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Clinical Implications Box:

Delayed treatment of anaphylaxis is associated fattiity. Although the majority of
anaphylaxis cases arrive at the Emergency Depattwitnin one hour of symptom onset,
education to seek prompt medical attention remaarsanted, especially for older children with

anaphylaxis.
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81
82  To the Editor,
83
84  In recent years, many studies conducted in theedr8tates and Canada have demonstrated a
85  steady increase in Emergency Department (ED) \fimittood-induced anaphylaxis in pediatric
86  patients.(1, 2) Given that studies suggest thathdhze to anaphylaxis can occur as rapidly as 30
87  minutes after exposure to food, 15 minutes foréhséngs, and 5 minutes for drugs, method and
88  timing of transportation to the emergency roomaateial.(3) However, to our knowledge, no
89  studies evaluated time interval and method of prartation to the ED for children who suffered
90 an anaphylactic reaction in Canada. We aimedt&rméne the time interval between
91 development of anaphylaxis and arrival at the EB determine factors associated with early
92  (within one hour of reaction) arrival and with tegortation by ambulance.
93
94  This was a prospective and retrospective cohostsdly among participants of the Cross-
95 Canada Anaphylaxis REgistry (C-CARE) database. @ueB-year period, between June 2011
96 and May 2019, the C-CARE recruited children presgnith anaphylaxis to four EDs in two
97  Canadian provinces (Quebec and Ontario): The Mah@hildren’s Hospital, the Hopital Sacré-
98  Coeur, and the Centre Hospitalier Universitairenfailustine, all of which are located in the
99  province of Quebec and the London Health Sciencar€én Ontario.
100
101 Patients who consulted any of the EDs in partigigatenters for anaphylactic reactions and
102  completed an additional long questionnaire quergingime of arrival and method of transport
103  were included. A standardized data form documergymgptoms and triggers of anaphylaxis was
104  collected. Consenting patients completed an additimng questionnaire querying on time and
105 method of transportation to the ED. More specifical47 participants out of 2119 (21.1%) were

106 included in those that filled out the long questiaine. Patients who were not approached to fill
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the long questionnaire were excluded from this\stiithis was determined based on vigilance
and recognition by caregivers. Age, sex, the pasen absence of comorbidities, anaphylaxis
triggers and the most common location of reactienensimilar between patients who completed
(responders) and did not complete the questionfiaine-responders) (Table 1). Prospectively
recruited patients accounted for 79.6% of all paéints, and there were no significant
differences in time of arrival, method of transpssx, and anaphylaxis trigger between

prospective and retrospective cases. (Table En®REepository)

Anaphylaxis was defined as the involvement of twanore organ systems after exposure to a
possible allergen or hypotension after exposueeknown allergen.(4) The primary outcome for
this study was the time interval between develogroéanaphylaxis and arrival to ED, as well as
method of arrival to the ED. The time interval vashotomized and cut off at the one-hour time
limit. This cut off is justified by previous findis suggesting that majority of anaphylaxis deaths
occur within one hour following symptom onset.(5)itariable and multivariable logistic

regressions were compared to assess factors assowigh arrival time and transport to the ED.

C-CARE is described previously.(4) Only prospectinel retrospective cases meeting the
definition of anaphylaxis as determined by two peledent reviewers (SG and MBS) were
included. Anaphylaxis severity was classified usingodified grading system described by
Muraro et al. as previously described (5) .Prospedata was collected at the time of patient
presentation to the ED.. Data on cases that wersiftbd retrospectively were collected through
chart review. The questionnaire querying on time mwethods of transportation to the ED was
collected in retrospective cases that consentedrplete the questionnaire at a subsequent visit

to the allergy clinic.
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The study was cleared by the McGill University EthCommittee, the Research Ethics Board of
the Hépital du Sacré-Coeur, the Board of Directdrthe Centre Hospitalier Universitaire Sainte-
Justine, and the Health Science Research EthicsiBb&Vestern University. All statistical

analyses were performed using R version 3.2.2.dfRR Ceam [2013]; R, Vienna, Austria).

From June 2011 to May 2019, 447 out of 2119 (21./%uited pediatric patients with
anaphylaxis from the four centers in Ontario anelg@ac were included in our substudy, of which
63.1% were male, with a median age of 4.5 yeater(joartile range [IQR]: 1.5, 10.2).

Patients with food-induced anaphylaxis accounte®403% of all cases. (Table 1)

Of all pediatric patients recruited, 80.8% reactiedED in less than one hour following
symptom onset. Around 10% (10.4%) arrived betwaenand three hours and a minority (1.5%)
arrived after three hours. The most common methidinsportation to the ED was
accompaniment by a family member (44.1%), whilé8%#®of patients arrived to the ED by

ambulance. The remainder of the patients arrivethkiy walking or other (Table 2).

Among patients transported by a family member, @6r8ached the ED less than one hour after
symptom onset. Similarly, 86.6% of patients armvby ambulance arrived less than an hour after
symptoms. In contrast, 2.0% of patients driven ffignaily member reached the ED more than
three hours after symptom onset, compared to 1f8at@nts arriving by ambulance. The use of
epinephrine by the patient prior to arrival to émergency was consistently around 20%

regardless of method of transport or time of atrifable E2, E3 Online Repository)

Arrival at the ED in less than one hour was foumté less likely in teenagers, defined
hereinafter as patients over 12 years of age and U years (adjusted Odds Ratio [aOR] 0.84

(0.71, 0.99)) while controlling for sex, known atig, reaction severity, dermatologic, respiratory,
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gastrointestinal and cardiovascular symptoms. @ &ldl Online Repository) Transport to the ED
by ambulance was more likely when reactions ocduateschool (aOR 1.36 (1.21, 1.52)) while

adjusting for age, sex, reaction severity and avknallergy. (Table E5 Online Repository)

In 2004, Clark et al. conducted a similar studyhvaitsmaller sample size, not restricted
to children, where patients presenting to 21 EDsinie US states and four Canadian provinces
with food-induced anaphylaxis were recruited. Pasidnad a median age of 29 years. Their
findings revealed that less than 20% of patienised by ambulance and only one third sought
medical attention within one hour of the onsetyshptoms.(6) In our study, almost 90% of
pediatric patients reached the ED in less tharhowoe and more than 40% arrived at the ED by
ambulance. This difference can likely be attributegart to the exclusion of adult patients in our
study. Other studies demonstrate higher vigilamceaalherence to management guidelines in
children compared to adults, namely in use of g@iniae following an anaphylactic reaction.(7)
Furthermore, our study included major metropolitdies where there is easier access to
hospitals, also contributing to this increase in&Hbvals in shorter time intervals. Given that the
Clark study was conducted almost two decades garimreased knowledge of the importance of
prompt management of anaphylactic reactions, ane syecifically, increased awareness of
food-induced anaphylaxis could also play a rolthia increase in presentation to the ED in a

shorter period of time.(3)

Teenagers and older pediatric patients are knovexhioit higher risk behavior and are
less often under the immediate supervision of amaguardian or a school representative,
factors that may account for the increase in alrtisge for this group.(8) Our study found that
patients who are older seem to be less likely é& seedical treatment immediately after

symptom onset. Transport to the ED by ambulancermas likely when reactions occurred at



183  schooal, likely because patients were not in the cdia family member who could transport them
184  to the hospital.

185

186 This study has several limitations. We includedropatlitan areas in two provinces that
187  may not reflect time of arrival and method of tiamsation following anaphylactic reactions in
188  more rural settings. In addition, only 21% of tledert responded to the long questionnaire,
189  which queried specifically on arrival time and tsport methods. However, this did not likely
190 result in selection bias, given the similarity beem responders and non-responders, pertaining to
191 sex, co-morbidities (other than eczema), anaphg/taiggers and the most common location of
192  reaction (home).

193

194 In conclusion, the majority of anaphylaxis casewarat the ED within one hour of

195 symptoms. Differences between the two provincestiival time and use of ambulance may be
196 related to differences in catchment population mitre larger metropolitan areas served by the
197  Quebec centers. Education programs targeting cldkdren with anaphylaxis and promoting
198  early arrival to the ED are required.

199

200  Acknowledgments

201  Funding was provided by AllerGen NCE and Health&tkmn

202



203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

References

1. Rudders SA, Arias SA, Camargo CA. Trends in hakpations for food-induced
anaphylaxis in US children, 2000-2009. Journal ikéryy and Clinical Immunology.
2014;134(4):960-2. e3.

2. Hochstadter E, Clarke A, De Schryver S, LaVée8, Alizadehfar R, Joseph L, et al.
Increasing visits for anaphylaxis and the benefitsarly epinephrine administration: a 4-year
study at a pediatric emergency department in Mahtfganada. Journal of Allergy and Clinical
Immunology. 2016;137(6):1888-90. e4.

4, Gabirielli S, Clarke AE, Eisman H, Morris J, Juisé., La Vieille S, et al. Disparities in
rate, triggers, and management in pediatric antt edses of suspected drugluced anaphylaxis
in Canada. Immunity, inflammation and disease. Z18:3-12.

5. Low |, Stables S. Anaphylactic deaths in Auckladew Zealand: a review of coronial
autopsies from 1985 to 2005. Pathology. 2006;3828):32.
0. Muraro A, Roberts G, Clark A, Eigenmann PA, HallS, Lack G, et al. The

management of anaphylaxis in childhood: positiopepaf the European academy of allergology
and clinical immunology. Allergy. 2007;62(8):857-71

7. Clark S, Bock SA, Gaeta TJ, Brenner BE, Cydiitka Camargo CA, et al. Multicenter
study of emergency department visits for food glks. Journal of allergy and clinical
immunology. 2004;113(2):347-52.

8. Gabirielli S, Clarke A, Morris J, Eisman H, GredgEnarson P, et al. Teenagers and
those with severe reactions are more likely toths& epinephrine autoinjector in cases of
anaphylaxis in Canada. The Journal of Allergy afidi€al Immunology: In Practice.
2019;7(3):1073-5. e3.



228
229
230
231
232

Figures

10

Table 1. Characteristics of Pediatric Patients Transported to the ED with Anaphylaxisin
cases who filled the questionnair e ver sus cases that did not fill the questionnaire.

Variable (%, Filled Not filled Difference
95%Cl) questionnaire questionnaire
N =447 N=1672
Province
Quebec 79.9% 95.3% -15.4% (-19.5%, -11.5%)
Ontario 20.1% 4.7% 24.8% (11.5%, 19.5%)
Prospectiv 79.6% 32.4% 47.2% (42.8%, 51.89
Age atreactior 45 (1.5,10.2 5.8 (2.1,11.5 -1.3
(median, IQR)
Se> (% male) 63.1% 58.6% 4.5%¢-0.7%, 9.7%
Trigger
Food 84.3% 83.5% 0.8% (-3.1%, 4.8%)
Venom 4.0% 1.8% 2.2% (0.1%, 4.3%)
Drug 3.4% 4.8% -1.4% (-3.5%, 0.7%)
Other 3.4% 4.4% -1.0% (-3.2%, 1.0%)
Unknown 6.3% 10.1% -3.8% (-6.7%, 1.0%)
L ocation of reaction
Home 53.2% 55.0% -1.8% (-7.1%, 3.6%)
School/Daycare 18.1% 0.1% 18.0% (14.3%, 21.7%)
Work 0% 10.2% -10.2% (-11.8%, -8.6%)
Restaurant 3.8% 3.5% 0.3% (-1.8%, 2.5%)
Other 19.2% 12.1% 7.1% (3.0%, 11.2%)
Unknown 5.8% 4.3% 1.5% (-1.0%, 4.0%)
Comorbidities
Asthme 15.0% 14.2% 0.8% ~-3.4%, 4.1%
Eczem: 21.4% 12.4% 9.0% (4.2%, 12.6%
Heart Conditio 0.0% 0.0% 0.0% (0.0%, 0.0%
Other comorbidit 6.4% 8.8% -2.4% -4.7%, 1.09
No comorbidity 23.0% 27.3% -4.3%1-9.2%,-0.1%
Unknowr 2.9% 1.5% 1.4%\-0.2%, 3.5%
Timetoreach
healthcar e facility
Less than 1 hour 80.8%
Between 1 to 3 hours| 10.4%
More than 3 hours
Unknown 1.5%
0.9%

Brought to
healthcar e facility
by:
Ambulance 40.8%
Family member 44.1%
Taxi 2.0%
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Walkec
Other
Unknown

0.7%
6.3%
3.6%
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Table 2. Differencesin patient demographics, clinical characteristics, co-morbidities by

method of arrival

Variable (%, Ambulance Family Difference
95% ClI) N=172 N=197

Province
Quebe 82.5% 73.0% 9.5% (0.5%, 18.4%
Ontaric 17.4% 26.9% -9.5% +18.4%,-0.5%)*
Ageat reaction 4.2 (1.5,11.¢ 45(1.4,8.8 -0.3
(median, IQR)
Sex (% males) 62.8% 63.5% -0.7% +11.1%, 9.8%
Severity
Mild 20.9% 21.8% -0.9% +9.8%, 8.0%
Moderatt 71.5% 70.1% 1.4% +8.4%, 11.3%
Sever: 7.6% 8.1% -0.5% +6.6%,5.4%
Timetoreach
healthcar e facility
Less than 1 ho 86.6% 86.3% 0.3%¢6.9%, 7.7%
Between 1 to 3 hou 10.5% 8.6% 1.9% -4.7%, 8.4%
More than 3 hou 1.2% 2.0% -0.8% -3.9%, 2.4%
Known allergy 58.1% 49.2% 8.9% -1.7%, 19.6%
Asthma 11.6% 16.2% -4.6% +12.2%, 3.0%
Eczema 20.3% 20.3% 0.0% -8.2%, 8.3%
Self-Use of 20.3% 19.3% 1.0% +7.6%, 9.8%
epinephrine
Epinephrine given by | 76.1% 76.1% 0.0% +8.7%, 8.8%
EMSor ED
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Table E1. Differencesin method of arrival and timeintervalsin prospectively and
retrospectively recruited participants

Variable (%, 95% CI) Prospective Retrospective Difference
N=335 N=86

Sex 62.7% 60.5% 2.2% 14.5%, 10.1%

Food-induced 84.8% 81.4% 3.4% +13.2%, 6.4%

anaphylaxis

Timeof arrival

Less than 1 ho 83.0% 86.0% -3.0% -6.0%, 12.1%

Between 1 and 3 hou | 9.6% 11.6% -2.0% -6.1%, 10.3%

More than 3 hou 1.8% 1.2% 0.6% +3.9%, 2.7%

Method of transport

Ambulanct 40.0% 38.4% 1.6% -13.9, 10.6%

Family membe 46.3% 52.3% -6.0% -6.5%, 18.6%

Table E2. Differencesin method of arrival and time intervals by province

Variable (%, Quebec Ontario Difference
95%Cl) N=357 N=90

Timetoreach health
carefacility
Less than 1 ho 79.6% 85.5% -5.9% (-15.1%, 3.1%
Between 1to 3 hou | 9.5% 3.3% 6.2% (0.7%, 11.7%
More than 3 hou 1.7% 0.1% 0.6% (-2.5%, 3.7%
Unknowr 9.2% 10.0% -0.8% +8.4%, 6.8%
Brought to
healthcar e facility by
Ambulanct 39.8% 33.3% 6.5% ~5.2%, 18.1%
Family membe 40.3% 58.8% -18.5 % -30.6%,-6.5%)*

Table E3. Differencesin patient demographics, clinical characteristics, co-morbidities by

timeintervals

N

Variable (%, Lessthan 1 hour Between 1to 3 Difference
95% Cl) N=352 hours *The “More than 3 hours
N=42 group has been omitted as of
7 cases

Province
Quebe 78.7% 92.0% -13.3% (-24.4%,-1.9%)*
Ontaric 21.3% 8.0% 13.3% (1.9%, 24.4%)
Ageat reaction 4.25 (1.5, 6.1 4.85(1.3,13.5 -0.€
(median, IQR)
Sex (% males) 64.5% 59.5% 5.0% +-13.0%, 23.1%
Severity
Mild 23.5% 5.4% 18.1%(8.2%, 28.1%
Moderatt 69.0% 81.1% -12.1% (-27.1%, 2.9%

y
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Sever 7.4% 13.5% -6.1% (-18.9%, 6.8%

Brought to

healthcar e facility by

Ambulance 41.2% 48.6% -7.4% (-25.7%, 11.0%
Family membe 47.1% 45.9% 1.2% -16.8%, 19.2%

Known allergy 54.6% 48.6% 6.0% -12.5%, 24.3%

Asthma 14.1% 24.3% -10.2% -26.0%, 5.6%
Eczema 19.3% 32.4% -13.1% -30.2%, 4.1%
Self-use of 21.1% 18.9% 2.2% -12.7%, 16.9%

epinephrine

Epipen other 75.1% 73.0% 2.1% -14.4%, 18.6%

Table E4. Factors associated with arrival at the ED in lessthan one hour

Variable

Sex

Teenager

Known food aller gy
Reaction severity
Dermatologic symptoms
Respiratory symptoms
Gastrointestinal symptoms
Cardiovascular symptoms

Univariable

OR (95% CI)
1.05 (0.981.13
0.91 (0.83, 0.99
1.07 (0.99, 1.15
1.04 (0.90, 1.20
0.98 (0.91, 1.0!
1.02 (0.89, 1.1
0.98 (0.91, 1.0!
1.13 (0.92, 1.4(

Multivariable
OR (95% ClI)
1.03 (0.95, 1.1:
0.84 (0.71, 0.99
1.07 (0.99, 1.1-
0.95 (0.79, 1.15
0.99 (0.92, 1.0t
1.01 (0.88, 1.1¢
0.97 (0.90, 1.0!
1.18 (0.90, 1.5¢

Table E5. Factors associated with arrival at the ED by ambulance

Variable

Sex

Ageat reaction

Known food aller gy

Use of epinephrine by patient
Reaction at school/daycare
Reaction severity

Univariable

OR (95%Cl)
0.99 (0.90, 1.0¢
0.99 (0.99, 1.0:
1.06 (0.97, 1.1¢
1.02 (0.911.14
1.34 (1.19, 1.50
1.02 (0.86, 1.2:

Multivariable
OR (95% Cl)
0.97 (0.88, 1.07
0.99 (0.98, 1.0(
1.07 (0.98, 1.1¢
0.97 (0.86, 1.0¢
1.36 (1.21, 1.52
1.00 (0.84, 1.18

Table E6: Rates of method of transport and time of arrival over 8-year span

Y ear 2011 2012 2013 2014 2015 2016 2017 2018 Total
N=10 | N=59 | N=72 | N=128 | N=58 | N=39 | N=53 N=2 difference
Time of
arrival
Lessthan 1| 80.0% | 84.7% | 91.7% 83.6% 82.8% 87.2)6 69.8%This 10.2%
hour group (-23.4%,
was 43.8%)
Between 1 | 20.0% | 8.5% 8.3% 9.4% 10.3% 5.1% 17.0pemitted 3.0%
and 3 hours asthe | (-26.8%,
sample | 32.8%)
More than 3| 0.0% 5.1% 0.0% 1.6% 1.7% 2.6% 0.0% size was 0.0%
hours too (0.0%,
small 0.0%)




M ethod of (N=2)

transport

Ambulance | 40.0%| 40.79% 52.8% 37.5% 39.7% 28.2% 97,7 2.3%
(-33.0%,
37.5%)

Family 20.0% | 23.7%| 38.9%| 53.1% 56.9% 64.1% 54.1% -34.79

member (-68.8%,
0.0%)




