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Highlights

* What is already known about this topic? Rates plhasic anaphylaxis
are variable, and associated risk factors are ancle

* What does this article add to our knowledge? Thisgective study
showed that biphasic anaphylaxis reactions occunréd2% of patients
in the emergency department, and clinically sigatfit biphasic reactions
occurred in 5.1%. Biphasic reactions were assatiatth delayed
epinephrine administration.

* How does this study impact current management gonek® These
results support current guidelines, which recomn@odhpt epinephrine
administration for the management of anaphylaxis.
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Abstract
Background: Biphasic reaction rates and potential associas&dactors
are not well understood.
Objective: To evaluate biphasic reaction rates and assoadisletactors.
Methods: We prospectively enrolled patients with anaphydaati 2
Midwestern academic emergency departments (EDsyaleered data
using patient and ED provider surveys and a stradthealth record review.
Biphasic reaction rates and clinically significhihasic reaction rates,
defined as recurrent reactions that met anaphythagnostic criteria or
were treated with epinephrine, were calculated r&haristics associated
with biphasic reactions were assessed with logistjcession and reported
with odds ratios (ORs) and 95% Cls.
Results. Of 430 ED anaphylaxis visits, 31 (7.2%) patierdd biphasic
reactions; 22 (5.1%) had clinically significant bgsic reactions. The
median time from anaphylaxis onset to first epimghdose was longer for
patients with biphasic (78 minutes) than uniphasigrses (45 minutes)
(P=.005). A biphasic course was associated with ars&ng of first
epinephrine dose (OR, 3.72 [95% CI, 1.36-10.143) anlelay of more than
30 minutes from symptom onset to first epinephdose (OR, 3.39 [95%
Cl, 1.13-10.18]), and was inversely associated waitival by ambulance
(OR, 0.18 [95% CI, 0.05-0.61]). A clinically sigimént biphasic reaction
was associated with an ED setting of first epingpghdose (OR, 3.32 [95%
Cl, 1.08-10.25]) and inversely associated withvairby ambulance (OR,
0.08 [95% ClI, 0.01-0.61)).
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Conclusion: Biphasic reactions and clinically significant bgsic reactions
occurred in 7.2% and 5.1% of ED anaphylaxis patiemtspectively.

Delayed epinephrine administration was associatddlviphasic reactions.

Keywords: anaphylaxis; biphasic reaction; emergeatepartment;

epinephrine
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Abbreviations
ED, emergency department
EDOU, emergency department observation unit
EHR, electronic health record
ICU, intensive care unit
IQR, interquartile range
NIAID/FARE, National Institutes of Allergy and Infdous Disease/Food
Allergy Research and Education
OR, odds ratio
REP, Rochester Epidemiology Project
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I ntroduction

Anaphylaxis is an acute, potentially life-threabgnsystemic
allergic reaction that is commonly treated in theeegency department
(ED).' Biphasic reactions are defined as a recurrene@aphylaxis
symptoms after resolution of the initial anaphyilaotaction, without re-
exposure to the inciting trigger. Contemporary msdnhcorporating the
National Institute of Allergy and Infectious Disea#~ood Allergy Research
and Education (NIAID/FARE) criterfeor similar diagnostic criteria have
found widely variable rates of biphasic reactionserf 0.4% to 14.7%
among patients with anaphylaxis in the Ef.

Because biphasic reactions can be life-threatemirigtal ™ *
some authors recommend patients be observed fior 2 hours>*° while
current guidelines in the United States recommemnith@ividualized period
of observation based on patient risk factors aadtien severity® A better
understanding of biphasic reaction incidence, gakseverity, and
associated risk factors may assist emergency povid assessing the need
for observation after an anaphylactic reaction @ecrease unnecessary
health care utilization. The objectives of thisdstuvere to evaluate biphasic
reactions among prospectively enrolled ED patienfstertiary care centers
to 1) investigate the incidence and managemenipbglsic reactions and 2)
determine risk factors associated with biphasictreas.

M ethods
Study Design and Setting

This prospective cohort study took place at 2 ERated in the
US Midwest: Mayo Clinic Hospital — Rochester, Sa#drys Campus,
Rochester, Minnesota, a quaternary care academiwithly 7,000 annual
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patient visits; and the ED of the University of lmWospitals and Clinics,
lowa City, lowa, with 65,000 annual patient visitéie institutional review
boards at both sites approved the study protodw.study adhered to
Strengthening the Reporting of Observational Stigiedepidemiology
(STROBE) guideliné’

Participants and Data Collection

Patients of all ages who came to the ED duringsthdy period
with potential anaphylactic reactions were prospebt enrolled. At Mayo
Clinic Hospital, the study period was between Ag8| 2010, and
September 14, 2018. At the University of lowa Hetapiand Clinics, the
study period was between April 5, 2017, and MayZ2R1.8. Study
coordinators at both sites identified patients vehciief concern at
registration included “allergic,” “reaction,” “anhp-,” “angio-,” “sting,” or
“hives.” If their initial reaction met NIAID/FARE idgnostic criteria for
anaphylaxis, informed consent was obtained andweg included in the
study.

At the time of their initial ED evaluation, patisror their
caregivers completed an anaphylaxis patient quesice that included data
on allergic history, presenting signs and symptaans, prehospital
management. A questionnaire on physical examinditioings was
completed by the primary provider caring for thégra. Additional data
were extracted from the electronic health recotdRIEusing a standardized
extraction procedure. Patient records were revieavtt the initial
anaphylactic reaction for any documentation ofcuneent reaction. In
addition, patients in the lowa cohort were contédttye telephone
approximately 3 days after the index ED visit. Bsess for a possible
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biphasic reaction, we used a structured intervimét that included
guestions about any recurrent symptoms; use oéppime, steroids, or
antihistamines; ED return visits; and hospitalizas$i. The inpatient record
was reviewed if the patient was admitted. Returnvi§ds and outpatient
follow-up visits were also reviewed to determina fhatient had a recurrent
reaction.

Vital status was assessed to ensure that no sated within 7
days after their ED visit by reviewing the EHR ahd Rochester
Epidemiology Project (REP) Death RegistfPatients were considered to
have survived if there was proof of survival in HdR or if there was no
proof of death (ie, absence of a death certificaté)e REP death registry
for patients with a current address in Minnesotdigats who did not have
proof of life or death in the EHR or in the REP tthei@gistry and lived
outside of Minnesota were considered lost to follgw
Definition and Outcome Measure

Patients with anaphylaxis were divided into 2 tiesicgroups:
uniphasic and biphasic. Patients who had any resctisymptoms within 72
hours after resolution of their initial symptomsresencluded in the biphasic
reaction group. A clinically significant biphaskeaction was defined as a
recurrent reaction that either met NIAID/FARE angpkis criteria or was
treated with epinephrine. The 2 main outcomes Wgracidence and
management of biphasic reactions; and 2) risk facesociated with
biphasic reactions.

Statistical Analysis
Continuous variables were summarized with meadsSps if

they were normally distributed and with medians smterquartile ranges
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(IQRs) otherwise; categorical variables were sunmadrwith frequency
counts and percentages. Variables were compareegéethe lowa and
Minnesota cohorts and between the uniphasic artthbip groups using the
2-sample, Wilcoxon rank sumy?, and Fisher exact tests. Statistically
significant differences between the uniphasic aptdsic groups were
further characterized with odds ratios (ORs) anth @s obtained from
univariable and multivariable logistic regressioaduals. Statistical analyses
were performed using SAS version 9.4 software (8&8tute Inc). All tests
were 2-sided, anB values <.05 were considered statistically sigaritc
Results
Participants and Demographic Characteristics

During the enroliment period, 430 patients whoskal reaction
met NIAID/FARE anaphylaxis criteria were eligiblerfstudy inclusion
(lowa, 64 patients; Minnesota, 366 patients) (Fegufhe mean (SD) age of
all patients (Table 1) was 34 (22) years, and 28%) were children (<18
years). Of the patients, 250 (58%) were female,3at1(88%) were white.
Patient histories included anaphylaxis in 218 (51f#9d allergy in 198
(46%), and asthma in 164 (38%).

The comparison of characteristics of the initigitg of the lowa
and Minnesota cohorts is shown in Table 1. Thenewe significant
differences between the 2 cohorts in suspectegerjgproportion with a
known trigger, epinephrine doses to treat initglations, and time interval
between symptom onset to epinephrine administétedever, there were
significant differences in prior anaphylaxis histowvidened pulse pressures

at evaluation, and presence of presenting cardioNassymptoms.
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Patient Characteristics, Disposition, and Management

Clinical characteristics are shown in Table 1.réhegas an
identifiable trigger in 358 cases (83%). Food wessrhost common trigger
(n=162 [38%)]), followed by medications (n=82 [19%})d insect venom
(n=65 [15%]). Mucocutaneous manifestations weratibst frequently
reported (n=424 [99%]), then respiratory (n=373/8), gastrointestinal
(n=207 [48%]), and cardiovascular (n=202 [47%])|e¢st 1 dose of
epinephrine was administered to 305 patients (7irf¢lyding to 136 (45%)
patients who received epinephrine before ED arrMalltiple (>2) doses of
epinephrine were required for 50 (12%) patientsth@fpatients, 215 (50%)
were discharged directly from the ED, 73 (40%) walenitted to the ED
observation unit (EDOU), and 42 patients (10%) vaehmitted to the
hospital, including 25 (6%) who were admitted tgeaeral ward and 17
(4%) to the intensive care unit (ICU). Fourteengyas from the Minnesota
cohort were lost to follow-up, but there were naitis identified secondary
to anaphylaxis in the 7-day follow-up period. Ndai@at in the lowa cohort
was lost to follow-up.
Biphasic Reactions

Thirty-one patients (7.2% [95% CI, 5.0%-10.2%]¥@biphasic
reaction, and 22 (5.1% [95% ClI, 3.3%-7.8%)]) hadiraaally significant
biphasic reaction, defined as a biphasic reactiahret NIAID/FARE
anaphylaxis criteria or was treated with epineghrirhere was no
significant difference in rates of biphasic reagsion the 2 cohorts (7.8% vs
7.1%;P=.80) or clinically significant biphasic reactioates (3.1% vs 5.5%;
P=.76). A comparison of characteristics betweenahttisits of patients
who did and did not have a biphasic reaction issshim Table 2.
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172 Table 3 summarizes patient characteristics angraaxis

173 management for the 31 biphasic reactions. The r{f&ahage of patients
174 who had biphasic reactions was 34 (25) years. €ddlpatients, 16 (52%)
175 were female, and 12 (39%) were children. The me@@R) time between
176  the resolution of initial symptoms and onset of tghasic reaction was 6
177 (2-23) hours (range, 0.5-45 hours) for 29 patiémtsvhom data were

178  available: 16 patients (55%) had reactions withioGrs of initial symptom
179  resolution; 7 (24%) patients between 7 and 24 haund 6 (21%) patients
180 over 24 hours. Nineteen (61%) patients experietftednset of a biphasic
181 reaction after ED or EDOU discharge. Mucocutanenanifestations were
182 most common in biphasic reactions (n=30 [97%])oleed by respiratory
183 (n=15 [48%]), gastrointestinal (n=8 [26%]), anddiavascular (n=3 [10%]).
184 Epinephrine was administered during 19 visits (6186 management of
185 biphasic reactions. Six (19%) patients required 28 of epinephrine.

186 Eleven (35%) patients were admitted to a hospitabwand 4 patients

187 (13%) were admitted to the ICU after the biphasaction. Table 4 shows
188 the details of individual characteristics and mamagnt of patients with

189  biphasic reactions.

190 Based on univariable analysis, a biphasic coueseinversely

191 associated with a prior history of food allergy¥26s 48%; OR, 0.38 [95%
192 ClI, 0.17-0.88]P=.02) and arrival by ambulance (10% vs 37%; OR80.1
193  [95% ClI, 0.05-0.61]P=.002). A biphasic course was also associated with
194 administration of the first dose of epinephringhia ED rather than in the
195 prehospital setting (81% vs 53%; OR, 3.72 [95%1C36-10.14]P=.007)
196 and a delay of more than 30 minutes from symptosebtio first

197 epinephrine dose (83% vs 60%; OR, 3.39 [95% CB-1A.18];P=.02).
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More specifically, the median time to the firstregphrine dose was longer
for patients with a biphasic course (78 minuteahtfor those with a
uniphasic course (45 minute$~005). After adjusting for over 30 minutes
from symptom onset to epinephrine administratiohiséory of food allergy
and ED setting of first epinephrine dose were myé& significantly
associated with the development of a biphasic i@a¢OR, 0.49 [95% ClI,
0.19-1.24];P=.13 and OR, 2.32 [95% CI, 0.72-7.4P%.16, respectively).
However, arrival by ambulance continued to be isgrassociated with a
biphasic course (OR, 0.26 [95% CI, 0.08-0.9H;04).

A clinically significant biphasic course was insely associated
with adulthood ¥18 years old) (55% vs 75%; OR, 0.39 [95% CI, 0.1%30)
P=.029) and arrival by ambulance (5% vs 37%; OR8 (0%% CI, 0.01-
0.61];P=.002) as well as with ED setting of first epingpkrdose (79% vs
53%; OR, 3.32 [95% ClI, 1.08-10.2%].03). We were unable to perform
multivariable adjustment for the time of first epphrine dose because there
were insufficient patients with adequate timingadaho developed a
clinically significant biphasic reaction. There waronstatistically
significant tendencies toward an increased ratdimtally significant
biphasic reactions with increased epinephrine dosed to treat the initial
reaction P=.052) and a widened pulse pressure at initialgoagion
(P=.08).

Discussion

Main Findings

This prospective study, which included patientsrfr2 academic
medical centers in the Midwestern United Stateswsld that 7.2% of ED
patients with anaphylaxis experienced a biphasictien, and 5.1% of those
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had a clinically significant biphasic reaction. Timae intervals from
resolution of the initial event to onset of recage of symptoms ranged
from 0.5 to 45 hours. Epinephrine was administéoe®1% of biphasic
reactions, and 19% of patients with biphasic reastrequired 2 doses of
epinephrine. Four patients (13%) were admittedhéohtospital after the
biphasic reaction. A biphasic course was associaitda delay of more
than 30 minutes from symptom onset to epinephrimei@istration and
inversely associated with arrival by ambulance.
I nterpretation of Study Findings

Although other observational studies have beendeced to
elucidate the characteristics of biphasic reactitrestrue incidence of
biphasic reactions is not well understood and sar@nsiderably. The
incidence of biphasic reactions in our cohort isgstent with that in several
prior studies that have reported rates of 4.5%-6:3%" ?°However, a few
studies have reported substantially higher or loats> ** *'Ellis and
Day** reported a biphasic reaction rate of 19.4% inteodostudy of
pediatric and adult ED patients who were contabieteélephone after their
ED visit to assess the initial reaction as wellrespresence of a biphasic
reaction. Brazil and MacNamdraeported 6 (18%) biphasic reactions in a
retrospective review of 34 patients admitted ovei@& month period for
observation after anaphylactic reactions that reguireatment with
epinephrine. In another retrospective review of d@ésecutive adult ED
patients with anaphylaxis, Grunau etraported only 2 patients with
clinically important biphasic reactions (0.40% [9%34 0.07%-1.6%]).

The rate of epinephrine administration for treattred biphasic
reactions in our cohort was also similar to thaoréed in several studiés.
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2022 Mehr et af? Alqurashi et af, Lee and Greené8and Ellis and D&y
showed that 42%, 49%, 50%, and 55% of biphasidiceecwere treated
with epinephrine, respectively. Grunau étraported that both of the
patients who experienced clinically important biglhaeactions in their
study required epinephrine. In contrast, Rohacell eeported that 20% of
biphasic reactions required epinephrine.

Importantly, we showed that patients with a bipthasaction
course were less likely to have received the fioste of epinephrine in a
prehospital setting and had a longer median tinfesibepinephrine dose.
Several prior studies have suggested that eamepprine administration
may reduce the risk of a biphasic reacfidit.?% 2> >Alqurashi et &l
reported that a delay to epinephrine treatmentdotigan 90 minutes from
the onset of the initial reaction was significardsociated with a biphasic
reaction in children. In an observational studyithawvapan and Maek-a-
nantawat’ showed that the median time interval from onset to
administration of epinephrine was significantlyden in a biphasic group
than a nonbiphasic group (240 vs 70 minutes).daheort study of children,
Lee and Greenékalso reported that the time interval between ooket
symptoms and the initial dose of epinephrine wgsicantly longer for
patients who had biphasic reactions.

Although we did not show that biphasic reactiorsev
significantly associated with higher doses of epim@e for management of
the initial reaction as other studies have repdtted® “we did show a
tendency toward an association of increased eprimveptioses with
clinically significant biphasic reactions. BrazilhMacNamara® Mehr et
al? and Alqurashi et kall found that biphasic reactions were more likiely
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patients who required more than 1 dose of epinepha treat the initial
anaphylactic reaction. Increased epinephrine diosdbe management of
the initial reaction may be a marker of increassttion severity, which has
been hypothesized to be associated with a bipleasise. This may explain
why some studies that included patients with mekese anaphylaxis and
were conducted before the adoption of the NIAID/FEAEtnical diagnostic
criteria reported higher rates of biphasic reastfon®

Although the rate of biphasic reactions amongepdsi with an
unknown trigger was higher than among those wkhawn trigger (11% vs
6%), we did not find a significant association, @his in contrast to our
previous studie.’° The cohort described in this study includes 2Giepts
from our previous study that included patients kaddboth prospectively
and retrospectivel} Compared with patients in our previous study,ques
in this study had a similar rate of biphasic reatdi but the sample size was
about 50% smaller, as was the proportion of patiamih an unknown
trigger (16% vs 22%, respectively). Thus, with aaBer overall number of
outcomes of interest, we have less power to dstatistically significant
associations. A potential explanation for the ddfece we previously
observed may be that patients with an unknown érigeere less likely to
rapidly identify the onset of anaphylaxis and midtely to have received
delayed epinephrine, an explanation based on augrdufinding of an
association between delayed epinephrine admin@trand increased risk
of biphasic reaction. In addition, patients withuarknown trigger may have
been re-exposed to the trigger, resulting in arreat reaction rather than a

true biphasic reaction. Further prospective evalnas needed.
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The time period for observation after an anaphidaeaction
remains controversial, and there is no universageed upon duration of
observatiorf’ Because most patients do not have biphasic resctioe
benefits of observation must be considered agtiedbnger stay in the
EDOU. It is interesting that even though a subshntimber of patients had
a biphasic reaction after ED or EDOU dischargedwlenot find any
subsequent morbidity or mortality. Therefore, grss reasonable to
customize observation rates and periods on the bashne patient’s reaction
severity, access to epinephrine, and patient néfiabecause reliable
clinical predictors for biphasic reactions have Ioe¢n consistently
identified, and there have been a wide range afdito onset reportéé ?’
Patients should be educated regarding the riskogdtaasic reaction, and it
Is critical that they have ready access to sedtgble epinephrine and an
appropriate action plafi.

Study Limitations

This study has several limitations. First, the banof biphasic
reactions is relatively small, prohibiting robutdtsstical analysis of
associations. Second, estimation of the time aluéisn of the initial
symptoms is imprecise, and it is possible thabip&asic reaction was
actually the ongoing initial reaction that maniégsivhen the initial
treatment was “wearing off.” Third, the use of hAID/FARE criteria for
identification of anaphylaxis cases is imperfeatdiese the criteria have
been shown to be very sensitive (95%) but to haseaificity of 71%,
which could result in the inclusion of cases thatewnot truly anaphylaxfs.
Fourth, the cohorts at the 2 study sites had diffees in allergic history and
some presenting symptoms, which could have impamtedindings.
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327  Additionally, only the patients in the lowa cohastre contacted after their
328 ED visit to determine if symptoms had recurred. §;lsome biphasic

329 reactions, particularly mild reactions that did require any interventions,
330 in the Minnesota cohort may have been missed. Hewydlve similar rates
331 of biphasic reactions as well as clinically sigraint biphasic reactions in the
332 2 cohorts make it unlikely that this had a subsshimpact on our results.
333 Fifth, although there are 2 academic centers iredud this study, they are
334 both located in the upper Midwest and have a predamee of white

335 patients, which could reduce the generalizabilitthe results. Sixth, the
336  prospective design may have resulted in exclusi@ome patients with

337 anaphylaxis who had chief concerns other than theed to identify

338 patients for inclusion in the study or other pasenho developed

339 anaphylaxis during their ED evaluation that waskatted to medication or
340 contrast dye. However, prospective data collegj@merates more reliable
341 information regarding time of symptom onset as \@slprehospital

342 management, which is frequently not well documeimetie EHR. Seventh,
343  26% of the patients with a biphasic reaction is gtudy did not have an
344 identifiable trigger; thus, we cannot exclude tlhssbility of re-exposure to
345 the trigger. Finally, 14 patients in the Minnesotdort were lost to follow-
346 up; therefore, it is possible that biphasic reaxtiovere overlooked in this
347 group.

348  Conclusions

349 We report a 7.2% incidence of biphasic reactiontsa5.1% rate
350 of a clinically significant biphasic reaction intmants with anaphylaxis. Our
351 findings add to the mounting evidence that earipeghrine administration
352 may reduce the risk of biphasic reactions.
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Table 1. Comparison of lowa and Minnesota Cohorts

All A MN P
Characteristic (N=430) (n=64) (n=366) Value
Mean (SD)
Age at visit, y 34 (22) 31 (21) 35 (22) 14
Median (IQR)

Symptom onset to epinephrine 48 (15-101) 60 (20-90) 46 (15-104) 72

administration, min (n=289, 42,

247)

No. (%)

Age at visit, y 46
<18 110 (26) 14 (22) 96 (26)
>18 320 (74) 50 (78) 270 (74)

Sex 74
Female 250 (58) 36 (56) 214 (58)

Male 180 (42) 28 (44) 152 (42)

Race (n=425, 62, 363) .16
White 372 (88) 50 (81) 322 (89)
Black/African American 19 (4) 5(8) 14 (4)

Other 34 (8) 7(11) 27 (7)

Medical history
Anaphylaxis 218 (51) 25 (39) 193 (53) .04
Food allergy 198 (46) 28 (44) 170 (46) .69
Asthma 164 (38) 23 (36) 141 (39) .69

Prior SIE prescription 209 (49) 26 (41) 183(50) 7.1

Prior SIE use 115 (27) 17 (27) 98 (27) 97

Suspected allergen .09
Food 162 (38) 28 (44) 134 (37)
Medication 82 (19) 9 (14) 73 (20)

Venom 65 (15) 6 (9) 59 (16)
Latex 4 (1) 23 2(2)
Contrast 26 (6) 3 (5) 23 (6)
Other 19 (4) 1(2) 18 (5)
Unknown 72 (17) 15 (23) 57 (16)
Arrival by ambulance 151 (35) 18 (28) 133 (36) .20
Widened pulse pressure (n=388, 48 (12) 2 (3) 46 (14) .02
61, 327)
Signs and symptoms of initial
reaction
Mucocutaneous 424 (99) 62 (97) 362 (99) 22
Respiratory 373 (87) 56 (88) 317 (87) .85
Gastrointestinal 207 (48) 23 (36) 184 (50) .03
Cardiovascular 202 (47) 15 (23) 187 (51) <.001
Epinephrine administered 305 (71) 48 (75) 257 (70) .44
Setting of first epinephrine dose .09
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(n=305, 48, 257)

Self/caregiver/other/EMS 136 (45) 16 (33) 120 (47)
ED 169 (55) 32 (67) 137 (53)
Symptom onset to epinephrine, .83
min (n=289, 42, 247)
<30 111 (38) 15 (36) 96 (39)
>30 to<60 57 (20) 7(17) 50 (20)
>60 t0<90 40 (14) 10 (24) 30 (12)
>90 81 (28) 10 (24) 71 (29)
Symptom onset to epinephrine, .70
min (=289, 42, 247)
<30 111 (38) 15 (36) 96 (39)
>30 178 (62) 27 (64) 151 (61)

Abbreviations: ED, emergency department; EMS, esrerg medical services; IA, lowa;
IQR, interquatrtile range; MN, Minnesota; SIE, selectable epinephrine.
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Table 2. Comparison of Uniphasic and Biphasic Groups

Group
Clinically
Significant
Uniphasic  Biphasic Biphasic P P
Characteristic (n=399) (n=31) (n=22)  Value® Value’
Mean (SD)
Age at visit, y 34 (22) 34 (25) 30 (25) .99 .36
Median (IQR)
Symptom onset to 45 (15-100) 78 (53- 60 (24-167) .005 .07
epinephrine, min (n=265, 338)
24, 18)
No. (%)
Age at visit, y .08 .03
<18 98 (25) 12 (39) 10 (45)
>18 301 (75) 19 (61) 12 (55)
Sex 44 .97
Female 234 (59) 16 (52) 13 (59)
Male 165 (41) 15 (48) 9 (41)
Medical history
Anaphylaxis 204 (51) 14 (45) 11 (50) .52 .92
Food allergy 190 (48) 8 (26) 6 (27) .02 .06
Asthma 155 (39) 9(29) 8 (36) .28 .82
Prior SIE prescription 195 (49) 14 (45) 11 (50) .69 .92
Prior SIE use 108 (27) 7 (23) 6 (27) .59 .98
Suspected trigger 31 .23
Food 152 (38) 10 (32) 8 (36)
Medication 74 (19) 8 (26) 7 (32)
Venom 62 (16) 3 (10) 2(9)
Latex 3(1) 1(3) 1(5)
Contrast 25 (6) 1(3) 0
Other 19 (5) 0 0
Unknown 64 (16) 8 (26) 4 (18)
Suspected trigger .16 g7
Known 335 (84) 23 (74) 18 (82)
Unknown 64 (16) 8 (26) 4 (18)
Arrival by ambulance 148 (37) 3 (10) 1(5 .002 200
Widened pulse pressure 41 (11) 7 (25) 5 (25) .065 .08
(n=360, 28, 20)
Signs and symptoms of
initial reaction
Mucocutaneous 393 (98) 31 (100) 22 (100) 1.0 1.0
Respiratory 345 (86) 28 (90) 19 (86) .78 1.0
Gastrointestinal 191 (48) 16 (52) 13 (59) .69 31
Cardiovascular 191 (48) 11 (35) 8 (36) 18 .29
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Epinephrine administered 279 (70) 26 (84) 19 (86) 10 . .10
Epinephrine doses A1 .052
0 120 (30) 5(16) 3(14)
1 234 (59) 21 (68) 14 (64)
2 29 (7) 5(16) 5 (23)
>3 16 (4) 0 0
Epinephrine doses .39 .16
Oor1l 354 (89) 26 (84) 17 (77)
>2 45 (11) 5(16) 5(23)
Setting of first epinephrine .007 .03
dose (n=279, 26, 19)
Self/caregiver/other/ 131 (47) 5 (19) 4 (21)
EMS
ED 148 (53) 21 (81) 15 (79)
Symptom onset to .02 .20
epinephrine, min (n=265,
24, 18)
<30 107 (40) 4 (17) 4 (22)
>30 to<60 51 (19) 6 (25) 6 (33)
>60 to<90 37 (14) 3(13) 1 (6)
>90 70 (26) 11 (46) 7 (39)
Symptom onset to .02 13
epinephrine, min (n=265,
24, 18)
<30 107 (40) 4 (17) 4 (22)
>30 158 (60) 20 (83) 14 (78)
Therapy administered
Corticosteroid 338 (85) 27 (87) 19 (86) 1.0 1.0
Bronchodilator 94 (24) 8 (26) 5 (23) .78 .93
H antihistamines 378 (95) 29 (94) 20 (91) .68 .34
H, antihistamines 253 (63) 21 (68) 15 (68) .63 .65
Intravenous fluid 106 (27) 8 (26) 4 (18) .93 .38

Abbreviations: ED, emergency department; EMS, ey medical services; IQR,

interquartile range; SIE, self-injectable epinepéri
& Comparison of uniphasic vs biphasic.

P Comparison of uniphasic vs clinically significdniphasic.
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Table 3. Summary of Characteristics and Management foriphdsic Reactions

Characteristic No. (%)?
Resolution of initial to biphasic reaction, med{#QR), h 6 (2-23)
(n=29)
Signs and symptoms of biphasic reaction
Mucocutaneous 30 (97)
Respiratory 15 (48)
Gastrointestinal 8 (26)
Cardiovascular 3 (10)
Epinephrine administered 19 (61)
Epinephrine doses
0 12 (39)
1 13 (42)
2 6 (19)
Therapy administered
Corticosteroid 17 (55)
Bronchodilator 7 (23)
H, antihistamines 26 (84)
H, antihistamines 13 (42)
Intravenous fluid 4 (13)
Clinically significant biphasic reaction 22 (71)
Transferred to ICU 4 (13)

Abbreviations: ICU, intensive care unit; IQR, irgaartile range.
#Unless otherwise indicated.
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Table 4. Characteristics and Management of Patients Wigih&sic Anaphylactic Reactions

Disposition Biphasic Disposition
After Reaction Presenting Management, = Management, After
Age, Onset After Initial Onset Signsand Biphasic Signs Initial Biphasic Biphasic
Patient y  Sex Trigger Resolution, h  Reaction L ocation Symptoms and Symptoms Reaction Reaction Reaction
1 5 M  Food (walnut) 0.5 In ED ED MC/GI MC/GI Epi, H, H,, CS Epi, H ICU>home
2 1 M  Food (macaroni and 0.7 In EC ED MC/R/GI MC/R Epi,H,CS,B H,B GM>home
cheese)
3 1 F  Unknown 1.5 In ED ED MC/R MC/R Epi, H, Hy, CS  Epi ICU>home
4 63 F  Medication 15 EDOU EDOU MC/R MC Epi, H Hy, CS, Epi ICU>home
(azithromycin) IVF
5 7 M  Food (cashews) 2 In ED ED MC/R/GI MC/R Epi, H, CS Epi GM>home
6 8 F  Unknown 2 Home Home MC/R/GI/ICV  MC/RIGI/ICV ho Epi, H, H, CS Home
7 68 M  Contrast 2 In EDF ED MC/R MC H, CS, B H, CS EDOU>home
(gadolinium)
8 79 M  Food (peanut) 2 EDOU EDOU MC/R/GI/ICV MC Edi, Hz, CS, Hy, B EDOU>home
IVF, B
9 69 F  Medication 2.5 EDOU EDOU MC/R/GI/ICV  R/GI Epi, HH,, CS, Epi, Hi, Hz EDOU>home
(aspirin) IVF, B
10 37 M  Food 3 Home Home MC/R/GI/ICV  MC/RI/GI 1HH, CS, IVF  Epi, H, H;, CS EDOU>home
11 65 F  Medication 3 EDOU EDOU MC/R MC Epi, K Hy, CS, None EDOU>home
(sulfamethoxazole IVF
ltrimethoprim)
12 1 M  Food (peanut) 4 Home Home MC/GI MC None i, Bp, CS GM>home
13 46 M Unknown 4 EDOU Car MC/R/CV MC EpigH,, CS, B Home
IVF
14 40 M Venom 55 EDOU Home MC/R/GI/ICV  MC/RI/GI Epl:, CS Epi, H, H;, CS, Home
IVF
15 28 M  Venom 6 EDOU EDOU MC/R/GI/CV  MC/R EpiaHo, CS, Epi, Hy, Ho EDOU>GM>
IVF home
16 20 F  Environmental 6 Home School MC/R MC Epi,HiH,, CS H GM>home

(tanning bed)
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31

55
2
9

49

25

17

16
56

63
47
53
64
16

9
47

F

n<

F
M
M

Food (chips and

hummus)
Venom
Unknown

Food (nuts)

Medication (allergy

shots)

Food (waffles with

strawberries)
Unknown
Unknown

Medication
(cefdinir)
Medication
(levofloxacin)
Medication
(cefdinir)
Medication

(sulfamethoxazole
ltrimethoprim)

Unknown
Unknown
Venom

9.1

10
14

16

17

23

23
25

32

34

35

37

45

Unknown
Unknown
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EDOU

Home
Home

EDOU

EDOU

Home

Home
EDOU

EDOU

EDOU

EDOU

EDOU

Home

Home
Home

EDOU

Home
Home

Home

Home

Home

School
Home

Home

Home

Hotel

Home

Home

Home
Unknown

MC/R/GI/ICV

MC/R
MC/R/GI

MC/R/CV

MC/R/CV

MC/R

MC/R
MC/R

MC/R

MC/R/CV

MC/CV

MC/R/GI

MC/R/GI/ICV

MC
MC/R/GI

MC/R

MC/GI

MC/R

MC
MC

MC/R/CV

MC

MC

MC/R

MC/R/GI/ICV MC/R

MC/R/GI

MC

MC/R/GI/ICV  MC

Epi, HH,, CS Epi, H, H,, CS, MICU>home

Epll H
Epi, H, CS

Eii, Hz, CS,
B
Epi, HH,, CS

Epi,HH,, CS

1,HH, CS
Epiy, #, CS,

IVF

Epi, HH,, CS,

B

Epi, HH,, CS

Epi, H Hy, CS

Epi, HHy, CS,
B

Epi, BS
Epi, €S, B
1, i, CS

IVF
Epi, H, CS

Epi, H, Hz, CS,

B

Epi, Hi, Hy,
IVF, B

H, H.

Epi, H, Hy, CS

H
H;, CS

H;, CS, B

Epi, H, Hy, CS

Epi, H, Hy, CS,

IVF

Epi, Hi, Hy, CS,

B

Epi, H, CS
H, CS
H

GM>home
GM>home

GM>home

Home

EDOU>GM>
home
Home
Home

Home

GM>home

EDOU>GM>
home
EDOU>home

Home

Home

Did not seek
care

Abbreviations: B, bronchodilator; CS, corticostelaCV, cardiovascular; ED, emergency departmentQBEDemergency department observation unit; Epneggirine; F,

female; Gl, gastrointestinal; GM, general meditabf, H;, H; antihistamine; B H, antihistamine; ICU, intensive care unit; IVF, aestenous fluids; M, male; MC,

mucocutaneous; MICU, medical intensive care unjtg3piratory.

%Indicates that the biphasic reaction began irEtbébefore disposition after the initial reaction.
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L egend
Figure. Patient Enroliment, Reaction Course, and Managerhkmphasic
reaction indicates no recurrence of signs or symptafter resolution of the
initial reaction. Biphasic reactions include altipats with recurrence of any
sign or symptom. Clinically significant biphasi@otions include any
biphasic reaction that met NIAID/FARE anaphylaxiaghostic criteria or
was treated with epinephrine, or both. IA indicdtesa; MN, Minnesota;
NIAID/FARE, National Institutes of Allergy and Inddous Disease/Food

Allergy Research and Education.



Prospectively enrolled patients with
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