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Background: Layperson food allergy management plans commonly stipulate that if epinephrine is used to
immediately call 911 and seek care in the nearest medical facility for observation.
Objective: To evaluate the cost-effectiveness of this strategy, vs a watchful waiting approach before activating
emergency medical services (EMS).
Methods: We performed a cost-effectiveness analysis using Markov modeling simulated over a 20-year horizon
comparing activating EMS immediately after epinephrine use for allergic reactions to peanut vs a “wait and see”
approach in which EMS was only activated if symptoms of the reaction did not promptly resolve after treatment.
The base-case model assumed a 10-fold increased fatality risk with delayed EMS activation.
Results: The fatality risk associated with early EMS use was minimal, with a per-patient fatality rate over a 20-
year horizon of 1.2 x 107, vs 1.9 x 107 for a wait and see approach. The incremental cost per life-year saved
was $142,943,447 for early EMS vs wait and see, with the cost per death prevented reaching $1,349,335,651 as
the simulation concluded. Cost of early EMS activation rose to $321,625,534 per life-year saved ($3,035,454,848
per death prevented) if a 5-fold increase in fatality risk was assumed, and was $12,997,173 per life-year saved
($122,689,936 per death prevented) if a 100-fold increase in fatality risk was assumed.
Conclusion: Medical observation of a treated and promptly resolved peanut allergic reaction has minimal bene-
fit and excessive costs. Immediately activating EMS after using epinephrine for a peanut allergic reaction in this
context is not cost-effective.

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

Introduction

Anaphylaxis is a multi-organ system, severe allergic reaction that
is a medical emergency, with an estimated lifetime prevalence of

Reprints: Marcus Shaker, MD, MS, Associate Professor of Pediatrics; Associate Profes- 0.05% to 2%.' 3 Current World Allergy Organization anaphylaxis

sor of Community and Family Medicine, Dartmouth-Hitchcock Medical Center, Section

of Allergy and Immunology, Dartmouth Geisel School of Medicine, 1 Medical Center
Dr, Lebanon, NH 03756. E-mail: Marcus.S.Shaker@hitchcock.org.

Disclosures: Matthew Greenhawt has served on an advisory board for Kaleo Pharma-
ceuticals pertaining to the use of epinephrine auto-injectors. Marcus Shaker has a fam-
ily member who is CEO of Altrix Medical. Matthew Greenhawt is supported by grant
#5K08HS024599-02 from the Agency for Healthcare Quality and Research; is an expert
panel and coordinating committee member of the NIAID-sponsored Guidelines for
Peanut Allergy Prevention; has served as a consultant for the Canadian Transportation
Agency, Thermo Fisher, Intrommune, and Aimmune Therapeutics; is a member of phy-
sician/medical advisory boards for Aimmune Therapeutics, DBV Technologies, Nutricia,
Kaleo Pharmaceutical, Nestle, and Monsanto; is a member of the scientific advisory
council for the National Peanut Board; has received honorarium for lectures from
Thermo Fisher, Before Brands, multiple state allergy societies, the ACAAI, the EAACI; is
an associate editor for the Annals of Allergy, Asthma, and Immunology; and is a member
of the Joint Taskforce on Allergy Practice Parameters. Tsuzumi Kanaoka and Lynn
Feenan report no conflicts of interest.

Funding Sources: none.

https://doi.org/10.1016/j.anai.2018.06.035

guidelines endorse epinephrine as first-line (and only) treatment for
anaphylaxis.*> No randomized controlled trials of any therapeutic
intervention have been performed in acute anaphylaxis, because of
ethical concerns; therefore, management is heavily influenced by
expert opinion based on best available observational evidence, which
supports intramuscular epinephrine as the drug of choice.® The cur-
rent model of anaphylaxis treatment is predicated on prompt symp-
tom recognition for multi-organ system involvement (or single
severe cardiac/respiratory symptom), early intramuscular epineph-
rine treatment once symptoms emerge, careful postreaction observa-
tion for symptom recurrence requiring additional treatment,
provision of an auto-injectable epinephrine prescription and written
anaphylaxis management plan, and specialist referral if the patient is
not already receiving such care.* °

1081-1206/© 2018 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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In children, food allergy is a frequent trigger of anaphylaxis,
although this can be provoked by any allergen.'*>~7 Food allergy
management plans recommend that when epinephrine is adminis-
tered in the non—hospital/office setting, emergency medical services
should be activated to provide further observation for possible
biphasic reactions or decompensation requiring escalation of care
(“immediately call 911 and seek care in the nearest medical facil-
ity”).>® However, biphasic reactions are unlikely to occur in most
pediatric patients experiencing an allergic reaction treated with epi-
nephrine, and additional epinephrine doses are infrequently
required. In most instances, the initial dose of epinephrine is usually
adequate in completely treating the episode.®®

Despite these instructions, caregivers are often reluctant to
administer the injection, and the close linkage of emergency serv-
ices (EMS) activation with home epinephrine use may contribute
to the tendency to simply seek expert guidance of management
instead of using epinephrine early.® In a recent study of factors
associated with epinephrine use for anaphylaxis before emer-
gency department (ED) arrival, only 36.3% of patients received
epinephrine before presentation to the ED or urgent care center,
and reactions were less likely to be treated with epinephrine at
home compared with school.!® Of note, patients are often
empowered to make the decision of when to use an epinephrine
auto-injector without any encouragement of decision autonomy
in the subsequent activation of EMS and transport to the ED,
given most home food allergy action plans instruct this.'" This
advice is intended to afford timely access to additional care in the
event of a recrudescence of symptoms or emergence of significant
cardiorespiratory symptoms.® However, most families presenting
for observation in the ED after initial epinephrine use are dis-
charged after a few hours, with minimal medical intervention,
and are often already stable on presentation.®!%12

The purpose of this analysis was to evaluate the cost-effectiveness
of reflexive EMS activation after non—medical setting epinephrine
use after an allergic reaction to peanut (a common childhood allergen
that is associated with severe reactions), compared with a “wait and
see” approach in which EMS was only activated if symptoms of the
allergic reaction did not promptly resolve without recurrence. Nei-
ther strategy has been studied nor compared previously.

Methods

A Markov model simulation was used to investigate the cost-
effectiveness of a routine recommendation advising patients to acti-
vate EMS, defined by calling 911 for ambulance transport and under-
going subsequent ED evaluation, after home epinephrine use in
peanut-allergic children. Using a computer-based mathematical
model (TreeAge Pro, Williamstown, Massachusetts), cohorts of chil-
dren were randomized to a patient preference—sensitive manage-
ment strategy in which EMS was activated only if symptoms of
anaphylaxis did not immediately improve or a strategy in which EMS
was activated immediately irrespective of improvement (Fig 1). Mar-
kov modeling is useful in situations characterized by recurrent proba-
bilistic risk, such as the longitudinal history of a peanut-allergic
individual, because it allows transitions between health states over a
predetermined time horizon.”> In a Markov simulation, cohorts of
hypothetical patients experience real-life risks, costs, and benefits of
management under different paradigms of care. These types of mod-
els are very commonly used to understand economic consequences
of health care decisions because they allow for evaluation of costs
and benefits over a specified period. This study was exempt from
institutional review board review.

Subjects entered the simulation at 1 year of age, and the model
continued through childhood, with the simulation concluding at
20 years of age. All cause age-adjusted mortality was incorporated
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Figure 1. Markov model health state assumptions. Markov transitional health states
simulated to evaluate cost-effectiveness of a patient-preference—sensitive approach
toward additional medical care after epinephrine injection at home.

into the simulation, using the 2013 life table.!* Risks of accidental
reactions, fatal reactions, and costs associated with treatment and liv-
ing with a peanut allergy diagnosis were applied to each cohort as
previously described.'” 2° The health state utility of living with food
allergy was derived from research by Carroll and Downs.?"** Future
costs were discounted at a rate of 3% per annum to reflect the average
consumer price index for all goods and services.>* The probability of
home allergic reactions responding adequately to treatment with 1
dose of epinephrine was assumed to be 88%, following the data
reported by Rudders and colleagues® that 12% of children received a
second dose of epinephrine according to a study using a multicenter
medical chart review of food-related allergic reactions presenting
between January 1, 2001 and December 31, 2006.2 This is in range of
the upper end of more recent estimates of biphasic reaction occur-
rence (14.6%).>* Higher rates of subsequent care were modeled in
extended sensitivity analyses to an upper limit of 50% to account for
reported rates of second-dose epinephrine usage.”®

Because the risk reduction associated with early EMS use after
nonhospital setting epinephrine administration is unknown, we
assumed a 10-fold increase in peanut allergy fatality as the base-
case comparison (with a priori planned sensitivity analyses
applied to 100-fold and 1,000-fold increase in risk), as well as
modeled EMS activation of parent transport of the child without
an ambulance to the ED. Costs in US dollars, fatality rates, admis-
sion rates, and quality of life adjusted years were the main out-
come measures to determine the cost-effectiveness between the 2
strategies studied (Table 1).

Results

Early EMS access costs an average of $910.95 per patient over the
model horizon, with the overall model-horizon cost of living with a
peanut allergy reaching $52,832.29 for patients using a strategy of
early EMS access after epinephrine use, vs $51,921.34 for those using
a “wait and see” approach. We noted a minimal decrease in absolute
fatality risk associated with early EMS use, with a per-patient fatality
rate over the model horizon of 1.2 x 107% and 1.9 x 107 for early
EMS vs a wait and see approach after home (or other nonmedical set-
ting) epinephrine use. On average, subjects accessing EMS early only
gained 6.4 x 107° life years over the model horizon. The incremental
cost per life year saved in the simulation was $142,943,447 for early
EMS vs “wait and see,” with the cost per death prevented reaching
$1,349,335,651 as the simulation concluded.

To evaluate patients who may be at lower or higher risk (eg,
patients with a prior past severe reaction or history of anaphylaxis-
related hospitalization) from a wait and see approach, sensitivity
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Table 1

Simulation Model Inputs

Variable Model reference Source

US Life Table National Vital Statistics Reports, April 2017 Arias et al.'*
Probabilities

Fatality from peanut allergic reaction 5.77 x 1077 Shaker'”

Accidental peanut exposure if allergic 11.7% per year

Vander Leek et al.'®

Moderate to severe reaction following peanut 52% Vander Leek et al.'’
exposure
Hospitalization following severe food allergic 0.18% per year after reaction Shaker'”
reaction
Outpatient visits for food allergy after 20.4% per year after allergic reaction Shaker!”
reaction
Spontaneous peanut tolerance 1.1% per year Skolnik et al.*°
Additional medical care needed for allergic 12% Rudders et al.®
reaction
Costs
Epinephrine auto-injector (annual cost per $635 Shaker et al.'®
twin pack)
Hospitalization (mean cost per patient per $5,638.26 Patel et al.'®; US Department of Labor, Bureau of Labor Statistics**
year in 2017 dollars)
ED visit $660.72 Patel et al.'®; US Department of Labor, Bureau of Labor Statistics*®
Outpatient visit for food allergic reactions $230.60 Patel et al.'®; US Department of Labor, Bureau of Labor Statistics**
Ambulance runs for allergic reactions $561.00 Patel et al.'®; US Department of Labor, Bureau of Labor Statistics*
Pediatrician visits (mean incremental annual $97.60 Gupta et al.'®; US Department of Labor, Bureau of Labor Statistics®*
cost for food allergy diagnosis)
Allergist visits for food allergy (mean incre- $146.26 Gupta et al.'®; US Department of Labor, Bureau of Labor Statistics®*
mental annual cost for food allergy
diagnosis)
Nutritionist visits for food allergy (per year) $16.97 Gupta et al.'®; US Department of Labor, Bureau of Labor Statistics®*
Alternative provider visits for food allergy $24.40 Gupta et al.'”; US Department of Labor, Bureau of Labor Statistics**
(per year)
Incremental annual grocery costs (living with $303.85 Gupta et al.'®; US Department of Labor, Bureau of Labor Statistics**
food allergy)
Job-related opportunity costs from food $2,544.19 Gupta et al.'*; US Department of Labor, Bureau of Labor Statistics**
allergy (per year)
Additional assumptions
Start age 1 year
Annual discount rate 0.03 US Department of Labor, Bureau of Labor Statistics**
Negative health state influence for food -0.09 Carroll and Downs®'; Mittmann et al.*
allergy

analyses evaluating a 5-fold to 100-fold increase in fatality risk were
performed. Cost of early EMS activation rose to $321,625,534 per life
year saved ($3,035,454,848 per death prevented) if a 5-fold increase
in fatality risk was assumed. If a 100-fold increase in fatality risk was
assumed, the cost of early EMS activation was $12,997,173 per life
year saved ($122,689,936 per death prevented) for early EMS activa-
tion. This increased risk range would incorporate multiple potential
co-factors that could potentially worsen anaphylaxis severity and
potentially increase the risk of a biphasic reaction.'> Because the
probability of needing additional care in the wait and see cohort
ranged from 5% to 25%, the incremental cost was $370,353,632 per
life year saved ($3,495,911,838 per death prevented)—$58,477,946
per life year saved ($552,008,532 per death prevented). With a start-
ing age modeled at 6 years, the cost of early EMS activation was
$143,045,172 per life year saved ($1,349,444,362 per death pre-
vented). Assuming private vehicle transport after epinephrine use
(ambulance costs excluded), seeking immediate ED care cost
$77,932,777 per life year saved ($737,668,790 per death prevented)
compared with the wait and see approach (Table 2).

We also modeled the cost of provision of additional epinephrine
auto-injectors in the early EMS group, because many families receive
multiple auto-injectors annually. This sensitivity analysis provided a
cost ceiling for most conservative (and common) practices in which
families assume costs of both early EMS activation for epinephrine
use as well as costs of multiple (unused) epinephrine auto-injectors.
When (high utilization) prescription of 6 epinephrine auto-injectors
(3 twin-packs in the early EMS group) was compared with (low utili-
zation) prescription of 2 devices (single twin-pack) in the wait and

see cohort, the cost in the early EMS group reached $2,871,682,776
per life year saved ($27,108,072,878 per death prevented).

A minimal increase in hospitalization rates was noted for a wait
and see approach assuming a 10-fold increased risk. Admission rates
were 0.00195 vs 0.00234 per subject over the model horizon in the
early vs delayed activation cohorts. With cost-effective care defined
as less than $100,000 per life year saved,?® early EMS activation was
cost-effective when the risk of fatality increased 500-fold over a wait
and see approach when combined with eventual care being required
in the wait and see cohort 75% of the time (2-way sensitivity analysis,
Fig 2). When the need for subsequent care was modeled at 50%, reflex
EMS activation only became cost-effective when the risk of fatality
from waiting exceeded a 1,000-fold increase.

Discussion

Modeling care for the treatment of acute anaphylaxis is difficult
because of a high reliance on observational studies, case series, and expert
opinion given limited existence of randomized controlled trials for ethical
reasons.”® This can complicate evaluating best-practices strategies and
potentially allow more emotional considerations and judgments to influ-
ence care provision. Few other areas within allergy are as vulnerable to
such constraints as anaphylaxis care, in particular the care of a food-aller-
gic child. Still, placing risk in context is important to avoid unnecessary
care and cost burdens on both families and medical systems. Indeed, med-
ical precedent exists for critical risk analysis in such circumstances. In ana-
phylaxis, patient preference—sensitive risk-averse decision making is
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Table 2
Simulated Outputs for the Cost-Effectiveness of Automatic EMS Activation

Variable Baseline value Plausible range  Base case cost-effectiveness Cost-effectiveness Range
Fatality risk from "wait and see" 10 x 5 x -100 x $142,943,447 per life year saved $321,625,534 per life year saved
approach ($1,349,335,651 per death prevented) ($3,035,454,848 per death prevented)
- $12,997,173 per life year saved
($122,689,936 per death prevented)
Probability of needing additional care 12% 5%-25% $370,353,632 per life year saved

Number of devices” 2 devices in each approach 2 vs 6 devices

Ambulance cost (per transport) $561 $0-$561

Start age 1 year 6 years

($3,495,911,838 per death prevented)
- $58,477,946 per life year saved
($552,008,532 per death prevented)
$142,943,447 per life year saved
($1,349,335,651 per death prevented)
- $2,871,682,776 per life year saved
($27,108,072,878 per death prevented)
$77,932,777 per life year saved
($737,668,790 per death prevented) -
$142,943,447 per life year saved
($1,349,335,651 per death prevented)
$142,943,447 per life year saved
($1,349,335,651 per death prevented)
- $143,045,172 per life year saved
($1,349,444,362 per death prevented)

Life year saved over model horizon.

PIn the baseline model, 2 epinephrine auto-injectors are prescribed for both wait-and-see and immediate medical care following epinephrine use. In the sensitivity analysis, 2

devices in wait-and-see is compared with 6 devices in immediate care.

Sensitivity Analysis: Probability of further
care needed vs. Harm from waiting

0.7625

0.525

0.2875

Probability of needing further care

0.05

@ Early ED visit
@ Wait and See

Willingness to pay threshold is $100,000
per life year saved over model horizon

10
2575
505

7525
1,000

Multiplicative risk of fatality from delayed access to care

Figure 2. Sensitivity analysis of the probability of further care needed vs harm from waiting. Sensitivity analysis denotes that early EMS care after epinephrine use becomes cost-
effective when the risk of fatality from the “wait and see” approach exceeds a 500-fold increase together with a likely probability that care would be needed exceeding 75%. Cost-
effective care is considered to cost less than $100,000 per life-year saved. EMS, emergency medical services.

incorporated into many clinical situations, such as some decisions about
venom immunotherapy, as well as epinephrine auto-injector prescribing
choices in lower-risk situations, including oral allergy syndrome, allergen
immunotherapy, and isolated cutaneous and large local reactions from
Hymenoptera stings.'8%7-2°

In this simulation and cost-effectiveness analysis, immediate acti-
vation of EMS services after use of epinephrine (for additional obser-
vation, after symptoms were treated and have resolved) for a peanut-
allergic reaction is associated with costs on the order of hundreds of
millions of dollars to save a single life year over the model horizon
(or costs of billions to prevent 1 fatality), evaluating fatal anaphylaxis
as the study outcome of interest. Negligible incremental absolute dif-
ference has been found in the risk of fatality between reflex EMS

activation when epinephrine is used, vs having the caregiver carefully
monitor the child at home and not contact EMS unless symptoms do
not immediately improve and promptly resolve. This is heavily influ-
enced by an exceedingly low rate of food-related anaphylaxis fatality,
even to high-risk allergens such as peanut, tree nut, seed, and shell-
fish. This argument is bolstered by data from national registries in 2
countries that suggest fatality from food allergy (in particular) and
other allergy-related causes in children is, thankfully, quite rare, with
approximately 150 cases in the United States over a 10-year peri-
0d.>°=32 The perceived risk of food-allergy—related fatality may be
presumed to be greater than it is when events are extrapolated from
case series, where reporting is not centralized or systematic and has
relied on selective self-report or contact with a family willing to
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report these details.*®>>* Furthermore, overall rates of biphasic reac-
tions are also believed to be low (0.6%-14.7%), with the specific risk of
a biphasic reaction from a food trigger even lower—a recent meta-
analysis of biphasic reactions has suggested that food triggers are
associated with a lower risk of a biphasic reaction (odds ratio, 0.62;
confidence interval, 0.4-0.94; 2,667 total subjects analyzed).'>?*

Importantly, a wait and see approach would not change current
practices or absolve a caregiver of the responsibility to provide
prompt and appropriate initial treatment with epinephrine, closely
monitor, and seek care if symptoms do not promptly resolve. Such
primary management would remain the hallmark of outpatient ana-
phylaxis management.*!! Epinephrine devices in the United States
are sold as 2-packs, and patients are instructed to carry 2 devices
with them at all times, so an additional device should be available as
a failsafe for the small percentage of reactions that may require addi-
tional management in a wait and see scenario. Of course, if a patient
with a treated and initially resolved allergic reaction at home subse-
quently experiences a biphasic reaction, then subsequent activation
of EMS would be appropriate. Although arguments could be made for
recommending quicker activation of EMS (rather than wait and see)
in those with a history of a prior severe reaction (which would
require a tight definition) or poorly controlled asthma, our sensitivity
analysis accounted for such incremental increased risk and still found
this to not be cost-effective at base fatality rate estimates unless fatality
risk increased 500-fold in the setting of likely eventual EMS activa-
tion.!" However, in certain higher-risk subgroups, the decision of
reflex EMS activation may be preference-sensitive, and this could be a
prime area for the development of a decision aid. This economic analy-
sis takes a societal perspective, and an individual patient perspective
may differ. In some circumstances, additional factors may drive the
decision to seek immediate care for patients despite symptom resolu-
tion after epinephrine use, such as a perceived need for counseling,
evaluation, reassurance, and support after an allergic reaction.

We compared the health and economic outcomes of alternative
approaches of management after a symptomatic peanut-allergic indi-
vidual is administered epinephrine and experiences prompt resolu-
tion of symptoms, and the value of the default practice of every
patient going to the ED after using epinephrine, even if they are sta-
ble, compared with a watchful waiting approach. This assumed that
the patient had filled a prescription for an epinephrine auto-injector
twinpack and had promptly administered the epinephrine treatment
as indicated, per recommended guidelines. Many other situations

could be modeled, but these would be distinct analyses. We did not
model outcomes of symptomatic persons who were never adminis-
tered epinephrine as an initial treatment (because of either lack of a
device or not using an available device), or an individual initially
administered epinephrine but who require a second injection, which
is not administered (because of either lack of a device or not using an
available device). These situations deal with failing to administer nec-
essary treatment (potentially from not having recommended treat-
ment available), and such situations would not have feasible
alternatives except to use EMS and ED care. These would fall outside
our model. More specifically, these situations would model whether
a person having a severe reaction (including anaphylaxis) would ben-
efit from epinephrine treatment. We stipulate that it is both cost-
effective to treat a severe reaction with epinephrine and that such
treatment would be associated with beneficial health outcomes.>
We would also presume that this strategy dominates, and minimal
feasibility in additional cost-effective modeling of epinephrine
administration to a symptomatic patient. We strongly advocate that
patients fill their epinephrine prescriptions and note ample literature
describing the dangers of a severe allergic reaction without epineph-
rine available for treatment. However, despite increased awareness
and education, patients may not adhere to such advice, follow guide-
lines, or fill their prescriptions. In a recent survey by Song et al,®
most respondents reported not carrying 2 epinephrine autoinjectors;
however, half reported needing a second epinephrine dose at least
once.”” Oren et al** reported that 16% of food-induced anaphylaxis
required a second epinephrine dose, and Jarvinen et al*° reported
that 19% of children required multiple doses to treat reactions.>> To
account for a higher usage rate of a second epinephrine dose, we
modeled higher rates of subsequent care in sensitivity analyses, but
even at higher rates reflex EMS activation in patients with resolved
symptoms was not cost-effective under model assumptions.

This study has additional limitations. The approach strictly inves-
tigated activating emergency services after a reaction to peanut in
the home setting, requiring epinephrine, with such services defined
as calling 911 for ambulance transport of a patient to an ED for fur-
ther assessment and possible hospital admission. We did not explic-
itly model activation of EMS after a similar reaction in the school/
child care setting, and we only considered peanut as a provoking
source. Foods are the most common cause of anaphylaxis in children,
and peanut is widely considered an allergen associated with potential
fatal anaphylaxis and severe reactions, which helps justify this choice

Annual incidence of fatal anaphylaxis in an unselected population
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Figure 3. Comparison of fatality risk. Comparison of the odds of fatality through different mechanisms. Risk of fatality from food allergy is comparable to that of a lightning strike,
and lower than multiple other common risks. Reprinted with pgrmission from Turner PJ, Jerschow E, Umasunthar T, Lin R, Campbell DE, Boyle R]. Fatal anaphylaxis: mortality rate
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for the model.° We assumed that all treatment was given promptly
and appropriately, and that a caregiver or person who was present
with the individual at the time of the reaction could adequately assess
the child for a wait and see response, neither of which may always be
the case in reality. The analysis was also limited to only children and
excluded peanut-allergic adults, because the epidemiology of peanut
allergy in adults is not well known, and peanut-allergic adults may
have different considerations based on co-morbidities more com-
monly seen at older ages. We did not directly model the effect of co-
factors such as concurrent illness or concomitant medication, exer-
cise, improper body positioning post-epinephrine (upright), poorly
controlled asthma, the presence of a systemic mast cell disorder, a
prior severe reaction, prior biphasic reaction, or specific symptoms
that necessitated epinephrine use, although sensitivity analysis was
deliberately broad to expand the potential increase in risk of fatality
to incorporate these variables.'®'?37 The opportunity costs of the
ambulance and emergency facility time and resources being used for
other health care services were not factored into this model. Lastly,
poor data inform the precise nature of the difference in risk of the
approaches modeled. We believed a 10-fold assumption of risk was
reasonable and conservative estimate for the base case. In compari-
son, the US Food and Drug Administration recently accepted a stan-
dard of between a 2- and 3-fold increased risk of fatality associated
with combined long-acting beta-agonist/inhaled steroid use as suffi-
cient in deciding to recommend removal of a box warning from such
products.*®>° We had an a priori plan for both low- and high-risk
sensitivity analyses to make the model as robust as possible, given
the absence of well-established data to inform us of the incremental
risk between these approaches.

Food allergy fatalities are viewed as imminently preventable and
tragic when they occur, given that these events have a disconcerting
association with failure to either promptly use epinephrine or to have
self-carried a device.*>** However these are still uncommon, and that
the calculated odds of a food allergy fatality are similar to those of being
killed by lightning strike, murder, or fire, and significantly lower than
the risk of accidental death, is a rarely considered perspective®! (Fig 3).
Moreover, the context of fatality is often misconstrued, in that most
reported fatalities appear to be the result of compounded risk—lack of
allergen avoidance (either by intent or mistake) combined with not
using appropriate treatment when symptoms arose, or not having
emergency medication available when it was needed.”**3*404! The
rate of fatality after “appropriate” treatment, meaning that the symp-
toms were promptly recognized and medication commensurate to
symptom severity was administered in a timely manner, is completely
unknown. Further research to more clearly define root causes of fatal
anaphylaxis in such instances are needed.

Most guidance for postreaction anaphylaxis management is level
D evidence, and dominated by expert opinion given that randomized
controlled trials may not be ethical.>® The true risk of a biphasic
reaction or failure of the primary epinephrine dose to adequately
control all symptoms arising in such a reaction is poorly under-
stood.” For this reason, expert consensus recommends that after epi-
nephrine is used in the nonmedical setting, recipients should seek
emergency care (often explicitly stated as “call 911”) and observa-
tion by a trained medical provider.*®'" This guidance aims to afford
immediate access in case escalation of care is needed, in theory, but
is poorly studied and without evidence that such actions are either
necessary or associated with better outcomes. Activating EMS is
expensive, and it may not be covered by all insurance plans (or
it may be part of a deductible). The risk of fatality at baseline is
exceedingly low, and rates of biphasic anaphylaxis occurring in the
community setting are largely unknown.®?*>! This is an example of
where expert opinion has dominated actual evidenced-based dem-
onstration of medical necessity, and a practice with little ability to
influence health outcomes has become ingrained in anaphylaxis
management. Alternatively, the requirement to activate EMS

may actually serve as a barrier to prompt epinephrine use by some
families.

In conclusion, we show that the currently recommended strategy
of immediately activating EMS regardless of symptom response for
an allergic reaction to peanut necessitating epinephrine treatment is
a cost-ineffective recommendation compared with a wait and see
response strategy, which allows patients with prompt resolution of
symptoms to be monitored at home and seek care if needed. Food
allergy is associated with both very low rates of fatality as well as
low rates (relative to other triggers) of biphasic anaphylaxis. An
approach incorporating patient preferences may lead to more value-
based decisions in anaphylaxis management, in which a routine rec-
ommendation for reflex EMS activation after treatment of childhood
food allergic reactions can be nuanced with situational awareness
together with caregiver preferences and judgments. Further studies
evaluating a wait and see strategy seem warranted, and future ana-
phylaxis and food allergy practice parameters may consider incorpo-
rating such an approach in formulating recommendations.
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