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ARTICLE INFO ABSTRACT
ArtiC{é’ history: o Background: Venom-induced anaphylaxis (VIA) accounts for severe reactions. However, little is known about
Received for publication March 15, 2018. the short- and long-term management of VIA patients.
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e b Objective: To assess the short- and long-term management of VIA.
Accepted for publication April 6, 2018.

Methods: Using a national anaphylaxis registry (C-CARE), we identified VIA cases presenting to emergency
departments in Montreal and to emergency medical services (EMSs) in western Quebec over a 4-year period.
Data were collected on clinical characteristics, triggers, and management. Consenting patients were con-
tacted annually regarding long-term management. Univariate and multivariate logistic regressions were used
to identify factors associated with epinephrine use, allergist assessment, and administration of immunotherapy.
Results: Between June 2013 and May 2017, 115 VIA cases were identified. Epinephrine was administered
to 63.5% (95% confidence interval [CI], 53.9%-72.1%) of all VIA cases by a health care professional. Treat-
ment of reactions without epinephrine was more likely in reactions occurring at home and in nonsevere cases
(no hypotension, hypoxia, or loss of consciousness). Among 48 patients who responded to a follow-up ques-
tionnaire, 95.8% (95% Cl, 84.6%-99.3%) were prescribed epinephrine auto-injector, 68.8% (95% CI, 53.6%—
80.9%) saw an allergist who confirmed the allergy in 63.6% of cases, and 81.0% of those with positive testing
were administered immunotherapy. Among cases with follow-up, seeing an allergist was less likely in pa-
tients with known ischemic heart disease.
Conclusion: Almost 30% of patients with suspected VIA did not see an allergist, only two thirds of those seeing
an allergist had allergy confirmation, and almost one fifth of those with confirmed allergy did not receive
immunotherapy. Educational programs are needed to bridge this knowledge-to-action gap.

© 2018 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction allergen, and the condition is increasing in prevalence.'* Studies
suggest that, although venom-induced anaphylaxis (VIA) cases rep-
resent less than 5% of all anaphylactic reactions in the general
population, they account for the most severe cases, yet data re-
garding incidence, clinical characteristics, and management of VIA
are limited.*

The diagnosis of VIA is based on detailed, comprehensive history
of systemic symptoms, corroborated with skin-prick testing (SPT)

Anaphylaxis is a severe, life-threatening, generalized or system-
ic hypersensitivity reaction that involves at least 2 organ systems
and/or the presence of hypotension in response to a potential
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treatment algorithm.”~'° According to current North American and
European guidelines, VIA requires prompt administration of epi-
nephrine as well as venom immunotherapy to decrease the risk of
recurrence.''-® However, little research exists regarding patients’,
caregivers’, and clinicians’ uptake of management guidelines of VIA.
At the time of this study, there were no known studies assessing
follow up and management of VIA patients as well as treatment
using venom immunotherapy. The goal of our study was to collect
and evaluate the immediate (ie, treatment at the time of reaction)
and long-term (ie, prescription of epinephrine auto-injector, as-
sessment by an allergist, and use of confirmatory tests and
immunotherapy) management of suspected VIA cases.

Methods

The Cross-Canada Anaphylaxis Registry (C-CARE) is a cross-
country initiative that aims to bridge knowledge gaps related to
anaphylaxis rates and management across Canada. C-CARE enrolls
anaphylactic cases presenting to emergency departments (EDs) and
out-of-hospital emergency medical services (EMSs). We utilized the
C-CARE database to identify VIA cases presenting to 2 EDs in Mon-
treal: the Montreal Children’s Hospital (MCH) and Sacré-Coeur
Hospital (HSC), and to EMSs in western Quebec (Outaouais region),
from June 2013 to May 2017. The 2 centers are tertiary care hos-
pitals, each assessing approximately 80,000 and 60,000 ED visits
annually, respectively, whereas the EMSs have 30,000 ambulance
calls per year.

In the EDs at the MCH and HSC, prospective data were collect-
ed at the time of patient presentation, as described in previous
studies.’'> As with our other studies, a software program previ-
ously developed was used to record all suspected allergic reactions
in the EMS setting.® Cases of anaphylaxis were identified by the treat-
ing physician/paramedic. A standardized form was completed by
health care professionals in both the ED and EMS settings to collect
patient information, including age, sex, clinical background, med-
ication use, and clinical characteristics of the reaction, such as the
suspected trigger, symptoms, route of exposure, time interval
between exposure and development of clinical symptoms, as well
as management, including the use of epinephrine, antihistamines,
and steroids. For ED patients, data on admission to hospital/
intensive care unit, prescription of an epinephrine auto-injector,
referral to an allergist, and requisition for tryptase levels were also
collected. For EMS patients, these data were collected through chart
review, medical documentation, and/or follow-up questionnaire con-
ducted with consenting participants.

The standardized forms completed by the ED physicians and EMS
providers were evaluated by 3 members of our research team (S.G.,
G.S., and M.B.S.), and only cases that met the definition of anaphy-
laxis were included.? In addition, charts of missed VIA cases were
identified and reviewed using International Classification of Disease,
10th revision codes referring to either anaphylaxis or allergic reac-
tion to ensure no cases were missed, as previously described.®41>
EMS records were also verified for any missed cases. For patients
not recruited prospectively at the MCH but provided consent when
assessed at the allergy clinic we collected data on reaction and long-
term management based on chart review. A modified grading system
described by Brown and outlined in our previous studies was used
to classify anaphylaxis severity.5'4-'7 Consenting adults or the pa-
tients’ parents and/or legal guardians were contacted annually to
complete a standardized form querying on epinephrine auto-
injector prescription, assessment by allergist, use of confirmatory
tests (skin tests and/blood tests for specific immunoglobulin E [IgE]
levels), and the use of venom immunotherapy.

All statistical analyses were done using R version 3.2.2 (R Core
Team 2013; R Foundation for Statistical Computing, Vienna, Austria).
Percent and 95% confidence interval (binomial or multinomial for

variables with more than 2 categories) data were used for patient
demographics, reaction severity, allergy assessment, and manage-
ment of VIA cases. Univariate and multivariate logistic regression
models were compared with estimate factors associated with use
of epinephrine, assessment by an allergist, and administration of
immunotherapy. The study was approved by the McGill Universi-
ty Health Center and Sacré-Coeur ethics review boards.

Results

Between June 2013 and May 2017, 115 VIA cases were identi-
fied: 14% from the MCH; 10% from the HSC; and 77% from the EMS
of western Quebec. Three of 115 cases of VIA were recurrent re-
actions, 2 of which occurred at a different timepoint (>3 days from
the index reaction), and 1 was a biphasic reaction (occurred within
3 days of the index reaction). More than half of the cases (60%) were
prospectively recruited. There was a male predominance (66.1%),
and the majority (80.0%) of patients were adults (Table 1). Approx-
imately half (51.8%) of the reactions occurred at home. More than
half of the reactions were classified as moderate and a third as severe
(manifested by desaturation <92%, cyanosis, respiratory arrest,
hypoxia, dysrhythmia, confusion, or loss of consciousness) (Table 1).!6
There were no fatal cases of VIA in our study population.

Epinephrine was received in the majority of cases of VIA (78.3%
[95% Cl, 69.4%-85.2%]); more than one third of patients (37.4% [95%
Cl, 28.7%-46.9%]) received epinephrine before management by a
health care professional, and almost two thirds of patients (63.5%
[95% CI, 53.9%-72.1%]) received epinephrine by a health care pro-
fessional (Table 2); 26 cases received epinephrine both before
assessment and by a health care professional. Fewer than half of
the patients (42.6%) received an antihistamine before manage-
ment by a health care professional (Table 2). Management by a health
care professional included an antihistamine and/or short-acting
inhaled B-agonist in less than one fifth of VIA cases (14.8% and 13.9%,
respectively). Among moderate and severe cases (99 cases), the ma-
jority (81.9% [95% CI, 72.5%-88.6%]) were treated with epinephrine
either before or after an encounter with a health professional; more
than half (56.3% [95% CI, 30.6%-79.2%]) of the mild reactions (16
cases) were treated with epinephrine (Table 2). Reactions treated

Table 1
Demographics and Characteristics of Patients

Percent (95% CI)

Number of reactions per number of patients: 115 of 112
Site of reaction presentation

MCH (16 of 115)
HSC (11 0of 115)
EMS (88 of 115)

13.9% (7.0%-21.5%)
9.6% (2.6%-17.2%)
76.5% (69.6%-84.1%)

Prospectively identified cases (69 of 115)
Age in years [median (IQR)]
Adults (>18 years) (92 of 115)

60.0% (50.4%-68.9%)
44.8% (25.6%-59.2%)
80.0% (71.3%-86.7%)

Male sex (76 of 115)
Comorbidities
Asthma (12 of 114)
Eczema (1 of 115)
Food allergy (6 of 89)

Heart disease (4 of 114)
Previously prescribed medications

B-blockers (6 of 111)

NSAID use regularly (8 of 111)
Reaction occurring at home (58 of 112)

Reaction severity
Mild (16 of 115)
Moderate (60 of 115)
Severe (39 of 115)

66.1% (56.6%-74.5%)

10.5% (5.8%-18.0%)
0.9% (0.05%-5.5%)
6.7% (2.8%-14.6%)
3.5% (11%-9.3%)

5.4% (2.2%-11.9%)
7.2% (3.4%-14.1%)
51.8% (42.3%-61.3%)

13.9% (5.2%-24.0%)
52.2% (43.5%-62.2%)
33.9% (25.2%-44.0%)

Abbreviations: CI, confidence interval; EMS, emergency medical services; IQR,
interquartile range; HSC, Sacré-Coeur Hospital; MCH, Montreal Children’s Hospi-
tal; NSAID, nonsteroidal anti-inflammatory drug.
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Table 2
Management of Allergic Venom Reactions

Percent (95% CI)

Administered before management by health
care professional
Epinephrine (43 of 115)
Antihistamine (49 of 115)
Short-acting inhaled -agonist (1 of 115)
Steroids (3 of 115)

Administered by health care professional
Epinephrine (73 of 115)
Antihistamine (17 of 115)
Short-acting inhaled B-agonist (16 of 115)
Steroids (9 of 115)

Moderate and severe reactions
Received epinephrine (81 of 99)

Mild reactions
Received epinephrine (9 of 16)

All reaction severities
Received epinephrine (90 of 115)

37.4% (28.7%-46.9%)
42.6% (33.5%-52.1%)
0.9% (0.05%-5.5%)

2.6% (0.7%-8.0%)

63.5% (53.9%-72.1%)
14.8% (9.1%-22.9%)
13.9% (8.4%-21.9%)
7.8% (3.9%-14.7%)
81.9% (72.5%-88.6%)
56.3% (30.6%-79.2%)

78.3% (69.4%-85.2%)

Abbreviation: CI, confidence interval.

Table 3
Odds Ratio of Factors Associated With Management of VIA Without Epinephrine

Multivariate odds ratio
(95% CI)

Univariate odds ratio
(95% CI)

Age at reaction

Treatment by health care team
Short-acting inhaled B-agonist
Antihistamine

Severe reaction

Comorbidities

0.99 (0.99-1.00) 0.99 (0.99-1.00)
0.78 (0.63-0.96)?
0.95 (0.77-1.18)

0.81 (0.69-0.94)?

0.82 (0.66-1.00)

0.79 (0.68-0.93)"

Asthma 1.05(0.82-1.34) 0.95(0.75-1.20)
Eczema 0.81(0.36-1.82)
Known food allergy 0.80(0.57-1.12)
Heart disease 1.04 (0.69-1.57)
B-blocker use 1.13(0.80-1.59) 1.19(0.89-1.61)
Daily NSAID use 1.36 (1.01-1.82)2

Conditions of reaction

During exercise 0.97 (0.75-1.25) 1.31(1.13-1.53)*

While at home 1.26 (1.09-1.47)2
Location
EMS 0.95 (0.79-1.13) 1.02 (0.84-1.24)

Abbreviations: CI, confidence interval; EMS, emergency medical services; NSAID, non-
steroidal anti-inflammatory drug; VIA, venom-induced anaphylaxis.
aStatistically significant.

without epinephrine were more likely to occur while at home (ad-
justed odds ratio [aOR] for age, severity of reaction, asthma, location,
and use of nonsteroidal anti-inflammatory drugs [NSAIDs| and
inhaled short-acting B-agonists): 1.32 (95% CI, 1.13-1.53). Reac-
tions treated without epinephrine were less likely among those with
severe reactions (aOR, 0.79 [95% CI, 0.68-0.93]) (Table 3).

Follow-up information was obtained for a total of 48 of the 112
patients in the study. Follow-up data were unavailable for the re-
maining 64 of 112 patients who could not be reached. Of the 48
patients, follow-up information was obtained by telephone in 40
prospective patients, and through chart review in 8 consenting ret-
rospective patients (Fig 1). The response rate was 66.7% (40 of 69
prospective cases of VIA) (Table 4). There were no substantial dif-
ferences between patients for whom follow-up information was
obtained and those for whom follow-up management data were un-
available, other than a slightly younger patient population in those
with follow-up data (eTable 1). The average length of follow up was
2.89 years.

Among patients with follow-up information (n=48), 33 (68.8%
[95% CI, 53.6%-80.9%]) were assessed by an allergist (Table 4); of
these patients, 27 (81.8% [95% (I, 63.9%-92.4%]) underwent allergy
testing, including SPT and/or in vitro venom-specific IgE levels.
Tryptase levels (all within normal limits) were obtained after the
reaction in less than 20% (8 of 48) of patients (16.7% [95% CI, 8.0%—
30.8%]); only 1 patient had a tryptase level during the reaction with
repeat levels afterward. Of the 27 patients in whom allergy testing
was performed, testing was negative in 6 (22.2% [95% CI, 9.4%-
42.7%)). Nineteen of 48 patients (39.6% [95% CI, 27.1%-54.8%])
providing follow-up information had a confirmed allergy to non-
bees (including wasps and/or hornets), and 2 (4.2% [95% CI, 0.0%-
19.4%]) to both bees and non-bees; there were no patients with a
confirmed allergy to bees alone. Twenty-seven patients providing
follow-up data (56.3% [95% CI, 43.8%-71.5%]) had an unconfirmed
allergy, either due to lack of testing performed (6 cases), lack of as-
sessment by an allergist (15 cases), or negative allergy tests, despite
a documented allergic reaction to an insect sting (6 cases). Of the
6 patients with negative test results, only 3 had tryptase levels as-
sessed to rule out mastocytosis and none had a repeated venom skin
test done. Of the patients with available follow-up data, almost all
(95.8% [95% Cl, 84.6%-99.3%]) were prescribed an epinephrine auto-
injector, and nearly one third (35.4% [95% CI, 22.6%-50.6%]) were
administered venom immunotherapy. Among patients with posi-
tive test results, the majority (81.0%) received venom immunotherapy
(17 of 21 cases).

112 patients

(43 retrospective, 69 prospective)

48 patients

with available follow up data

40 prospective: contacted by telephone
8 retrospective: obtained through chart review

l l

Assessed by allergist (33/48)

No allergist assessment (15/48)

l l

Tests performed (27/33)

No tests performed (6/33) ———

I |

SPT (15/27)
In vitro IgE (3/27)

Unknown (4/27)

Both SPT and in vitro IgE (5/27)

|
4>{ Negative test results (6/27) }—‘

Unconfirmed
venom allergy
(27/48)

—'{ Positive test results (21/27) H Immunotherapy (17/21)

,,,,,,,,,,,,,, [

| Confirmed Non-Bees (19/48)
| Confirmed Bees and Non-Bees (2/48)

Figure 1. Diagnosis and management of patients with venom-induced anaphylaxis (VIA).
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Table 4
Follow Up and Management of VIA Cases
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Variable (numerator/denominator)

Percent of patients
(95% CI)?

Patients with follow-up data (either prospective or
retrospective) among all patients (48 of 112)

Patients responding to follow up among prospective

patients (40 of 69)
Length of follow up, in years (mean, standard
deviation)
Age at reaction, in years (median, IQR)
Sex (% males) (32 of 48)
Reaction severity
Mild (7 of 48)
Moderate (25 of 48)
Severe (16 of 48)
Asthma (7 of 47)
Location
MCH (15 of 48)
HSC (4 of 48)
EMS (29 of 48)
Follow-up assessment by an allergist (33 of 48)
Assessed with tests (27 of 33)
Positive test results (21 of 27)
Negative test results (6 of 27)
No tests performed (6 of 33)
Confirmed venom allergy in patients who saw an
allergist (21 of 33)
Among the 27 patients who underwent testing
SPT (15 of 27)
IgEP (3 of 27)
Both SPT and IgE" (5 of 27)
Unknown which tests performed (4 of 27)
Tryptase (8 of 48)
Allergy status
Confirmed non-bees (19 of 48)
Confirmed bees only (0 of 48)
Confirmed both bees and non-bees (2 of 48)
Unconfirmed (27 of 48)
Unconfirmed due to lack of testing (6 of 27)
Unconfirmed due to negative testing (6 of 27)
Unconfirmed due to no follow up (15 of 27)
Management
Prescribed epinephrine (46 of 48)
Desensitization via immunotherapy among all
patients with follow up (17 of 48)

Desensitization via immunotherapy among patients

with positive testing (17 of 21)

42.9% (33.7%-52.6%)
66.7% (53.2%-78.0%)
2.89 (1.08)

39.6(12.8-56.2)
66.7% (51.5%-79.2%)

14.6% (2.1%-30.4%)
52.1% (39.6%-67.9%)
33.3% (20.8%-49.2%)
14.9% (6.7%-28.9%)

31.3% (18.8%-45.8%)
8.3% (0.0%-22.9%)
60.4% (47.9%-75.0%)
68.8% (53.6%-80.9%)
81.8% (63.9%-92.4%)
77.8% (57.3%-90.6%)

22.2% (9.4%-42.7%)
18.2% (7.6%-36.1%)
63.6% (45.1%-79.0%)

55.6% (40.7%-76.1%)
11.1% (0.0%-31.6%)
18.5% (3.7%-39.0%)
14.8% (0.0%-35.3%)
16.7% (8.0%-30.8%)

39%.6% (27.1%-54.8%)
0.0% (0.0%-15.3%)
4.2%(0.0%-19.4%)

56.3% (43.8%-71.5%)
22.2% (7.4%-43.5%)
22.2% (7.4%-43.5%)
55.6% (40.7%-76.8%)

95.8% (84.6%-99.3%)
35.4% (22.6%-50.6%)

81.0% (57.4%-93.7%)

Abbreviations: IgE, immunoglobulin E; IQR, interquartile range; HSC, Sacré-Coeur
Hospital; MCH, Montreal Children’s Hospital; SPT, skin-prick testing.

aUnless noted otherwise.
bIn vitro IgE.

Seeing an allergist was less likely in patients with known isch-
emic heart disease (aOR, 0.54 [95% CI, 0.31-0.95]) while controlling
for age, sex, asthma, location, and reaction severity (Table 5).

Discussion

We have conducted the first study to assess short- and

long-term management of VIA patients. Although current recom-
mendations state that cases of VIA should be referred for further
assessment, our study has revealed that, among those patients for
whom we obtained long-term follow-up data, almost one third (15
of 48) were not seen by an allergist after a venom-induced reac-
tion, and, among those assessed, 6 of 33 (20%) were not evaluated
appropriately through the use of confirmatory tests. In patients who
underwent allergy testing, 6 of 27 (22%) of those with suspected
venom allergy remained unconfirmed due to negative results. Further,
despite recommended repeat testing in those with negative results,'®
none of these negative tests were repeated. Consistent with the clin-
ical guidelines recommending epinephrine as the drug of choice for

Table 5

Odds Ratios of Factors Associated With Management of VIA Cases

Variable Univariate Multivariate
OR (95% CI) OR (95% CI)

Factors associated with seeing an allergist

<18 years old 1.16 (0.88-1.52) 1.54 (0.87-2.73)
Sex (male) 0.91(0.69-1.21) 0.95(0.71-1.26)
Severe reaction 1.10(0.83-1.46) 1.21 (0.88-1.65)
Asthma 0.88 (0.60-1.29) 0.95(0.63-1.42)
EMS 0.92 (0.70-1.43) 1.09 (0.73-1.64)
Ischemic heart disease 0.48(0.29-0.81)* 0.54(0.31-0.95)*
Factors associated with undergoing

immunotherapy

<18 years old 0.97 (0.73-1.29) 117 (0.79-1.73)
Sex (male) 1.06 (0.79-1.43) 1.11(0.85-1.46)
Severe reaction 1.13(0.85-1.52) 1.02 (0.75-1.39)
Asthma 0.79 (0.54-1.16) 0.89(0.61-1.29)
Saw allergist 1.67(1.29-2.17)*  1.61(1.20-2.16)?
EMS 1.16 (0.88-1.54) 1.37(0.93-2.01)

Ischemic heart disease 0.70(0.40-1.21) 0.91 (0.51-1.60)

Abbreviations: EMS, emergency medical services; OR, odds ratio; VIA, venom-
induced anaphylaxis.
aStatistically significant.

acute venom-induced anaphylactic reactions,'*?° epinephrine was
prescribed to almost all patients with suspected and/or confirmed
VIA. However, despite being the “gold standard” for venom allergy
management, almost 20% of patients with confirmatory testing did
not receive immunotherapy.

Our findings are consistent with previous studies that dis-
cussed inadequate management of anaphylaxis and suboptimal
adherence to clinical guidelines, recommending allergy assess-
ment after a severe allergic reaction.?'?* In resource-limited settings,
the decision to refer and the possibility of follow up with an aller-
gist often depends on local access to a specialist as well as long wait
times for assessment. Patient age and social determinants may con-
tribute to noncompliance to follow up, and multiple months of
waiting to see a specialist may impact a patient’s decision to seek
allergy consultation.?*2% The large percentage of patients not as-
sessed for VIA may be due to patient-related factors, such as other
priorities or inability to take time off from work, or other factors
related to the Canadian health care system, including the low number
of allergists in Canada and long wait times for specialist
assessment.>4

Studies suggest that patients with cardiovascular disease are at
increased risk of fatal anaphylaxis.?’?® Cardiac mast cells are key con-
tributors to atherosclerotic plaques, and medications for heart disease
may exacerbate anaphylaxis or make it more difficult to treat.?° The
decreased rate of allergy referrals in patients with ischemic heart
disease may be due to concern regarding concurrent use of
angiotensin-converting enzyme inhibitors (ACE-Is) and/or -blockers
and venom immunotherapy.’’* However, a recent North Ameri-
can practice parameter update concluded that the benefits of venom
immunotherapy outweigh the risks in patients taking these medi-
cations, supporting that patients with ischemic heart disease and
suspected VIA should be referred for allergy assessment for further
investigations and possible treatment.!!

Although testing with SPT and/or venom-specific IgE may be rec-
ommended for allergy confirmation, we found that a significant
proportion (almost 20%) of patients with suspected VIA who were
assessed by an allergist did not undergo further investigation, pos-
sibly due to mild reaction severity, decreased patient compliance,
and/or resource-limited settings with no available venom testing
in some areas of Quebec. It has been reported that a false-negative
test can occur in 15% of cases, as we found 6 of 27 cases with neg-
ative testing despite a clinical history consistent with VIA,>12183536
These cases may also indicate idiopathic anaphylaxis or another
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unknown trigger, such as food, a common trigger for anaphylaxis,
or the presence of mastocytosis. Studies suggest that, in these cases,
tests should be repeated; however, this recommendation was not
followed in our cohort (no repeated testing documented).

Despite recommendations for tryptase testing in the acute setting
and at baseline, we found that almost no patients actually had
tryptase testing during the allergic reaction and only 20% had tests
at baseline. This finding is similar to that in a study from the United
Kingdom in which tryptase was measured in less than one third
of patients.® Tryptase assessment is particularly important when
skin tests or blood tests are negative, to rule out the presence of
underlying mastocytosis.'®3® However, tryptase testing may not be
available in all laboratories across Quebec. At the HSC, tryptase
testing is only available through outsourcing to another location;
however, availability of the test is not well known and is thus seldom
used by the primary care ED community.

The decision to initiate venom immunotherapy is a commit-
ment on behalf of the patient and the allergist, as treatment often
lasts at least 5 years.>21337 However, despite established guide-
lines, we found that almost 20% of patients with confirmatory testing
were not administered immunotherapy despite established guide-
lines. It is possible that patients may choose to forego venom
immunotherapy due to discomfort with regular injections as well
as difficulties adhering to frequent medical appointments, which
can be time-consuming and inconvenient for patients. In resource-
limited health care systems, such as those in Quebec, the cost of
venom immunotherapy together with availability of the health care
provider must be considered in addition to accessibility of immu-
notherapy in a nonurban setting.

There are several limitations to our study. Despite being the only
study assessing the immediate and long-term management of pro-
spectively followed VIA cases, our results are limited to a relatively
small sample size that may not reflect the catchment population.
However, the similarity in sociodemographic (with the exception
of a slightly younger age in nonresponders) and clinical character-
istics between responders and nonresponders suggests that this did
not bias our results. Furthermore, our sample was representative
of tertiary care adult and pediatric care as well as regional and com-
munity centers. Still, our study may have several potential biases.
A significant proportion of the patients in our study were identi-
fied through EMSs, including in remote and rural regions of Quebec,
most of which are near wooded areas. These patients may be more
likely to be exposed to insects, and thus more likely to be stung in
areas far from a health care facility. Hence, our results may not reflect
the practice in more urban areas, with greater access to EDs.
However, in a separate univariate regression analysis adjusting for
the location of patients (ie, presenting to ED or EMS), we did not
identify that this had an effect on the use of epinephrine or im-
munotherapy (Table 5). Treatment with immunotherapy was more
likely in patients who saw an allergist, but this is self-explanatory.
In addition, our findings are subject to misclassification bias. Pa-
tients’ and physicians’ documentation did not often differentiate
between types of non-bee culprits (eg, in many cases, patients were
defined as allergic to both yellow jackets and hornets, or to wasps
in general). To reduce the risk of misclassification bias, we used the
dichotomous variable of bee and non-bee, although this may not
appropriately reflect the true culprit.

In conclusion, our findings reveal low adherence to current guide-
lines regarding long-term management of VIA cases. Educational
programs bridging knowledge-to-action gaps and promoting ad-
herence to guidelines are crucial to manage VIA appropriately.

Supplementary Data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.anai.2018.04.006.
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Demographics of Patients Reached for Follow up Compared With Patients Not Reached for Follow Up

234.e1

Variable (%, 95% CI)

Patients with follow-up data (n =48)

Patients without follow-up data (n = 64)

Difference

Age at reaction [mean (SD)]
Sex (% male)
Reaction severity
Mild
Moderate
Severe
Asthma
Location
MCH
HSC
EMS

36.4(23.2)
66.7% (51.5%-79.2%)

14.6% (2.1%-30.4%)
52.1% (39.6%-67.9%)
33.3% (20.8%-49.2%)
14.9% (6.7%-28.9%)

31.3% (18.8%-45.8%)
8.3% (0.0%-22.9%)
60.4% (47.9%-75.0%)

46.6(18.1)
67.2% (54.2%-78.1%)

12.5% (1.6%-26.6%)

53.1% (42.2%-66.8%)

34.4% (23.4%-48.0%)
4.7% (1.2%-14.0%)

0.0% (0.0%-7.3%)
10.9% (4.7%-18.3%)
89.1% (82.8%-96.4%)

-10.2(-18.2 to -2.1)
~0.5% (~18.7%-17.6%)
2.1% (-12.6% to 16.8%)
~1.0% (~20.8% to 18.7%)
~1.0% (~19.8% to 17.7%)
10.2% (-3.1% to 23.5%)

31.3% (16.3%-46.2%)
~2.6% (~15.4% t0 10.9%)
~28.6% (~46.3% to —11.0%)

Abbreviations: CI, confidence interval

; EMS, emergency medical service; HSC, Sacré-Coeur Hospital; MCH, Montreal Children’s Hospital; SD, standard deviation.
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