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ackground: Stinging insect anaphylaxis (SIA) is a common cause of anaphylaxis and is potentially life-
reatening.
bjectives: To examine US patients with an emergency department (ED) visit or hospitalization for SIA to
valuate postdischarge follow-up care.

Methods: We identified all patients with an ED visit or hospitalization for SIA during 2002-2008 in the
MarketScan Database using International Classification of Diseases, Ninth Revision, Clinical Modification codes
(index date was the initial ED visit or hospitalization). Patients were required to have continuous full
insurance coverage for 1 year or more before and after index. We examined patient factors during the
preindex period, characteristics of the index event, and outcomes during the postindex period. Multivariable
logistic regression was used to identify independent predictors of receiving preventive anaphylaxis care.
Results: We identified 954 patients with an ED visit or hospitalization for SIA (mean [SD] age, 46 [19] years;
41% female). A total of 85% of patients were discharged directly from the ED. For those hospitalized, the
mean hospital stay was 1 day, and 50% spent time in the intensive care unit. Cardiorespiratory failure
occurred in 27% of those hospitalized. During the postindex period, 69% filled 1 or more epinephrine
autoinjector prescription, but only 14% had 1 or more allergist/immunologist visit. Independent factors
associated with receiving preventive anaphylaxis care during the postindex period were higher household
income, no ED visit (for any reason) in the preindex period, and no cardiorespiratory arrest or failure during
the index event.
Conclusions: Although two-thirds of patients filled a prescription for an epinephrine autoinjector after an
ED visit or hospitalization for SIA, only 14% of patients received follow-up care by an allergist/immunologist.
This missed opportunity to provide venom immunotherapy, an essentially curative therapy, unnecessarily
places patients at risk for recurrent anaphylaxis.
� 2013 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Stinging insect hypersensitivity reactions are one of the most
common causes of anaphylaxis.1,2 Stinging insect anaphylaxis (SIA)
can include a wide range of symptoms, and the most severe forms,
involving the respiratory or cardiovascular systems, can be life-
threatening.3 Although there are limited recent data on the
epidemiology of SIA, earlier studies estimate that potentially life-
threatening systemic reactions occur in up to 0.8% of children
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and 3% of adults. However, prompt recognition and proper
treatment of SIA, including appropriate disposition and long-term
allergy management with venom immunotherapy (VIT), can
almost completely eliminate the occurrence of future reactions and
potential fatalities.7

Indeed, all treatment guidelines recommend that patients at
risk for SIA should be prescribed an epinephrine autoinjector (EAI)
and referred to an allergist/immunologist for diagnostic and ther-
apeutic evaluation.8e10 Prior studies have reported that improve-
ment is needed in terms of appropriate disposition of anaphylaxis
patients.11e14 For example, a study by our group reported that
approximately one-third of emergency department (ED) patients
did not receive an EAI prescription and even fewer received
a referral to an allergist/immunologist on discharge.12 Despite
collective acknowledgment that this area requires further study,
Immunology. Published by Elsevier Inc. All rights reserved.
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our knowledge about the follow-up care received by SIA patients
(after they have left the acute care setting) is limited.15e18 There-
fore, we sought to describe this population using a large adminis-
trative database to determine the percentage and characteristics of
SIA patients who actually receive preventive allergy care (ie, filling
prescriptions for EAIs and seeing an allergist/immunologist after
their index event). Lastly, we sought to determine the frequency
with which these patients present again to any ED or hospital with
a recurrent episode of anaphylaxis.

Methods

Data Source

The 2001-2009 Thomson Reuters MarketScan Commercial and
Medicare Supplemental Databases were used for this study. These
databases provide access to fully adjudicated inpatient and outpa-
tientmedical claims, as well as outpatient prescription-drug claims,
for approximately 43million privately insured individuals annually.
Individuals are enrolled in approximately 100 health plans,
including a variety of fee-for-service and managed care designs.
The covered population includes persons with employer-sponsored
health insurance for themselves and their dependents and includes
individuals 65 years and older with Medicare supplemental insur-
ance. Detailed cost, use, and outcomes data for health care services
performed in both inpatient and outpatient settings are available.
The medical claims are linked to outpatient prescription drug
claims and person-level enrollment data through the use of unique
enrollee identifiers. The MarketScan Research Databases are fully
compliant with the letter and spirit of the Health Insurance
Portability and Accountability Act of 1996, and institutional review
board review was waived.

Patient Selection

Adults (aged �18 years) and children (aged <18 years) were
included if they had an ED visit or hospitalization for SIA during the
study period (January 1, 2002, to December 31, 2008). The SIA
events were identified using International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes based on
methods 1 and 2 of the Harduar-Morano algorithm.19 Specifically,
in method 1, SIA patients were identified if they had an encounter
with a code specific for anaphylactic shock (eg, code 995.0, other
anaphylactic shock) in conjunction with a venom-specific code.
Venom-specific diagnosis codes included the toxic effect of venom
(code 989.5) or a venom-specific Ecode (codes E905, E905.3,
E905.5, E905.8, and E905.9). Method 2 identified patients who had
codes for the symptoms of anaphylaxis in conjunction with
a venom-specific code. The article by Harduar-Morano et al19

provides additional details of this algorithm.
We required that included patients had continuous medical and

prescription coverage for 1 year or more before (preindex) and after
(postindex) the date of the index ED visit or hospital discharge.
Thus, the index event was the ED visit or hospitalization that served
as the anchor for our inclusion criteria, representing the first
anaphylaxis event for that patient during the period studied.
Patients admitted to the hospital through the ED were captured in
the hospitalized cohort. Immunocompromised patients with
a diagnosis of AIDS or cancer, patients undergoing organ trans-
plantation during the preindex period, and those with sepsis at
index were excluded.

Demographic and Preindex Clinical Characteristics

Demographic characteristics, such as age, sex, and health plan
type, were extracted from the claim for the index event. Median
household income was estimated by matching the zip code of the
patient’s residence with that of the 2000 US Census. Clinical
characteristics were collected in the preindex period. The Deyo
adaptation of the Charlson Comorbidity Index (CCI) and individual
comorbid conditions were based on specific ICD-9-CM codes.20

Preindex prescription fills for EAIs were identified by National
Drug Code numbers recorded on individual prescription claims, and
allergist/immunologist visits were identified by physician specialty,
as coded on outpatient medical claims during the preindex period.

Characteristics of the Index Event

Cardiorespiratory failure and subsequent interventions were
identified on the index ED claim and hospital facility and profes-
sional claims for an inpatient stay using ICD-9-CM, Current Proce-
dural Terminology, and Healthcare Procedure Coding System codes.
Specifically, the cardiorespiratory failure variablewas defined using
ICD-9-CM codes: 458.xx (hypotension), 427.5 (cardiac arrest),
518.81 (acute respiratory failure), and 799.1 (respiratory arrest).
Inpatient measures, including intensive care unit (ICU) stay, length
of hospital stay, and discharge destination, were identified on the
facility and admission summary claims for the index hospital stay.
Costs for the ED and hospital events are represented by the total
reimbursed amount for all providers of care associated with the
index event, including patient copayment, coinsurance deductibles,
coordination of benefits amount, and amount paid by the insurer.
All costs were inflated to 2008 US dollars using the medical
component of the Consumer Price Index.

Postindex Outcomes

EAI prescription fills and allergist/immunologist visits in the
1-year postindex period were identified as in the preindex period.
These data were recorded on individual prescription and medical
claims and, therefore, capture care that was sought by the patient
and covered by the insurer. In addition, time to first EAI prescrip-
tion fill and time to first allergist/immunologist visit were deter-
mined. Patients with 1 or more subsequent anaphylaxis events and
who were treated as an inpatient or in an ED were identified using
the same method as that used to identify index events.

Statistical Analyses

All analyses were performed using Stata statistical software,
version 12.0 (Stata Corp, College Station, Texas). Data are presented
as proportions, means with SDs, and medians with interquartile
ranges (IQRs). Unadjusted analyses were performed using the c2

test, Fisher exact test, t test, and Kruskal-Wallis test, as appropriate.
Multivariable logistic regression was used to evaluate independent
predictors of receiving appropriate and timely preventive
anaphylaxis care, defined as having a prescription fill for an EAI
within 30 days after index event or an allergist/immunologist visit
within 60 days after the index event during the postindex period.
Factors were evaluated for inclusion in the multivariable model if
they were found to be associated with the outcome in unadjusted
analyses (P < .20) or were considered to be potentially clinically
significant. Odds ratios are presented with 95% confidence inter-
vals. All P values are 2-tailed, with P < .05 considered statistically
significant.

Results

Demographic and Clinical Characteristics

A total of 954 SIA patients were identified during the 7-year
study period and were considered eligible to be included in this
study based on the patient selection criteria. No deaths occurred.
Most of the visits (77%) were during the summer months (June
through September) (Fig 1). Demographic and clinical character-
istics are listed in Table 1. Patients had a mean age of 46 years, and
41% were female. Most patients had commercial insurance. A Deyo



Figure 1. Percentage of stinging insect anaphylaxis visits by month of presentation.

Table 2
Emergency department and hospital clinical presentation and treatment for stinging
insect anaphylaxis

Clinical course Finding (N ¼ 954)

ED course (n ¼ 807)a

Cardiorespiratory failure, No. (%) 54 (7)
Hypotension 51 (6)
Cardiac arrest 1 (0.1)
Respiratory arrest 3 (0.4)
Acute respiratory failure 1 (0.1)

Treated with epinephrine 50 (6)
Costs of index ED event in US $, mean � SD 1,787 � 2,353

Hospital course (n ¼ 147)b

Cardiorespiratory failure 39 (27)
Hypotension 30 (20)
Cardiac arrest 1 (1)
Respiratory arrest 2 (1)
Acute respiratory failure 7 (5)

Treated with cardiorespiratory interventions 6 (4)
ICU/CCU admission 73 (50)
Hospital length of stay, median (IQR), d 1 (1-3)
Hospital disposition, No. (%)
Home 132 (90)
Other hospital or acute care 3 (2)
Other 2 (1)
Missing 10 (7)

Costs of index hospitalization, mean � SD, US$ 11,366 � 23,856
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CCI score of 0 was most common (70%), with smaller percentages of
patients having a score of 1 (17%) and 2þ (4%), with higher numbers
indicating greater levels of comorbidity. In terms of general health
care use, 29% had an ED visit, and 9% had a hospitalization for any
Table 1
Demographic and clinical characteristics of patients treated in the emergency
department or hospital for stinging insect anaphylaxis

Characteristic Finding (N ¼ 954)

Demographic
Age, median (IQR), y 49 (35e58)
Age groups, No. (%)
0-17 years 122 (13)
18-44 years 278 (29)
45-64 years 427 (45)
�65 years 127 (13)

Female, No. (%) 393 (41)
Insurance, No. (%)
Commercial 822 (86)
Medicare 132 (14)

Household income, mean � SD, US$ 48,847 � 17,400
Geographic region, US Census region, No. (%)
Northeast 131 (14)
Midwest 287 (30)
South 415 (44)
West 116 (12)
Other/missing 5 (0.5)

Clinical
Deyo Charlson Comorbidity Index score, No. (%)
0 665 (70)
1 158 (17)
�2 42 (4)
Missing/not available 89 (9)

Comorbidities, No. (%)
Hypertension 202 (21)
Cardiovascular disease 148 (16)
Asthma 54 (6)
Allergic rhinitis 66 (7)
Personal history of allergy 13 (1)
Mastocytosis 1 (0.1)
Depression 51 (5)

Concomitant medications before index event, No. (%)
b-Blockers 111 (12)
ACE inhibitors 122 (13)
Antidepressants 186 (20)

Health care use before index event, No. (%)
Office visit 807 (85)
Laboratory or radiology 728 (76)
ED visit 272 (29)
Hospitalization 89 (9)

Filled EAI prescription before index event, No. (%) 93 (10)
Allergist/immunologist visit before index event, No. (%) 30 (3)

Abbreviations: ACE, angiotensin-converting enzyme inhibitor; EAI, epinephrine
autoinjector; ED, emergency department; IQR, interquartile range.

Abbreviations: CCU, critical care unit; ED, emergency department; ICU, intensive
care unit; IQR, interquartile range.
aTreatment of subset of patients who were treated in the ED only (ie, discharged
home directly from the ED).
bTreatment of patients who were admitted to an inpatient unit from the ED.
reason during the preindex period. The most common preindex
comorbidities were hypertension, cardiovascular disease, and
psychiatric disease. The most common preindex concomitant
medications were antidepressants, angiotensin-converting enzyme
inhibitors, and b-blockers. Small percentages of patients had
documentation of specific allergic diseases in the preindex period,
including 6% with asthma and 7% with allergic rhinitis. Further-
more, 10% of patients filled 1 or more EAI prescription and 3% had 1
or more allergist/immunologist visit in the year leading up to the
index event, which supports a low prevalence of preexisting atopy
in the study population. Only 1 patient (0.1%) had a comorbid
diagnosis of mastocytosis in the preindex period.

Characteristics of the Index Event

ED and hospital treatment for SIA is detailed in Table 2. Most
patients (85%) were evaluated and discharged directly from the ED.
Cardiorespiratory failure occurred in 7% of patients treated in the
ED, with most of these patients specifically experiencing hypo-
tension. Only 6% of patients treated in the ED received epinephrine.
Treatment with epinephrine in the ED did not differ between
individuals with cardiorespiratory failure and those without
cardiorespiratory failure (4% vs 6%; P ¼ .77). A total of 15% of SIA
patients were hospitalized, and cardiorespiratory failure occurred
in a much larger percentage of hospitalized patients (27%). Hospi-
talized patients had amedian length of stay of 1 day (IQR,1-3 days),
and 50% spent time in the ICU. Among the hospitalized patients, the
discharge dispositionwas most frequently home (90%). Mean index
event costs (2008 dollars) were $1,785 � $2,352 for ED visits and
$11,366 � $23,856 for hospitalization.

Postindex Outcomes

Outcomes and postindex visit health care use is detailed in
Table 3.Within 1 year after discharge, 69% of patients with SIA filled
1 or more EAI prescription. The median time to filling the
prescription was 1 day (IQR, 0-3 days). By contrast, only 14% of



Table 3
Outcomes of patients treated in the emergency department or hospital for stinging
insect anaphylaxis

1-Year outcome Finding (n ¼ 954)

EAI prescription filled within 1 year, No. (%) 655 (69)
Time to EAI prescription fill, median (IQR), d 1 (0e3)

Allergist/immunologist visit within 1 year, No. (%) 134 (14)
Time to first allergist/immunologist visit, median (IQR), d 34 (13e70)

ED visit or hospitalization for anaphylaxis within 1 year,
No. (%)

25 (3)

Time to ED visit or hospitalization, median (IQR), d 5 (1e209)

Abbreviations; EAI, epinephrine autoinjector; ED, emergency department; IQR,
interquartile range.

Table 5
Multivariable predictors of allergist/immunologist visit within 60 days after
treatment in emergency department or hospital for stinging insect anaphylaxis

Predictor OR (95% CI) P value

Estimated household income (per
$10,000)

1.17 (1.05-1.32) .006

Filled EAI prescription before index
event

1.97 (1.09-3.57) .03

Allergist/immunologist visit before
index event

3.37 (1.46-7.81) .005

Office visit for any reason before
index event

2.29 (1.03-5.10) .04

Abbreviations: CI, confidence interval; EAI, epinephrine autoinjector; OR, odds ratio.
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patients with SIA had 1 or more allergist/immunologist visit within
1 year after discharge. The median time to the allergist/immunol-
ogist visit was 34 days (IQR,13-70 days). Lastly, 25 patients (3%) had
a subsequent ED visit or hospitalization for anaphylaxis within 1
year of the index visit; almost half (44%) of these recurrent visits
occurred within a day of the index event. The overall conclusions
regarding postindex outcomes did not materially change based on
whether patients were identified by method 1 or method 2 of the
case identification algorithm (data not shown).

When specifically looking at the follow-up care of children
( n¼ 122), a similar percentage of childrenwith SIA filled 1 or more
EAI prescription within 1 year after discharge (68%) when
compared with the population as a whole (69%). The median time
to filling the prescription also was 1 day (IQR, 0-2 days). However,
a slightly higher percentage of children had 1 or more allergist/
immunologist visit in the following year when compared with
adults (20% vs 13%, P ¼ .03). The median time to the allergist/
immunologist visit was 28 days (IQR, 13-52 days). Only 2 children
(2%) had an ED visit or hospitalization for anaphylaxis within 1 year
of the index visit.

Filling EAI Prescription Within 30 Days of the Index Visit

eTable 1 gives the unadjusted analyses regarding the charac-
teristics of individuals filling 1 or more EAI prescription within 30
days of the index ED visit or hospitalization for SIA vs thosewho did
not. The 2 groups were similar with respect to age, sex, and type of
insurance coverage. Those who filled 1 or more EAI prescription
had a higher estimated household income. Individuals who filled 1
ormore EAI prescription alsoweremore likely to have a lower Deyo
CCI score. The 2 groups were similar with respect to most comor-
bidities, although those filling 1 or more EAI prescriptionwithin 30
days were less likely to have a history of cardiovascular disease. Use
of concomitant medications during the year before the index event
was similar across the 2 groups. Although the 2 groups did not
differ with respect to physician office visits (for any reason) before
the index event, individuals who filled 1 or more EAI prescription
Table 4
Multivariable predictors of filling eai prescription within 30 days after treatment in
emergency department or hospital for stinging insect anaphylaxis

Predictor OR (95% CI) P value

Estimated household income (per
$10,000)

1.12 (1.03-1.21) .007

Deyo Charlson Comorbidity Index
score
0 1.00 (Referent)
1 0.63 (0.44-0.91) .01
�2 0.71 (0.38-1.35) .30
Missing/not available 0.96 (0.60-1.53) .85

Cardiorespiratory failure 0.47 (0.30-0.74) .001

Abbreviations: CI, confidence interval; EAI, epinephrine autoinjector; OR, odds ratio.
within 30 days were less likely to have had ED visits or to be
hospitalized before the index event. The 2 groups were equally
likely to have filled 1 or more EAI prescription before the index
event, but, surprisingly, individuals who filled 1 or more EAI
prescription within 30 days were less likely to have an allergist/
immunologist visit before the index event. Individuals filling 1 or
more EAI prescription also were less likely to experience cardio-
respiratory failure during the index event. No statistically signifi-
cant differences were found in the 2 groups based on their source of
care for the index event (ie, discharged home from ED vs
hospitalized).

On multivariable analysis, factors independently associated
with filling 1 or more EAI prescriptions within 30 days of the index
ED visit or hospitalization for anaphylaxis were higher household
income, lower Deyo CCI score, and no cardiorespiratory failure
during the index event (Table 4).

Allergist/Immunologist Visit Within 60 Days of the Index Visit

eTable 2 gives the unadjusted analyses regarding the charac-
teristics of individuals visiting an allergist/immunologist within 60
days of the index ED visit or hospitalization for SIA vs thosewho did
not. The 2 groups were similar with respect to sex and type of
insurance coverage. Patients who visited an allergist/immunologist
within 60 days of the index visit were younger and had a higher
estimated household income. No significant difference was
observed for Deyo CCI score or individual comorbidities. Use of
concomitant medications during the year before the index event
was similar across the 2 groups. The 2 groups were similar with
respect to short-term health care utilization as demonstrated by ED
visits and hospitalizations for any reason before the index event.
However, individuals who visited an allergist/immunologist within
60 days of the index ED visit or hospitalization were more likely to
have had a prior office visit for any reason before the index event. It
is not surprising that patients visiting an allergist/immunologist
within 60 days of the index visit were more likely to have filled 1 or
more EAI prescription before the index event and to have an
allergist/immunologist visit before the index event. Lastly, there
was no difference in whether patients visited an allergist/immu-
nologist within 60 days of the index visit based on cardiorespira-
tory failure during the index event.

On multivariable analysis, factors independently associated
with visiting an allergist/immunologist within 60 days of an index
ED visit or hospitalization for anaphylaxis were higher household
income, filling 1 ormore EAI prescription before the index event, an
allergist/immunologist visit before the index event, and an office
visit for any reason before the index event. (Table 5).

When evaluating patients’ receipt of any preventive care (as
defined by filling �1 EAI prescriptions within 30 days or �1 aller-
gist/immunologist visits within 60 days after the index event), the
unadjusted associations were similar (data not shown). On multi-
variable analysis, factors independently associated with receiving



Table 6
Multivariable predictors of receiving preventive anaphylaxis care after treatment in
emergency department or hospital for stinging insect anaphylaxisa

Predictor OR (95% CI) P value

Estimated household income (per
$10,000)

1.15 (1.06-1.25) .001

Deyo Charlson Comorbidity Index score
0 1.00 (Referent)
1 0.73 (0.51-1.05) .09
�2 0.74 (0.39-1.38) .36
Missing/not available 0.86 (0.53-1.40) .53

ED visit before index event 0.61 (0.45-0.83) .001
Cardiorespiratory failure during event 0.50 (0.32-0.78) .002

Abbreviations: CI, confidence interval; EAI, epinephrine autoinjector; OR, odds ratio.
aFilling EAI prescription within 30 days of index event or visiting an allergist/
immunologist within 60 days of index event.
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any preventive care were higher household income, no ED visit (for
any reason) before the index event, and no cardiorespiratory failure
during the index event (Table 6).

Discussion

To our knowledge, this is the largest longitudinal study of ED or
hospitalized patients with SIA described in recent history. We
studied a population of almost 1,000 patients who experienced an
acute episode of SIA with at least 1 year of continuous follow-up. A
significant number of hospitalized patients had severe reactions as
evidenced by our data that 50% spent time in the ICU and 27%
experienced cardiorespiratory failure. Only 1 patient had a diag-
nosis of mastocytosis in the preindex period. We are unable to
assess whether additional patients were diagnosed as having
mastocytosis after their anaphylaxis event, but it is possible that
screening of baseline tryptase levels, a newly described predictor of
episodes of severe anaphylaxis due to stinging insects,21 could yield
further individuals with this diagnosis.

Regarding the short-term management of SIA patients in our
study, a lower than expected percentage received epinephrine (the
first-line therapy for any form of anaphylaxis) in the ED. We
acknowledge that we did not capture patients who received
epinephrine before their arrival at the ED, which is likely not an
inconsequential number. In a prior study by our group, 26% of
patients with SIA received epinephrine before their arrival at the
ED.12 Furthermore, epinephrine treatment data were not available
for those patients who were hospitalized. Nevertheless, our study
supports previous assertions that stinging insects are a common
trigger for anaphylaxis, a potentially life-threatening medical
emergency, and that further efforts are required to ensure that the
emergency care of these patients is improved.7,11e14

When specifically looking at data on these patients’ follow-up
care, it is reassuring that most patients filled prescriptions
promptly for EAI after their episode of SIA. Still, additional efforts
are needed to increase awareness of the value of this potentially
life-saving medication because one-third of patients did not fill
a prescription for an EAI in the year after an episode of SIA.
Furthermore, although most patients filled their prescriptions, we
are not able to assess with this database whether the patients
actually carried the device with them or were able to use it
correctly at time of anaphylaxis event. Numerous studies on
stinging insect hypersensitivity and food allergy have clearly
pointed toward deficiencies in both of these aspects of “anaphylaxis
readiness.”18,22e24

Most importantly, our study points toward major deficiencies in
SIA patients’ receipt of appropriate specialist follow-up consulta-
tion. Allergist/immunologist follow-up is important for those at risk
for any form of anaphylaxis for proper diagnosis of triggers and to
ensure patients receive proper anaphylaxis education (eg,
avoidance measures and EAI training). However, it is especially
crucial in the case of SIA because an essentially curative treatment
does exist. VIT has been found to be more than 95% effective when
indicated.25e28 Therefore, after an episode of SIA, follow-up eval-
uation by an allergist/immunologist is crucial to determine
whether the patient is a candidate for this effective and potentially
life-saving therapy.

Previous studies from the ED have indicated that patients are
often not referred to an allergist/immunologist upon discharge
from the ED.11,12,14 The limitation of this form of assessment is that
many patients might be referred from their primary care physician
after the acute event, which is information that would not be
captured by review of ED and hospital records. This study examines
this question by assessing how many patients actually visited an
allergist/immunologist in the period after their episode of SIA.
Within our cohort, a disappointingly small percentage (14%) of
patients visited an allergist/immunologist after their episode of SIA.
These results are consistent with a retrospective study at 2 US
centers where 28 of 120 (23%) SIA patients visited an allergist/
immunologist15 and point toward a lack of awareness regarding VIT
among both health care professionals and the general population.
This finding represents an area where vast improvement is needed,
and allergists/immunologists have the potential to be effective
advocates for this important practice change.

Our multivariable model may further suggest that improvement
in preventive care is especially needed within lower-income
patient populations, patients with a greater number of comorbid-
ities, and those with higher use of acute health care settings.
Surprisingly, patients with seemingly more severe episodes (as
reflected by cardiorespiratory failure) were less likely to have
preventive care after the episode of SIA. This finding could be due to
competing postdischarge treatment needs; however, it is important
that these patients receive additional efforts to ensure that they
have an EAI available to them and that they follow up with an
allergist/immunologist after discharge. When looking specifically
at follow-up, patients were more likely to have an allergist/
immunologist visit if they had more nonacute health care use in
general before the event and, not surprisingly, if they had specifi-
cally visited an allergist/immunologist before the index event.
Taken as a whole, this information should guide clinicians in tar-
geting populations of patients who require more explanation or
guidance in terms of the benefits of preventive care.

Despite indications of poor follow-up care, a small percentage of
patients returned to the ED in the 1-year follow-up period with
a recurrent episode of SIA. Furthermore, almost half of repeat visits
occurred within 1 day, suggesting that incomplete resolution of
symptoms or a relapse (biphasic reaction) were the likely expla-
nations for many of these recurrent visits. Several studies have
addressed the natural history of insect hypersensitivity, and it has
been described that without VITasmany as 60% of adults and 30% of
childrenwith a history of SIAwill have a systemic reaction on repeat
sting challenge.25,27,29,30 On the basis of these data, one would
expect that without treatment with VIT, many patients in our
populationwould eventually experience a recurrent episode of SIA.
In 1988, Lockey et al31 reported survey data on 2,866 adults with
a history of a systemic reaction to an insect sting. In this population,
almost 30% reported they had experienced 2 or more systemic
reactions to insects stings. A more recent study by Cianferoni et al17

used questionnaire data from 46 ED patients with anaphylaxis (all
triggers) within a 7-year follow-up period and also found that 30%
reported a recurrent episode. It is likely that a longer follow-up time
would also capture further episodes of recurrent episodes of SIA
within our population. Unfortunately, the possibility also exists that
a considerable number of patients who experience a recurrent
episode of SIA would not seek treatment within a medical setting
and so would not be captured in a longitudinal database study. In
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support of this supposition, only 9 of 46 questionnaire respondents
(20%) in the study by Cianferoni et al17 sought emergency medical
treatment for their recurrent episode of anaphylaxis. Furthermore,
in 2 separate population surveys, only 24% of British beekeepers14

and 15% of Israeli schoolchildren32 with a history of a systemic
reaction to an insect sting reported that they attended an ED
because of their symptoms. The generalization of this trend to the
US populationwould require further studywith a prospective study
design and a longer period of follow-up.

As described above, the potential limitations of our study
include inherent limitations of the administrative database, such as
reliance on medical coding to identify cases of SIA and to assess
clinical presentations such as cardiorespiratory failure. Because of
the retrospective nature of the study design and the case identifi-
cation method, it is possible that some of the anaphylaxis patients
included in the study were patients in whom there was a history of
stinging insect allergy in the past, but this was not a clear trigger for
the current event. However, the finding that most cases presented
during summer months provides supportive information regarding
the nature of the trigger. Another potential limitation is that our
study population was required to have continuous medical and
prescription coverage for 1 or more years before and after the dates
of the index ED visit or hospitalization, which limits our ability to
generalize these conclusions to underinsured or uninsured pop-
ulations or comment on overall disease prevalence. Finally, indi-
vidual medical record reviews were not performed; therefore, we
are unable to report specific signs and symptoms of the reactions or
comment on the intended disposition of patient from the physi-
cian’s perspective. On the other hand, our study has several notable
advantages. Specifically, we analyzed a very large number of SIA
patients from across the country and were able to capture follow-
up visits and recurrent episodes regardless of the institution. In
addition, we uniquely present data on the actual receipt of
preventive care from a patient-centered focus (eg, information
about whether the patient actually visited an allergist/immunolo-
gist rather than simply receipt of a referral to an allergist/
immunologist).

In summary, we report longitudinal data on a population of
nearly 1000 US patients who had an ED visit or hospitalization for
SIA. Although two-thirds of patients filled a prescription for an EAI
in a prompt manner after this acute event, a disappointingly small
number of patients received follow-up care by an allergist/immu-
nologist. This lost opportunity to provide diagnostic and therapeutic
evaluation for VIT, an essentially curative treatment, places these
patients at risk for recurrent potentially life-threatening episodes of
anaphylaxis. Further research is needed to determine the barriers
(and solutions) to patients’ receipt of this preventive care.

Supplementary Data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2013.06.020.
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eTable 1
Demographic and clinical characteristics of patients treated in the emergency
department or hospital for stinging insect anaphylaxis, according to filling EAI
prescription within 30 days

Characteristic Filling EAI prescription within
30 days of index visit

P value

No (n ¼ 348) Yes (n ¼ 606)

Demographic
Age, median (IQR), y 49 (33e58) 49 (38e58) .76
Age groups, % .08
0-17 years 14 12
18-44 years 30 29
45-64 years 40 47
�65 years 16 12

Female, % 42 41 .82
Insurance, % .06
Commercial 83 88
Medicare 17 12

Household income,
mean � SD, US$

46,654 � 16,385 50,103 � 17,848 .007

Clinical
Deyo Charlson

Comorbidity
Index score, %

.03

0 65 72
1 21 14
�2 5 4
Missing/not available 9 10

Comorbidities, %
Hypertension 23 20 .23
Cardiovascular disease 19 14 .03
Asthma 5 6 .62
Allergic rhinitis 8 6 .30
Personal history of allergy 2 1 .47
Mastocytosis 0.3 0 .19
Depression 7 4 .06

Concomitant medications, %
b-Blockers 11 12 .92
ACE inhibitors 14 12 .27
Antidepressants 19 20 .89

Health care use before index event, %
Office visit 84 85 .80
Laboratory or radiology 79 75 .18
ED visit 35 25 .001
Hospitalization 13 7 .004

EAI prescription filled before
index event, %

11 9 .49

Allergist/immunologist visit
before index event, %

5 2 .02

Cardiorespiratory failure
during the event, %

14 7 <.001

Source of treatment
for index event, %

.08

ED and discharged home 82 86
Hospitalized 18 14

Abbreviations: ACE, angiotensin-converting enzyme; EAI, epinephrine autoinjector;
ED, emergency department; IQR, interquartile range.

eTable 2
Demographic and clinical characteristics of patients treated in the emergency
department or hospital for stinging insect anaphylaxis, according to allergist/
immunologist visit within 60 days after treatment in emergency department or
hospital for anaphylaxis

Characteristic Allergist/immunologist visit
within 60 days after index event

P value

No (n ¼ 858) Yes (n ¼ 96)

Demographic
Age, median (IQR), y 49 (36e58) 47 (34e57) 0.17
Age groups, % 0.02
0-17 years 12 21
18-44 years 30 21
45-64 years 44 49
�65 years 14 9

Female, % 41 45 0.45
Insurance, % 0.48
Commercial 86 89
Medicare 14 11

Household income,
mean � SD, US$

48,319 � 17,079 53,524 � 19,503 0.009

Clinical
Deyo Charlson

Comorbidity Index score, %
0.17

0 59 76
1 16 18
�2 5 2
Missing/not available 10 4

Comorbidities, %
Hypertension 22 18 0.38
Cardiovascular disease 16 14 0.57
Asthma 6 6 0.79
Allergic rhinitis 7 10 0.15
Personal history

of allergy
2 0 0.23

Mastocytosis 0.1 0 0.74
Depression 6 3 0.31

Concomitant medications, %
b-Blockers 12 10 0.70
ACE inhibitors 13 10 0.46
Antidepressants 19 21 0.73

Health care use before index event, %
Office visit 84 93 0.02
Laboratory or radiology 76 81 0.23
ED visit 29 27 0.74
Hospitalization 10 4 0.07

EAI prescription filled
before index event, %

9 20 <.001

Allergist/immunologist
visit before index event, %

2 10 <.001

Cardiorespiratory failure
during the event, %

10 11 0.55

Source of treatment
for index event, %

0.95

ED and discharged home 85 84
Hospitalized 15 16

Abbreviations: ACE, angiotensin-converting enzyme; EAI, epinephrine autoinjector;
ED, emergency department; IQR, interquartile range.
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