for the treatment of anaphylaxis, amely follow-up with an allergist.

Recommendation 2: We suggest in favor of extendediracal observation in a setting

capable of managing anaphylaxis (to detect a biphisreaction) for patients with resolved
severe anaphylaxis and/or those who need more thane dose of epinephrineConditional

recommendation; Certainty rating of evidence: very low

While wide pulse pressures may be considered aanéok severe anaphylaxis, the clinician
may also consider extended observation for patigittsan unknown anaphylaxis trigger and
children with a drug trigger. Incorporating cutans signs and symptoms into a clinical
decision for extended observation may be limitedhgycommon occurrence of cutaneous signs
and symptoms in patients presenting with anaphylae estimated number needed to monitor
with extended observation to be able to detectepmgode of biphasic anaphylaxis before
discharge would be 41 (range, 18 to 195) for p&iaith a more severe initial presentation of

anaphylaxis and 13 (range, 7 to 27) for patienth wiultiple epinephrine doses. The implication



285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

for the clinician, based upon this systematic nevéad meta-analysis, is that the patient
presenting with severe anaphylaxis and/or requimioge aggressive treatment (e.g., more than
one dose of epinephrine) should be consideredfadr observation time for a potential
biphasic reaction following complete resolutiorsagjns and symptoms. At present, evidence is
lacking to clearly define the optimal duration dfservation (e.g., number of hours) that would
prove to be cost-effective for patients with iditi@solution of severe anaphylaxis and/or those
requiring multiple doses of epinephrine. However,datients without severe risk features,
discharge after a 1-hour asymptomatic observatiay loe reasonable. If the clinical impression
is that a patient has a higher risk of biphasictiea (i.e., 17% or greater) or risk factors for
anaphylaxis fatality (e.g., cardiovascular comaitijdack of access to epinephrine, lack of
access to emergency medical services, poor selageanent skills, etc) then extended
observation of up to 6 hours or longer (includimgpital admission) may be appropriate.
Regardless of severity, after diagnosis and treatiwieanaphylaxis, all patients should be kept

under observation until signs and symptoms hawug fesolved.

Question 2: Should antihistamines or glucocorticoid be used to prevent biphasic

anaphylaxis?

Recommendation: We suggest against administeringwgtocorticoids or antihistamines as

an intervention to prevent biphasic anaphylaxis. Coditional recommendation; Certainty

rating of evidence: very low

Although we suggest against the use of antihistasnamd/or glucocorticoids as an intervention
to prevent biphasic anaphylaxis, these may be derel for thesecondary treatment of
anaphylaxis. (45) In particular, antihistaminesyrtraat urticaria and itching to improve comfort
during anaphylaxis, but if used prior to epineparaministration, antihistamine administration
could lead to a delay in first-line treatment ofphylaxis. The JTFPP analysis did not identify
clear benefit in prevention of biphasic anaphyldsasn either H1 antihistamines (OR 0.71, 95%
C10.47-1.06), H2 antihistamines (OR 1.21, 95% @DO1.83), or glucocorticoids (OR 0.87,
95% CI 0.74-1.02). An interaction was identifiedvaeen age and glucocorticoid use, with
glucocorticoids actually increasing risk for bipltasnaphylaxis in children (OR 1.55, 95% CI
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1.01-2.38); however, confounding effect of sevetityld not be excluded. At a biphasic
anaphylaxis patient expected event rate (PEERY®ftbe number needed to treat (NNT) for H1
antihistamines and glucocorticoids is 72 and 16iréwent one episode of biphasic anaphylaxis,

with significant uncertainty in the estimate.

Question 3:Should Antihistamine and/or Glucocorticoid Premedi@tion Be Used To

Prevent Index Hypersensitivity/Infusion Reactions ® Chemotherapy?

Recommendation: We suggest in favor of administerign glucocorticoids and/or

antihistamines to prevent anaphylaxis or infusion-elated reactions when indicated for
specific agents in chemotherapy protocols. Conditial recommendation;Certainty rating

of evidence: very low

The JTFPP analysis did identify a significant cremgrates of anaphylaxis and/or infusion
reactions for some chemotherapy protocols. Theotipeemedication was associated with a
decreased rate of hypersensitivity reactions fenabtherapy (OR 0.49, 95% CI 0.37-0.66). In
contrast to chemotherapy premedication, benefitnaa®bserved when using premedication to
prevent anaphylaxis in the setting of infliximakthaut prior reaction to the administered agent
(RR 1.58, 95% CI 0.87-2.87). We did not evaluaepdication in the context of

desensitization to chemotherapy agents and to nmmalantibodies. Furthermore, the use of
premedication in patients who had previously exgreréd anaphylaxis from these agents was not

evaluated.

Question 4:Should Antihistamine and/or Glucocorticoid Premedi@tion Be Used To

Prevent Recurrent Hypersensitivity Reactions Radiogntrast Media ?

Recommendation: We suggest against routinely admisiiering glucocorticoids and/or

antihistamines to prevent anaphylaxis in patients vth prior radiocontrast hypersensitivity
reactions when re-administration of a low- or iso-emolar, non-ionic radiocontrast media

agent is required. Conditional recommendationCertainty rating of evidence: very low
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347 The JTFPP analysis did not identify significant &f#rfrom the use of premedication prior to
348 RCM administration to prevent anaphylaxis (RR 196% CIl 0.67-1.71). The absence of benefit
349 of premedication in patients with prior immediatgarsensitivity reactions to RCM who are
350 receiving a different low- or iso-osmolar agentasmsistent with prior literature; however, it is
351 important to distinguish the immediate index reati@ssociated with RCM from a severe,

352 delayed, cutaneous T-cell mediated reaction, wpereedication may add value to

353 management.(17) Given the diversity of clinicatamstances evaluated and low confidence in
354 the literature base, higher certainty evidenceeeled to better inform practice, and future

355 recommendations could potentially change as atrebnkew information. As such, clinicians

356 may reasonably consider premedication in clinio@lumnstances associated with a high level of
357 perceived risk of anaphylaxis or comorbidities atsed with greater anaphylaxis fatality risk
358 (such as underlying cardiovascular disease, ubetafblockers, or prior severe anaphylaxis),
359 although evidence is lacking to clearly suppors friactice. This analysis evaluated patients
360 with both mild and severe prior RCM reactions betwere unable to stratify prophylaxis by
361 severity of index reaction. Furthermore, only lamd iso-osmolar non-ionic radiocontrast

362 agents were evaluated because these are the mastocdy used agents at present. This

363 recommendation does not apply to patients receivigig-osmolar contrast agents for whom
364 prophylaxis may be appropriate in some circumstance

365

366 Question 5:Should Antihistamine and/or Glucocorticoid Premedi@tion Be Used To

367 Prevent Hypersensitivity Reactions to Allergen Immumotherapy or Other Agents?
368

369 | Recommendation: We suggest the administration of gtocorticoids and/or antihistamines

370 | as an intervention to prevent anaphylaxis in patiets undergoing aeroallergen rush

371 | immunotherapy (RIT). Conditional recommendation; Certainty rating of evidence: very
372 | low

373

374 Evidence suggests that in the setting of aero@teR)jT, premedication may provide value in

375 reducing systemic reactions and anaphylaxis (imrherapy analysis including RIT, RR 0.62,
376 95% CI1 0.41- 0.94). The evidence base for preméditédefore conventional aeroallergen

377 immunotherapy is limited; however, one study sutggesome benefit with fexofenadine
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pretreatment 2 hours before conventional immunagheusing cedar pollen or dust mite
allergens.(46) The JTFPP is unable to exclude d¢issipility that specific situations and
subpopulations may exist where premedication cpudgide benefit to immunotherapy in those
with concomitant risk factors (e.g., in situati@ssociated with higher rates of systemic
reactions). As such, clinicians may reasonably idensmmunotherapy premedication in other
clinical circumstances associated with a high lefgderceived risk of anaphylaxis or
comorbidities associated with greater anaphylaatislity risk (such as underlying cardiovascular
disease or use of beta-blockers), although higtaicey evidence is lacking to support this

practice.

Additional Good Practice Statements

Good Practice Statement # 1Administer epinephrine as the first line pharmaeaipy for

uniphasic and/or biphasic anaphylaxis.

Good Practice Statement #2Do not delay th@administration of epinephrine for anaphylaxis, as

doing so may be associated with higher morbidity muortality.

Good Practice Statement #3After diagnosis and treatment of anaphylaxis, atlgnts should
be kept under observation in a setting capableasfaging anaphylaxis until symptoms have

fully resolved.

Good Practice Statement #4All patients with anaphylaxis should receive edicabn
anaphylaxis, including avoidance of identified gegs, presenting signs and symptoms, biphasic
anaphylaxis, treatment with epinephrine, and tleeai®pinephrine auto-injectors and referral to
an allergist. Of note, there may be some circumtetsmwhere self-injectable epinephrine is
deferred (i.e., resolved anaphylaxis and drug ¢niggth high likelihood of successful

avoidance) and shared decision-making may plajyeamsome circumstances.
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Suggested Key Clinical Advice

» Severe anaphylaxis and/or the need for more than one dose of epinephrine to treat anaphylaxis are
risk factors for biphasic anaphylaxis. Additional risk factors include wide pulse pressure, unknown
anaphylaxis trigger, cutaneous signs and symptoms, and drug trigger in children.

» Extended observation is suggested for patients with resolved severe anaphylaxis and/or those with
need for more than one dose of epinephrine.

 Antihistamines and/or glucocorticoids are not reliable interventions to prevent biphasic anaphylaxis
but may be considered as secondary treatment.

 Evidence supports a role for antihistamine and/or glucocorticoid premedication in specific
chemotherapy protocols and rush aeroallergen immunotherapy.

 Evidence is lacking to support the routine use of antihistamines and/or glucocorticoid premedication
in patients receiving low- or iso-osmolar contrast material to prevent recurrent radiocontrast media
anaphylaxis.

» Administer epinephrine as the first-line pharmacotherapy for uniphasic and/or biphasic anaphylaxis.

* Do not delay the administration of epinephrine for anaphylaxis.

e After diagnosis and treatment of anaphylaxis, all patients should be kept under observation until
symptoms have fully resolved.

* All patients with anaphylaxis should receive education about anaphylaxis, risk of recurrence, trigger
avoidance, self-injectable epinephrine, and thresholds for further care and be referred to an allergist
for follow-up evaluation.

INTRODUCTION AND DIAGNOSIS

Anaphylaxis is an acute, life-threatening systeafliergic reaction associated with different
mechanisms, triggers, clinical presentations, @verity.(1) The wide range of clinical
manifestations and complex underlying mechanisnaaphylaxis contribute to the difficulty in
establishing a definition and diagnostic critenadnaphylaxis. The poor sensitivity of
confirmatory laboratory testing further complicatesurate diagnosis of anaphylaxis.
Furthermore, a lack of use of established diagoastieria plays a major role in the under-
diagnosis and inconsistent management of anapisyl@ki-49) In 2005, a multinational and
multidisciplinary workgroup that included allergistmunologists, emergency physicians,
pediatricians, critical care specialists, intemeshd key stakeholders was assembled by the
National Institutes of Allergy and Infectious Disea (NIAID) and Food Allergy and
Anaphylaxis Network (FAAN) to address the needuniversally accepted anaphylaxis
diagnostic criteria. The diagnostic criteria prego by this workgroup were published in 2006
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(22) and describe anaphylaxis as likely when ontarefe criteria are fulfilled: (1) acute onset of
an illness (minutes to hours) with involvementloé skin, mucosal tissue, or both with either
respiratory involvement or reduced blood pressagsbciated symptoms of end-organ
dysfunction; or (2) two or more of the followingathoccur rapidly after exposure to a likely
allergen for the patient, including (a) involvemenfskin-mucosal tissue, (b) respiratory
involvement, (c) reduced blood pressure or assettisymptoms, or (d) gastrointestinal
symptoms; or (3) reduced blood pressure as a resekposure to a known allergen trigger.
These criteria have since been recognized and sedidry the American Academy of Allergy,
Asthma, and Immunology (AAAAI), American College Allergy, Asthma, and Immunology
(ACAAI)(50), and the World Allergy Organization.1p

The NIAID/FAAN criteria were developed to “providlee emergency responder or treating
physician with a relatively simple and rapid metmmake the diagnosis of anaphylaxis.” The
criteria (shown in Figure 1) incorporate featurelsted to the onset of the reaction, exposure to
an inciting trigger, as well as signs and symptomngportantly, using these criteria, anaphylaxis
can be identified among patients lacking hemodynammpromise, patients lacking cutaneous
manifestations, and patients with mild presentati@or example, those with a rash and vomiting
after exposure to a likely trigger). The NIAID/FAAbhaphylaxis diagnostic criteria were
prospectively validated in patients seeking carefoallergic reaction and possible anaphylaxis
in an emergency department setting and were showrovide a positive likelihood ratio of 3.26
and negative likelihood ratio of 0.07. (3) Thushaugh these criteria are helpful clinically, they
should not replace clinician judgment. It is imjaoit to recognize, as acknowledged by those
who developed the criteria, that epinephrine adstiiation is not limited to those patients
meeting the NIAID/FAAN diagnostic criteria. Forample, a patient undergoing
immunotherapy who immediately develops generaliz#idaria after an injection may
appropriately receive epinephrine if impending dndgxis is suspected, despite the fact that the
diagnostic criteria for anaphylaxis have not yedrbenet. In such instances, management relies
heavily on clinical judgment. However, the roleppéemptive epinephrine prior to the
development of anaphylaxis has been questione&4b2solated allergen associated urticaria,
which may respond to antihistamines, should bendjsished from anaphylaxis for which

prompt epinephrine administration is indicated. Wddally, in the emergency department, a

14
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stable, asymptomatic patient who provides a hisbbigymptoms meeting NIAID/FAAN
anaphylaxis diagnostic criteria but whose symptbmge completely resolved prior to arrival,
should still be given an anaphylaxis diagnosis dlespe fact that epinephrine administration is

no longer acutely indicated.

Biphasic anaphylaxis is a well-recognized potergmhplication of anaphylaxis and has been
defined as recurrent anaphylaafser complete improvement; this has been reported to occur
between 1 to 78 hours after the onset of the Iratiaphylactic reaction, and this must be
clinically differentiated from a reaction that daest fully respond to initial treatment and
persists or quickly returns. (35, 36, 55, 56) Sd¢atdough not all) earlier studies of biphasic
reactions, prior to the NIAID/FAAN criteria, whidhcluded patients with severe anaphylaxis,
reported rates of biphasic anaphylaxis as highDés. 237-39) More contemporary studies of
biphasic anaphylaxis utilizing the NIAID/FAAN diagstic criteria or similar criteria for
diagnosis of both the initial anaphylactic reactsod the biphasic reaction have demonstrated
lower rates of biphasic reactions closer to 4-586¢e 0.18% - 14.7%) (40-44) No studies have
systematically evaluated therapies for the secdredgreaction; however, therapy for the second
phase is similar to the initial phase. (36) Optichatation of extended observation following
resolution of biphasic anaphylaxis is unknown.(@8 recent meta-analysis of twelve studies
including 2,890 adult patients with anaphylaxisgegjed the pooled negative predictive value
(NPV) of 1-hour observation was 95%, with an NPY@@phasic anaphylaxis after > 6 hours of
observation (following resolved anaphylaxis) of33.(57) A recent cost-effectiveness analysis
suggested that extended observation could be ffestiee, i.e., not exceeding $10 million per
death prevented, at high rates of fatality riskuction (76%) from an additional 5 hours of

asymptomatic observation.(58)

EPIDEMIOLOGY AND RISK FACTORS

Prevalence estimates of anaphylaxis vary widelgl,raany studies suggest that the prevalence is
increasing, particularly in developed countriese Tifetime prevalence of anaphylaxis has been
estimated at 1.6% to 5.1 % (1, 4, 11), with andeoice rate of 42 per 100,000 person-years, but
estimates may be susceptible to ascertainment(d@ps.Data from a European anaphylaxis

registry revealed that over one quarter of casesredn patients under 18 years of age. (60) As
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indicated in an international consensus on (ICON)paylaxis document, cardiovascular disease
and asthma are well-recognized risk factors foeseanaphylaxis. (5) Additional risk factors
potentially associated with severe or fatal anagtiglinclude older age, mast cell disorder, and
beta-blocker or ACE inhibitor use. (6-9) Atopy isisk factor for anaphylaxis triggered by food,
exercise and latex. (61) While one survey of Tahikbeekeepers (n = 29 subjects with systemic
reactions, 9 with anaphylaxis, out of 444 subj&ath a history of a sting exposure in the prior
12 months) suggested atopic disease as a risk factsystemic reactions (OR 3.3, 95% CI 1.2-
8.7) (62), it has not been otherwise establishatidtopic disease increases the risk for

Hymenoptera sting-associated anaphylaxis.

Medications and stinging insect venom are leadmgses of adult anaphylaxis (1), while foods
and stinging insect venom are the most commonedrgygf anaphylaxis in children and
adolescents. (10-12) In the middle-aged adult @i, anaphylaxis most often occurs at
home. (1) Medications most frequently implicatedha United States are antibiotics, NSAIDs,
immunomodulators, and biological agents. (63) Intst, in Portugal a review of 313 patients
with a history of drug-induced anaphylaxis revealemost common trigger to be NSAIDS,
followed by antibiotics and anesthetics (64). Aaamylaxis registry of German-speaking
countries (Germany, Austria and Switzerland) regbthe most common trigger to be insect
venom, followed by food and drugs, respectivelydéwlall age groups are considered). (65) In
studies of food-induced anaphylaxis, incidence earfgom as low as 1 per 100,000 to as high as
70 per 100,000 have been reported by using data liaspitalizations, emergency department
visits, and medical record reviews. (66-68) Wheaneixing anaphylaxis etiology, the proportion
due to foods varied between 13-65% depending ormaadetudy. (66-71) The specific trigger
may not be identified during the acute anaphylastient or in subsequent evaluations,
especially if the reaction is occurring for thesfitime, and the trigger may only be identified
retrospectively at a follow-up evaluation. For exden one study of ED records in Florida found
that only 37% of patients could pinpoint a spedifigger upon initial presentation. (72)
Futhermore, initial suspected culprits are oftehaomfirmed on subequent allergy testing, which
suggests caution in presumption of potential tnig@ad supports the necessity of follow-up
evaluation by an allergy specialist.(47, 73, 74)
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With respect to treatment, delayed use of epinephras been associated with increased risk for
fatality, and several observational studies and-taports series suggest a continued disparity
between the diagnosis of anaphylaxis and frequehayppropriate epinephrine treatment. (48,
75-88) In one study of drug-induced anaphylaxidweatad and managed in an emergency
department, only 8% of patients received epineghiini6) While early epinephrine is the
bedrock of anaphylaxis management, anaphylaxitiatsfortunately a rare outcome. The
overall prevalence of fatal anaphylaxis in recezdrg in the United States and United Kingdom
(UK) is between 0.47 to 0.69 per million persos.9, 28-30) The 3 leading causes of fatal
anaphylaxis are drugs (29%-58.5%) (8, 28, 89, i@8gct stings (3.3%-54%)(8, 28, 89, 90), and
food (2%-6.7%). (8, 28, 90) While anaphylaxis-rethhospitalizations have increased, general
case fatality rates have been stable in the rah@e6%-0.33% of hospitalizations or ED
presentations for anaphylaxis. (31) However, intast to other causes of fatal anaphylaxis,
drug-induced anaphylaxis rates have increasedn (B United Kingdom fatal drug

anaphylaxis has been reported to be mostly duertergl anesthetics, (91) whereas antibiotics
predominate in Australia (28) and France. (92) iew by Pichichero et al. described the
population incident risk of anaphylaxis to peninilbetween 0.004% to 0.015% with a fatality
rate of 0.0002% to 0.0015%. (93) The UK fatal dndgis registry reported that while those
dying from food anaphylaxis often have a prior drigtof a food reaction, those with fatal
Hymenoptera venom and drug anaphylaxis usuallyado(81, 94) Additional observational
case-series have shown patients dying from foogdhaytaxis often have a history of previous
food-induced allergic reactions. (28, 38, 95) Notakespiratory arrest may occur more
commonly with foods (86% of fatalities in the UKgrstry), with shock more common in

fatalities due to medications and venom reacti@@b). It is important to note that most fatal
reactions are unpredictable and statistically oveuy rarely; however, appropriate trigger
identification after recovery from a severe reattiasay decrease the risk for a subsequent severe
reaction, including fatality. (94) Referral to dfeegy specialist after recovery from anaphylaxis
is recommended in order to confirm the diagnosiajuate for potential triggers, and educate the
patient on the risk of future reactions and meastogeeduce that risk, including self-injectable

epinephrine access and autoinjector education.

BURDEN OF DISEASE
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Food-induced Anaphylaxis

Prevalence

Food allergy (or presumed food allergy) is a legdiause of anaphylaxis presenting to US
emergency departments, with an estimated 30,0@% qaes year. (96) Food allergy (assessed
through a nationally-representative internet seffert study) is estimated to affect up to 8% to
11% of the United States population. (13-15) Fdeetgens may be attributed to upwards of
50% of emergency department reported anaphylasissda developed countries, including the
United States. (97)

Trends

According to the Centers for Disease Control arev&mtion, rates of food allergies in US
children increased by about 50% between 1997 ahil.Z08) Whereas Clark et al. (99) reported
stable trends in the frequency of US emergencyrtieeat visits for food allergy in the period

of 2001-2009 , they did find a statistically sigcéint decline among individuats18 years of

age. In a retrospective cohort study of 37 pedidtoispitals from 2007-2012 (100), an increasing
rate of food-induced anaphylaxis (FIA)-related EBitg was reported but without any increase
in the proportion of ED patients hospitalized ométted to the ICU. This decrease in the
proportional rate of ED visits to utilization ofgatient and ICU facilities may be due to the
increased utilization of ED or inpatient observatimits, as approximately 36% of US EDs
reported having observation units in 2007. (101yé&tecently, Motosue et al. (102) reported a
fourfold increase in FIA-related ED visits for adstents from 2005 through 2014.

Economic Burden

Food allergies can burden patients and familieaffgcting finances, social relationships, and
personal perceptions of health. (103) Patients fobll allergies and their families experience
anxiety and other stresses that affect qualityfefgiven the risk of potentially severe reactions
and inability to completely control these risk6][1The impact of food allergies is not limited to
just the patients and their families but can a¢sallto a significant economic effect on society
and the health care system. Food-induced anapkydaxi result in prehospital emergency care

by ambulance personnel, ED visits, hospitalizationgven death. Mild as well as more severe
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allergic reactions require comprehensive evaluatimiuding diagnostic studies and regular

follow-up outpatient visits. (104)

Patel et al. in 2011 (104) estimated total annuaktimedical costs of food allergy and
anaphylaxis at $225 million (2007 US dollars). ©éfiisits accounted for 52.5% of direct
medical costs, and the remaining was split betviE@wisits (20%), inpatient hospitalizations
(11.8%), outpatient department visits (3.9%), araboé runs (3%), and epinephrine devices
(8.7%). Children accounted for 46.6% of the totglatient costs, 31.5% of the ED visit costs,
67.3% of the office visit costs, and 97.7% of th&k outpatient department visit costs. US
national estimates for epinephrine auto-injecter after a suspected reaction triggered by a food
allergy obtained from the published literature ®2g1ghat between 30% and 86% of patients at
risk for a severe allergic reaction are prescrime@pinephrine auto-injector and have it
available when needed. (95, 105) Prevalence estthaatd mean costs for office, inpatient, and
ED visits have the largest effect on total socidiedct costs. Indirect costs have been estimated
at $115 million (104) with morbidity-related costscounting for 85% of indirect costs, resulting
from disease-related sick days (lost productivitg aages). (104) Simulations from

probabilistic sensitivity analyses have generatedmannual direct costs of $307 million and
indirect costs of $203 million in the US. (104) hil¢ evidence suggests that activation of
emergency medical services (EMS) and prolonged Bf2vation of resolved food anaphylaxis
is a low-value practice, prompt EMS activation ppeopriate for patients who do not

immediately completely respond to timely epinepérior for recurrence of symptoms. (106)

Drug-induced Anaphylaxis

Adverse drug reactions (ADR) may affect up to a@reh of the general population and up to
20% of all hospitalized patients. More than 10%IbADR are drug hypersensitivity reactions
(DHR). In a systematic review, 53 observationatigs were synthesized to estimate that 8% of
patients self-report drug allergy, and that 11%edf-reported drug allergy is reported to be
anaphylaxis. (107) The most common DHR involvegbastics such as penicillins,
cephalosporins, and sulfonamides, aspirin, and oitve-steroidal anti-inflammatory drugs.

DHR can be severe and life threatening and areceded with significant mortality rates. The

incidence of anaphylaxis due to medication triggeiacreasing over time. (59) DHR have a
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significant socioeconomic impact related to bottecti costs (management of reactions and
hospitalizations) and indirect costs (missed v@athool days; alternative drugs); however, there
is, overall, a major gap in the literature for suamizing the economic burden of DHR. (16) A

US nationwide cross-sectional telephone self-rebsurvey reported a prevalence of
anaphylaxis in the general population of 1.6% wmidications being the most common trigger
(35%). (1) Excluding pediatric cohorts (where fasdhe most common trigger), medications are
the most frequent cause of fatal anaphylaxis iomsdrom the United States, as well as the
United Kingdom, Australia and New Zealand. (8, Fgrioperative anaphylaxis presents unique
challenges. Recently, th& 6lational Audit Project of the Royal College of Asthetists

(NAPG6) reviewed 266 reports of Grade 3-5 anaphglaxross all UK NHS hospitals over the
course of 1 year, reporting prompt recognition irdtment of anaphylaxis in 83% of
cases.(108) Cardiac arrest occurred in 15% ofsozséewed, with fatalities occurring in 3.8%
of patients. (108) Risk factors for perioperativaghylaxis fatality included older age and

cardiovascular disease. (108)

ADR from RCM occur less frequently than prior td09wvhen patients received high-osmolar,
ionic RCM. Prior ADR to RCM can contribute to bundef disease by creating medical
complexity associated with premedication; howewsrije glucocorticoid premedication has
become common practice for patients with prior RRygersensitivity, evidence supporting the
use of prophylaxis in high risk patients receiviogy or iso-osmolar, non-ionic contrast agents is
lacking. ADR associated with RCM do not relateddine, and the term iodine allergy should

not be used in the context of RCM reactions.

Insect-venom Anaphylaxis

Hymenoptera venom allergy (HVA) describes both ag&getic and non-anaphylactic
hypersensitivity reactions to stings. Reaction $ypelude sting-induced large local (LL) or
systemic allergic reactions. LL reactions last ®4hours in which signs and symptoms are
confined to tissues contiguous with the sting $itecontrast to LL reactions, acute onset
systemic reactions involve generalized signs antpsyms and include a spectrum of
manifestations, ranging from mild urticarial reacs to life-threatening anaphylaxis. It is

estimated that 2-3% of adults and up to 1% of chiichave had a systemic reaction to a sting,
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and LL reactions occur in more than 5% of adult89] In a review of 10 studies published
between 2001-2009, Bilo et al. found that 23% of 2bases of anaphylaxis were caused by an
insect sting.(110) Fatal anaphylaxis can resutnftdVA; the reported average of 40 deaths per
year in the US is highly suspected to underestirtindrue event rate.(53, 111) Even the first
reaction can be fatal, but no validated screeresgis available because of the very high
frequency of asymptomatic sensitization (more t8@% of adults have detectable venom-
specific IgE).(112, 113) Patients often expresssfedanaphylaxis because of their family
history or atopic history, but HVA has not beenwhdo be familial.(112)

Patients often present with concern about poteatiaphylaxis after having LL or generalized
cutaneous systemic reaction.(114) The morbidityafg with HVA may be
underestimated.(114) Fear of life-threatening aglis whenever one is outdoors, and the
burden of ensuring that injectable epinephrine&lily accessible at all times, affects the daily
activities and level of stress in affected indivatgi(115) Even people with non-anaphylactic
(LL or cutaneous systemic) reactions to stingsestia same concerns and can be impacted as
severely as the patients with anaphylactic reastiiil4) These concerns persist in these mild
reactors even though their risk of severe anapig/laxquite low, and the prescription of
injectable epinephrine is not cost-effective inlsaases.(53) Whether it is mild or severe, HVA
impairs long-term quality of life (QOL) and may Aeause of substantial socioeconomic
impairment.(116) HVA can impact career choiceseesly in beekeepers, groundskeepers,
gardeners, and greenhouse workers.(117) HVA hasriamt adverse consequences in terms of
employment, earning capacity, and leisure and sygpéctivities. (117) For these reasons,
discussion of HVA usually includes not only analtyic, but also mild systemic and non-

anaphylactic reactions.(109)

PATHOGENESIS OF ANAPHYLAXIS

Data regarding pathophysiologic mechanisms andteifeells are limited on humans but mouse
models have offered some insigits) IgE binding and cross-linking of the high-affinit

receptor FcEpsilonRI on the surface of mast celtsl@asophils is an important mechanism in
many cases of anaphylaxis. This causes the imneedibgase of preformed mediators, as well as

de novo synthesis of inflammatory mediatqus) Interestingly, some patients with life-
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threatening anaphylaxis have low or undetectaltilcting allergen-specific IgE and mouse
models have demonstrated a potential role for Ig@eddent anaphylaxis.(19) Furthermore, the
complement system, anaphylatoxins C3a, C4a, Csanamtrophils (119) have also been shown
to be involved in anaphylaxis in human subjectstlyaa newly recognized form of anaphylaxis
occurring in patients receiving chemotherapy sugggsnixed type of reaction with both
features of IgE and non-IgE dependent anaphylazgs Cytokine storm-like reactions have

recently been described for patients with chemaihyeinduced anaphylaxi$20)

Animal and human studies have linked multiple mexigto the signs and symptoms of
anaphylaxis. The most important effector cells lagd in anaphylaxis are mast cells, but
basophils, neutrophils, monocytes, macrophagesplatelets have also been implicated.(118,
121) Histamine is an important mediator of anapkiglaand studies have demonstrated that
intravenous histamine can induce symptoms of arlagisy including flushing, airway
obstruction, systemic hypotension and tachycart®2,(123) While histamine appears to play a
significant role, other mediators have also beegplicated. Therefore, pharmacologic targeting
of histamine alone, e.g., administration of antdmsines, is not appropriate and is thus
considered second-line treatment for anaphylaxisstiould not be used in place of epinephrine.
Given the slow onset of antihistamine agents, eativeness in treating cardiovascular and
respiratory symptoms such as hypotension or brapasim, and the inability to stabilize or
prevent mast cell degranulation, these agents dhmildelay definitive treatment of

anaphylaxis.

Elevated tryptase levels have been less consigtienthd in patients presenting with

anaphylaxis, particularly in cases triggered bgrgic response to food.(124) While the positive
predictive value of an elevated serum tryptasegh (03%), the negative predictive value of a
serum tryptase is low (17%).(2) However, sevetuadies have reported an association between
elevation of tryptase and severity of anaphylasosnffood and other causes.(125-129) In a study
of prospectively recruited ED patients with anapbid, mediators in addition to tryptase
correlated with hypotension, a symptom of seveephylaxis.(20) These included histamine,
IL-6, IL-10 and TNF-receptor 1.(20, 21) Severaletmediators have been shown to be

important in murine models of anaphylaxis, butitleentribution in human anaphylaxis has not
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been clearly demonstrated — these include PAFeg[plaactivating factor), CysLTs, and
anaphylatoxins. PAF is a lipid-derived mediatovated in serum of patients with cold urticaria
during cold challenge.(130) The role of PAF is supgd by studies demonstrating that injection
of PAF into the skin of healthy volunteers can ioelearly wheal and flare and late-phase flare
responses.(131) These responses are not assoridtedcreased dermal histamine levels, (132)
suggesting that the effects of PAF are indepenadiemiast cell degranulation. While some
evidence suggests antihistamine attenuation ofrempatal intradermally injected PAF-
mediated wheal and flare response, antihistamiadsb protective effect against PAF-mediated
bronchoconstriction during PAF bronchial provocat{®33) Associations have been noted with
increased PAF in cases of anaphylaxis. (125) Instugy, increased PAF levels demonstrated
the highest correlations with severe anaphylaxisefwcompared to histamine and tryptase
levels), with PAF elevations in 20%, 67%, and 108Rpatients with grades 1, 2, and 3 allergic
reactions, respectively (grade 1: acute allergactions with cutaneous signs and symptoms
only; grade 2: mild to moderate anaphylaxis; gradeevere anaphylaxis).(134) Data to support
the role of CysLTs stem from studies showing thatadermal injection of LTR LTC, and

LTD4 can induce wheal and flare responses (135) amd@ered LTG and LTD, can trigger
bronchoconstriction. (136, 137) In a small studynskct sting challenges, elevated serum C3a
was associated with severe anaphylaxis.(138) Aatditistudies suggest that specific allergens
such as peanut can contribute to anaphylaxis liyagicty complement,(139) and tryptase can
generate anaphylatoxins under specific conditiad9) These findings are important because
they demonstrate some of the pathophysiologic egpilans that underpin why antihistamine use

may be ineffective in management of anaphylaxis.

Less is understood about the pathophysiology dfacted reactions.(141) A prospective study
of anaphylaxis cases seen in emergency departnmefitsstralia reported delayed deterioration
(defined as any worsening of the reaction whileaurabservation in the ED) in 17% of
reactions. (21) Of the delayed deteriorations, 588 treated with epinephrine and 69% of
these started within 4 hours of arriving in the BDdelay in the administration of epinephrine or
too small a dose of epinephrine are consideredaistors for delayed deterioration, though the
“optimal” timeframe for epinephrine delivery to pent delayed deterioration has not been

established.(36, 142) Principal component anahgsisaled an association between delayed
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deterioration with elevated levels of histamingptase, IL-6, IL-10 and TNF-receptor 1 (peak
concentrations on serial assessment at ED arfivaur later, and discharge). These are the
same mediators found to be correlated with sevaaplaylaxis, (20, 21) lending support to the

hypothesis that severity of the initial reactionynhe intrinsically linked to protracted symptoms.

TREATMENT STRATEGIES AND PARADIGMS

Role of Epinephrine

An understanding of the pathophysiology and effiectdls involved in anaphylaxis reinforces
the recommendation to use epinephrine as firsttie@tment, while antihistamines and
glucocorticoids are considered solely second-leeapy. Anaphylaxis is a clinical diagnosis
that can present with any combination of symptoffecting various organ systems. (22) The
clinical presentation and severity of symptomseatitimong individuals and may change over

time within the same individual.

There is international consensus that the mostt@féetreatment for anaphylaxis is epinephrine,
with evidence supporting clinical guidelines basadbservational studies, extrapolation from
retrospective case reports, and limited clinidaldér However, a thorough understanding of the
pathophysiology of anaphylaxis, existing evideraog] mechanisms of action for various

medications provides the basis for treatment recenaations.

Epinephrine administered intramuscularly (in a dofs@.01 mg/kg of a 1:1,000 (1mg/mL)
solution to a maximum of 0.5 mg in adults and Ogimchildren) into the anterolateral thigh is
the first-line treatment for anaphylaxis.(22) Thaitability of newer auto-injector dose
formulations (0.1mg for infants) allows greaterregphrine dosing accuracy; however, a 0.15 mg
intramuscular dose is also widely prescribed féants at risk for anaphylaxis. (105, 143)
Particularly in settings where a 0.1mg autoinjecknse is not available, the speed and precision
gained from a 0.15 mg autoinjector dose comparda dving caregivers draw up doses using
an ampule and syringe method may justify trade4off$osing accuracy, especially in infants
weighing more than 7.5 kg. (105, 143) Dependimgasponse to the initial injection, the dose

can be repeated every 5 to 15 minutes. (61) Epnmepls a nonselective agonist of all
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adrenergic receptors, which are present withinyewggan system affected by anaphylaxis.(26)
By increasing peripheral resistance via alpha-gpews and increasing cardiac output via beta-1
receptors, epinephrine treats hypotension, shatikaua, angioedema, and upper airway
mucosal edema. Epinephrine can reverse bronchomiost and treat lower respiratory
symptoms through its effect on beta-2 adrenergiep®rs. In addition, epinephrine has been
shown to activate beta-2 adrenergic receptors @t aglls and basophils and prevent additional
release of histamine and other mediators.(27) Tépisgphrine not only treats all symptoms

associated with anaphylaxis but also can prevenésicalation of symptoms.

US, European, and international anaphylaxis guidslrecommend intramuscular epinephrine in
the anterolateral thigh rather than subcutaneoinepprine in the deltoid region of the upper
arm for the treatment of anaphylaxis. (5, 75, 14@)is is based upon a limited number of
pharmacodynamic studies in volunteers (not in aylagis) which demonstrated that when
administered intramuscularly into the thigh, epiméme works rapidly and reaches maximal
pharmacodynamic efficacy within 10 minutes of iti@c, though no proof exists that
subcutaneous delivery is not effective.(26) A srmaallly conducted in children 4-12 years of age
demonstrated a higher mean peak plasma concent(2ti86 + 351 vs. 1802 + 214 pg/ml) and
faster onset of action (8 + 2 vs. 34 + 14 minutes)ntramuscular compared with subcutaneous
administration of epinephrine.(14A&)similar study in adult males also demonstrateghér

mean peak plasma concentration for intramusculaegprine in the thigh (9722 + 4801 pg/ml)
compared with both intramuscular administratiothie deltoid (1821 + 426 pg/ml) and
subcutaneous administration in the deltoid regR8Y{_+ 567 pg/ml).(146) From these limited
data, experts have advocated the intramusculagrrtiitan the subcutaneous route of delivery,
though for years subcutaneous delivery was the steynwithout any evidence that it was not
effective. Importantly, studies comparing intracwlar and subcutaneous injections in the thigh
have not been completed. (146) Furthermore, trtiestdescribed above were conducted in
healthy adults and children who were not experiemeanaphylaxis and were taken from small
samples, and thus the generalizability of thesdiriigs to the clinical setting has not been
established. (144) There are also no data that éaaleated if the peak plasma concentration,
the time to peak plasma concentration, or the anelar the curve is the most important feature

to effective epinephrine delivery in anaphylaxisr pediatric patients, administration of
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epinephrine into the anterolateral thigh is preféro the deltoid region as this likely decreases
the risk for inadvertent intraosseous administratiae to needle length. (147-150) Efforts to
develop alternative epinephrine delivery routeglisas sublingual and intranasal epinephrine
formulations) are underway. (151-19d)ravenous administration of epinephrine is alsb n
recommended as first-line treatment of acute anaglsy even in a medical setting, due to risk
for cardiac adverse events such as arrhythmiasrgodardial infarction.(155) However, for
patients with inadequate response to intramuseylizephrine and intravenous saline,
intravenous epinephrine can be given by continugiusion by micro-drip, preferably using an
infusion pump in a monitored hospital setting. lareremote settings when immediate
treatment is required on an outpatient basis, agatreonsider adding 1 mg (1 mL of 1:1,000)
of epinephrine to 1,000 mL of 0.9 NL saline; stagtthe infusion at 2 mcg/min (2 mL/min,
equivalent of 120 mL/h) and increase up to 10 mag{t0 mL/min, equivalent of 600 mL/h);
titrating the dose continuously according to blpoessure, cardiac rate, and oxygenation.
Although potential epinephrine-related adverse ts/emust be balanced in high risk patients (i.e.
elderly patients with multiple comorbidities andipats with complex congenital heart disease,
pulmonary hypertension, prior epinephrine assodiaggdiomyopathy), there is no absolute
contraindication to epinephrine use in the treatroéanaphylaxis. (61, 156) Providers should
be aware of the need to appropriately counsel mati#hen using epinephrine. It is important to
discuss technique of administration and the neegbpoopriately restrain young children and
infants to avoid inadvertent epinephrine needleriag. (157) While there is a lack of evidence
to inform treatment approaches to biphasic anaplg/lthe same treatment recommended for
initial anaphylactic events applies to the biphasgponse, with prompt epinephrine the

cornerstone of management. (36)

An interesting conundrum surrounds those individwetho recover fully without sequelae
despite never receiving treatment for anaphylaasiations in the cause and severity of their
symptoms and metabolism of mediators are likelpined but this remains poorly
understood.(118) Given the inability to identify it individual is at risk for life-threatening or
fatal anaphylaxis, particularly in the acute seftiand the well-recognized significant benefit
from rapid administration of epinephrine, treatm&mbuld never be withheld for ongoing

symptoms and this should be advocated as a bagtegratrategy.(22) The mortality from
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anaphylaxis, though real, is remarkably low at tess 0.5% per episode of anaphylaxis.(158)
Herein lies the anaphylaxis paradox — patientsrigaanaphylaxis may survive despite lack of
treatment (or “inappropriate” treatment), but delayreatment is widely presumed to be
associated with death (though limited by lack obigts that compare fatality to non-fatality
situations where provoking conditions and treatnfiactiors were identical to determine a
relative risk).(31, 158)

Role of Antihistamines and Glucocorticoids

Antihistamines are often included as adjunctivedpeg for cutaneous signs and symptoms
associated with anaphylaxis but should not be adtered before, or in place of, epinephrine.
Histamine is an important mediator released dusimgphylaxis and can cause anaphylaxis when
administered intravenously or when ingested (censoroid poisoning).(122, 159) There are
four histamine receptors located through the bétly, H2, H3, and H4), but H1 receptors are
the most clinically relevant during anaphylaxis. té2eptors are mostly found within the
gastrointestinal tract with limited distribution ihe vascular smooth muscle cells and play a
minor role in the pathophysiology of anaphylaxid. &hd H2 antihistamine medications are
widely available and often administered concursefdt the treatment of anaphylaxis, without
supporting data for their efficacy, in particulaitiwH2 antihistamines. Compared with older
first generation H1-antihistamines, second genamatil-antihistamines have a longer duration
of action, less anticholinergic effects, less sedatyet similar onset of action.(32)
Antihistamines act as inverse agonists at histam@oeptors; they are effective therapy for
patients with urticaria and can treat many of th&ageous signs and symptoms associated with
anaphylaxis including pruritus, flushing, and uatia.(160) Unlike epinephrine, antihistamines
are poorly effective in treating cardiovascular aespiratory symptoms such as hypotension or
bronchospasm when used acutely as monotherapye@pine is the first-line treatment of
anaphylaxis because it has a faster onset of aatidnrmore appropriate and robust
pharmacologic action compared with antihistamiiéksen given orally, the onset of action of
antihistamines may occur within 30 minutes (161)gmak plasma concentrations are not
reached until 60-120 minutes, and an additiona®®@rinutes may be necessary for diffusion of
the medication into extravascular tissues to exenstimal effect. (32, 162, 163) Given the rapid

and potentially fatal nature of anaphylaxis, tineiig of onset for antihistamines is considered
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too slow and could lead to incomplete or ineffeetireatment. Furthermore, antihistamines lack
the vasoconstrictive, bronchodilatory, ionotro@ind mast cell stabilization properties of
epinephrine. While intravenous administration of&fttihistamines may be used in a medical
setting or by emergency medical services, it shaelkr be utilized in place of timely
intramuscular epinephrine administration, but iyrhave an adjunct role in treatment after

epinephrine has been administered.(164)

Glucocorticoids are also frequently used as adjuag¢br sometimes primary) therapy in the
treatment of anaphylaxis but also should not beiaidtered prior to, or in place of, epinephrine.
Glucocorticoids have no proven role in the treathoémn acute reaction as they work with slow
onset of action by binding to the glucocorticoideptor on cell membranes, translocating the
glucocorticoid/glucocorticoid receptor complex i@ thucleus, and inhibiting gene expression
and production of new inflammatory mediators. They non-selective, ineffective in treating
acute symptoms, and have multiple adverse effetdated to high doses and prolonged use.
There is a scarcity of data demonstrating the @&ffroof glucocorticoids in the treatment of acute
anaphylaxis despite common anecdotal administratidinis setting, and no studies have clearly
established their benefit when combined with epmnieye and/or antihistamines.(34, 164)
Studies investigating the use of glucocorticoidstfeatment of anaphylaxis have shown that
their use is associated with reduced length of itasgiay but have not shown any benefit of

preventing return visits to the emergency departrf@iowing discharge.(165, 166)

Given the mechanism of action, glucocorticoids malyresult in clinical improvement for 4 to 6
hours after administration, regardless of rout¢ghédugh animal studies amd vitro data have
demonstrated inhibitory effects within 5 to 30 ntesithrough up-regulation of anti-
inflammatory mediators and by decreasing mastgetliator release on a cellular level (33,
167), there are no data demonstrating similar rapget of action or clinical improvement in
human subjects. As such, given the slow onsettaraand inability to reverse acute symptoms,
it is again emphasized that glucocorticoids halimied role in the acute management of

anaphylaxis.
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REVIEW OF EVIDENCE FOR SUPPLEMENTAL THERAPIES IN AN APHYLAXIS
TREATMENT

Despite a lack of clear evidence supporting theafisatihistamines and glucocorticoids in
anaphylaxis, these treatments continue to be appartaphylaxis management in routine
practice. While it is critical to ensure that usehmse agents does not delay administration of
epinephrine, the question of whether or not ushede therapies adds value in the management
of anaphylaxis has not been subjected to rigorcethmaologic assessment in previous
anaphylaxis practice parameters. To evaluatedieeof these supplemental therapies, the

JTFPP undertook systematic reviews to better inforactitioners’ treatment of anaphylaxis.

Methods & Overview

The Anaphylaxis Workgroup that developed this glingewas composed of volunteers from the
AAAAI and the ACAAI with a specific interest in thtepic and the guideline process. The
JTFPP and Anaphylaxis Workgroup were asked to sutumaistions regarding “anaphylaxis”
that they considered to be of importance for bbéhdlinician and the patient for which currently
there was not a clear-cut answer. The workgrougd tlee Population, Intervention, Comparator,
Outcome (PICO) evidence-based framework for fortmdgeach question. (168) After all
guestions were discussed and informal preliminasyches completed, the workgroup used the
modified Delphi process (169, 170) to select astttip questions in priority order prior to
presenting them to the AAAAI/ACAAI for consideratioThe top questions chosen by the
AAAAI/ACAAI were then submitted to the workgrouprf@rading of Recommendations,
Assessment, Development and Evaluation (GRADE)yasa(171)

Literature Search: Design, Inclusion and Exclusion Criteria, and databases

The workgroup agreed to include cohort and obsenvalt studies, nonrandomized clinical trials,
and articles with multiple case studies providedmparator was reported. While review
articles, guidelines, and editorials were exclufteth analysis, they were reviewed to locate
primary research studies within the bibliographlye Bearch was limited to human subjects and
to articles published in the English language. dawh of the questions, the described databases
were searched and duplicates removed, the abstvactsuploaded into Covidence (Melbourne,

Australia) or Rayyan (Doha, Qatar), web-based sfvplatforms used by guideline writing
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groups (e.g., Cochrane Reviews) to streamline tbéygtion of systematic reviews. Each
abstract was reviewed by two workgroup memberobaloorators and categorized as relevant
or irrelevant based upon the predetermined inchisielusion criteria. When required, a third
workgroup member resolved any disagreement by osuse For all relevant abstracts, full-text
articles were uploaded into Covidence or Rayyam Tvembers assessed each full-text article
for eligibility for qualitative analysis with anyighgreement resolved by consensus of a third
member. Supplemental searches were performed tessldquestions in more targeted areas
including prophylaxis to prevent recurrence of dndgxis to nonionic low-osmolar or iso-
osmolar, radiocontrast media, and prevention oéxmahaphylaxis with chemotherapeutic
agents. The resultant studies were extracted bi?BTRembers and methodology groups, who
assessed each article to determine if they werepppte for quantitative meta-analysis. In that
each question used varying databases, dates, @odiam/exclusion criteria, these were

discussed within the methodological review for eqabstion.

Certainty Assessment of the Included Studies: Risk of Bias Using GRADE Analysis

An assessment of risk of bias factors (random sszpugeneration, allocation concealment,
blinding adequacy, completeness of data, reporéind,other potential biases) that may
contribute to risk of bias was performed by the BPFnethodology groups. The workgroups
and the JTFPP reviewed draft assessments, apgbedsments of clinical importance for each
patient-important outcome, and determined an olveeafainty of evidence across outcomes.
The level of methodologic certainty for the idewifiliterature is summarized after each clinical

guestion.

Certainty of the Body of Evidence Using GRADE Analysis

For GRADE analysis of the certainty of the evide(#l), five areas were evaluated:
inconsistency, indirectness, imprecision, riskiasband publication bias.
Inconsistency:studies are reviewed in terms of populations rugetions, and outcomes for
similarity, or consistency, among the comparedistid

Indirectness: analysis occurs around comparisons, populatiorspatcomes among
intervention studies. Indirectness in comparisawiss when one drug is compared with

placebo and another drug is compared with pladetiothe researchers do not compare the first
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drug and the second drug in a head-to-head conopatisdirectness in populations means that
the population in which the drug was studied dasgeflect the population in which the study
drug would be used. Indirectness of outcome rdéessprimary or secondary outcome that does
not exactly measure the intended outcome and shaigtipowered for the outcome of choice.
Imprecision: when too few study participants were enrolledoarfew events occurred in the
study, imprecision is detected as studies do net mgtimal information size (OIS). However,
low OIS may be offset by critical vs important cutee or valued trade-off desirable/undesirable
consequences. In systematic reviews, if the confideénterval crosses a threshold of 1.0, there

will usually be downgrading for imprecision.

Levels of Certainty of Evidence

High (®®®®): The team is very confident that the true effed til®se to the estimate of the
effect.

Moderate (@®®): The team is moderately confident in the effedtreste. The true effect is
likely to be close to the estimate of the effect, there is a possibility that it is substantially
different.

Low(®®OQ): The team confidence in the effect estimate is lidnihe true effect may be
substantially different from the estimate of thizef.

Very low: (@O QOQ) The team has very little confidence in the effstingate. The true effect

is likely to be substantially different from thetiezate of effect.

Implications of strong and weak recommendations

The implications of a strong recommendation are:

» For patients—most people in your situation woulahirthe recommended course of action
and only a small proportion would not; request d$ston if the intervention is not offered

» For clinicians—most patients should receive thememended course of action

» For policy makers—the recommendation can be ada®edpolicy in most situations

The implications of a weak (conditional) recommadrata(suggestion) are:
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» For patients—most people in your situation woulahirthe recommended course of action,
but many would not

» For clinicians—you should recognize that differehbices will be appropriate for different
patients and that you must help each patient teeaat a management decision consistent
with her or his values and preferences

» For policy makers—policy making will require substial debate and involvement of many
stakeholders

Reaching Workgroup Consensus on Certainty of Evidence, Recommendations, Clinical

Statement Profiles and Conclusions

To achieve consensus and resolve any differengesigment within the workgroup and JTFPP,
a modified Delphi method was used. The Delphi mettis@a structurednteractive, decision-
making process used by a panel of experts to aatigeconsensus when there are differing views
and perspectives. (169, 170, 172) The workgrouppcard TFPP members discussed all the
answers and were encouraged to modify their ansovetise next round(s) of email voting and

anonymous “summary of the experts” feedback untibasensus was reached.

Determination of Certainty of Evidence for a specific outcome and across critical outcomes

The certainty of evidence indicates the extenthaivone can be confident that an estimate of
effect is correct. The GRADE system for evaluatimg certainty of evidence (http://
gdt.guidelinedevelopment.org/app) defines the elésrteat guideline writing groups need to

consider when evaluating the certainty of refersrtbat address a specific outcome. These
elements include factors that assess the riskasfdmd the certainty of evidence as described
above, as well as the article design (e.g. randesniontrolled trial (RCT) or observation study).
Methodology groups may designate a method of rdtiegertainty of individual references to
assist in this analysis. Following a determinatiéthe certainty of each individual reference, the
GRADE handbook recommends that in the final anali@i each outcome of interest, the
certainty of evidence for the entire group of referes should be determined by the guideline
writing group, using their collective expert opiniolhe outcomes of interest are then
categorized as “critical” or “important but nottaral” to reaching a decision for a

recommendation. For the determination of the “oNeextainty of evidence” supporting a
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recommendation, all “critical” outcomes are reviemtegether, and the lowest certainty grade
assigned to any critical outcome of interest wéltetmine the certainty assigned for the “overall

certainty of evidence” to support a recommendation.

GRADE: From Certainty in Evidence to Recommendations for diagnosis, treatment, or course

of action

The strength of a recommendation indicates thenexbewhich one can be confident that
adherence to the recommendation will do more gbad harmAfter the certainty of evidence

is evaluated, the GRADE analysis continues to ammsadditional factors before recommending
or suggesting in favor or against a certain diajoastrategy, therapeutic approach, or course of
action: balance of desirable and undesirable effeetrtainty of evidence, safety of the
intervention, cost, likelihood of achieving adherenacceptability, feasibility, equity, and
patient’s preference. The JTFPP primarily focusedhe US population when reaching these
conclusions. Therefore, the GRADE analysis is mby a system focused on grading the level of
evidence but also a much more complete system aatnedmulating recommendations for
specific populations. Individual subgroups drafileel recommendations and justifications based
on the GRADE analysis. Subsequently, all recommgmusawere reviewed by the workgroup
and JTFPP. Both groups were provided the oppostimitomment, propose changes, and
approve or disapprove each statement. Consensusought and reached for each
recommendation’s direction and strength. Actugdaential conflicts of interest were disclosed
semiannually and at the completion of the guideliité transparency maintained during all

discussions.
External Review: External peer review was througpaanted official reviewers and
membership at large of the AAAAI and the ACAAI. Albbmments were discussed by the

JTFPP, and revisions made when the work- groupJ&aR€P believed this to be appropriate.

TOPIC AREA 1: Identification and mitigation of ris k factors for biphasic anaphylaxis

Question 1: What risk factors should clinicians take into consideration in determining the

likelihood of biphasic anaphylaxis?
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1058

1059 Patients: Adults and children treated for anaphigla

1060 Intervention: Any treatment or characteristic agsed with a decreased risk of biphasic

1061 anaphylaxis including medication or other trigggginephrine, antihistamine, glucocorticoid, or
1062 other treatment; age, severity, physical examindiimding, or other patient characteristic

1063 Comparator: Dichotomous comparator of characteristder evaluation

1064 Outcome: Occurrence of biphasic anaphylaxis

1065

1066 Background: A prior single-center review of biphasic anaphydar 103 patients suggested
1067 biphasic reactions were more common in patients igheived less epinephrine (p=0.048) and
1068 possibly less glucocorticoid (p=0.06) treatmeX)(8 systematic review by Lee et al. (43)
1069 found twenty-seven observational studies that vestepredictors of biphasic anaphylactic
1070 reactions. Of the studied predictors, food as @phylactic trigger was associated with a

1071 decreased risk of a biphasic reactioR = 0.62, 95% CI [0.4, 0.94], and the ‘unknown’

1072 anaphylactic trigger was associated with increas&df a biphasic reactio@R = 1.72, 95% CI
1073 [1.0, 2.95]. An initial presentation with hypoteosiwas also associated with an increased risk of
1074 a biphasic reactiorOR = 2.18, 95% CI [1.14, 4.15].

1075

1076 Study characteristics.The search for suitable studies was completed &y TPP. In the

1077 search 283 articles were identified after removaluplicates, with full text eligibility assessed
1078 in 112 studies, and 32 studies included in the tijzive evidence synthesis (Figure 2 depicts
1079 the Topic 1 Preferred Reporting Items for Systecri@gviews and Meta-Analysis (PRISMA)
1080 diagram).

1081
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Question 1 Included Studies:

Algurashi 2015 (42); Brady 1997 (173); Brazil 19984);Brown 2013 (21);Calvani 2011 (175);
Cianferoni 2011 (176); Confino-Cohen 2010 (177)uBlas 1994 (178); Ellis 2007 (39); Grunau
2014 (40); Inoue 2013 (179); Jirapongsananuruk Z08@); Ko 2015 (181); Lee 2013 (182);
Lee 2017 (59); Lertnawapan 2011 (183); Manivarz@id (184); Manuyakorn 2015 (185);
Mehr 2009 (186);Noone 2015 (187); Orhan 2011 (1B8gchanukoon 2006 (189); Rohacek
2014 (41); Sampson 1992 (38); Scranton 2009 (1R®)t 2005 (191); Sricharoen 2015 (55);
Stark 1986 (37); Vezir 2013 (192); Yang 2008 (193)

Key results.Based on very low-certainty evidence, the follogvassociated factors
significantly increase the risk of biphasic anaphid: (a) anaphylaxis caused by any drug in
patients less than 18 years of dgeip OR = 2.35, 94% CI [1.16, 4.76] (b) anaphylaxis caused
by an unknown triggeReto OR = 1.63, 95%ClI [1.14, 2.33] (c) anaphylaxis symptoms with
cutaneous manifestatiorBgto OR = 2.54, 95%CI [1.25, 5.15] (d) wide pulse pressurBsto
OR=2.11, 95%ClI [1.32, 3.37] (c) severe initial anaphylaxis symmp$oPeto OR = 2.11, 95%

Cl [1.23, 3.61] (d) anaphylaxis in patients less th&ryears of age treated with glucocorticoids,
Peto OR = 1.55, 95%CI [1.01, 2.38] and (e) patients requiring more tbaa dose of
epinephrinéPeto OR = 4.82, 95%CI [2.70 to 8.58]. The bias of the studies rangethfro
moderate to high due to retrospective data, exahssilue to missing data, limited patient

populations, and limited follow-up.

Summary by Predictive Variable
Twenty-six predictive variables were analyzed. Nongcomes showed a positive or negative
association with biphasic anaphylaxis. Of theseamues, time to first epinephrine was reviewed

gualitatively due to the heterogeneity of the data.

Unknown Trigger. Twenty-one retrospective observational studies 4275) are included for
this outcome (Alqurashi et al., 2015; Brady Jr, éylCarter, Guertler, & Lindbeck, 1997; Brazil
& MacNamara, 1998; Cianferoni et al., 2001; Dougtskenick, Andrade, & Brown, 1994;
Ellis & Day, 2007; Grunau et al., 2014; Inoue & Yamoto, 2013; Jirapongsananuruk et al.,
2007; J. M. Lee & Greenes, 2000; S. Lee, Petelsamse, Hess, & Campbell, 2017;
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1113 Lertnawapan & Maek-a-nantawat, 2011; Manivannaad.eP014; Manuyakorn et al., 2015;

1114 Mehr et al., 2009; Rohacek, Edenhofer, Bircher,i&gser, 2014; Smit, Cameron, & Rainer,
1115 2005; Sricharoen, Sittichanbuncha, Wibulpolprasgnabongkosh, & Sawanyawisuth, 2015;
1116 Stark & Sullivan, 1986; Vezir et al., 2013; Yangaét 2008). The pooledeto OR was 1.63,

1117 95%CI [1.14, 2.33]. Using a fixed-effect analysis, patseewith anaphylaxis from an unknown
1118 trigger have a higher risk of having a biphasictiea. The evidence is graded very low-

1119 certainty based on very serious risk of bias amdge inconsistency between the included

1120 studies. Biases include (a) the use of retrospedata, (b) limited or no follow-up, (c) limited
1121 patient selection (inpatient setting), and (d) esn of subjects due to missing data.

1122 Inconsistency was graded as serious due to modezteeogeneity as evidenced by an ¥5%.
1123

1124 Drug Trigger in Patients < 18 years of ageFive retrospective observational studies-(996)
1125 measured this outcome (Algurashi et al., 2015; Makarn et al., 2015; Mehr, Liew, Tey, &
1126 Tang, 2009; Orhan et al., 2011; Vezir et al., 20TBe pooledPeto OR was 2.35, 95% CI [1.16,
1127 4.76]. Using a fixed-effect analysis, patients <yg8rs of age who have anaphylaxis from a drug
1128 trigger are at a higher risk of having a biphasi&ction than patients > 18 years of age with a
1129 drug trigger. The evidence is graded very lowtaiety based on (a) very serious risk of bias as
1130 the studies were retrospective in nature with iehior no follow-up; (b) serious inconsistency as
1131 the studies had moderate heterogen€ity,46%; and (c) serious imprecision as the studtes
1132 alow number of events.

1133

1134 Cutaneous Signs and Symptomsix retrospective observational studias=(1949) are

1135 included for this outcome (Alqurashi et al., 20@unau et al., 2014; Inoue & Yamamoto, 2013,
1136 J. Lee, Garrett, Brown-Whitehorn, & Spergel, 20M&nuyakorn et al., 2015; Mehr et al., 2009).
1137 The pooledPeto OR was 2.54, 95%I [1.25, 5.15]. Using a fixed-effect analysis, patswith
1138 cutaneous signs and symptoms are at higher riskvohg a biphasic reaction than patients
1139 without cutaneous signs and symptoms. The evidsngeded very low-certainty based on very
1140 serious risk of bias and inconsistency, and seliopsecision. The biases include (a) the use of
1141 retrospective data, (b) limited or no follow-up) licnited patient selection (inpatient setting).
1142 Inconsistency is graded as very serious becausgefiretion of cutaneous signs and symptoms
1143 varied across studies and thevas 43%. Finally, the included studies are dowdegaor
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serious imprecision, as there was a low numbevenits, and the confidence interval for the

summary statistic is wide.

Dyspnea.Six retrospective observational studias=(1841) are included for this outcome

(Brazil & MacNamara, 1998; Inoue & Yamamoto, 2083Lee et al., 2017; Rohacek et al.,
2014; Smit et al., 2005; Sricharoen et al., 20T&g pooled”eto OR was 0.6, 95%I [0.38,

0.96]. Using a fixed-effect analysis, patients wiifspnea are at lower risk of having a biphasic
reaction than patients without dyspnea. The evidesngraded very low- certainty based on (a)
serious risk of bias as the studies are retrospeotiservational studies and included studies had
limited or no follow-up; (b) serious inconsisteray the studies had substantial heterogeiffeity

73%; (c) serious imprecision as the studies haavanumber of events.

Wide Pulse PressureTwo retrospective observational studies=(1356) are included for this
outcome (Alqurashi et al., 2015; S. Lee et al.,7Z20The pooledPeto OR was 2.11, 95%I

[1.32, 3.37]. Using a fixed-effect analysis, patsewith a wide pulse pressure are at higher risk
of having a biphasic reaction than patients witreoutide pulse pressure. The evidence is graded
very low- certainty based on (a) serious risk afskas the studies are retrospective observational

studies and (b) serious imprecision as the studidsa low number of events.

Severe Initial Anaphylaxis.Five retrospective observational studies(724) are included for

this outcome (Brown et al., 2013; Confino-Cohen &ldberg, 2010; J. M. Lee & Greenes,

2000; Manuyakorn et al., 2015; Vezir et al., 2003)e pooledPeto ORwas 2.11, 95% [1.23,
3.61] (Figure 3). Using a fixed-effect analysistigats with a severe initial anaphylaxis are at
higher risk of having a biphasic reaction thangras without severe anaphylaxis. The evidence
is graded very low- certainty based on (a) veryosearrisk of bias as the studies are retrospective
observational studies and included studies witlitéichor no follow-up; (b) serious inconsistency
as the studies used different definitions for sexaraphylaxis; (c) serious imprecision as the
studies had a low number of events.

Greater than One Epinephrine Treatment.Five retrospective observational studies(1584)

are included for this outcome (Algurashi et al.120Inoue & Yamamoto, 2013; S. Lee et al.,
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2017; Mehr et al., 2009; Scranton, Gonzalez, & WkiB009). The pooleBeto OR was 4.82,
95%CI [2.70 to 8.58] (Figure 3). Using a fixed-effectdysis, patients who receive more than
one epinephrine treatment initially are at incréassk of having a biphasic reaction. The
evidence is graded very low- certainty based owéay serious risk of bias as the studies are
retrospective observational studies and includedias with limited or no follow-up; (b) serious

imprecision as the studies had a low number oftsven

Glucocorticoid Treatment In Patients< 18 years of ageSeven retrospective observational
studies § = 1203) are included for this outcome (Alquraghale 2015; Calvani et al., 2011;
Inoue & Yamamoto, 2013; J. M. Lee & Greenes, 2008nuyakorn et al., 2015; Mehr et al.,
2009; Vezir et al., 2013). The poolPdto OR was 1.55, 95%I [1.01, 2.38]. Using a fixed-

effect analysis, patients < 18 years of age wheivecglucocorticoid treatment are at a higher
risk of having a biphasic reaction than patienis8>ears of age who receive glucocorticoid
treatment. The evidence is graded very low-cergdhased on (a) very serious risk of bias as the
studies are retrospective observational studiefjdied studies with limited or no follow-up, and
included limited patient selection (inpatient seg); (b) serious imprecision as the studies had a

low number of events.

Time to First Epinephrine. Eight retrospective observational studies-(1469) are included for
this outcome. Reviewers were unable to performreatiyais for this outcome since the authors
provided interquartile range (IQR) and median valaed therefore this outcome could not be
pooled together. Three of the eight studies shavetalyed administration of epinephrine
resulted in higher rates of biphasic anaphylaxideathe other five studies showed no statistical
difference. S. Lee et al. (2017) identified 872@ndaxis-related visits to an emergency
department from 2008-2015. There was a statisfisadinificant association with biphasic
reactions when the first dose of epinephrine wasimidtrated more than 60 minutes after
symptoms developed, OR = 2.29, 95% CI [1.09, 4.79}. Lee and Greenes (2000) also
performed a retrospective analysis of 108 childrémitted to a children’s hospital. The median
time from initial symptoms to initial dose of eppieine for patients with a biphasic reaction
was 190 min and 48 min for patients without a bgihaeaction (= .03). Lertnawapan and

Maekanantawat (2011) conducted an observationdy stn patientsr(= 208) presenting to an
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emergency department with anaphylaXisne from symptom onset to administration of
epinephrine was significantly longer in the bipleagioup than the no biphasic group, at 240
minutes (IQR 122.5-380) vs 70 minutes (IQR 40-18%j)utes,p = 0.002. Algurashi et al. (2015)
found median time from the onset of the reactiofirth dose of epinephrine was not statistically
different between patients with biphasic reacti@sminutes, IQR 25-175) and without
biphasic reactions (59 minutes, IQR 25-1@65,0.35. In a subgroup analysis of subjects who
received epinephrine for the initial reaction, Adgshi identified a protective effect from early
epinephrine (a time delay of epinephrine longent®@ minutes increased biphasic risk, p =
0.01). Ko et al. (2015) showed no association betwibe timing of epinephrine and the
occurrence of biphasic reactioqs< .52). Median time from symptoms to epinephriraes\80
minutes (IQR 20-60) in the no biphasic group andanfi@utes (IQR 20-570) in the biphasic
groups. Poachanukoon and Paopairochanakorn (20069 the median time from the onset of
symptoms to the initial administration of epinepierin the patients with biphasic reactions was
longer than in the no biphasic group but the défifee did not reach statistical significance.
Median time to initial dose of epinephrine in thebiphasic group was 82 minutes and 263
minutes in the biphasic group. No range was gi@emnanton et al. (2009) found no difference in
mean time to epinephrine between the no biphasigpy8.5 minutes + 13.8 and the biphasic
group 8.2 minutes = 12.8,= .94. J. Lee et al. (2013) found no differencénme from first
reaction onset to first epinephrine dose betweemthbiphasic group 23.0 minutes and the

biphasic group 28.5 minutgs~ .60
Food Trigger: Although previously found to be associated witlheareased risk for biphasic
anaphylaxis,(43) the current analysis did not frglgnificant association of foods with

decreased risk for biphasic anaphylaxis (Peto @R,®5% CI [0.68 , 1.17].

[Table 1]
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1233

EVIDENCE TO RECOMMENDATIONS: TOPIC AREA #1

POPULATION:

INTERVENTION:

COMPARISON:

MAIN

OUTCOMES:

SETTING:

PERSPECTIVE:

BACKGROUND:

CONFLICT OF
INTERESTS:

Identification and Mitigation of Risk Factors for B iphasic Anaphylaxis

Adults and children with anaphylaxis

Using the presence of risk factors associated kijthasic anaphylaxis t

advise regarding medical observation time followiagolution of the

initial phase of anaphylaxis.

Standard medical observation without risk factoatstcation following

resolved initial anaphylaxis.

The occurrence of biphasic anaphylaxis

Emergency Departments, Allergy clinics, and Prim@aye offices.

Healthcare providers and patients want to know wikktfactors predict

biphasic anaphylaxis and how best to prevent it.

(@]

Biphasic reactions may occur in up to 20% of pasievith anaphylaxis

but can be difficult to predict. Because biphasiaphylaxis may occur
from 1 to 78 hours after anaphylaxis resolutioryeéhs uncertainty as tc
optimal medical observation to detect biphasictieas. Prior studies

have suggested more severe initial presentatiaiufimg hypotension)

Is associated with a greater risk for biphasic agkgxis.

None
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1234

1235 CLINICAL STATEMENT

1236

1237

Very low-certainty evidence suggests patients wétere initial
anaphylaxis and those requiring more than one dbspinephrine are at
risk for biphasic anaphylaxis after resolutionmfial anaphylaxis.

Very low- certainty evidence suggests extendedrgbsien is appropriate
for patients with severe initial anaphylaxis anditro have required more
than one dose of epinephrine. For patients wigbluwed non-severe
anaphylaxis who are without significant comorbgktthat would increase
the risk for fatal anaphylaxis, who have had a grbrasponse to
epinephrine, and will have reliable access to nadiare following
discharge, a 1-hour observation may be reasonable.

Prior to discharge all patients should be presdréned receive education o
how and when to use self-injectable epinephrinerigk of biphasic
anaphylaxis, trigger avoidance, and the need ftovieup care with an
allergist.

ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS
o No The lifetime prevalence of | There is some uncertainty as

o Probably no
o Probably yes
* Yes

o Varies

anaphylaxis is estimated the exact rate of biphasic
between 1.6% to 5.1%, and |anaphylaxis and evidence
biphasic anaphylaxis may regarding optimal treatment fq

occur in up to 20% of biphasic anaphylaxis is scant

to

=
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o Don't know

Desirable Effects

patients.(1, 4) Medications a
a leading trigger of
anaphylaxis in adults.(1, 11)
The prevalence of fatal
anaphylaxis is between 0.47
0.69 per million persons
0.25%-0.33% of ED visits or
hospitalizations.(9, 10, 29-31

How substantial are the desirable anticipated tffec

e

(0]

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o Trivial Understanding risk factors thaMore severe anaphylaxis

o Small could predict patients more |carries a greater risk for

* Moderate likely to have biphasic biphasic anaphylaxis.

o Large reactions may allow more Additional associations are

o Varies focused triage for patients whauite broad (e.g., cutaneous

o Don't know

could benefit from additional
education or medical
observation. Very low-
certainty evidence suggests
biphasic anaphylaxis is
associated with: (a) severe
initial anaphylaxis symptoms,
OR =2.11, 95% CI [1.23,

3.61], (b) more than one dose

of epinephrine, OR = 4.82,
95% CI [2.70 to 8.58], and (c
wide pulse pressures, OR =

signs and symptoms) or may
confounded by anaphylaxis
severity (e.g. wide pulse
pressure and children receivir

glucocorticoids ).

g

42



Undesirable Effects

2.11, 95% CI [1.32, 3.37].
Additional associations
include: (d) anaphylaxis
caused by any drug in patient
less than 18 years of age, OH
2.35,94% CI [1.16, 4.76], (€)
anaphylaxis caused by an
unknown trigger, OR = 1.63,
95% CI [1.14, 2.33], (f)
anaphylaxis symptoms with
cutaneous manifestations, Of
=2.54, 95% CI [1.25, 5.15],
and (g) anaphylaxis in patient
less than 18 years of age
treated with glucocorticoids,
OR =1.55, 95% CI [1.01,
2.38].

AJ

S

How substantial are the undesirable anticipateecesf

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o0 Large For ED or hospital Patients identified to have risk

0 Moderate presentations of anaphylaxis, factors may be observed muc

o Small the case-fatality rate is longer in the ED or admitted,

o Trivial estimated at 0.25% to 0.33%] increasing the cost of

» Varies including both uniphasic and | anaphylaxis treatment. Patients

o Don't know biphasic anaphylaxis.(31) Tq with these risk factors may be

reduce the fatality rate for

reluctant to go the ED for fear
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biphasic anaphylaxis one
would ideally have the patien
under direct observation;
however, it is not cost-
effective to observe all patien
for a prolonged time following
resolution of uniphasic
anaphylaxis. Furthermore, it
has been shown that the
majority of patients monitoreg
for 1 asymptomatic hour after
resolved anaphylaxis will not
experience a biphasic
reaction.(57) Therefore the
risks and benefits need to be
balanced. While harm may
result from missed cases of
anaphylaxis in discharged
patients, an overly cautious
observation time for patients
low risk for both biphasic
anaphylaxis and anaphylaxis
fatality would be very costly.
Depending on how evidence
incorporated into clinical
practice, undesirable effects
could include adoption of
prolonged periods of medical
observation which would be

unnecessary for the majority

of having an extended stay.
[

ts

S
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patients with resolved

anaphylaxis.

Certainty of evidence (Intentional vagueness)

What is the overall certainty of the evidence déets?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

* Very low Across variables evaluated, |Patients with severe initial

0 Low heterogeneity ranged from loyanaphylaxis are likely to

0 Moderate (1>=0%) to high (f=89%). Due| experience the greatest

o High to very low-certainty of potential benefit from more

o0 Noincluded studies evidence and absence of a |extended observation. All

randomized controlled trial to
address this question, there
remains uncertainty as to the
degree of benefit and fatality
risk reduction obtained from
extended observation in
patients with resolved
anaphylaxis. However, when
comparing a 1-hourtoa > 6
hour observation, the numbel
needed to treat by extended
observation to prevent one
biphasic reaction following

discharge is 41 (range, 18-19

patients should receive
anaphylaxis education,
including the risk for biphasic
anaphylaxis. Patients should
prescribed self-injectable
epinephrine and provided with
an action plan, instructing the
on how and when to administ
epinephrine. Upon discharge,
patients should be instructed
see an allergist-immunologist
(45)

5)

10]
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Values (Value judgments)

Is there important uncertainty about or variabiiityhow much people value the main outcom

for patients presenting with
severe anaphylaxis and 13
(range, 7-27) for those
requiring more than one dose
of epinephrine.(57, 194)

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS
o Important uncertainty or | All patients would prefer to | While all patients would

variability
Possibly important
uncertainty or
variability
Probably no important
uncertainty or variability
No important uncertainty

or variability

avert biphasic anaphylaxis.
Apart from prompt and
appropriate treatment of initig
anaphylaxis with epinephrine
evidence is lacking to suppor
a clear role for any additional
therapy or management
strategy to decrease biphasig
anaphylaxis risk. However, if
initial anaphylaxis was severe
if the clinical impression is tha
a patient has a higher risk of
biphasic reaction (i.e., 17% o
greater), or if risk factors for
anaphylaxis fatality are prese)
(e.g., cardiovascular
comorbidity, lack of access tg

epinephrine, lack of access tg

choose to minimize biphasic
anaphylaxis, a differential
Ilvalue may be placed on the
importance of prolonged

[ observation even for patients
having experienced severe
anaphylaxis. Conversely,
patients with non-severe

anaphylaxis may prefer more

»extended observation (beyon

fl-hour). Development of a
patient-decision aid could
rfacilitate shared decision-
making.

nt

o=
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emergency medical services,
poor self-management skills,
etc.) then extended observatipn
of up to 6 hours or longer

(including hospital admission
may be appropriate. (58)

There is an absence of patient-
preference sensitive evidence
to inform physicians of the
relative valuation of trade-offs
when prolonged observation |s
compared to the risk of

biphasic anaphylaxis followin

(@]

discharge.

Balance of effects (Benefit-harm assessment)

Does the balance between desirable and undesatibtas favor the intervention or the

comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o Favors the comparison |Potential harm could result |Biphasic anaphylaxis may

o Probably favors the from over-reliance of risk occur in any patient with
comparison factors. While universal anaphylaxis and all patients

o Does not favor either the| prolonged observation could | should seek care if anaphylaxis

intervention or the lead to patients delaying recurs after initial resolution.
comparison medical care (or avoiding

e Probably favors the medical observation all
intervention together), triage of patients

\*2J

o Favors the intervention | with severe index anaphylaxi
o Varies Don't know may facilitate a balance of
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Resources required

benefits and harms.

How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

0 Large costs Direct and indirect costs may| Anaphylaxis patient educatior

0 Moderate costs vary depending on how risk |referral to an allergist, and

o Negligible costs and factors are incorporated into | prescription of an epinephring
savings patient management. auto-injector at discharge are

0 Moderate savings Prolonged emergency important for all patients with

o0 Large savings department observation or | anaphylaxis.(45)

e Varies inpatient admission could

o Don't know dramatically increase costs of

anaphylaxis management.
Biphasic anaphylaxis occurrir
outside of medical observatio
may be more severe and life-
threatening, leading to greatg
costs of care; however,

availability of self-injectable
epinephrine would be expecty
to mitigate these risks and

costs.

9

=

D
o
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Certainty of evidence of required resources

What is the certainty of the evidence of resouetpiirements (costs)?

No included studies

Cost effectiveness

duration of observation, and
incorporation of risk factors.
However, a time-dependent
activity-based cost strategy ¢
be used to estimate hourly
costs from allergy clinic or
emergency department
observation.(195, 196)

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o Verylow There is low-certainty in Indirect costs involve job-

* Low evidence of resource related opportunity costs and

0 Moderate requirements due to variation| may vary significantly across

o High in treatment setting, costs, | patient populations. Additional

costs would be incurred for
patients receiving overnight
hospital admission for post-

sanaphylaxis monitoring.

Does the cost-effectiveness of the interventiomfdke intervention or the comparison?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

Favors the comparison
Probably favors the
comparison

Does not favor either the
intervention or the
comparison

* Probably favors the

intervention

Medical observation of
patients with severe
anaphylaxis for > 6 hours car
be a cost-effective strategy if
provides at least a 76% fatali
risk reduction compared to a
shorter, e.g., 1 hour,

observation. (58)

Cost-effectiveness may be
sensitive to rates of biphasic
reactions, cost of observation
ihospitalization rates, and

yanaphylaxis fatalities.
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o Favors the intervention
o Varies Don't know

o No included studies

Equity

What would be the impact on health equity?

o Don't know

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o0 Reduced The impact on equity may vapAll patients experiencing

0 Probably reduced depending on how risk factorsanaphylaxis should be closely

o Probably no impact are incorporated into patient | observed until they are stable

o Probably increased management. Prolonged and suitable for discharge.

0 Increased periods of medical observatigrRecognizing that a biphasic

e Varies in patients with resolved anaphylaxis may only develoy

anaphylaxis could negatively
impact equity and may
discourage patients from

seeking medical care.

many hours following total
resolution of symptoms, it is
difficult to determine the most
appropriate and cost-effective
time for medical observation.
A risk-stratified approach to
observation following resolved
anaphylaxis should include a
shared decision-making
conversation with the patient
and family, as both the medical
risks and patient values and

preference must be taken intg
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Acceptability & Quality improvement opportunity

Is the intervention acceptable to key stakeholders?

consideration.

o Probably no
o Probably yes
* Yes

o Varies

o Don't know

Feasibility

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS
o No Evidence suggests that a 1- | The concept that more severe

hour symptom-free observatipanaphylaxis is associated with a

period of non-severe
anaphylaxis has a 95% NPV
for biphasic anaphylaxis.(57)

Is the intervention feasible to implement?

greater risk for biphasic
anaphylaxis is intuitive and
would be acceptable to most

stakeholders.

o Don't know

o No

observation period of at least
hours.(57)

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o No One recent meta-analysis Given the prolonged duration

o Probably no suggests a 95% NPV of possible biphasic reactions

o Probably yes associated with a 1-hour would not be feasible to

o Yes medical observation, and a |observe all patients for the

» Varies 97.3% NPV associated with aentire duration of risk (up to 7

Gours).

it

(08

Evidence was drawn from a

Intentional Vagueness

Due to very low-cetiaof
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o

o

Probably no
Probably yes
Yes

Varies

Don't know

No

Probably no
Probably yes
Yes

Varies

Don't know

heterogeneous population of
non-randomized clinical
studies and is susceptible to
methodologic bias. The
optimal extended observation
time following resolved
anaphylaxis is poorly defined
While a > 6-hour observation
period could be suggested in
higher-risk patients,
uncertainty remains regarding
the cost-effectiveness of such
an approach in many

circumstances.(58)

anaphylaxis may reasonably
choose to defer prolonged
observation beyond 6-
hours.(58) Furthermore, an

aversion to prolonged medicdlpractice variation based on a

observation may deter some
patients from seeking

appropriate care. However,

other patients, including thoseshould have the option for mgre

with less severe anaphylaxis,

may prefer an extended periqd

of observation based upon fefr,

anxiety, past experiences, or

specific psycho-social

evidence and absence of a
randomized controlled trial to
address this question, there
remains uncertainty and
potential bias. A role for
shared decision-making in
relation to extended
observation may exist in som¢
clinical situations of resolved

anaphylaxis.

Role of Patient Preference

Patients with resolved severg-While patients with more

severe anaphylaxis have a
greater risk for biphasic
reactions, the management o

this increased risk may warra
construct of shared decision-
making. In addition, patients

with non-severe anaphylaxis

extended observation.
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o

o

o

o

No

Probably no
Probably yes
Yes

Varies

Don't know

No

Probably no
Probably yes
Yes

Varies

Don't know

circumstances.

Exclusions

It is important to distinguish

biphasic anaphylaxis from

uniphasic anaphylaxis withoutwould be difficult to

complete resolution (protractethcorporate into clinical triage

anaphylaxis). Specific
subpopulations were not

excluded.

Policy Level

We would not recommend
policy level interventions to
mandate specific observation
times or incorporate specific
risk factors to predict biphasic
anaphylaxis, as the certainty
evidence relating to this

Additional factors associated

with biphasic anaphylaxis

strategies, such as anaphylaxis
caused by a drug trigger in
children, anaphylaxis with
cutaneous signs and symptoms,
and use of glucocorticoids in
children. Some clinical
associations identified may be
confounded by anaphylaxis
severity. Given the low-

certainty of evidence it is not

D

possible to completely exclud
that subpopulations may benefit

from extended observation.

Well-performed future
randomized controlled trials
would better inform practice
and understanding of risk
cfactors to predict biphasic

cdnaphylaxis.
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guestion is very low.

1238

1239 TOPIC AREA 1: Summary of judgements

PROBLEM IS A
PRIORITY

DESIRABLE
EFFECTS

UNDESIRABLE
EFFECTS

CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS
BENEFIT S.
HARMS AND
BURDENS

RESOURCES
REQUIRED

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

COST
EFFECTIVENESS

EQUITY

ACCEPTABILITY

JUDGEMENT
Don't
No Probably no Probably yes Yes Varies on
know
Trivial Small Moderate Large Varies Don't
know
- . Don't
Large Moderate Small Trivial Varies on
know
No
Very low Low Moderate High included
studies
Possibly Probabl
Important imofrlrant irrﬁ Ztr)tz:to No important
uncertainty or _p_ R . uncertainty or
L uncertainty or | uncertainty or L
variability L - variability
variability variability
Does not favor
Probabl ither th Pr ly
Favors the robably . el er' N obab Favors the . Don't
. favors the intervention or favors the . . Varies
comparison . . . intervention know
comparison the intervention
comparison
Moderate Negligible Moderate Large . Don't
Large costs costs and . . Varies
costs . savings savings know
savings
No
Very low Low Moderate High included
studies
Does not favor
Favors the Probably . either .the Probably Favors the . . No
. favors the intervention or favors the . . Varies included
comparison . BN intervention .
comparison the intervention studies
comparison
Probabl Probabl Probabl Don't
Reduced robably r(? ably no . robably Increased Varies on
reduced impact increased —— know
. Don't
No Probably no Probably yes Yes Varies on
know
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JUDGEMENT

FEASIBILITY

Probably no Probably yes Varies

1240
1241
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1243

1244
1245
1246
1247
1248
1249
1250
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1265
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TOPIC AREA 2: Should antihistamines or glucocorticoids be used tprevent anaphylactic
reactions?

Question 2. Should antihistamines and/or glucocorticoids be used to prevent biphasic
anaphylaxis?

Question 3. Should antihistamine and/or glucocorticoid premedication be used to prevent index
hyper sensitivity/infusion reactions to chemotherapy?

Question 4. Should antihistamine and/or glucocorticoid premedication be used to prevent
recurrent hypersensitivity reactions to radiocontrast media?

Question 5. Should antihistamine and/or glucocorticoid premedication be used to prevent

hyper sensitivity reactions to allergen immunotherapy or other agents?

Patients: Adults and children experiencing anagkiglwho are treated with glucocorticoids,
antihistamines, or both to: (a) prevent biphasapduylaxis, (b) prevent index anaphylaxis with
chemotherapeutic, (c) prevent recurrence of anagfs/to nonionic low-osmolar or iso-osmolar,
radiocontrast media, and (d) prevent index anapig/laith non-chemotherapeutic agent. The
analysis did not include patients with prior reaws attributed to chemotherapy or preventative
treatment for children receiving chemotherapy.

Intervention: Use of antihistamine and/or glucocoit

Comparator: Management without antihistamine angliacocorticoid

Outcome: Occurrence of (a) biphasic anaphylaxis(brd) anaphylaxis.

Background: A systematic review by Alqurashi et al.(44) fouhdty-one observational studies
that reviewed the role of glucocorticoids for theatment of anaphylaxis, suggesting that
biphasic reactions were more likely to occur in erade to severe anaphylaxis or when
anaphylaxis was not treated with timely epinephrifiae authors concluded there was a lack of
compelling evidence to support the routine uselwéagorticoids to prevent biphasic
anaphylaxis.(44) Similar to the assumption thatgtorticoids provide proven benefit in acute
anaphylaxis management, common practice has adtpade of antihistamines,
glucocorticoids, or both prior to chemotherapy,oadntrast dye administration, and many other
procedures or medications thought to involve ris&llergic reactions or anaphylaxis. However,

the actual rigor to which these therapies have legatuated is questionable. Paclitaxel, an
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1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297

antitumor agent, is one example, with hypersensjtreactions to this agent reported since early
clinical use. In one early report (197) of 30 liguatis treated, 32 patients had definite (27
patients) or possible (5 patients) hypersensitirggctions (HSRs) and all but one patient had the
reaction from the first or second exposure. Ofrggg 13 patients (41%) had received
premedication to prevent toxicity but nonethelegseeienced HSRs. While prolongation of
infusion time appears to have decreased the ratSBfs, the addition of premedication has also
become common practice in some circumstances. @@mMedication is also used in patients
with prior reactions to RCM; however, it has beaggested that the most important change in
decreasing rates of HSR associated with RCM has b&e of alternative low- or iso-osmolar
non-ionic agents. (17) Evidence supporting theaiggemedication in the setting of non-ionic
RCM agents for high risk patients is poorly desediland there is concern that the routine use of
glucocorticoid premedication in the setting of pitSR to RCM may cause more morbidity

than benefit. (17)

Study characteristics. The search for suitable studies was completed &y TiPP (Figure 4).
Sixty-seven articles were identified for inclusi@dds ratios (OR) were used in analysis of Q2a
and Q2b due to the case-control analytic stratedyighasic and uniphasic anaphylaxis were
analysed by retrospective evaluation of therapesived before the outcome of interest.
Conversely, Q2c and Q2d were evaluated using sheatio (RR), which is useful in the setting
of a prospective analysis plan to evaluate diffeesrin outcome between exposure and control.
Of note, if the prevalence/incidence of the everbw, then the RR and OR typically give very
similar results. The Peto OR can be useful iféree no events or low number of events in
arms evaluated, but was avoided in the Q2 anatysggo unbalanced arms which could lead to
skewed findings using the Peto OR. (198)

57



1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
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Topic Area 2 Included Studies:

Question 2:Adults and children treated for anaphylaxis whotegated with glucocorticoids,
antihistamines, or both to prevent biphasic anaphyl

Algurashi 2015 (42); Brady 1997 (173); Brown 2023)( Calvani 2011 (175); Douglas 1994
(178); Ellis 2007 (39); Grunau 2015 (199); Guioil2q200); Inoue 2013 (179);
Jirapongsanunuruk 2007 (180); Kawano 2017 (201)261b (181); Lee 2017 (202); Lee 2000
(142); Lee 2013 (182); Lertnawapan 2011(183); LOAR (203); Manuyakorn 2015 (185); Mehr
2009 (186)Michelson 2015 (166); Oya 2014 (204);dhraaukoon 2006 (189);Rohacek 2014
(41); Scranton 2009 (190); Smit 2005 (191); Srickar2015 (55); Stark 1986 (37); Vezir 2013
(192)

Question 3: Adultstreated for anaphylaxis who are treated with glocooids, antihistamines,
or both to prevent index anaphylaxis with chematheutic:

Chang 2016 (205); Francis 1994 (206); Jerzak 2008)( Mach 2016 (208); Onetto 1993
(209); Rougier 1995 (210); Seki 2011 (211); Sheb®@12); Thompson 2014 (213); Trudeau
1996 (214); Weiss 1990 (197)

Question 4:Adults and childrenreated for anaphylaxis who are treated with gloctooids,
antihistamines, or both to prevent recurrence apaglaxis to radiocontrast media:

Abe 2016 (215); Katayama 1990 (216); Kolbe 20147}2llee 2016 (218); Park 2017 (219);
Park 2018 (220)

Question 5:Adults and childrernreated for anaphylaxis who are treated with gloctooids,
antihistamines, or both to prevent index anaphglaith non-chemotherapeutic agent:
Augustsson 2007 (221); Berchtold 1992 (222); Bna&@15 (223); Brockow 1997 (224); Caron
2009 (225); Fan 1999 (226); Gold 2017 (227); Hejjd®90 (228); Jacobstein 2005 (229);
Jagdis 2014 (230); Lorenz 1980 (231); Mueller 200®); Neilson 1996 (233); Portnoy 1994
(234); Reimers 2000 (235); Sanders 2005 (236)p&aing 1982 (237); Tankersley 2002 (238);
Yoshihiro 2006 (46)

Key results (Question 2)
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As shown in Figure 5, very low-certainty evidenaggests that glucocorticoids do not provide
clear benefit in terms of reducing the risk forhmagic anaphylactic reactions (OR 0.87, 95% CI
0.74-1.02). Prolonged hospitalization and revis#se analysed as surrogate markers in
Michelson 2015 (166), in which glucocorticoids vessociated with decreased length of hospital
stay but not with 3-day ED revisit. However, thtady was limited by the poor distinction
between protracted or biphasic anaphylaxis, inttotypossible classification bias. Meta-
regression analyses were performed to addresst@bteonfounding by differential rates of
epinephrine use, with the summary estimate adjustextcounting for whether there were
differences across studies with regards to the oflttee biphasic versus the uniphasic group
also receiving epinephrine at baseline. In megaession analyses epinephrine use accounted
for about half of the between study variance, witbderate variance remaining after this
correction (Tafi= 0.4).

Similar to findings regarding glucocorticoid useaimaphylaxis, antihistamines also did not
provide benefit in reduction of biphasic reacti¢@® 0.71, 95% CI 0.47-1.06 for H1-
antihistamines and OR 1.21, 95% CI 0.80-1.83 forad&histamines). Additional analyses were
performed excluding Mehr 2009 (186) and Lee 20B2) 10 account for uncertainty in
antihistamine preparations used without changedtirfgs (OR 0.69, 95% CI 0.44-1.09 for H1-
antihistamine). To address potential confoundinglifferential rates of epinephrine use, the
summary estimate was adjusted by accounting fotivehéhere were differences across studies
with regards to the odds of the biphasic versuaithphasic group also receiving epinephrine at
baseline. In the meta-regression analysis, epimphse did not account for significant
variation across studies. Kawano 2017 reportedrfgslof a retrospective cohort to evaluate the
effect of antihistamine treatment to prevent pregien of anaphylaxis, so was excluded from
the final analysis. (201) However, the inclusiorkafwano did result in a significant OR in favor
of antihistamine use (OR 0.65, 95% CI 0.47-0.9hp Significance of Kawano 2017 is difficult
to interpret because patients were selected usirifPadiagnostic code of “allergic reaction”
(ICD-9 code 995.3) and patients receiving H1 astdmines were more likely to receive
epinephrine and glucocorticoids in their reportnifarly, Lin 2000 was excluded as the
comparator in this analysis was an antihistami®@).2and Sricharoen 2015 was excluded as all

subjects received antihistamines.(55)
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[Table 2]

Key results (Question 3)

Premedication for chemotherapy was evaluated byooue of hypersensitivity reaction or
infusion-related reaction. Specific agents evadancluded pegaspargase, docetaxel,
carboplatin, oxaliplatin, and paclitaxel. Givendregeneity of premedication, specific analysis
of premedication variant strategies was not peréatnVery low-certainty evidence suggests that
glucocorticoid and/or antihistamine premedicatioesiprovide benefit in terms of reducing the
risk for hypersensitivity or infusion-related reacts in adults receiving chemotherapy who have
not previously experienced a reaction to the dragmwused in the context of a chemotherapy
protocol (OR 0.49, 95% CI 0.37-0.66) (Figure 6)eTast for heterogeneity yielded a
statistically significant difference between stisdff=0.002;4=64.0%). Jung 2014 (239)
evaluated glucocorticoid premedication for rituxbria patients with B cell malignancies,
demonstrating a reduced rate of rituximab infusielated reactions in glucocorticoid-pretreated
patients (2.7%) compared to patients who did nceive premedication (13%)(OR 0.18, 95% CI
0.07-0.50, p<0.001). Additional sensitivity analysecluding the Jung 2014 analysis in the
overall chemotherapy meta-analysis enhanced thefibehchemotherapy premedication
identified (OR of 0.45, 95% CI 0.34-0.6).

(Table 3)

Key results (Question 4)

Very low-certainty evidence suggests that glucacoid and/or antihistamine premedication
does not provide benefit in terms of reducing ibk for hypersensitivity reactions in patients
with prior RCM reactions (RR 1.07 95% CI 0.67-1.{Rigure 7). The test for heterogeneity
yielded a statistically significant difference besmn studies (P<0.00£:493%). Lasser 1994
(240) was excluded from the primary analysis beedusas unclear which patients in this
cohort who received non-ionic contrast had expegdrprior RCM hypersensitivity reactions;
however, in sensitivity analyses including patiemith overall hypersensitivity as well as more
severe (Grade II/lll) reactions, premedication wid provide clear benefit (overall reactions, RR
0.97, 95% CI 0.61-1.52; Grade 1I/lll RR 1.00, 95%034-1.57). It is important to note that

specific evaluation of patients with prior seveetaged onset allergic reactions tor RCM is not
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1392 well studied and was not addressed in the currmilysis. Severe delayed RCM reactions have
1393 included Stevens-Johnson syndrome, toxic epideneaiolysis, drug-related eosinophilia with
1394 systemic symptoms (DRESS), and vasculitis - withlit@es reported. (241-249) For instance,
1395 although iodixanol is a low-osmolar nonionic dindefayed T-cell mediated reactions have been
1396 described.(243) While skin testing with delayeddiegs at 48 and 72 hours may play a role in
1397 identifying non-cross reactive agents (243), thhereains uncertainty as to whether such an
1398 approach is necessary when compared to simply oigpason-cross reactive RCM for

1399 presumed T-cell mediated severe delayed onseiogaac{17) Similarly, the necessity of other
1400 measures to prevent recurrent severe delayedwoaactvhich have included IVIG,

1401 desensitization, and cyclosporine, is unknown.(250} A simple approach was recently

1402 proposed by Macy who reviewed RCM hypersensitikggctions and described four non-cross-
1403 reacting RCM groups from the perspective of delayeset T-cell mediated reactions (defined
1404 as groups A, B, C, and ungrouped). Group A RCM tggemhich include the low-osmolar

1405 monomers iopamidol, iomeprol, iversol, iohexol d&ma-osmolar dimer iodixanol) were

1406 contrasted from Group B (including the low-osmataynomer iobitridol and low-osmolar dimer
1407 ioxaglate), Group C (high-osmolar ionic monomerauotrizoate/diatrizoate), and ungrouped
1408 agents (low-osmolar monomers iopramide, iopamidthalamate). One management strategy
1409 suggested that glucocorticoid premedication begunday before the procedure (and continued
1410 for five days) may have a role in severe delayeskbreactions to Group A RCM agents

1411 together with selection of a non-cross reactivaigrgsuch as iopromide or iopamidol).(17) The
1412 optimal approach to patients with delayed sever®R€actions requires further study.

1413
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(Table 4)

Key results (Question 5)

Very low-certainty evidence suggests that glucacoid and/or antihistamine premedication
does not provide benefit in terms of reducing Bk for hypersensitivity reactions in subjects
receiving infliximab, allergen immunotherapy, ohet (non-chemotherapy, non-RCM)
medications (RR 0.74, 95% CI 0.49-1.11) (Figurd)ontrast to infliximab, an analysis by
Jung (239) demonstrated glucocorticoid premedinatias effective in preventing rituximab
infusion reactions in the context of B-cell maligoges. Additionally, the subgroup analysis of
allergen immunotherapy did demonstrate a significemefit of premedication, driven largely
by studies of premedication in accelerated allergenunotherapy schedules, which present
greater risks of anaphylaxis (RR 0.62, 95% CI| @M4#4). This benefit may relate to a high
baseline rate of systemic reactions. For exanioenoy 1994 (234) reported a double-blind
placebo controlled trial of rush immunotherapy thalergic children aged 6 to 18 years of age.
Systemic reactions (inclusive of isolated urticaviere reported in 27% of subjects treated with
H1 antagonist, H2 antagonists, and glucocorticoatapared with 73% of placebo subjects.
One of 11 children experienced anaphylaxis in téatinent group compared to 3/11 in the
placebo group. However, if additional consideratias given to patients receiving rush
immunotherapy who experienced either anaphylaxiswastigator classified pulmonary
symptoms (wheezing, shortness of breath, or ciggghess), the difference between active
treatment and placebo was 18% vs 45%, respecti@3y) Additional sensitivity analysis
performed using this modified definition of anapdyik from Portnoy 1994 did not significantly
change results. Exclusion of the RIT patients fleontnoy 1994 and Hejjaoui 1990 resulted in
an OR of 0.65 (95% CI, 0.41-1.04) for patientshie immunotherapy subgroup.
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EVIDENCE TO RECOMMENDATIONS: TOPIC AREA 2

Evaluation and use of supplemental glucocorticoidrad/or antihistamine premedication

for anaphylaxis prevention

POPULATION: Adults and children with anaphylaxis

INRRSRASNRR[O B Use of antihistamines and/or glucocorticoids torpré anaphylactic

reactions

COMPARISON: Not using antihistamines and/or glucocorticoidstha purpose of

preventing anaphylaxis

MAIN Prevention of anaphylaxis
OUTCOMES:

SETTING: Emergency Department, out-patient, medical offeanmunity

PERSPECTIVE: Clinicians and patients want to know if anaphylacas be prevented

with antihistamines and/or glucocorticoids.

YAN@(EI{elUIN DI Clinicians frequently recommend antihistamines andlfucocorticoids
to prevent anaphylaxis. Premedication is ofteddsechemotherapy,
monoclonal antibody infusions, and allergen immbeotpy. However
the benefit of antihistamines and/or glucocortisqidemedication for
RCM, as well as each of these other settings,éemtmin. In addition,
there is uncertainty if antihistamines and/or gharticoids prevent
biphasic anaphylaxis recurrence following resolaadphylaxis of any

cause.

CONFLICT OF None
INTERESTS:

1441 CLINICAL STATEMENT

! Very low-certainty evidence suggests that treatmetht glucocorticoids,
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1442

1443

ionic RCM agent.

antihistamines, or both as part of initial anapkidananagement does not provid
clear added benefit in preventing biphasic anaptiyla patients with resolved
anaphylaxis. While a premedication strategy nrayide benefit in patients
receiving rush aeroallergen immunotherapy and pestieeceiving some forms of
protocol chemotherapy, evidence is lacking to supgear benefit in patients
receiving a infliximab without a prior history ohaphylaxis, or in patients with a

history of anaphylaxis to RCM receiving an alteivatow- or iso-osmolar non-

(42

ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o No The lifetime prevalence of There is some uncertaint)

o Probably no anaphylaxis is estimated between as to the exact rate of

o Probably yes 1.6% to 5.1%, and biphasic biphasic anaphylaxis and

* Yes anaphylaxis may occur in up to |evidence regarding

o Varies 20% of patients.(1, 4) Medicationgoptimal treatment for

o Don't know are a leading trigger of anaphylaxjiphasic anaphylaxis is

in adults. The prevalence of fatal
anaphylaxis is between 0.47 to 0.
per million persons and 0.25%-
0.33% of ED visits or
hospitalizations.(9, 29, 31)
Anaphylaxis prevention strategies
have used antihistamines and

glucocorticoids to prevent

scant. There is variation
(e patient event rate of
anaphylaxis in particular

clinical settings.

n
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Desirable Effects

subsequent biphasic anaphylaxis
patients with resolved initial
anaphylaxis, as well as
premedication strategies in
instances where the risk of
anaphylaxis has been thought to
significant (chemotherapy,
monoclonal therapy, RCM use,
allergen immunotherapy, and

others)

n

How substantial are the desirable anticipated &ffec

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o Trivial The JTFPP analysis did find a Certainty of evidence is

+ Small nonsignificant trend to prevention|very low and findings are

0 Moderate of biphasic anaphylaxis with imprecise. However, itis

o Large glucocorticoids (OR 0.87, 95% ClI| possible that benefit coul

o Varies 0.74-1.02) and H1 antihistamines| be evident in some

o Don't know (OR 0.71, 95% CI 0.47-1.06), but| circumstances. Based o

not for H2 antihistamines H2
antihistamines (OR 1.21, 95% ClI
0.80-1.83).

Premedication did show benefit
with rush allergen immunotherapy
(RIT), with a NNT of 19 (range 12

to 119) at an anaphylaxis patient

the understanding of
antihistamine and
glucocorticoid mechanisn
of action, these therapies
could decrease symptom
associated with
anaphylaxis, such as

urticaria. While this affec

|

t

expected event rate (PEER) of 14|%ould confound the
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from the immunotherapy analysis
that included RIT. The JTFPP
analysis also showed reduction in
anaphylaxis and infusion reaction
events with premedication for
some chemotherapy agents (OR
0.46, 95% CI 0.35,0.6), but not
infliximab (RR 1.58, 95% CI 0.87-
2.87), or RCM (RR 1.07, 95% ClI
0.67-1.71). However, under the b
possible circumstances within the
confidence limits, the NNT to
prevent anaphylaxis by the
administration of premedication
would be 13 for chemotherapy an
385 for infliximab therapy. Within
the confidence limits, in the settin
of alternative low-osmolar or iso-

osmolar RCM in patients with prio

RCM reactions, the NNT would be

36 under the most optimistic

scenario of premedication benefit

diagnosis of anaphylaxis,
it may also provide some
benefit in averting
unnecessary care for
patients who do not
experience progression
beyond urticaria as the
only manifestation of an
allergic response.

bst

Se

[®X

=

174
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Undesirable Effects

How substantial are the undesirable anticipateeces?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o0 Large Glucocorticoids and first-generatigAdditional medical

* Moderate antihistamines may have adverse| complexity of these

o Small effects, particularly in certain morgtreatments may create

o Trivial vulnerable populations, which mayobstacles to efficient

o0 Varies include sedation and confusion, |healthcare delivery.

o Don't know particularly in the elderly.(253-257)

Side effects of these therapies mé

confound recognition, assessment

and/or treatment of anaphylaxis.
is unlikely that antihistamines and
glucocorticoids increase
anaphylaxis risk; however, within

the JTF analysis the precision of

estimate included the possibility of

increased biphasic anaphylaxis.

This effect could be confounded K
severity of anaphylaxis. Reliance
on antihistamines could also resu

in delay in epinephrine use.

24

y

~+
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Certainty of evidence (Intentional vagueness)

What is the overall certainty of the evidence déets?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

* Very low Due to very low-certainty of The evidence base is of

0 Low evidence and absence of a low-certainty and a

0 Moderate randomized controlled trial to randomized controlled trial

o0 High address this question, there remajms regard to premedication

o Noincluded studies uncertainty and potential bias in thenay be warranted.

Values (Value judgments)

assessment of benefit or harms from

glucocorticoids and/or
antihistamines to prevent

anaphylaxis.

Is there important uncertainty about or variabiiityhow much people value the main outcom

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

* Important uncertainty
or variability

Possibly important
uncertainty or variability
Probably no important

uncertainty or variability

or variability

No important uncertainty

With greater certainty of benefit
patients would likely accept a
greater rate of adverse effects fro
glucocorticoids and/or
antihistamines; however, with the
degree of uncertainty identified in
the JTFPP analysis, value-
judgements may be made by
patients and providers in a more

personalized context. Patients wi

comorbidities such as diabetes ar

Patients may choose to
defer more complex
hreatment protocols that
involve glucocorticoids
and/or antihistamines if
the addition of these
agents creates obstacles
care until there is greater
certainty of benefit.

th

d
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poorly controlled hypertension ma
choose to defer glucocorticoids of
antihistamine therapy in some

circumstances.

Balance of effects (Benefit-harm assessment)

y

Does the balance between desirable and undesatibtds favor the intervention or the

comparison?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

o Favors the comparison

* Probably favors the
comparison

o Does not favor either the
intervention or the
comparison

o Probably favors the
intervention

o Favors the intervention

o Varies Don't know

Sedation from 9 generation
antihistamines could be mitigated
with the use of a™ generation
antihistamine. In patients without
comorbidities, the rare use of oral
or intravenous glucocorticoids
carries a low, overall risk,
especially in comparison to
anaphylaxis. While rare severe
adverse events may occur frofh 1
generation antihistamine or
glucocorticoid (e.g., fatal
automobile accidents and aseptic
necrosis of the hip), the likelihood
of such events after single course
therapy would be very low. Whilg
under the best-case scenario, ber
from glucocorticoids and
antihistamines could be evident
with a NNT of 20 to 30 patients in

While this analysis is

focused on anaphylaxis

prevention, the greatest

harm of glucocorticoids

and/or antihistamines is

the risk for delay in
treatment with

epinephrine.

of

efit
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some settings, all patients receiving
therapy experience increased risk of
adverse effects, medical

complexity, and cost.

Resources required

How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

0 Large costs Costs on a societal level could be| If extended observation

e Moderate costs moderate, particularly if sedating |times are associated with

o Negligible costs and antihistamines are used and lead tadditional treatment, or if
savings job-related opportunity costs or | parenteral treatments are

0 Moderate savings sedation-related traffic accidents. | administered, costs would

0 Large savings Indirect costs include time delays, be greater.

o Varies opportunity costs, sedation, traffic

o Don't know accidents, management of

hyperglycemia, and other adverse
effects of therapy. However, in the
best-case scenario costs of
anaphylaxis could be prevented for
every 20-30 patients treated in some

settings.
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Certainty of evidence of required resources

What is the certainty of the evidence of resouetpiirements (costs)?

No included studies

Cost effectiveness

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o Verylow There is uncertainty in the eviden¢&here is some uncertaint)

o Low of required resources as randomizad to whether more or

0 Moderate controlled trials of glucocorticoid |fewer resources would be

o High and antihistamine premedication arequired for observation,

sparse. While treatment protocoly
of glucocorticoids and
antihistamines to prevent biphasic
anaphylaxis and prevention of
monoclonal antibody anaphylaxis
may vary, strategies for RCM
premedication are more
standardized.(17) Portnoy et al.
began pretreatment one day prior
RIT.(234)

5given that the current use
of antihistamines and
glucocorticoids may
provide a false sense of
security that the patient
has a significantly lower

risk of anaphylaxis

to

Does the cost-effectiveness of the interventiomfdke intervention or the comparison?

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

Favors the comparison
Probably favors the
comparison

Does not favor either the
intervention or the

comparison

If observation time is unaffected,

there would be a minimal reductic]nikely be sensitive to rateg

in cost from omitting treatment wi
antihistamines and glucocorticoid
to prevent biphasic anaphylaxis.

However, if observation time was

Cost-effectiveness would

fof anaphylaxis,
shospitalization, and

fatality risk reduction.
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o Probably favors the
intervention

o Favors the intervention

o Varies Don't know

* No included studies

Equity

increased due to the withholding ¢
these medications, there could be
increased overall costs. Lower co
would be expected with opportuni
cost-savings from decreased
medical complexity in
premedication regimens; howevel

costs could be offset by increasec

rates of anaphylaxis. In the setting

of RIT, costs of antihistamine and
glucocorticoid premedication are
small, and with benefit evident in
least one RCT the premedication
approach is likely cost-
effective.(234) In addition, one

small study suggested benefit from

antihistamine premedication befo

conventional immunotherapy.(46)

ty

e

What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o0 Reduced Increased medical complexity mapyOral antihistamines and

o Probably reduced increase disparities in health equi| oral glucocorticoids are

Probably no impact
Probably increased
Increased

Varies

o O o o

Don't know

In rural settings, access to 24-hod
pharmacies may limit immediate
availability of antihistamine and
glucocorticoid treatments if an

outpatient course is prescribed

relatively inexpensive, so
it is possible in some
circumstances health
equity impact could be

minimal. However, if

73



following resoluion of anaphylaxis
In addition, as the complexity of

care increases by the use of

premedication regimens, the degrgesolution and further

to which delivery of care shifts

from primary to subspecialty is

uncertain. Patients with poor healtadministering

literacy may be at risk for incorreg

dosing of home regimens as

preventative anaphylaxis strategiesn health equity could be

become more complicated.

Acceptability & Quality Improvement Opportunity

Is the intervention acceptable to key stakeholders?

patients are treated for
anaphylaxis at home for

complete symptom

extended observation is

driven by the practice of

tantihistamines and

glucocorticoids, the effect

more pronounced. As
such, elimination of
routine use of
antihistamines and
glucocorticoids to preven
biphasic anaphylaxis cou

improve health equity

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o No Antihistamines and glucocorticoidsThe practice of treating

o Probably no are common medications used to| patients experiencing

o Probably yes treat and prevent allergic reactionsanaphylaxis with

o Yes While these treatments should notantihistamines and

» Varies interfere with prompt glucocorticoids is fairly

o Don't know

administration of epinephrine in

anaphylaxis treatment, they are

embedded into common

practice styles.
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often administered as first-line
drugs with a wait-and-see approa
before epinephrine is administere
It has been shown that epinephrin
is often omitted in the ED setting

while antihistamines and

Stakeholders may weigh
ctine risks of biphasic
danaphylaxis more heavily
e¢han the risks of these
medications and be

uncomfortable with the

glucocorticoids are administered faisk-benefit of denying

a diagnosis of anaphylaxis.
Therefore, the administration of
epinephrine for all patients with
anaphylaxis and the withholding @
antihistamines and corticosteroids
for some patients will not be
acceptable to all professional
stakeholders. Many patients are
very willing to take an
antihistamine but delay self-
administration of epinephrine eve
when they know they are having
severe anaphylaxis. This guidelin
will likely do little to change patien
behavior. Conveying the message
professionals and patients that thg
agents should be considered as
adjunct therapies to decrease
symptoms associated with
anaphylaxis, such as urticaria, an
not a primary treatment for
anaphylaxis will require continued

educational efforts.

adjunct treatment.

—h

-

11%

~—+

1O

2Se
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When antihistamines and
corticosteroids are used with the
intent of anaphylaxis prevention,
evidence generally suggests that
likelihood of benefit is low and
uncertain in most settings.
However, as in situations of
anaphylaxis treatment,
antihistamines and corticosteroids
may decrease risks of symptoms
associated with anaphylaxis, such
as urticaria. While the
administration of these agents ma
delay recognition of anaphylaxis,
they may also prevent unnecessalry
escalation of treatment for non-
anaphylactic allergic symptoms.
Evidence suggests benefit of
corticosteroids and antihistamineg
in RIT to prevent anaphylaxis.
Given that a similar mechanism o
action by corticosteroids and
antihistamines could also occur in
anaphylaxis prevention in other
situations, the beneficial use of
these agents may be identified in
future therapeutic trials. The NNT
to prevent anaphylaxis will depen
upon the underlying patient

expected event rate for anaphylaxi

L




Feasibility

from a specific trigger.

Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL
CONSIDERATIONS

o No Use of antihistamines and Additional high-certainty

o Probably no glucocorticoids by ED physicians tevidence is needed to

o Probably yes both treat and prevent anaphylaxigbetter inform practice as {o

o Yes is widespread. The very low- the role of antihistamines

» Varies certainty evidence from this meta{and glucocorticoids for the

o Don't know

analysis and the current placeme

of these drugs as adjunctive agentanaphylaxis.

(in addition to epinephrine) for the
treatment of anaphylaxis makes
practice change challenging.
Likewise, office-based clinicians
and patients are comfortable usin
an antihistamine for both the
prevention and treatment of an
allergic reactions. Given the
evidence provided in this analysis
clinicians may consider withholdin
glucocorticoids prior to infliximab
treatment and in patents with prio
RCM anaphylaxis receiving an
alternative low- or iso-osmolar
agent. Patients receiving RIT ma
consider treatment with

antihistamines and glucocorticoid

npurpose of preventing

g

-
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174

While further study is needed, one
study suggests possible benefit from
antihistamine premedication before

conventional aeroallergen

immunotherapy.(46)

Intentional Vagueness

Yes Due to low-certainty of evidence | Additional high-certainty
and absence of a randomized evidence is needed to
controlled trials in most settings | better inform practice.
evaluated, there remains uncertainty

in the role of antihistamines and

glucocorticoids in the prevention ¢f

anaphylaxis.
Role of Patient Preference
Probably yes Patients may feel “safer” with the | Shared decision-making
use of antihistamines and/or would be appropriate in

glucocorticoids, but this preferencesome circumstances given
is likely to be highly influenced by| the absence of clear
counseling and education they | benefit in prevention of
receive from healthcare providers| anaphylaxis with

The patient will need education andntihistamines and
re-education on the signs and glucocorticoids in many
symptoms of anaphylaxis and on | settings. Patient-

the use of epinephrine as the only preference sensitive care
first-line medication for the could address unwarranted
treatment of anaphylaxis. Providerpractice variation to
cannot allow the patient to “prefer'prevent biphasic

an antihistamine over epinephring anaphylaxis, monoclonal

|-

for the treatment of anaphylaxis. |antibody anaphylaxis, an
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Patient preference may be a RCM anaphylaxis
consideration in the use of prevention.

antihistamines and glucocorticoids
as second-line medications
following epinephrine

administration. Antihistamines and
glucocorticoids may provide some
role in treating the urticaria and

pruritus occurring during

anaphylaxis.
Yes Given the low-certainty of evidenge

it is not possible to completely
exclude subpopulations that may
experience more pronounced
benefit from a particular
intervention to prevent anaphylax
The meta-analysis evaluated the
role of antihistamine and/or
glucocorticoid in prevention (not
treatment) of anaphylaxis. In
addition, children receiving
chemotherapy, patients receiving
chemotherapy desensitization, and
patients with delayed RCM
reactions were not included in the

meta-analysis.

Pdlicy Level
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No

We would not recommend policy
level interventions to either
mandate or limit the use of
supplemental therapy in

anaphylaxis as the certainty of

1444

evidence relating to this question |s
very low.
1445 TOPIC AREA 2 SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM IS A Probably . Don't
PRIORITY No Probably no ves Yes Varies Know
DESIRABLE . . Don't
EFFECTS Trivial Small Moderate Large Varies Know
UNDESIRABLE - . Don't
EFFECTS Large Moderate Small Trivial Varies Know
CERTAINTY OF No
EVIDENCE Very low Low Moderate High included
studies
Possibly | Probably no No
Important | . . .
uncertaint important important important
VALUES TY uncertainty | uncertainty | uncertainty
s or or or
variability variability | variability variability
BALANCE OF favor either
EFFECTS Probably Probably .
BENEFIT S. Favors ‘the favors the |. the . favorsthe |. Favors the Varies Don't
comparison . intervention | . . intervention know
HARMS AND comparison or the intervention
BURDENS .
comparison
Negligible .
RESOURCES Moderate Moderate Large . Don't
Largecosts | — . costs and . . Varies
REQUIRED costs . savings savings know
— savings
CERTAINTY OF . No
EVIDENCE OF Very low Low Moderate High included
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JUDGEMENT

REQUIRED studies
RESOURCES
Does not
probabl favor either Probabl N
Favors the ; ro athy the f ro athy Favors the Vari . ﬁj d
EFFECTIVENESS EelelngleEIgNelyl avors . N intervention | . avors .e intervention anes w
comparison or the intervention studies
comparison
EQUITY Reduced Probably Prc.>_bablm .Probably Increased | Varies Don't
reduced impact increased know
ACCEPTABILITY No Probably no Probably Yes Varies Don't
yes know
FEASIBILITY No Probably no | "roPaPlY Yes varies| DOt
yes know
1446
1447
1448 RECOMMENDATIONS:
1449 QUESTION #1: What risk factors should clinicians take into consideration in
1450 determining the likelihood of biphasic anaphylaxis?
1451 | Recommendation 1: We suggest that a clinician incporate severity of anaphylaxis
1452 | presentation and/or the administration of more thanone dose of epinephrine for the
1453 | treatment of initial anaphylaxis as a guide to detenining a patient’s risk for developing
1454 | biphasic anaphylaxis Conditional recommendation; Certainty rating of evidence: very low
1455
1456 Technical statement: The JTFPP findings suggest biphasic anaphylaxdsssciated with a
1457 more severe initial presentation of anaphylaxis£@R1, 95% CIl 1.23-3.61) or repeated
1458 epinephrine doses (i.e., more than one epinepdoee) required with the initial presentation
1459 (OR 4.82, 95% CI 2.70-8.58). Additional risk factadentified included wide pulse pressure
1460 (OR 2.11, 95% CI 1.32 — 3.37), unknown anaphyltngger (OR 1.63, 95% CI 1.14-2.33),
1461 cutaneous signs and symptoms (OR 2.54, 95% CI3.2%); and drug trigger in children (OR
1462 2.35, 95% CI 1.16-4.76). While dyspnea on presemtatas associated with a decreased risk for
1463 anaphylaxis, overall confidence in this estimats Voav (OR 0.6, 95% CI 0.38-0.96).
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1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494

Recommendation 2: We suggest in favor of extendediracal observation in a setting

capable of managing anaphylaxis (to detect biphasanaphylaxis) for patients with
resolved severe anaphylaxis and/or the need for methan one dosef epinephrine.
Strength of recommendation: Conditional

Certainty of evidence: Very low

Technical statement: At present, evidence is lacking to clearly dematstthe period of
universal extended observation that may be requiredst-effective in all patients with severe
anaphylaxis or those who require multiple dosespuiephrine. A recent meta-analysis of
observation times suggested 1-hour observatioragssciated with a 95% negative predictive
value (NPV) of biphasic anaphylaxis, while a 6-houtonger observation period was associated
with a 97.3% NPV of biphasic anaphylaxis occurrfigr discharge.(57) Based on this
analysis, the incremental patient expected biphasat rate (PEER) between asymptomatic 1-
hour and > 6-hour observation is 2.3%. Therefdre number needed to treat (NNT) with
extended observation to be able to detect one d@pigbbiphasic anaphylaxis before discharge
(Figure 9) would be 41 (range, 18 to 195) for pasevith a more severe initial presentation of
anaphylaxis and 13 (range, 7 to 27) for patientk wiultiple epinephrine doses. (194) For
patients at high risk for biphasic anaphylaxisharse with a higher risk of anaphylaxis fatality
(e.g., serious medical comorbidities), more prokmhgionitoring can be cost-effective. (58) In a
recent analysis 6-hour observation was cost-effedtiit was able to provide a high-degree of
protection against anaphylaxis fatality (24% fayalelative risk for extended vs 1-hour
observation). (58) Patients with comorbidities sastsevere respiratory or cardiac disease and
corresponding higher risks for poor anaphylaxisontes may therefore benefit from more
extended observatiorConversely, in patients presenting with non-seas@hylaxis and
promptly responding to a single dose of epinephwiteout recurrence, evidence suggests that a
1-hour observation may be reasonable in the coofeagppropriate patient education. (57, 58)
Such lower risk patients would be characterizedaasng a very small risk of biphasic
anaphylaxis (<5%) following discharge associatetthailess than 50% fatality risk reduction
from extended observation. (58) Therefore, theRH Buggests that in patients with a severe

initial presentation of anaphylaxis (for examplegge with hypotension, wide pulse pressures,

82



1495
1496
1497
1498
1499
1500
1501

multiple doses of epinephrine, or other markersesfrity), extended observation be considered
following resolution of the index episodes withoeturrence. At present, evidence is lacking to
clearly demonstrate the exact period of universtdreded observation that may be required or
cost-effective in all patients with severe anapkigl@r those who require multiple doses of
epinephrine.(36, 58) In some circumstances amalg exist for shared decision-making tools

around the duration of prolonged ED observation.
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1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524

1525
1526
1527
1528
1529
1530
1531
1532

The JTFPP analysis found additional factors assetiaith risk of biphasic anaphylaxis that
would be difficult to incorporate into clinical &ge strategies, such as anaphylaxis caused by a
drug trigger in children, anaphylaxis with cutangsigns and symptoms, and use of
glucocorticoids in children. Some of these asgmria may be confounded by anaphylaxis
severity and practice variation, with very low-eénty of evidence challenging the applicability
of these factors to patient care until they cafubier substantiated. For instance, it is highly
unlikely that administration of more than one dosepinephrine or glucocorticoids contributed
to biphasic reactions, but very likely that thessevindicative of a more significant anaphylactic
reaction. It is possible that medication-inducedgnylaxis in children may be a risk factor for
biphasic anaphylaxis, but it is not possible tedaine if this is due to having more severe
anaphylaxis or if medication, as a trigger, isratependent risk factor for biphasic anaphylaxis
in children. In regard to the association of iditp@anaphylaxis, follow-up for post ED
identification of a specific trigger was not exgdr therefore, the significance of this factor is
uncertain. While wide pulse pressures may be censitia marker for severe anaphylaxis, the
clinician may also consider extended observatiomp&ients with an unknown anaphylaxis
trigger and children with a drug trigger. Incorating cutaneous signs and symptoms into a
clinical decision for extended observation mayibetéd by the common occurrence of
cutaneous signs and symptoms in patients presentihnganaphylaxis. There was no signal that
any medication other than epinephrine used fotrireat of initial anaphylaxis reduced the risk
of biphasic anaphylaxis. Notably, there does apfzebe a trend to lower rates of biphasic
reactions with earlier epinephrine administratiotoiving development of anaphylaxis. While
early epinephrine in the setting of anaphylaxisngortant, evidence suggests preemptive

epinephrine before symptom onset may not be aaftettive strategy.(54)

Prompt and adequate treatment of anaphylaxis appeatral to reducing biphasic anaphylaxis
risk. The implications for the clinician, based ogbis systematic review and meta-analysis, is
that the patient presenting with severe anaphykxigor requiring more aggressive treatment
(e.g., more than one dose of epinephrine), follgwdomplete resolution of symptoms, may
benefit from longer observation time for a poterighasic reaction. While the possibility of
biphasic anaphylaxis should be emphasized in igisehn risk group, it is important to educate all

patients on the chance of a biphasic reaction #sawavoiding known triggers, identifying
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1533
1534
1535

1536
1537

1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561

symptoms of anaphylaxis, the use of auto-injegbamephrine for the treatment of anaphylaxis,

and timely follow-up with an allergist.

QUESTION #2: Should antihistamines or glucocorticoids be used to prevent

biphasic anaphylaxis?

Recommendation: We suggest against administeringwgtocorticoids or antihistamines as

an intervention to prevent biphasic anaphylaxis
Strength of recommendation: Conditional

Certainty of evidence: Very low

Technical comment:As a secondary therapy, antihistamines and glutcoas may be
considerations in anaphylaxis treatment.(45) Ini@aar, antihistamines may treat urticaria and
itching to improve comfort during anaphylaxis, fuised prior to epinephrine administration
could lead to a delay in first-line treatment o&phylaxis. The JTFPP analysis did not identify
significant benefit in prevention of biphasic anglplis from either H1 antihistamines (OR 0.71,
95% CI 0.47-1.06), H2 antihistamines (OR 1.21, 9580.80-1.83), or glucocorticoids (OR
0.87, 95% CI 0.74-1.02). An interaction was idiéedi between age and glucocorticoid use, with
glucocorticoids actually increasing risk for bipltasnaphylaxis in children (OR 1.55, 95% CI
1.01-2.38); however, confounding effect of sevetibyld not be excluded. Evaluation of the
number of patients needed to treat (NNT) to poddigtreduce biphasic anaphylaxis rates is
useful.(194)

H1 antihistamines: At a biphasic anaphylaxis patient expected exatet(PEER) of 5%, the
number needed to treat (NNT) for H1 antihistamiisé& to prevent one episode of biphasic
anaphylaxis. At a biphasic anaphylaxis PEER of 208 NNT (to prevent one case of biphasic
anaphylaxis) for H1 antihistamines is 20. Howeweither of these values was certain and
confidence in the benefit of treatment is low, watihassociation of increased biphasic

anaphylaxis rates within the confidence estimate.
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1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581

1582
1583

1584
1585
1586
1587
1588
1589
1590
1591
1592

H2 antihistamines: At a biphasic anaphylaxis PEER of 5% and 20%aH&histamine use was
not associated with a decreased risk of biphasiplaylaxis. However, the degree of certainty

that H2 antihistamine therapy did not provide aoggility of benefit was uncertain.

Glucocorticoids: At a biphasic anaphylaxis PEER of 5%, the nunmeeded to treat (NNT) for
glucocorticoids is 161 to prevent one case of ghanaphylaxis (and 47 at a biphasic
anaphylaxis PEER of 20%). Again, neither of themle@s was certain and confidence in the
benefit of treatment is low, with an associationnareased biphasic anaphylaxis rates within the

confidence estimate.

Certainty of evidence is very low, and addition&livdesigned controlled trials are needed to
further inform this practice. However, the JTFR®rsgly recommends that secondary therapies
never interfere with early epinephrine treatmestihas is the primary medication for the
treatment of anaphylaxis.(45) The use of antihigtasymay be associated with side-effects that
could confound assessment of anaphylaxis, suchesedilevel of consciousness with 1
generation antihistamines. Harms from high doseaglorticoids may also outweigh benefits;
however, due to the very low-certainty of evide(rtgk of bias, inconsistency, and imprecision),
there remains uncertainty in the assessment ofiibgaeno benefit from supplemental

therapies.

QUESTION #3: Should antihistamine and/or glucocorticoid premedication be

used to prevent index hypersensitivity/infusion reactions to chemotherapy?

Recommendation: We suggest in favor of administerig glucocorticoids and/or

antihistamines to prevent anaphylaxis or infusion-elated reaction when indicated for
specific agents in chemotherapy protocols.
Strength of recommendation: Conditional

Certainty of evidence: Very low

Technical Comment: The JTFPP analysis did identify a significantralin rates of
anaphylaxis and/or infusion reactions for some astberapy protocols. The use of

premedication was associated with a decreasedfratgpersensitivity reactions for
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1593 chemotherapy (OR 0.49, 95% CI 0.37-0.66). In catti@ chemotherapy premedication, benefit
1594 was not observed when using premedication to pteargphylaxis in the setting of infliximab
1595 therapy without prior reaction to the administeag@ént (RR 1.58, 95% CIl 0.87-2.87). We did
1596 not evaluate premedication in the context of daieason to chemotherapy agents and to
1597 monoclonal antibodies. Furthermore, the use of poBoation in patients who had previously
1598 experienced anaphylaxis from these agents wasvabiated.

1599

1600 Chemotherapy Premedication: At an anaphylaxis PEER of 12.9%, premedicatios a&sociated
1601 with a decreased risk of anaphylaxis. The NNT wagrdnge, 13 — 25).

1602

1603 Infliximab Premedication: At an anaphylaxis PEER of 2%, premedication watsassociated
1604 with a decreased risk of anaphylaxis. Howevergdiggree of certainty that therapy did not
1605 provide any possibility of benefit was uncertain.

1606

1607 Itis not possible to exclude some potential beriefm the use of glucocorticoids and/or

1608 antihistamines to prevent anaphylaxis, and additiarell-designed controlled trials are needed
1609 to further inform this practice. A clinician magasonably defer premedication use for the
1610 intention of preventing anaphylaxis. If standardqpice dictates the use of premedication prior
1611 to the administration of a infliximab, it would beasonable to discontinue the premedication
1612 following tolerance of the*ior 2" course of treatment.

1613

1614 QUESTION #4: Should antihistamine and/or glucocorticoid premedication be

1615 used to prevent recurrent hypersensitivity reactions to radiocontrast media?

1616 | Recommendation: We suggest against routinely admisiiering glucocorticoids and/or

1617 | antihistamines to prevent anaphylaxis in patients wh prior radiocontrast hypersensitivity
1618 | reactions when re-administration of a low- or iso-emolar, non-ionic radiocontrast media
1619 | agentis required.

1620 | Strength of recommendation: Conditional

1621 | Certainty of evidence: Very low

1622
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1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648

1649
1650
1651

1652

Technical Comment: The JTFPP analysis did not identify significaahéfit from the use of
premedication prior to the RCM to prevent anaphgléd®R 1.07 95% CIl 0.67-1.71). The
absence of benefit of premedication in patients wrior immediate hypersensitivity reactions to
RCM who are receiving a different low- or iso-osarahgent is consistent with prior literature;
however, it is important to distinguish the immediadex reaction associated with RCM from a
severe, delayed, cutaneous T-cell mediated readtioere premedication may add value to
management.(17) Risk of bias, inconsistency, impi@t, and indirectness attenuate the

confidence in this guidance.

RCM Premedication: At a PEER of 8.7%, premedication was not assediatith a decreased
risk of anaphylaxis. However, the degree of cetyatinat therapy did not provide any possibility
of benefit was low.

Given the diversity of clinical circumstances ewfd and low-confidence in the literature base,
higher certainty evidence is needed to better mfpractice, and future recommendations could
potentially change as a result of new informatids such, clinicians may reasonably consider
premedication in clinical circumstances associatgd a high level of perceived risk of
anaphylaxis or comorbidities associated with great@phylaxis fatality risk (such as underlying
cardiovascular disease or use of beta-blockersy, pevere anaphylaxis), although evidence is
lacking to clearly support this practice. Additibmaell-designed controlled trials are be needed
to further clarify the need for premedication piioralternative low- or iso-osmolar RCM use in
patients with prior anaphylaxis to prevent recueeerThis analysis evaluated patients with both
mild and severe RCM reactions but we were unabsgradify prophylaxis by severity of index
reaction. Our analysis evaluated only low- anddsmolar non-ionic radiocontrast agents, and
as such does not apply to patients receiving hgghedar contrast agents for whom prophylaxis

may be appropriate.(258)

QUESTION 5: Should antihistamine and/or glucocorticoid premedication be
used to prevent hypersensitivity reactions to allergen immunotherapy or other

agents?
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Recommendation: We suggest in favor of the adminisdtion of glucocorticoids and/or

antihistamines as an intervention to prevent anaphgxis in patients undergoing
aeroallergen rush immunotherapy (RIT).
Strength of recommendation: Conditional

Certainty of evidence: Very low

Technical Comment: Evidence suggests that in the setting of aera@leRIT, premedication
may provide value in reducing systemic reactiords@maphylaxis (immunotherapy analysis
including RIT, RR 0.62, 95% CI 0.41- 0.94). In #tedy by Portnoy et al, patients received H1
and H2 antagonists and oral glucocorticoids fdas, beginning one day before the 2-day rush
immunotherapy protocol.(234) The evidence bas@femedication before conventional
aeroallergen immunotherapy is limited; however, sitoely by Ohashi Yoshirio et al. suggested
some benefit with fexofenadine pretreatment 2 hbefere conventional immunotherapy using
cedar pollen or dust mite allergens.(46) The evalnaf the number of patients needed to treat

(NNT) to prevent one episode of anaphylaxis iswisef

RIT Premedication: The NNT to prevent one case of anaphylaxis with Remedication at a
4.5% rate of anaphylaxis is 58, based on the imiti@napy analysis including RIT studies. At a
9% rate of anaphylaxis, the NNT of premedicationReéT is 29. Assuming a patient expected

anaphylaxis event rate of 14%, the premedicatiorm NNL9.

The JTFPP is unable to exclude the possibility sipacific situations and subpopulations may
exist where premedication could provide benefitlimunotherapy in those with concomitant
risk factors (e.g., in situations associated witihr rates of systemic reactions). Given the
diversity of clinical circumstances evaluated ama-confidence in the literature base, higher
certainty evidence is needed to better inform pracand future recommendations could
potentially change as a result of new informatitds such, clinicians may reasonably consider
immunotherapy premedication in other clinical cmatances associated with a high level of
perceived risk of anaphylaxis or comorbidities agsed with greater anaphylaxis fatality risk
(such as underlying cardiovascular disease or tiseta-blockers), although high-certainty

evidence is lacking to support this practice.
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1685 Additional Good Practice Statements

1686

1687 Good Practice Statement # 1Administer epinephrine as thé& line pharmacotherapy for

1688 uniphasic and/or biphasic anaphylaxis.

1689

1690 Good Practice Statement #2Do not delay theadministration of epinephrine for anaphylaxis, as
1691 doing so may be associated with higher morbidity uortality.

1692

1693 Good Practice Statement #3After diagnosis and treatment of anaphylaxis, atlgnts should
1694 be kept under observation in a setting capableasfaging anaphylaxis until symptoms have
1695 fully resolved.

1696

1697 Good Practice Statement #4All patients with anaphylaxis should receive edigabn

1698 anaphylaxis, including avoidance of identified giégs, presenting signs and symptoms, biphasic
1699 anaphylaxis, treatment with epinephrine, and tleeai®pinephrine auto-injectors and referral to
1700 an allergist. Of note, there may be some circuntetamwhere self-injectable epinephrine is

1701 deferred (i.e., resolved anaphylaxis and drug étiggth high likelihood of successful

1702 avoidance) and shared decision-making may plajeamesome circumstances.

1703

1704 Limitations

1705 Unfortunately, the certainty of evidence aroundmemental therapies in anaphylaxis

1706 management is very low. While early epinephrineecmmended by the JTFPP when

1707 anaphylaxis is recognized in any setting, whetheroo clinicians should also administer

1708 antihistamines and/or glucocorticoids is a questi@ has not been subjected to rigorous

1709 methodologic evaluation.

1710

1711 All patients with anaphylaxis should be educateghrding the risk for biphasic reactions, and
1712 self-injectable epinephrine should be availabldistharge for prompt treatment if this occurs.
1713 Patients who experience greater severity of anapis/are at greater risk for biphasic reaction,

1714 but the absolute risk of biphasic reactions in gapulation is less clear. While more than one
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dose of epinephrine was identified as a risk faftdiobiphasic anaphylaxis, we did not
specifically evaluate this risk factor in the codtef repeated sub-therapeutic epinephrine
dosing. The JTFPP recommends epinephrine be gireenpglly in appropriate doses when
anaphylaxis is recognized. It is important toidmiish biphasic anaphylaxis (with an interval
period of clear resolution) from protracted anapkid. In circumstances where prescribed self-
injectable epinephrine is not immediately availalgben discharge, e.g., limited pharmacy hours
or affordability, clinical judgement regarding risk biphasic or recurrent anaphylaxis, access to
subsequent emergency care, and shared decisiongnaiti be required to determine discharge

decisions.

Our analysis is similar to results obtained bystdt al. in which glucocorticoids demonstrated a
nonsignificant inverse trend with biphasic anapkig439); however, caution is warranted in
interpretation of these findings — particularly givthe opposite association of glucocorticoids
with biphasic anaphylaxis in children (which maydoafounded by severity of index
anaphylaxis and practice variation). Ultimatelaadomized controlled trial of supplemental
glucocorticoids and antihistamines in patients adég]y treated with epinephrine with resolved

anaphylaxis is needed to determine if these ageat@nt biphasic anaphylaxis.

We did not find clear evidence to support the aflglucocorticoids and/or antihistamines to
prevent biphasic anaphylaxis. Clear evidence @ lalsking to support a role for glucocorticoids
and/or antihistamines in acute anaphylaxis, althabhg Cross-Canada Anaphylaxis registry
recently suggested supplemental antihistaminesprayde benefit when used with
epinephrine.(164) In the same study, supplemestbifi glucocorticoids with epinephrine

resulted in worse outcome.(164)

The absence of benefit of premedication in patiests prior immediate hypersensitivity
reactions to RCM who are receiving a different lmwiso-osmolar agent is consistent with prior
literature (17, 258, 259); however, it is importemtistinguish the immediate index reaction
associated with RCM from a severe, delayed, cutan@&ecell mediated reaction, where
premedication may add value to management. Patiecésving RCM may experience acute or

delayed reactions. (17) Four categories of reastto RCM have been described: benign acute-
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onset, anaphylaxis, benign delayed-onset, and selatalyed-onset. (17) In one 2016 review of
120,822 patients receiving low- or iso-osmolar ag¢promide, iodixanol, iopamidol,

ioversol, iobitridol, or iohexol), hypersensitivitgactions were reported in 0.4% with only 1.4%
of these reactions described as severe. (260) THeR agrees with the suggestion that most
individuals with acute RCM hypersensitivity candféectively managed by selecting an
alternative low- or iso-osmolar RCM without preneation (17); however, some controversy
exists around the management of patients with R{©M reactions.(17, 258, 259, 261) The
American College of Radiology (ACR) Manual on CasstrMedia Version 10.3 emphasizes that
no premedication strategy is a substitute for aylagis preparedness, breakthrough reactions
occur, and changing to an alternative low- or isofolar contrast agent may provide a greater
effect size than premedication alone. (261) Whiknpedication before high-osomolar agents
has been shown to reduce immediate reactions séadlrity in average-risk patients and mild
immediate adverse effects in average-risk patiesiving low- osmolar agents, protection
from premedication against moderate to severeiozecin high-risk patients receiving low-
osmolar agents is unproven by high certainty ewidewith estimates suggesting the NNT to
prevent a fatal reaction in a high risk patienb&o50,000 (at a cost of $131,211,400 per death
prevented).(258, 261, 262) The ACR Manual on GmttMedia suggests the utility of
premedication in high-risk patients receiving losrwlar contrast is uncertain and may be
accompanied by direct and indirect harms, butitiraty be considered in outpatients with prior
allergic-like or unknown-type contrast reactionsl &msimilar inpatients where the use of
premedication does not adversely delay care omtieyat decisions. (261) The ACR Manual
suggests that regardless of patient status, ayist@ severe contrast reaction be considered a
relative contraindication to the future use of shene class of media and premedication be
considered (if feasible) if there are no alternedi 261) High quality studies are needed to
better inform the practice of RCM premedicatiorhigh risk patients, and future studies should
distinguish between immediate and delayed, cutamand non-cutaneous, mild and severe

reactions and stratify premedication by anaphytatiemodynamic, and chemotactic reaction

type.

The role of glucocorticoid and/or antihistaminerpeglication in more high-risk settings (such as

rush immunotherapy) may be significant, and umdiaonal evidence better informs practice,
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premedication may be appropriate in circumstancerg/a high risk of anaphylaxis exists. The
lack of benefit from infliximab premedication intpgants without prior infusion reactions is

consistent with a recent meta-analysis.(263)

Large heterogeneity in analyses and limitationsturdy design attenuate the confidence in this
evidence synthesis. We did not evaluate premedicat the context of desensitization to
chemotherapy and monoclonal antibodies. (264) JEPP continues to recommend prompt
treatment of anaphylaxis with epinephrine and hgittlthat the addition of glucocorticoids and

antihistamines should never delay or substitutefierprimary management.

Future Directions

At present high-certainty evidence is lacking ttedmine if antihistamines and/or
glucocorticoids provide benefit as supplementalapies in anaphylaxis management in patients
promptly and appropriately treated with epinephritreaddition, it seems unlikely that
antihistamine and/or glucocorticoid premedicat®tikely to offer clear benefit in the

prevention of RCM anaphylaxis in patients with stbiry of immediate RCM hypersensitivity
receiving an alternative low- or iso-osmolar RCMe@aigor in patients receiving infliximab who
have not previously experienced an infliximab hgpesitivity reaction. However, because the
evidence synthesis contained in this report isvaédrirom low- certainty, non-randomized trials,
additional research evaluating common practicemaphylaxis treatment and prevention is
urgently needed. Further studies are needed taaeahe use of premedication in children
receiving chemotherapy and the use of premedicatisabjects undergoing chemotherapy
desensitization. In some situations involving arydgolis prevention and management, shared
decision-making, taking into account patients’ prehces and values, should be utilized,
particularly when determining the length of medichservation following resolved anaphylaxis.
In anaphylaxis, as in many other medical conditishsired decision-making — which entails
patients (and their families) being fully informetipros and cons of receiving a diagnostic or
therapeutic intervention and participating in thedmcal decision making process — is appropriate
in the context of desirable outcomes being clobalgnced with undesirable outcomes, which in
our guideline is reflected by the navigational sigio the clinician of a conditional (or “weak”)

recommendation.

93



1808
1809

1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829

1830

1831
1832
1833
1834
1835
1836
1837
1838
1839
1840

Conclusion

Anaphylaxis is a multi-system allergic emergenBgarly recognition and prompt administration
of intramuscular epinephrine remain the cornerstimaanagement. Risk factors for biphasic
reactions include severe anaphylaxis and/or thd fegenore than one dose of epinephrine.
Additional biphasic anaphylaxis risk factors inaugide pulse pressures, unknown anaphylaxis
trigger, cutaneous signs and symptoms, and drggeriin children. Although treatment of
anaphylaxis in the United States also traditiona#yg included use of antihistamines and
glucocorticoids, data demonstrating the benefthete additional approaches is very low-
certainty and when evaluated on the whole doesff@t clear support for this practice to

prevent biphasic anaphylaxis. Supplemental thesagiich as glucocorticoids and
antihistamines should never delay the rapid adnatisn of epinephrine as soon as anaphylaxis
is recognized. Consistent with the lack of cleamédit of antihistamines and/or glucocorticoids
in prevention of biphasic anaphylaxis, current ewice is poor that these therapies prevent
anaphylaxis in patients with a history of RCM angpkis (versus using a low- or iso- osmolar
contrast without premedication, preferably an aliive agent) or in patients receiving

infliximab without prior anaphylaxis; however, soriecumstances do exist where
premedication with antihistamines and/or glucocoitls is warranted (e.g., rush immunotherapy
and some forms of chemotherapy). As such, whilenptaecognition and administration of
epinephrine remains paramount in anaphylaxis manege clinical judgement is an

irreplaceable key factor to optimize high qualisye.
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Figure Titles and Legends

Figure 1[color].Clinical criteria for the diagnosis of anaphylaxis Anaphylaxis as likely when

one of three criteria are fulfilled: (1) acute onskan illness (minutes to hours) with
involvement of the skin, mucosal tissue, or botthweither respiratory involvement or reduced
blood pressure / associated symptom of end-orgsfugtion; or (2) two or more of the
following that occur rapidly after exposure tokely allergen for the patient, including (a)
involvement of skin-mucosal tissue, (b) respiratiomolvement, (c) reduced blood pressure or
associated symptoms, or (d) gastrointestinal symgpior (3) reduced blood pressure as a result
of exposure to a known allergen trigger. AdaptedfiSimons FE, Ardusso LR, Bilo MB, El-
Gamal YM, Ledford DK, Ring J, Sanchez-Borges M, & GE, Sheikh A, Thong BY; World
Allergy Organization. World Allergy Organizationaphylaxis guidelines: summary. J Allergy
Clin Immunol. 2011; 127(3): 587-93.e1-22.

Figure 2. Topic Area 1 PRISMA flow diagram

Figure 3. Question 1: Risk factors for biphasic anphylaxis.
Figure 3a: Comparison: biphasic versus no biphasic, Outcome: severeinitial symptoms
Figure 3b: Comparison: biphasic versus no biphasic, Outcome: more than one dose of

epinephrine

Figure 4. Topic Area 2 PRISMA flow diagram

Figure 5. Should glucocorticoids or antihistaminede used to prevent biphasic
anaphylaxis?

Figure 5a. Use of glucocorticoids among patients with biphasic versus uniphasic outcomes
Figure 5b. Use of H1 antihistamines among patients with biphasic versus uniphasic outcomes
Figure 5c. Use of H2 antihistamines among patients with biphasic versus uniphasic outcomes

Figure 6: Should Antihistamine and/or Glucocorticod Premedication Be Used To Prevent
Index Hypersensitivity/Infusion Reactions to Chemaberapy?
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Events= Hypersensitivity or Infusion-Related ReactioRsemedication = Glucocorticoids
and/or Antihistamines

Figure 7. Should Antihistamine and/or Glucocorticod Premedication Be Used To Prevent

Recurrent Hypersensitivity Reactions RadiocontrasiMedia?

Figure 8. Should Antihistamine and/or Glucocorticod Premedication Be Used To Prevent

Hypersensitivity Reactions to Infliximab, Allergenimmunotherapy, or Other Agents?

Figure 9. Extended Observation to Detect Biphasic #aphylaxis: Number Needed to

Observe [color]
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Table 2. Question 2 GRADE Summary of Findings Table

Should Glucocorticoids or Antihistamines be Used to Prevent Biphasic Reactions?

Certainty assessment Ne of patients Effect
Certaint | t
Ne of Risk of Other LU Absolute e mReTnes
stu-dies Study design bias Inconsistency | Indirectness | Imprecision considerations Biphasic | Uniphasic (9CSI;% (95% Cl)
Glucocorticoids to prevent biphasic anaphylaxis
26 observation | very serious ° serious serious ¢ all plausible 616/87 | 10270/1476 OR 30 fewer 10100 IMPORTANT
al studies serious residual 1 2 (69.6%) 0.87 per VERY LOW
@ confounding | (70.7%) (0.74 1,000
would reduce to (from 4
the 1.02) more to
demonstrate 67
d effect fewer)
H1 Antihistamines to prevent biphasic anaphylaxis
16 observational | very serious ” serious © serious all plausible 210/245 | 2875/3304 OR 44 fewer 10100 IMPORTANT
studies serious residual (85.7%) (87.0%) 0.71 per 1,000 VERY LOW
@ confounding (0.47 (from 6
would reduce to more to
the 1.06) 111
demonstrated fewer)
effect
H2 Antihistamines to prevent biphasic anaphylaxis
10 observational | very not serious serious ° serious © all plausible 60/173 | 763/1955 OR 46 more o000 IMPORTANT
studies serious residual (34.7%) (39.0%) 1.21 per 1,000 VERY LOW
@ confounding (0.80 | (from52
would reduce to fewer to
the 1.83) 149
demonstrated more)
effect




Cl: Confidence interval; OR: Odds ratioa. a. Risk of bias across studies related to lack of blinding, lack of randomization, potential confounding by severity of presentation, practice variation, and differential use of epinephrine, b.
Significant heterogeneity across studies, c. Endpoint included outcomes reported as surrogate to biphasic reactions included emergency department revisits, d. Several studies with wide ranging 95% Confidence Intervals



Anaphylaxis is highly likely when any one of the following three criteria is fulfilled

0 Sudden onset of an illness (minutes to several hours), with involvement of the skin, mucosal tissue,
or both (e.g. generalized hives, itching or flushing, swollen lips-tongue-uvula)

AND AT LEAST ONE
OF THE FOLLOWING:

Sudden respiratory symptoms Sudden reduced BP or
and signs symptoms of end-organ
(e.g. shortness of breath, dysfunction

wheeze, cough, stridor, (e.g. hypotonia [collapse],
hypoxemia) incontinence)

OR 9 Two or more of the following that occur suddenly after exposure to a likely allergen or other trigger*
for that patient (minutes to several hours)

&y . %\) (W
| ¥ ] A M

| :,( '

\ \ ® | Sudden respiratory symptoms Sudden reduced BP or ‘
Sudden skin or mucosal and signs symptoms of end-organ Sudden gastrointestinal
symptoms and signs (e.g. shortness of breath, dysfunction symptoms
(e.g. generalized hives, itch-flush, [wheeze, cough, stridor, (e.g. hypotonia [collapse], (e.g. crampy abdominal
swollen lips-tongue-uvula) hypoxemia) incontinence) pain, vomiting)

OR 9 Reduced blood pressure (BP) after exposure to a known allergen** for that patient
(minutes to several hours)

Infants and children: low systolic BP (age specific) Adults: systolic BP of less than 90 mm Hg or greater
or greater than 30% decrease in systolic BP *** than 30% decrease from that person’s baseline

*  For example, immunological but IgE-independent, or non-immunologic (direct mast cell activation)

For example, after an insect sting, reduced blood pressure might be the only manifestation of anaphylaxis; or

after allergen immunotherapy, generalized hives might be the only initial manifestation of anaphylaxis.
*** Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than
(70 mm Hg + [2 x age]) from 1 to 10 years and less than 90 mm Hg from 11 to 17 years. Normal heart rate ranges from
80 - 120 beats/minute at age 3 years; and from 70 -115 beats/minute after age 3 years. In infants and children,
respiratory compromise is more likely than hypotension or shock and shock is more likely to be manifest initially by
tachycardia than by hypotension.

*%



Biphasic No Biphasic Peto Odds Ratio Peto Odds Ratio

Study or Subgroup  Events Total Events Total Weight Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
Brown 2013 22 49 72 266 66.0% 2.34[1.20, 4.54] ; —.—
Confino-Cohen 2010 0 11 11 120 5.9% 0.31[0.03, 2.82]

|
Lee 2000 6 6 90 929 3.4% 3.16[0.17, 59.06] .
Manuyakorn 2015 12 15 47 62 16.6% 1.26 [0.34, 4.73] -
Vezir 2013 4 5 28 91 8.1% 8.96 [1.34, 59.87] |

|
Total (95% ClI) 86 638 100%  2.11[1.23,3.61] : <o
Total Events 44 248 :

1 ] 1 ] ]

Heterogeneity: Chi? = 5.88, df =4 (P = 0.21); I’ = 32% 0.01 0.1 1 10 100

Test for overall effect Z=2.70 (P = 0.007)

Decreased Risk

Increased Risk



Biphasic No Biphasic Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% ClI Peto, Fixed, 95% ClI
Alqurashi 2015 10 71 27 413 37.2% 2.91[1.13,7.49] ——
Inoue 2013 2 2 1 59 0.8% 9.56E8 [1.49E6, 6.13E11] | >
Lee 2017 6 36 73 836 24.7% 2.62[0.82, 8.36] . L
Mehr 2009 7 12 21 95 18.0% 6.41[1.65, 24.96] | "
Scranton 2009 9 14 8 46 19.2% 9.69[2.60, 36.14] | "
|
Total (95% Cl) 135 1449 100% 4.82[2.70, 8.58] -
Total Events 34 130 :
1
1

Heterogeneity: Chi? = 36.98, df =4 (P < 0.00001); I> = 89%
Test for overall effect Z =5.33 (P < 0.00001)

Decreased Risk

10 100
Increased Risk



Biphasic Uniphasic

BlphaSIC Umphasu: #received  #received Weight
Author Year Steroids No Steroids Steroids No Steroids OR (95% CI) Steroids/N  Steroids/N (I-v)
Stark 1986 10 2 9 4 —:—- 2.22(0.33,15.18) 10/12 9/13 0.46
Brady 1997 2 0 16 49 . 33.41(0.33, 3362.93) 2/2 16/65 0.03
Douglas 1994 4 0 40 15 : " 7.94(0.09, 732.42) 4/4 40/55 0.09
Lee 2000 5 1 84 15 B 0.89(0.10, 8.19) 5/6 84/99 0.51
Smit 2005 13 2 245 22 —--{— 0.58(0.12, 2.75) 13/15 245/267 1.11
Ellis 2007 7 13 46 37 —— 0.43 (0.16, 1.20) 7/20 46/83 3.71
Jirapongsanunuruk 2007 5 0 78 18 —s 6.05 (0.07, 542.06) 5/5 78/96 0.10
Mehr 2009 10 2 75 20 —_— 1.33(0.27, 6.58) 10/12 75/95 0.90
Scranton 2009 1 13 6 40 --{— 0.51 (0.06, 4.66) 114 6/46 0.83
Lertnawapan 2011 10 3 169 26 —— 0.51(0.13, 1.99) 10/13 169/195 1.56
Poachanukoon 2006 7 1 35 9 —I—l 1.80 (0.20, 16.57) 7/8 35/44 0.43
Calvani 2011 0 3 25 135 — 0.34(0.00, 31.34) 0/3 25/160 0.31
Lee 2013 5 4 162 443 —n— 3.42(0.91,12.89) 5/9 162/605 0.68
Inoue 2013 2 0 55 4 " 0.84(0.01, 90.54) 2/2 55/59 0.11
Vezir 2013 3 2 36 55 : » 2.29 (0.36, 14.40) 3/5 36/91 0.48
Brown 2013 2 0 27 286 I n 115.74(1.17,11449.72)  2/2 27/313 0.01
Rohacek 2014 21 4 495 12 —_—— : 0.13 (0.04, 0.43) 21/25 495/507 2.38
Oya 2014 5 2 98 5 » | 0.13 (0.02, 0.83) 5/7 98/103 1.14
Michelson Hosp 2015 300 124 3651 1128 l: 0.75 (0.60, 0.93) 300/424 365/4779 55.66
Michelson Disc 2015 86 36 3287 1643 =l 1.19(0.81,1.77) 86/122 3287/4930 14.98
Grunau 2015 15 7 333 118 —-:— 0.76 (0.30, 1.91) 15/22 333/451 3.15
Alqurashi 2015 43 28 209 204 s 1.50 (0.90, 2.51) 43/71 209/413 7.73
Manuyakorn 2015 14 1 142 15 u 1.48 (0.18, 12.05) 14/15 142/157 0.53
Sricharoen 2015 9 1 37 0 n 0.04 (0.00, 4.95) 9/10 37/37 0.60
Guiot 2017 2 5 164 929 —— 0.24(0.05,1.27) 2/7 164/263 1.94
Lee 2017 35 1 746 20 — 4.22(0.57,31.19) 35/36 746/836 0.55
I
M-H Overall (I-squared = 68.2%, P = 0.000) * 0.92(0.78, 1.07) 616/871 10270/14762  100.00
D+L Overall ¢ 0.87 (0.74, 1.02)
I
[ [
2 1 100

Glucocorticoids used more
frequently among uniphasic

Glucocorticoids used more
frequently among biphasic



Biphasic Uniphasic

Blpha5|c UnlphaSIC #received  #received Weight
Author Year H1 No H1 H1 No H1 OR(95%Cl)  Histotal H1/total (I-v)
Ellis 2007 19 1 79 4 = 0.96 (0.10,9.11) 19/20 79/83 3.24
Rohacek 2014 21 4 497 10 ] | 0.11(0.03, 0.36) 21/25 497/507 10.67
Lertnawapan 2011 11 2 180 15 i—— 0.46 (0.09, 2.26) 1113 180/195 0.43
Smit 2005 15 0 254 13 r ] 3.95 (0.05,336.55)  15/15 254/267 0.83
Oya 2014 7 0 102 1 — 0.42 (0.00, 51.04) 717 102/103 0.71
Stark 1986 10 2 12 1 n 0.42 (0.03, 5.30) 10/12 12/13 2.53
Guiot 2017 5 2 191 72 ¥ 0.94(0.18,4.97) 5/7 191/263 5.93
Lee 2013 5 4 454 151 — 0.42(0.11,1.57) 5/9 454/605 9.29
Mehr 2009 8 4 57 38 - 1.33(0.38, 4.74) 8/12 57/95 10.18
Alqurashi 2015 59 12 337 76 —n— 1.11(0.57, 2.16) 59/71 337/413 36.63
Inoue 2013 2 0 51 8 —n 1.76 (0.02, 181.77) 2/2 51/59 0.76
Manuyakorn 2015 15 0 150 7 : u 3.64(0.04,319.62)  15/15 150/157 0.82
Ko 2015 8 1 385 21 — 0.44 (0.05, 3.65) 8/9 385/406 3.63
Scranton 2009 11 3 37 9 " 0.89 (0.21, 3.88) 11/14 37/46 7.58
Douglas 1994 4 0 52 3 B 1.29 (0.01, 131.39) 4/4 52/55 0.77
Sricharoen 2015 10 0 37 0 | (Excluded) 10/10 37/37 0.00
|
I-V Overall (I-squared = 26.3%, P = 0.165) ‘ 0.71(0.47, 1.06) 210/245 2875/3304  100.00
D+L Overall 0.71(0.47, 1.06)
|
| | |
2 1 100
H1 used more frequently H1 used more

among uniphasic frequently among biphasic



Biphasic Uniphasic Weight

Author Year H2 No H2 H2 No H2 OR (95% CI) (I-V)
Ellis 2007 4 16 25 58 . : 0.58 (0.18, 1.91) 11.89
Lertnawapan 2011 9 4 114 81 —== 1.60 (0.48, 5.37) 11.50
Smit 2015 0 15 4 263 - 0.82(0.01, 75.38) 0.83
Oya 2014 7 0 87 16 " 6.69 (0.08, 586.94) 0.84
Stark 1996 7 5 8 5 . 0.88 (0.18, 4.34) 6.58
Guiot 2017 2 5 100 163 —_— 0.65 (0.12, 3.42) 6.14
Alqurashi 2015 14 57 67 346 —_— 1.27 (0.67, 2.41) 41.17
Manuyakorn 2015 10 5 76 81 —_— 2.13(0.70, 6.52) 13.51
Ko 2015 7 2 273 133 — 1.71(0.35, 8.32) 6.72
Douglas 1994 0 4 9 46 " : 0.24(0.00, 22.43) 0.82
I-V Overall (I-squared = 0.0%, P = 0.751) I 1.21(0.80, 1.83) 100.00
D+L Overall 1.21 (0.80, 1.83)

| | |

2 1 100

H2 used more frequently

among uniphasic

H2 used more
frequently among biphasic



.. .. Pre-Rx No Pre-Rx
Premedication No Premedication Events/ Eventssy % Weight

Author Year Events No Events Events No Events OR (95% CI) Total Total (M-H)
Other Chemotherapeutics |
Chang 2016 11 223 3 60 . 0.99 (0.27, 3.65) 11/234 3/63 3.49
Mach 2016 5 149 17 233 — 0.46 (0.17, 1.27) 5/154 17/250 8.89
Seki 2011 22 81 2 3 — 0.41 (0.06, 2.59) 22/103 2/5 2.13
Shen 2018 13 152 26 100 —_— 0.33(0.16, 0.67) 13/165 26/126 19.26
Thompson 2014 10 1309 23 446 —_— | 0.15(0.07,0.31) 10/1319 23/469 23.88
Jerzak 2018 23 268 18 140 —_— 0.67 (0.35, 1.28) 23/291 18/158 15.24
M-H Subtotal (I-squared = 58.1%, P = 0.036) ‘ : 0.39 (0.28, 0.55) 84/2266 89/1071 72.58
D+L Subtotal ! 0.41(0.17,1.01)

I
Taxanes |
Francis 1994 8 5 9 7 —n 1.24(0.28, 5.53) 8/13 9/16 2.20
Rougier 1995 12 7 47 61 ——l 2.22(0.81, 6.09) 12/19 47/108 3.67
Trudeau 1996 15 14 14 5 L] : 0.38(0.11, 1.34) 15/29 14/19 5.79
Weiss 1990 13 145 19 124 —— 0.59 (0.28, 1.23) 13/158 19/143 12.98
Onetto 1993 0 94 3 70 ] r 0.11(0.01, 2.10) 0/94 3/73 2.78
M-H Subtotal (I-squared = 58.8%, P = 0.046) ' 0.77 (0.48, 1.24) 48/313 92/359 27.42
D+L Subtotal 0.74 (0.28, 1.96)
M-H Overall (I-squared = 64.0%, P = 0.002) 0.49 (0.37,0.65) 132/2579 181/1430 100.00

D+L Overall

0.49 (0.37, 0.66)

2

Favors
Premedication

Favors
No Premedication

I
100



Premedication No Premedication

Risk Ratio

Risk Ratio

Study or Subgroup Events Totals Events Toatal Weight M-H, Random, 95% Ci M-H, Random, 95% CI
Abe 2016 with media change 5 172 3 38 6.2% 0.37 (0.09, 1.47) » :
Abe 2016 without media change 47 271 61 220 12.6% 0.63 (0.45, 0.88) —a—,
Katayama 1990 without media change 140 988 903 13999 13.3% 2.20(1.86, 2.59) \ -
Kolbe 2014 without media change 21 67 5 66 8.9% 4.14 (1.66, 10.32) | »
Lee 2016 without media change 29 273 21 108 11.5% 0.91 (0.54, 1.55) ——
Park 2017 with media change 11 77 15 117 10.2% 1.11 (0.54, 2.30) —_——
Park 2017 without media change 15 41 20 86 11.3% 1.57 (0.90, 2.74) -
Park 2018 with media change 148 1947 105 872 13.0% 0.63 (0.50, 0.80) -u-
Park 2018 without media change 107 411 85 273  13.0% 0.78 (0.61,0.99) -

|
Total (95% Cl) 4277 15851 100.0% 1.07 (0.67, 1.71) I‘

|
Total events 523 1218 :
Heterogeneity: Tau? = 0.42; Chi? = 118.33, df = 8 (P < 0.00001); I> = 93% I
Test for overall effect: Z=0.29 (P =0.77) :

[ [ [ [ [
0.01 0.1 1 10 100

Favors Premedication

Favors No Premedication



Pre-Rx No Pre-Rx

Premedication Control Events/ Eventsy Y% Weight

Author Year rxn total rxnc totalc OR (95% ClI) Total Total (M-H)
Infliximab !
Augustsson 2007 15 326 28 324 -n ' 0.55 (0.30, 1.02) 15/341 28/352 7.00
Gold1 2017 35 999 79 6090 -B- 2.64(1.79,3.91) 35/1034 79/6169 16.87
Gold2 2017 59 2721 55 4368 -u- 1.71(1.19, 2.46) 59/2780 55/4423 19.58
Jacobstein 2005 12 33 28 210 | —E— 2.27 (1.25,4.12) 12/45 28/238 7.30
|-V Subtotal (I-squared = 84.0%, P = 0.000) : ¢ 1.76 (1.40, 2.21) 121/4200 190/11182 50.75
D+L Subtotal '.‘ 1.58(0.87, 2.87)

I
Allergen Immunotherapy |
Portnoy 1994 1 11 3 11 l—f— 0.39(0.05, 3.27) 1/12 3/14 0.57
Hejjaoui 1990 3 160 15 290 — 0.37(0.11,1.27) 3/163 15/305 1.73
Brockow 1997 1 82 6 39 ] | 0.09 (0.01, 0.73) 1/83 6/45 0.60
Mueller 2008 7 27 18 27 —l—;- 0.51(0.24, 1.09) 7/34 18/45 461
Reimers 2000 12 28 9 26 —_— 1.17 (0.56, 2.43) 12/40 9/35 4.80
Tankersley 2002 1 28 2 30 e 0.55 (0.05, 5.77) 1/29 2/32 0.47
Jagdis 2014 0 4 1 2 B 0.13(0.00, 11.79) 0/4 1/3 0.13
Yoshihiro 2006 0 67 6 67 | I 0.04 (0.00, 2.98) 0/67 6/73 0.13
Berchtold 1992 22 26 26 26 == 0.92 (0.61, 1.38) 22/48 26/52 15.42
Nielson 1996 7 21 19 24 —E— 0.57 (0.27,1.17) 7/28 19/43 4.95
I-V Subtotal (I-squared = 23.6%, P = 0.226) 0: 0.72(0.54, 0.95) 54/508 105/647 33.42
D+L Subtotal ‘: 0.62 (0.41, 0.94)

|
Other Agents |
Braaten 2015 1 245 9 230 u | 0.11(0.01, 0.85) 1/246 9/239 0.61
Lorenz 1980 0 25 15 25 < | - 0.02 (0.00, 1.68) 0/25 15/40 0.14
Schoening 1982 0 25 6 25 u : 0.04 (0.00, 3.32) 0/25 6/31 0.13
Sanders 2005 39 4315 20 3585 —— 1.61 (0.94, 2.76) 39/4354 20/3605 9.00
Caron 2009 1 53 37 76 ] : 0.06 (0.01, 0.40) 1/54 37/113 0.68
Fan 1999 12 49 13 52 —n— 0.98 (0.49, 1.99) 12/61 13/65 5.26
I-V Subtotal (I-squared = 75.1%, P = 0.001) 2 1.00 (0.67, 1.50) 53/4765 100/4093 15.83
D+L Subtotal P 0.29 (0.08, 1.10)

I

I
Heterogeneity between groups: P = 0.000) !
I-V Overall (I-squared = 75.1%, P = 0.000) * 1.19(1.01, 1.40) 228/9473  395/15922 100.00
D+L Overall <& 0.74(0.49, 1.11)

I

I I I
2 1 100
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][ Eligibility } [Screening] [ Identification ]

Included

Records identified through
database searching
(n=284)

(h=4)

Additional records identified by
workgroup experts

Records screened after /

duplicates removed

Records excluded
(h=171)

(n=283)

l

Full-text articles excluded, with

reasons
(n=280)

19 No discussion of biphasic reactions present
or absent

Full-text articles 17 Review article

assessed for eligibility

11 Case studies require minimum of 2 cases

(n=112) 10 incomplete data

8 Abstract or poster without full-text article
4 Editorial
2 Book chapter

l 2 Foreign full text article

2 Wrong comparator
2 Wrong study design
1 Unable to access

Studies included in 1 Wrong indication
qualitative synthesis 1 Wrong outcomes
(n=32)

l

Studies included in
guantitative synthesis
(meta-analysis)
(n=32)




|

Identification

|

|

Screening

Records identified through
database searching
(n=4700)

Additional records identified
through other sources
(n=101)

l

Records after duplicates removed
(n=4588)

Eligibility

Included

l

Records screened
(n=4588)

l

Full-text articles
assessed for eligibility
(n= 514)

l

Studies included in
qualitative synthesis
(n=68)

l

Records excluded
(n=4074 )

Studies included in
guantitative synthesis
(meta-analyses)
(n=67)

Full-text articles excluded, with

reasons
(n=446)

185 Wrong comparator

174 Wrong study design

13 Wrong outcomes

9 Wrong intervention

18 Wrong question

31 Wrong patient population

6 Abstract or poster

4 Wrong intervention

2 duplicate

1 A response letter to a previously

published article

1 Wrong number of cases




50 ---

40 -

20 -

10 -

Severe Initial Anaphylaxis Symptoms

Severe initial anaphylaxis symptoms
Biphasic OR 2.11 (95% Cl, 1.23-3.61)
NNT = 41 (18-195)

20 ---

0 ---

!

Multiple Epinephrine Doses

Multiple Epinephrine doses
Biphasic OR 4.82 (95% Cl, 2.70 — 8.58)
NNT =13 (7 - 27)



Table 1. Question 1 GRADE Summary of Findings Table
What aretherisk factors are associated with biphasic anaphylaxis?

Ne of participants|Risk |[Inconsis |Indirect |Imprecis |Publicat |Overall |[Study eventrates|Relati | Anticipated
(studies) of tency ness ion ion bias |certainty | (%) ve absolute effects
Follow- i f f
orow-up bias evidence | With No | With gs‘f;: Risk |Risk
Biphasic | Biphas with differen
: Cl) ;
ic No cewith
Biphas | Biphasic
ic
Unknown Trigger
4275 very |serious’ |not not none @®(OQ |624/400 |56/270 |OR 156 per | 75 more
(21 observational | seriou serious | serious O 5 (20.7% | 1.63 1,000 |per
studies) gacde VERY |(15.6%) |) (114 1,000
LOW to (18 more
2.33) to 145
more)
Drug Trigger <=18 yearsold
996 very |serious’ |not serious® | none a0 |135/886 |18/110 |OR  |152per | 145
(5 observational seriou serious O (15.2%) |(16.4% |2.35 1,000 |more
studies) sa¢ VERY ) (1.16 per
LOW to 1,000
4.76) (20 more
to 309
more)
Cutaneous Signs and Symptoms




1949 very |very not very none oOO |1546/18 |104/11 |OR 841 per | 90 more
(6 observational | seriou | serious” | serious | serious®? O 38 1 254 1,000 |per
studies) saed | VERY |(84.1%) |(93.7% |(1.25 1,000
LOW ) to (28 more
5.15) to 123
more)
Dyspnea Symptoms
1841 seriou | serious” | not serious” | none o0 |83U174 |34/98 |OR  |477per|123
(6 observational  |s®¢ serious @) 3 (34.7% |0.60 |1,000 |fewer
LOW to 1,000
0.96) (220
fewer to
10
fewer)
Wide Pulse Pressure
1356 seriou | not not serious | serious® | none @O0 |247/124 |40/107 |OR 198 per | 144
(2 observational  |s? serious O 9 (37.4% (211 {1,000 |more
LOW to 1,000
3.37) (48 more
to 256
more)
Severelnitial Symptoms




724 very |Very not serious |serious® | none @O |248/638 |44/86 |OR 389 per | 184
(5 observational seriou | serious O (38.9%) |(51.2% |2.11 1,000 |more
studies) Sa’d b VERY ) (.23 per
LOW to 1,000
3.61) (50 more
to 308
more)
> 1 dose of Epinephrine
1584 very |very not serious |serious® |none (OO |130/144 |34/135 |OR QO per |232
(5 observational | seriou | serious" O 9(9.0%) |(25.2% |4.82 1,000 |[more
studies) s&¢ VERY ) (2.70 per
LOW to 1,000
8.58) (120
more to
368
more)
Glucocorticoids <= 18 yearsold
1203 very | not not serious | serious® | none o |632/108 |78/114 |OR 580 per | 102
(7 observational seriou | serious OO 9 (68.4%) |[1.55 1,000 more
studies) Sht VER |(58.0%) (1.01 per
Y to 1,000
LOW 2.38) (2
more
to 187
more)
Explanations

a. Retrospective data may introduce selection bias and increase possible confounding errors
b. Low number of events (less than 250 biphasic reactions)

C. Included study or studies with limited follow-up of 24 hours or no follow-up resulting in possible missed biphasic patients




d. Included study or studies with limited patient selection including patients from inpatient setting or from a specialty clinic
e. Included study or studies with larger exclusion of patients due to missing data

f. Moderate heterogeneity as evidence by 12 of 30-60%

g. Wide confidence interval

h. Substantial heterogeneity as evidence by 1% of 50-90%

i. Different definitions of cutaneous signs and symptoms

| Different scales for measuring severity of anaphylactic reaction



Table 2. Question 2 GRADE Summary of Findings Table

Should Glucocorticoids or Antihistamines be Used to Prevent Biphasic Anaphylaxis?

Certainty assessment Ne of patients Effect
Relativ Certainty Importance
Ne of q Risk of . . . Other q q q q e Absolute
TS Study design bias y | Indir Imprecision | o rations Biphasic | Uniphasic (95% (95% Cl)
cl)
Glucocorticoids to prevent biphasic anaphylaxis
26 observation | very serious ® serious © serious ¢ all plausible 616/87 | 10270/1476 OR 30 fewer o000 IMPORTANT
al studies serious residual 1 2 (69.6%) 0.87 per VERY LOW
a confounding (70.7%) (0.74 1,000
would reduce to (from 4
the 1.02) more to
demonstrate 67
d effect fewer)
H1 Antihistamines to prevent biphasic anaphylaxis
16 observational | very serious ® serious ¢ serious ¢ | all plausible 210/245 | 2875/3304 | OR 44 fewer o000 IMPORTANT
studies serious residual (85.7%) (87.0%) 0.71 per 1,000 VERY LOW
a confounding (0.47 (from 6
would reduce to more to
the 1.06) 111
demonstrated fewer)
effect
H2 Antihistamines to prevent biphasic anaphylaxis
10 observational | very not serious | serious ® serious ¢ all plausible 60/173 | 763/1955 OR 46 more OO0 IMPORTANT
studies serious residual (34.7%) (39.0%) 1.21 per 1,000 VERY LOW
a confounding (0.80 (from 52
would reduce to fewer to
the 1.83) 149
demonstrated more)
effect

Cl: Confidence interval; OR: Odds ratio. a. Risk of bias across studies related to lack of blinding, lack of randomization, potential confounding by severity of presentation, practice variation, and differential use of epinephrine, b.
Significant heterogeneity across studies, c. Endpoint included outcomes reported as surrogate to biphasic reactions included emergency department revisits, d. Several studies with wide ranging 95% Confidence Intervals



Table 3: Question 3 GRADE Summary of Findings Table

Should Antihistamine and/or Glucocorticoid Premedication Be Used To Prevent | ndex Hyper sensitivity/l nfusion Reactions to
Chemotherapy?

Certainty assessment Ne of patients Effect
Ne of Study design Risk of Inconsistency Indirectness Imprecision Other Premedication No Relative  Absolute Cortainty mportance
studies bias considerations Premedication  (95% Cl)  (95% Cl)
Rate of Premedication Use in Subjects with or without reactions to chemotherapy
1" observational | serious serious serious © serious ¢ none 132/2579 181/1430 OR 0.49 60 eOOQO | IMPORTANT
studies a (5.1%) (12.7%) (0.37 to fewer | VERY LOW
0.66) per
1,000
(from 76
fewer to
39
fewer)

Cl: Confidence interval; OR: Odds ratio, a. Some inconsistency in protocol design could affect outcome assessments, b. Moderate heterogeneity identified in meta-analysis, c. Studies evaluated non-selected patient populations
without identified risk factors. Various protocols for premedication were evaluated. The relevance of findings to specific at risk populations is unclear, d. Several studies with wide ranging 95% Confidence Intervals

Table4: Question 4 GRADE Summary of Findings Table

Should Antihistamine and/or Glucocorticoid Premedication Be Used To Prevent Recurrent Hypersensitivity Reactions
Radiocontrast Media?

Certainty assessment Ne of patients Effect
Relativ
Ne of . . . .. Other - No Absolut  Certainty Importance
. . Risk of Inconsistenc Indirectnes Imprecisio K . Premedicatio . e
studie Study design bias s n consideration n Premedicatio (95% e
s y s n ¢ (95% ClI)

cl)

Subsequent RCM reaction with or without premedication




Ne of
studie

S

Study design

observationa
| studies

Risk of
bias

seriou

a
S

Certainty assessment

Inconsistenc

y

. b
serious

Indirectnes
s

not serious

Imprecisio
n

serious ©

Other
consideration
s

none

Ne of patients

Premedicatio

n

523/4277
(12.2%)

No

Premedicatio

n

1218/15851
(7.7%)

Effect

Relativ Absolut
o e
(“’CSI)" (95% Cl)
RR 5 more
1.07 per
(0.67 1,000
to (from
1.71) 25
fewer
to 55
more)

Certainty

-10]@)

VERY
LOW

Importance

IMPORTAN
T

Cl: Confidence interval; RR: Risk ratio, a. Due to observations study design sources of bias could affect effect estimate, b. Significant heterogeneity among studies, c. Several studies with wide ranging 95%

Confidence Intervals




Table5: Question 5 GRADE Summary of Findings Table

Should Antihistamine and/or Glucocorticoid Premedication Be Used To Prevent Hyper sensitivity Reactionsto I nfliximab,

Allergen Immunotherapy, or Other Agents?

Certainty assessment

Ne of patients Effect
Ne of Study desi Risk of | ist Indirect I - Other P dicati No Relative  Absolute Certainty Importance
studies udy design bias nconsistency Indirectness Imprecision .. . Premedication . oL .o (95%Cl)  (95% Cl)
Rate of investigator defined allergic reactions
19 observational | serious | serious ” serious ¢ | serious ¢ all plausible 228/9473 395/15922 RR0.74 | 6fewer 10100 IMPORTANT
studies @ residual (2.4%) (2.5%) (0.49 to per VERY LOW
confounding 1.11) 1,000
would reduce (from
the 13
demonstrated fewer
effect to3
more)

Cl: Confidence interval; RR: Risk ratioa. a. Risk of bias across studies related to lack of blinding, lack of randomization, potential confounding by severity of presentation, practice variation, b. Significant

heterogeneity across studies, c. Significant degree of heterogeneity in outcomes reported, d. Several studies with wide ranging 95% Confidence Intervals
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