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Classification of recommendations and evidence

Recommendation rating scale

Statement

Definition

Implication

Strong recommendation

Moderate

Weak

No recommendation

A strong recommendation means the benefits of the recommended
approach clearly exceed the harms (or that the harms clearly
exceed the benefits in the case of a strong negative
recommendation) and that the quality of the supporting evidence
is excellent (grade A or B)*. In some clearly identified
circumstances, strong recommendations may be made based on
lesser evidence when high-quality evidence is impossible to
obtain and the anticipated benefits strongly outweigh the harms.

A recommendation means the benefits exceed the harms (or that
the harms clearly exceed the benefits in the case of a negative
recommendation), but the quality of evidence is not as strong
(grade B or C).* In some clearly identified circumstances,
recommendations may be made based on lesser evidence when
high-quality evidence is impossible to obtain and the anticipated
benefits outweigh the harms.

An option means that the quality of evidence that exists is suspect
(grade D)* or that well-done studies (grade A, B, or C)* show little
clear advantage to one approach vs another.

No recommendation means there is a lack of pertinent evidence
(grade D)* and an unclear balance between benefits and harms.

Clinicians should follow a strong recommendation unless a clear
and compelling rationale for an alternative approach is present.

Clinicians also should generally follow a recommendation but
should remain alert to new information and sensitive to patient
preferences.

Clinicians should be flexible in their decision making regarding
appropriate practice, although they may set bounds on
alternatives; patient preference should have a substantial
influencing role.

Clinicians should feel little constraint in their decision making and
be alert to new published evidence that clarifies the balance of

benefit vs harm; patient preference should have a substantial
influencing role.

Category of evidence

Ia Evidence from meta-analysis of randomized controlled trials

Ib Evidence from at least 1 randomized controlled trial

[la Evidence from at least 1 controlled study without
randomization

IIb Evidence from at least 1 other type of quasi-experimental study

Il Evidence from nonexperimental descriptive studies, such as
comparative studies

IV Evidence from expert committee reports or opinions or clinical
experience of respected authorities or both

Strength of recommendation*

A Directly based on category I evidence
B Directly based on category II evidence or extrapolated recom-
mendation from category I evidence
C Directly based on category III evidence or extrapolated
recommendation from category I or Il evidence
D Directly based on category IV evidence or extrapolated
recommendation from category I, II, or Il evidence
LB Laboratory based
NR Not rated

Emergency department diagnosis and management of
anaphylaxis: a practice parameter

The Joint Task Force on Practice Parameters

The Joint Task Force on Practice Parameters is a 13-member task
force consisting of 6 representatives assigned by the American
Academy of Allergy, Asthma and Immunology; 6 by the American
College of Allergy, Asthma and Immunology; and 1 by the Joint
Council of Allergy and Immunology. This task force oversees the
development of practice parameters; selects the workgroup
chair(s); and reviews drafts of the parameters for accuracy, prac-
ticality, clarity, and broad utility of the recommendations for clin-
ical practice.

Protocol for finding evidence

A search of the medical literature was performed for different
terms that were considered relevant to this practice parameter.
Literature searches were performed on PubMed and the Cochrane
Database of Systematic Reviews. All reference types were included
in the results. References identified as relevant were searched for
relevant references and those references also were searched for
relevant references. In addition, members of the workgroup were
asked for references that were missed by this initial search.

Preface

This practice parameter is a joint effort between emergency
physicians, who are often on the front line in the management of
anaphylaxis, and allergists-immunologists, who have a vested in-
terest in how such patients are managed. As recognized by emer-
gency physicians and allergists, the timely administration of
epinephrine is essential to the effective treatment of anaphylaxis,
and such administration is dependent on correctly diagnosing
anaphylaxis. In an emergency department (ED) setting, with the
broad and often atypical presentation of anaphylaxis, failure to
recognize anaphylaxis is a real possibility. Failure to recognize
anaphylaxis inherently leads to undertreatment with epinephrine.
Studies have shown that a large percentage of patients (57%) who
present to the ED with anaphylaxis can be misdiagnosed.'
Moreover, even when correctly diagnosed, epinephrine, the
essential first line in the treatment of anaphylaxis, is frequently (up
to 80% of the time) not administered.* ° In addition, patients who
are treated in the ED for anaphylaxis, frequently do not receive a
prescription for auto-injectable epinephrine and usually are not
referred for allergy follow-up.®’

The recommendations made in this document about the man-
agement of anaphylaxis apply to anaphylaxis that occurs in an ED
setting. Some of these recommendations might be different if
anaphylaxis occurs in an office setting.
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It is important to understand that there is no absolute contra-
indication to administration of epinephrine in the setting of
anaphylaxis. It also is important to recognize that anaphylaxis can
progress rapidly from mild manifestations involving 1 organ sys-
tem to severe involvement of multiple organ systems.

Compilation of summary statements

Summary Statement 1: Base the diagnosis of anaphylaxis on the
history and physical examination, using scenarios described by
the National Institutes of Allergy and Infectious Disease (NIAID)
Panel (Fig 1)® but recognizing that there is a broad spectrum of
anaphylaxis presentations that require clinical judgment. Do not
rely on signs of shock for the diagnosis of anaphylaxis. (Strong
Recommendation; C Evidence)

Summary Statement 2: Carefully and immediately triage and
monitor patients with signs and symptoms of anaphylaxis in
preparation for epinephrine administration. (Strong Recom-
mendation; C Evidence)

Summary Statement 3: In general, place patients in a supine
position to prevent or counteract potential circulatory collapse.
Place pregnant patients on their left side. (Moderate Recom-
mendation; C Evidence)

Summary Statement 4: Administer oxygen to any patient
exhibiting respiratory or cardiovascular symptoms or patients
with decreased oxygen saturation and consider for all patients
experiencing anaphylaxis regardless of their respiratory status.
(Moderate Recommendation; D Evidence)

Summary Statement 5: Expeditiously consider conditions other
than anaphylaxis that might be responsible for the patient’s

condition. Obtain a serum tryptase level to assist in this regard
after effective treatment has been rendered. (Moderate
Recommendation; C Evidence)

Summary Statement 6: Determine whether the patient has risk
factors for severe and potentially fatal anaphylaxis, such as
delayed administration of epinephrine, asthma, a history of
biphasic reactions, or cardiovascular disease, and consider these
in the management and/or disposition of all patients with
anaphylaxis. (Moderate Recommendation; B Evidence)
Summary Statement 7: Administer epinephrine intramuscularly
in the anterolateral thigh as initial treatment for acute anaphy-
laxis immediately after the diagnosis of anaphylaxis is made. The
first line of treatment for patients experiencing anaphylaxis is
epinephrine. (Strong Recommendation; B Evidence)

Summary Statement 8: If the patient is not responding to
epinephrine injections, administer an intravenous (IV) infusion
of epinephrine in a monitored setting. (Moderate Recommen-
dation; C Evidence)

Summary Statement 9: If IV access is not readily available in
patients experiencing anaphylaxis, obtain intraosseous (I0) ac-
cess and administer epinephrine by this route. (Moderate
Recommendation; D Evidence)

Summary Statement 10: Prepare for airway management,
including intubation if necessary, if there is any suggestion of
airway edema (eg, hoarseness or stridor) or associated respira-
tory compromise. (Moderate Recommendation; C Evidence)
Summary Statement 11: For patients with circulatory collapse
from anaphylaxis, aggressively administer large volumes of IV or
10 normal saline through large-bore catheters. (Strong Recom-
mendation; B Evidence)

1

2 3

Acute onset of an illness (minutes to
several hours) with involvement of:

2 or more of the following that occur
rapidly after exposure to a likely
allergen for that patient:

Persistent GI Symptoms

Vomiting
Crampy Abdominal Pain
Diarrhea

N\ ) AR

After exposure to known allergen for
that patient (minutes to several hours):

[ Skin and/Or Mucosa ] [ Skin and/Or Mucosa ] lBP
Pruritus Pruritus
Flushing Flushing
Hives Hives
Angioedema Angioedema
Anaphylaxis is
likely when any -
one of the three And either ’ p
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Wheeze-bronchospasm ¥ Peak expiratory flow
+ Peak expiratory flow Stridor
Stridor Hypoxemia
Hypoxemia
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Figure 1. Visual representation of the NIAID/FAAN criteria. Reprinted with permission from the Internal Journal of Emergency Medicine.®
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Summary Statement 12: Administer additional vasopressors or
glucagon (especially if the patient is receiving (-blockers) if
parenteral epinephrine and fluid resuscitation fail to restore
blood pressure. (Moderate Recommendation; B Evidence)
Summary Statement 13: Administer an inhaled @-agonist if
bronchospasm is a component of anaphylaxis. (Moderate
Recommendation; B Evidence)

Summary Statement 14: Consider extracorporeal membrane
oxygenation in patients with anaphylaxis who are unresponsive
to traditional resuscitative efforts. (Moderate Recommendation;
D Evidence)

Summary Statement 15: Do not routinely administer antihista-
mines or corticosteroids instead of epinephrine. There is no
substitute for epinephrine in the treatment of anaphylaxis.
Administration of Hy and/or H, antihistamines and corticoste-
roids should be considered adjunctive therapy. (Strong Recom-
mendation; B Evidence)

Summary Statement 16: Identify triggers of anaphylaxis and
consider obscure and less common triggers. (Moderate
Recommendation; C Evidence)

Summary Statement 17: Strongly consider observing patients
who have experienced anaphylaxis for at least 4 to 8 hours and
observe patients with a history of risk factors for severe
anaphylaxis, such as asthma, previous biphasic reactions, or
protracted anaphylaxis, for a longer period (Moderate Recom-
mendation; C Evidence)

Summary Statement 18: Prescribe auto-injectable epinephrine
for patients who have experienced an anaphylactic reaction and
provide patients with an action plan instructing them on how
and when to administer epinephrine. (Strong Recommendation;
C Evidence)

Summary Statement 19: Instruct patients who have experienced
anaphylaxis when discharged from the ED to see an allergist-
immunologist. (Moderate Recommendation; C Evidence)

ED diagnosis and management of anaphylaxis: a practice
parameter

Summary Statement 1: Base the diagnosis of anaphylaxis on the
history and physical examination, using scenarios described by
the NIAID Panel (Fig 1) but recognizing that there is a broad
spectrum of anaphylaxis presentations that require clinical
judgment. Do not rely on signs of shock for the diagnosis of
anaphylaxis. (Moderate Recommendation; C Evidence)

Symptoms of anaphylaxis are usually sudden in onset and can
progress in severity over minutes to hours. Typically, at least 2 organ
systems are involved, although only 1 organ system might be
initially involved. There is a broad spectrum of anaphylaxis pre-
sentations that require clinical judgment. Although no set of diag-
nostic criteria for anaphylaxis will provide 100% sensitivity and
specificity, the criteria developed by the NIAID Panel in 2004 have
been shown to aid in the diagnosis of anaphylaxis® (Fig 1). The ac-
curacy of these criteria were retrospectively evaluated in an ED
setting and found to have 97% sensitivity and 82% specificity.> The
negative predictive value was 98% and the positive predictive value
was 69%; the positive likelihood ratio was 5.48, with a negative
likelihood ratio of 0.04. Therefore, these criteria are useful but do
not replace clinical judgment. It is important for health care pro-
viders to recognize the variable presentation and progression of
anaphylaxis.'®~? Recognizing milder anaphylaxis is important not
only in preventing progression of a specific event to a more serious
outcome but in preventing recurrent episodes in the future.
Although anaphylaxis can present as hypotension alone, it
frequently presents without hypotension. Studies of fatal and near-
fatal anaphylaxis have shown that most of these patients did not

have a history of severe reactions." Although most cases of

anaphylaxis will include cutaneous manifestations, the absence of
skin manifestations does not exclude a diagnosis of anaphylaxis.'?!>

Summary Statement 2: Carefully and immediately triage and
monitor patients with signs and symptoms of anaphylaxis in
preparation for epinephrine administration. (Strong Recom-
mendation; D Evidence)

Anaphylaxis can progress rapidly and become life threatening.
Therefore, monitoring, preferably continuous hemodynamic
monitoring, is essential for patients who are experiencing
anaphylaxis. This should include blood pressure, continuous pulse
rate, pulse oximetry, and electrocardiographic monitoring. IV ac-
cess should be obtained as soon as possible. These measures should
be used to monitor response to therapy and direct subsequent
intervention.

Summary Statement 3: In general, place patients in a supine
position to prevent or counteract potential circulatory collapse.
Place pregnant patients on their left side. (Moderate Recom-
mendation; C Evidence)

A case series on anaphylactic deaths has suggested an associa-
tion between upright posture and death.” To counteract the cir-
culatory collapse of anaphylaxis, patients generally should be
placed in a supine position. However, patients in respiratory
distress could benefit from being in a more upright position while
they are monitored carefully for any circulatory collapse. Although
Trendelenburg positioning has long been proposed to prevent or
counteract hypotension, there is no evidence to support Trende-
lenburg positioning and it might even be counterproductive.'”
Pregnant patients should be placed on their left side to prevent
the gravid uterus from compressing the inferior vena cava and
obstructing venous return to the heart. Gentle manual displace-
ment of the uterus may be necessary. The patient should not sit or
stand suddenly because of the possibility of cardiac arrest caused
by the empty inferior vena cava syndrome.'®

Summary Statement 4: Administer oxygen to any patient
exhibiting respiratory or cardiovascular symptoms or patients
with decreased oxygen saturation and consider for all patients
experiencing anaphylaxis regardless of their respiratory status.
(Moderate Recommendation; D Evidence)

Summary Statement 5: Expeditiously consider conditions other
than anaphylaxis that might be responsible for the patient’s
condition. Obtain a serum tryptase level to assist in this regard
after effective treatment has been rendered. (Moderate
Recommendation; C Evidence)

The differential diagnosis of anaphylaxis is broad. In the study
noted in summary statement 1, the negative predictive value of the
proposed NIAID criteria was 98%, but the positive predictive value
was only 69%, showing that a significant number of patients who
meet the criteria might not have anaphylaxis. The physician cannot
rely on the presence of shock to make a diagnosis of anaphylaxis. It is
important to consider other conditions that could be responsible for
the patient’s presentation: (1) cardiogenic, distributive, obstructive,
or hypovolemic shock; (2) pre-syncope or syncope; (3) hereditary
angioedema or angioedema induced by an angiotensin-converting
enzyme inhibitor; (4) vocal cord dysfunction; (5) flushing such as
occurs associated with metastatic carcinoma or vasoactive intestinal
peptide-producing tumor; (6) respiratory distress from asthma,
pulmonary embolism, congestive heart failure, or other causes; (7)
isolated skin reactions, such as those that can be seen with adverse
drug reactions; (8) mast cell disorders, as discussed below; and (9)
psychiatric disorders, such as panic attacks.
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Serum tryptase is a marker of mast cell degranulation and could
be useful for confirming the diagnosis of anaphylaxis. Thus, the ED
physician should consider obtaining a tryptase level if appropriate
follow-up of the test result can be assured (eg, with the patient’s
primary care physician or by an allergist who agrees to see the
patient in follow-up. Because serum tryptase levels are not rapidly
available, management of a patient with possible anaphylaxis
should never be based on serum tryptase levels alone. However,
when the diagnosis of anaphylaxis is uncertain, a serum tryptase
level could aid at follow-up in the diagnosis of anaphylaxis in a
given patient. The sensitivity of serum tryptase in patients who
present to the ED with acute allergic reactions is low (21% in 1
study).”” Moreover, serum tryptase level is not elevated in most
patients who develop anaphylaxis from foods.'® However, a small
study using serial measurements of tryptase 15 and 60 minutes
after a sting challenge found that an increase of at least 2.0 ug/L had
a sensitivity of 73% and specificity of 98%.!° Serum tryptase levels
typically begin to increase approximately 30 minutes after the
onset of the reaction, peak 1 to 2 hours after the onset of the re-
action, and remain elevated for up to at least 6 to 8 hours.?’

Summary Statement 6: Determine whether the patient has risk
factors for severe and potentially fatal anaphylaxis, such as
delayed administration of epinephrine, asthma, a history of
biphasic reactions, or cardiovascular disease, and consider them
in the management and/or disposition of all patients with
anaphylaxis. (Moderate Recommendation; B Evidence)

Patients at risk of severe anaphylaxis include those with (1)
peanut and tree nut allergy, especially adolescents; (2) pre-existing
respiratory or cardiovascular disease; (3) asthma; (4) delayed
administration of epinephrine; (5) previous biphasic anaphylactic
reactions; (6) advanced age; and (7) mast cell disease.'>*"?

Studies of fatal and near-fatal anaphylaxis have identified
important risk factors for fatal anaphylaxis. Based on a national
registry, several risk factors for fatal anaphylaxis from foods have
been identified.?! Most patients have been shown to be adolescents
or young adults, most have been allergic to peanuts or tree nuts,
most have had a history of asthma, and very few have had
epinephrine administered in a timely manner.>~2% Causes of fatal
anaphylaxis are presented in Table 1.!%27

Summary Statement 7: Administer epinephrine intramuscularly
in the anterolateral thigh as initial treatment for acute anaphy-
laxis immediately after the diagnosis of anaphylaxis is made. The
first line of treatment for patients experiencing anaphylaxis is
epinephrine. (Strong Recommendation; B Evidence)

The decision to initiate specific treatment for anaphylaxis re-
quires clinical judgment. However, when the patient is experiencing
ongoing symptoms that are consistent with acute anaphylaxis, the
patient should receive epinephrine promptly. In a study of fatal food-
induced anaphylaxis in the United Kingdom, the median time to
respiratory or cardiac arrest was 30 minutes. The median time to
arrest in Hymenoptera venom-induced anaphylaxis has been shown
to be 15 minutes and the median time to arrest in medication-
induced anaphylaxis in a hospital setting has been shown to be 5
minutes, thus underscoring the need for rapid recognition and

Table 1

Causes of fatal anaphylaxis

Study Food Insects Medication Other (RCM) Unclear
Liew WK et al*’ 6% 18% 58% 5% 13%
Greenberger et al'>  16% 24% 28% 24% 0

Abbreviation: RCM, radiocontrast media.

management.'?! Epinephrine was administered only before arrest
in 14% of patients, and overall, only 62% received epinephrine.''

Patients with anaphylaxis can present with symptoms not
meeting the criteria for anaphylaxis and yet require administration
of epinephrine, such as a patient with a history of near-fatal
anaphylaxis to peanut who inadvertently ingests peanut and
within minutes is experiencing urticaria and generalized flushing.
Delayed administration of epinephrine is associated with poor
outcomes and mortality.”* It is important to recognize that there is
a broad spectrum of anaphylaxis presentations that require clinical
judgment in any given patient. The management of a patient who
presents with symptoms of anaphylaxis 15 minutes after exposure
to the suspected trigger might be handled differently than the
patient who was exposed 2 hours previously. Because anaphylaxis
can be self-limited, patients can present at a point when symptoms
have nearly resolved and might no longer require epinephrine for
acute management. However, the patient who presents with acute
symptoms of anaphylaxis should immediately receive epinephrine
even if the initial symptoms are not life threatening, because
anaphylaxis can progress rapidly from mild symptoms to severe
life-threatening symptoms.

The management of anaphylaxis also can depend on the setting
in which symptoms of anaphylaxis develop. For example, the pa-
tient who presents to the ED with urticaria 2 hours after eating
shrimp might not require an injection of epinephrine. In contrast, a
patient known to be allergic to shrimp who presents with symp-
toms consistent with upper airway obstruction 2 hours after eating
shrimp should receive an injection of epinephrine. The recom-
mended dosage of epinephrine in a setting where an exact does can
be drawn up is 0.01 mg/kg (maximum dose, 0.5 mg) administered
intramuscularly every 5 to 15 minutes as necessary to control
symptoms. The 5-minute interval between injections can be liber-
alized to permit more frequent injections as determined by the
clinician.

There are no randomized controlled studies of epinephrine
during anaphylaxis, including pharmacokinetic studies. A phar-
macokinetic study in children not experiencing anaphylaxis
showed that epinephrine administered intramuscularly into the
anterolateral thigh resulted in a higher and more rapid peak plasma
concentration compared with subcutaneous administration in the
arm.”® A subsequent study in adults not experiencing anaphylaxis
showed that peak plasma epinephrine concentrations were higher
and achieved faster after administration of epinephrine intramus-
cularly in the thigh compared with when it was administered
intramuscularly or subcutaneously in the arm.? Subcutaneous
administration in the thigh has not been studied.

The physiologic effects of epinephrine include vasoconstriction,
cardiac chronotropic and inotropic effects, bronchodilatation, and
suppression of the release of histamine and other mediators form
mast cells and basophils, resulting in increased cardiac output,
increased peripheral vascular resistance, and decreased mucosal
edema and airway resistance.*’

Complications associated with parenteral administration of
epinephrine, other than IV administration, are very rare. There are
no absolute contraindications for the administration of epinephrine
in the setting of anaphylaxis. Nevertheless, a significant percentage
of patients treated for anaphylaxis do not receive epinephrine.’’ >3

Summary Statement 8: If the patient is not responding
to epinephrine injections, administer an IV infusion of
epinephrine in a monitored setting. (Moderate Recommenda-
tion; C Evidence)

If the patient is not responding to epinephrine injections, careful
administration of an IV infusion of epinephrine in a monitored
setting might be necessary. A 1:1,000,000 infusion solution,
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Patient presents with possible anaphylaxis I

Initial assessment:
*Does clinical judgment support
anaphylaxis? Consider NIAID/FAAN criteria.

Yes

Immediate interventions:

*Assess airway, breathing, circulation
*|V access, oxygen, monitoring

*Supine position

*IM Epinephrine (anterior-lateral thigh)

!

*Rapid fluid infusion (1V, 10)
*Repeat IM epinephrine
*|V epinephrine infusion
*Bronchodilators

*Steroids

*H1/H2 antihistamines
*Glucagon

*Establish airway

Other interventions (based on initial response):

l

i.l Consider other diagnosis

Determine disposition:

*Based on initial presentation and response to therapy

Admission:
- *General hospital
*Intensive care unit admission

i

ED Observation:

reliability

*Provide homegoing SIE

*Length of observation based on clinical presentation, response to
therapy, risk factors for fatal anaphylaxis, access to medical care,

*Patient education: SIE use, biphasic reaction, trigger avoidance

*Consider prescriptions for oral antihistamines and corticosteroids
*Outpatient follow up referral (Allergist or Primary Care)

Figure 2. Emergency anaphylaxis management algorithm.

prepared by adding 1 mg (1 mL) of a 1:1,000 concentration of
epinephrine to 1000 mL of 5% dextrose in water or normal saline to
produce a concentration of 1.0 ug/mL, can be infused at a rate of
1 pg/min and titrated to the necessary hemodynamic response and
in adults and adolescents increased to a maximum of 10.0 ug/min. A
starting dose of 0.1 ug/kg per minute is recommended for children.
Bolus administration of IV epinephrine is associated with an
increased risk of cardiac arrhythmias and inappropriate dosing and
therefore should be avoided whenever possible.>**37 In patients
with actual or impending cardiovascular collapse unresponsive to
an epinephrine infusion or when an epinephrine infusion is not
immediately available, slow administration of a 50-ug (0.5 mL of
1:10,000) bolus of IV epinephrine might be necessary.

Summary Statement 9: If [V access is not readily available in
patients experiencing anaphylaxis, obtain IO access and
administer epinephrine by this route. (Moderate Recommen-
dation; D Evidence)

Intraosseous fluid and medication administration is rapid, safe,
and effective.®* *? In animals, minimally delayed but equivalent
hemodynamic effects have been seen with 10 and IV administrations.
Drug delivery appears to be slightly less when 10 epinephrine is given
in the tibia than when it is given in the sternum. Epinephrine can be
infused by an IV or 10 route at a rate of 1 ug/min and titrated to the
necessary hemodynamic response, increasing to a maximum of 10.0
ug/min for adults and adolescents. A starting dose of 0.1 ug/kg per
minute is recommended for children.*>

Endotracheal administration of epinephrine also can be
considered in patients in whom IV access is not possible. Anec-
dotally, successful reports when using alternative routes have been
reported. These include inhaled, sublingual, and endotracheal use
of epinephrine.

Summary Statement 10: Prepare for airway management,
including intubation if necessary, if there is any suggestion of
airway edema (eg, hoarseness or stridor) or associated respira-
tory compromise. (Moderate Recommendation; C Evidence)

Asphyxia can occur in anaphylaxis because of upper airway
swelling or bronchospasm.'>** Therefore, it is necessary to prepare
for airway management, including intubation when necessary, if
there is any suggestion of airway edema (hoarseness or stridor) or
associated respiratory compromise. In severe cases of anaphylaxis,
airway management is an essential part of the treatment plan.
Whether to intubate the patient is a difficult decision. Airway
management begins with preoxygenation, an assessment of the
level of predicted difficulty of laryngoscopy, and preparation.
Various algorithms and scores have been designed to help predict
difficult laryngoscopy, but their utility in the ED setting is limited.*’
Although a quick assessment of the airway should occur, given the
significant potential for pharyngeal and laryngeal edema, laryn-
goscopy should be presumed to be difficult. Preparation includes
selection and preparation of initial and back-up airway equipment
(including suction), optimizing patient positioning, pharmacology,
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and the outlining of an initial and back-up airway management
plan.*®4” Upper airway edema can preclude rescue ventilation, so
the merits of an awake fiberoptic intubation should be strongly
weighed against the benefits and risks of rapid sequence intubation.

When selecting airway management medications, because pa-
tients with anaphylaxis requiring intubation are often hemody-
namically unstable, medications should be avoided that depress
blood pressure. Paralytics should be used with caution, because
mask ventilation can be impossible in the setting of upper airway
edema. Because the airway should be presumed difficult, optimizing
the first look is essential no matter what approach is used. Once the
patient is intubated, post-intubation management should continue
with sedation and ventilator management. For the wheezing patient
with anaphylaxis, minimize breath stacking and barotraumas by
allowing adequate exhalation time. In those with bronchospasm,
ketamine, a sedative with bronchodilator properties, can be used
after intubation. Peri-intubation decompensation has a broad dif-
ferential diagnosis. Because of the frequency of bronchospasm in
anaphylaxis, barotrauma should be considered.

Nebulized epinephrine has been shown to alleviate respiratory
distress associated with upper airway obstruction in childhood
croup.”® The vasoconstrictive (a;) effects likely account for the
decrease of upper airway edema. Similarly, and based on anecdotal
experience, aerosolized epinephrine also can decrease oropharyngeal
edema and make airway management less difficult in anaphylaxis.*

Summary Statement 11: For patients with circulatory collapse
from anaphylaxis, aggressively administer large volumes of IV or
10 normal saline through large-bore catheters. (Strong Recom-
mendation; B Evidence)

Aggressive fluid resuscitation helps to counteract the significant
plasma leak associated with anaphylaxis and complement parenteral
epinephrine therapy. Children might require successive IV fluid
boluses of 20 mL/kg and adults might require successive IV boluses of
1,000 mL to maintain blood pressure in the early stages of anaphylaxis.
To overcome venous resistance, fluids administered through IO cath-
eters should be infused under pressure using an infusion pump, pres-
sure bag, or manual pressure. As blood pressure stabilizes, fluid rates
should be adjusted. Care should be taken to avoid volume overload in
certain patients, such as those with a history of left ventricular failure.

Summary Statement 12: Administer glucagon (especially if the
patient is receiving (-blockers) if parenteral epinephrine and
fluid resuscitation fail to restore blood pressure. (Moderate
Recommendation; B Evidence)

Norepinephrine, vasopressin, and other pressors have been used
with success in patients in anaphylaxis with refractory hypotension
(see Fig 2).°%°! Infusions of glucagon have been used to treat
anaphylaxis that is refractory to epinephrine in some patients on (-
blockers.>” There are numerous case reports of treatment refractory
anaphylaxis in patients on 8-blockers.”>>* There also are case re-
ports of such patients responding favorably to glucagon infusion
when standard therapy has failed. Glucagon increases cyclic aden-
osine monophosphate intracellularly, independent of adrenergic
receptors, and might reverse refractory hypotension and broncho-
spasm.”>”° Although data are very limited, glucagon infusion should
be considered when patients are not responding to traditional
management. The recommended dose of glucagon is 1 to 5 mg
(20—30 ug/kg [maximum, 1 mg] in children) administered intrave-
nously over 5 minutes and followed by an infusion of 5 to 15 ug/min
titrated to clinical response. Airway protection is important because
emesis and possible aspiration is a possible side effect of glucagon.

Summary Statement 13: Administer an inhaled (-agonist if
bronchospasm is a component of anaphylaxis. (Moderate
Recommendation; B Evidence)

Epinephrine has been known for many years to effectively
reverse bronchospasm. Sometimes, however, bronchospasm can
persist despite treatment with epinephrine. Therefore, current
approaches used to treat bronchospasm, such as §-adrenergic ag-
onists, should be readily available if needed. There are no studies
evaluating the effectiveness of §-adrenergic agonists in the treat-
ment of bronchospasm occurring as part of anaphylaxis. However,
there is no reason to believe that the treatment of bronchospasm
during anaphylaxis is different than the treatment of broncho-
spasm in patients who are not in anaphylaxis. This conclusion has
been supported by observation of the effectiveness of inhaled (-
adrenergic agonists in treating bronchospasm that occurs during
anaphylaxis. A (-agonist, such as albuterol, can be administered by
a metered-dose inhaler (2—6 inhalations) or nebulizer (2.5—5 mg in
3 mL of saline and repeated as necessary) for bronchospasm that
has not responded to epinephrine.

Summary Statement 14: Consider extracorporeal membrane
oxygenation in patients with anaphylaxis who are unresponsive
to traditional resuscitative efforts. (Moderate Recommendation;
D Evidence)

Extracorporeal membrane oxygenation is becoming more readily
available in the ED and can be applied to anyone with reversible
causes of pulmonary and/or cardiac failure. Patients with anaphylaxis
who are unresponsive to traditional resuscitative efforts should be
considered candidates for this potentially life-saving therapy. There
are several case reports of successful resuscitation of refractory
anaphylaxis involving extracorporeal membrane oxygenation or
operative cardiopulmonary bypass.>”*® The decision to initiate
extracorporeal membrane oxygenation can be difficult but should be
considered early in patients who are failing to respond to traditional
resuscitative measures and before irreversible ischemic acidosis
develops.

Summary Statement 15: Do not routinely administer antihista-
mines or corticosteroids instead of epinephrine. There is no
substitute for epinephrine in the treatment of anaphylaxis.
Administration of Hy and/or H, antihistamines and corticoste-
roids should be considered adjunctive therapy. (Strong Recom-
mendation; B Evidence)

Use of antihistamines in anaphylaxis is believed justified based
on their mechanism of action and effectiveness in other allergic
diseases, such as allergic rhinitis and allergic conjunctivitis. Many
clinical manifestations of anaphylaxis, including vasodilatation,
increased vascular permeability, bronchial smooth muscle
contraction, and increased airway secretions, are mediated by
histamine. However, there is no direct evidence to show that an-
tihistamines are effective in anaphylaxis.’® In fact, their onset of
action is not rapid enough to be useful in the acute management of
anaphylaxis. Therefore, epinephrine administration should not be
delayed in patients with anaphylaxis while the patient is observed
for a response to antihistamines. Antihistamines are never a sub-
stitute for epinephrine in the treatment of anaphylaxis. The rec-
ommended dose for diphenhydramine, an H; antagonist, by
intramuscular or by slow IV infusion is 25 to 50 mg in adults and 1
to 50 mg/kg 50 mg in children. Oral diphenhydramine and other
oral first- or second-generation Hy antihistamines also can be used.
H, antihistamines, such as cimetidine, at an IV dose of 4 mg/kg, are
used widely in anaphylaxis treatment. They are recommended as
second-line medications in the treatment of anaphylaxis in most
guidelines and other well-known references.

Corticosteroids also have a slow onset of action (4—6 hours) and
therefore, like antihistamines, are not effective in the acute man-
agement of anaphylaxis. There is no strong evidence that supports
the use of corticosteroids in the management of anaphylaxis.®®®!
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Moreover, there no definitive evidence to indicate that corticoste-
roids decrease the risk of biphasic reactions, although there is a
theoretical possibility, owing to their anti-inflammatory properties,
that they could decrease such reactions.® Dosing of corticosteroids
should be 1.0 to 2.0 mg/kg per dose of methylprednisolone or an
equivalent formulation. Oral doses of prednisone also can be
considered (1.0 mg/kg, up to 50 mg).

Patients allowed to leave the ED after complete resolution of
symptoms of anaphylaxis do not routinely need further treatment
with antihistamines or corticosteroids. There are no studies that
have evaluated the benefits of these medications after patients
leave the ED if their symptoms of anaphylaxis have resolved before
they leave the ED.

Summary Statement 16: Identify triggers of anaphylaxis and
consider obscure and less common triggers. (Moderate
Recommendation; C Evidence)

There are a myriad of triggers of anaphylaxis. The frequency of
specific triggers can vary with age.®*®* In pediatric patients, the
most common cause of anaphylaxis is food ingestion; in adults, the
cause of anaphylaxis is not identified approximately 25% of the
time.” In older adults, medications are the most common cause of
anaphylaxis, with antibiotics and nonsteroidal anti-inflammatory
drugs topping the list of possibilities.°#%> The most common
cause of drug-induced anaphylaxis is §-lactam antibiotics, although
recently there has been an increasing number of reports of
anaphylaxis or anaphylactoid reactions from biological mod-
ifiers.%6 68 Exercise, latex, and seminal fluid are other causes of
anaphylaxis that need to be considered, as do non-IgE—mediated
reactions such as to radiocontrast media.

Overall, foods, drugs, and stinging insect venom are the most
common causes of anaphylaxis. However, the actual food compo-
nent causing anaphylaxis might not be readily apparent, resulting
in the exact cause of anaphylaxis being missed. In 1 study, 47% of
patients with food allergy were not diagnosed with food allergy in
the ED.®° Less apparent triggers of anaphylaxis also should be
considered (eg, galactose and «; 3 galactose, a carbohydrate found
in mammalian meat), particularly in patients who present with
delayed anaphylaxis. The allergist-immunologist should play an
important role in identifying less readily apparent causes of
anaphylaxis at follow-up.

Summary Statement 17: Strongly consider observing patients
who have experienced anaphylaxis for at least 4 to 8 hours and
observe patients with a history of risk factors for severe
anaphylaxis (eg, asthma, previous biphasic reactions, or pro-
tracted anaphylaxis) for a longer period. (Moderate Recom-
mendation; C Evidence)

Admission rates for anaphylaxis vary widely from 7% to 41%,”%"!
being somewhat lower in pediatric patients.”>”> The decision to
admit should be based on symptom severity, response to treat-
ment, pattern of previous anaphylactic reactions (eg, a history of
protracted or biphasic reactions), medical comorbidities, patient
reliability, and access to medical care. If the patient is not being
admitted to the hospital, a period of observation should be strongly
considered in all patients diagnosed with anaphylaxis. Biphasic
reactions occur in up to 20% of patients who develop anaphylaxis
and could involve organ systems not affected in the initial reac-
tion.”*”> There is no evidence that systemic corticosteroids will
prevent biphasic reactions. Moreover, as serum epinephrine levels
wane, symptoms can recur.’® Expert consensus opinion has rec-
ommended that patients be observed for 4 to 8 hours. However, the
time of observation should be individualized based on the same
criteria used to determine the need for admission. In addition,

longer periods of observation should be considered for patients
who have a history of risk factors for more severe anaphylaxis.”’
Longer periods of observation should be considered in patients
who ingested the allergen, required more than 1 dose of
epinephrine, had hypotension or pharyngeal edema, or have a
history of asthma.

Summary Statement 18: Prescribe auto-injectable epinephrine
for patients who have experienced an anaphylactic reaction and
provide patients with an action plan instructing them on how
and when to administer epinephrine. (Moderate Recommen-
dation; C Evidence)

After leaving the ED, patients are at risk for reencountering the
allergen that triggered the anaphylactic reaction treated in the ED.
As noted under summary statement 16, biphasic reactions can
occur in up to 20% of patients who present with an anaphylactic
reaction. Therefore, patients need to be prepared for possible
recurrent anaphylaxis and should be given 2 auto-injectable
epinephrine devices to carry with them at all times. Children
weighing 15 to 30 kg can receive a 0.15-mg dose of epinephrine
from an auto-injector. Children weighing more than 30 kg and
adults can receive a 0.3-mg dose of epinephrine from an auto-
injector. Recognize that 0.01 mg/kg, the recommended dose,
cannot be exactly administered using the available auto-injector
doses, so some judgment is required.

Studies have shown that up to 30% of patients who develop
anaphylaxis will have to administer more than 1 dose of epineph-
rine.””’® A large percentage of patients use epinephrine injectors
incorrectly and inadvertent injection of epinephrine into the digits
has increased significantly in the past decade.”” 8! Therefore, it is
essential that health care providers demonstrate for patients the
proper use of an epinephrine auto-injector and confirm patient
proficiency. Parents of food-allergic children were 4 to 5 times more
likely to effectively administer self-injectable epinephrine after a
practical demonstration.®? Patients and caregivers should be
instructed to administer epinephrine at the first sign of a general-
ized reaction or if the patient develops any manifestations that
have preceded the development of anaphylaxis. The allergist-
immunologist can play an important role in this educational pro-
cess during follow-up.

Summary Statement 19: Instruct patients who have experienced
anaphylaxis when discharged from the ED to see an allergist-
immunologist in a timely fashion. (Moderate Recommenda-
tion; C Evidence)

The cause of anaphylaxis is frequently unknown at the time of
discharge from the ED or at the time of admission to the hospital
(see Preface). Therefore, follow-up with a physician with expertise
in the diagnosis and management of anaphylaxis, such as an
allergist-immunologist, is extremely important.

Anaphylaxis might be the presentation of a mast cell disorder. In
a study of patients with a history of anaphylaxis after an insect
sting, approximately 8% were found to have an underlying mast cell
disease.®> Mast cell disorders are diverse and can have multiple
manifestations and complications affecting essentially every organ
system and ranging in severity from indolent cutaneous disorders
to rapidly fatal leukemia.

Allergists-immunologists can obtain a detailed history, coordi-
nate additional outpatient testing, provide additional allergen-
avoidance counseling, develop a detailed emergency action
plan for future reactions, provide the patient with medical identi-
fication jewelry, and reinforce the proper use of auto-injectable
epinephrine.



R.L. Campbell et al. / Ann Allergy Asthma Immunol 113 (2014) 599—608

References

[1

[2

[3

[4

[5

(6

(7

[8

[9

(10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]
(18]
[19]
[20]
(21]
[22]

(23]

[24]

[25]

[26]

[27]
(28]
[29]
(30]
[31]

(32]

Ross MP, Ferguson M, Street D, et al. Analysis of food-allergic and anaphy-
lactic events in the National Electronic Injury Surveillance System. J Allergy
Clin Immunol. 2008;121:166—-171.

Campbell RL, Hagan B, Manivannan V, et al. Evaluation of National Institute of
Allergy and Infection Disease/Food Allergy & Anaphylaxis Network criteria for
the diagnosis of anaphylaxis in emergency department patients. J Allergy Clin
Immunol. 2012;129:748—752 (IIb).

Klein ]S, Yocum MW. Under-reporting of anaphylaxis in a community
emergency room. J Allergy Clin Immunol. 1995;95:637—638.

Clark S, Long AA, Gaeta TJ, Camargo CA. Multicenter study of emergency
department visits for insect sting allergies. J Allergy Clin Immunol. 2005;116:
643—-649 (IIb).

Mehl A, Wahn U, Niggemann B. Anaphylactic reactions in children—a ques-
tionnaire-based survey in Germany. Allergy. 2005;60:1440—1445.

Campbell RL, Luke A, Weaver AL, et al. Prescriptions for self-injectable
epinephrine and follow-up referral in emergency department patients
presenting with anaphylaxis. Ann Allergy Asthma Immunol. 2008;101:
631-636.

Huang F, Chawla K, Jarvinen KM, Nowak-Wegrzyn A. Anaphylaxis in a New
York City pediatric emergency department: triggers, treatments, and out-
comes. J Allergy Clin Immunol. 2012;129:162—168.

Manivannan V, Decker WW, Stead LG, et al. National Institute of Allergy and
Infectious Disease and Food Allergy and Anaphylaxis Network criteria for
anaphylaxis. Int ] Emerg Med. 2009;2:3—5.

Sampson HA, Munoz-Furlong A, Campbell RL, et al. Second Symposium on the
definition and management of anaphylaxis: summary report—Second NIAID/
Food Allergy and Anaphylaxis Network Symposia. | Allergy Clin Immunol.
2006;117:391-397 (IV).

Confino-Cohen R, Goldberg A. Allergen immunotherapy-induced biphasic
systemic reactions: incidence, characteristics and outcome: a prospective
study. Ann Allergy Asthma Immunol. 2010;104:73—78 (III).

Humphrey RS. Lessons for management of anaphylaxis from a study of fatal
reactions. Clin Exp Allergy. 2000;30:1144—1150 (III).

Greenberger P, Rotskoff BD, Lifschvitz B. Fatal anaphylaxis: post-mortem
findings and associated comorbid diseases. Ann Allergy Asthma Immunol.
2007;98:252-257 (III).

Gelineik A, eemirurk M, Zilmaz E, et al. Anaphylaxis in a tertiary adult allergy
clinic: a retrospective review of 516 patients. Ann Allergy Immunol. 2013;110:
96—100 (III).

Humphrey RS. Fatal posture in anaphylactic shock. J Allergy Clin Immunol.
2003;112:451-452 (1V).

Bridges N, Jarquin-Valdivia AA. Use of Trendelenburg as the resuscitative
position: to T or not to T? Am J Crit Care. 2005;14:364—368 (IV).

Simons FE, Schatz M. Anaphylaxis during pregnancy. J Allergy Clin Immunol.
2012;130:597—-606 (1V).

Lin RY, Schwartz LB, Corry A, et al. Histamine and tryptase levels in patients
with acute allergic reactions: an emergency department-based study. J Allergy
Clin Immunol. 2000;106:65—71 (III).

WangJ, Sampson HA. Food anaphylaxis. Clin Exp Allergy.2007;37:651—-660 (IV).
Brown SG, Blackman KE, Heddie R]. Can serum mast cell tryptase help di-
agnose anaphylaxis? Emerg Med Australas. 2004;16:120—124 (III).

Schwartz LB. Diagnostic value of tryptase in anaphylaxis and mastocytosis.
Immunol Allergy Clin North Am. 2006;26:451—463 (IV).

Humphrey RS. Fatal anaphylaxis in the UK: 1992—2001. Novartis Found Symp.
2004;257:116—128 (1V).

Yunginger JW, Nelson DR, Squillace DL, et al. Laboratory investigation of
deaths due to anaphylaxis. | Forensic Sci. 1991;36:857—865 (IIb).

Bock SA, Monoz-Furlong A, Sampson HA. Further fatalities caused by
anaphylactic reactions to food: 2001-2006. J Allergy Clin Immunol. 2007;119:
1016—1018 (II).

Gonzalez-Perez A, Adonte Z, Vidaurre CF, Rodriquez LA. Anaphylaxis epide-
miology in patients with and patients without asthma: a United Kingdom
database review. J Allergy Clin Immunol. 2010;125:1098—1104 (III).

Iribarren C, Tolstykh IV, Miller MK, Eisner MD. Asthma and the prospective rise
of anaphylactic shock and other allergic diagnoses in a large integrated health
care delivery system. Ann Allergy Asthma Immunol. 2010;104:371—377 (III).
Simon FE. World Allergy Organization survey on global availability of es-
sentials for the assessment and management of anaphylaxis by allergy-
immunology specialists in health care settings. Ann Allergy Asthma Immunol.
2010;104:405—412 (1V).

Liew WK, Williamson E, Tang ML. Anaphylaxis fatalities and admissions in
Australia. J Allergy Clin Immunol.. 2009;123:434—442.

Simons FE, Roberts JR, Gu X, Simons KJ. Epinephrine absorption in children
with a history of anaphylaxis. J Allergy Clin Immunol. 1998;101:33—37 (Ib).
Simons FE, Gu X, Simons K]. Epinephrine absorption in adults: intramuscular
subcutaneous injection. J Allergy Clin Immunol. 2001;108:871—876 (Ib).
Simons FE. First aid treatment of anaphylaxis to food: focus on epinephrine.
J Allergy Clin Immunol. 2004;113:837—844 (IV).

Clark S, Bock SA, Gaeta TJ, et al. Multicenter Study of emergency department
visits for food allergies. J Allergy Clin Immunol. 2004;113:347—352 (IIb).
Lieberman P, Nicklas RA, Oppenheimer J, et al. The diagnosis and manage-
ment of anaphylaxis—practice parameter: 2010 update. J Allergy Clin Immu-
nol. 2010;126:477 (1V).

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]
[55]
[56]

[57]

[58]
[59]

[60]
[61]

[62]
[63]

[64]

[65]

607

Brown SG, Blackman KE, Stenlake V, et al. Insect sting anaphylaxis: pro-
spective evaluation of treatment with intravenous adrenalin and volume
resuscitation. Emerg Med J. 2004;21:149—154 (IIb).

Karch SB. Coronary artery spasm induced by intravenous epinephrine over-
dose. Am ] Emerg Med. 1989;7:485—488 (IV).

Manivannan V, Cambell RL, Bellollo MF, et al. Factors associated with repeated
use of epinephrine for the treatment of anaphylaxis. Mayo Clin Proc. 2009;
103:395—-400 (IIb).

Kanwar M, Irwin CB, Frank JJ, et al. Confusion about epinephrine dosage
leading to iatrogenic overdose: a life-threatening problem with a potential
solution. Ann Emerg Med. 2010;55:341—344 (IV).

Soar J, Humphrey R, Cant A, et al. Emergency treatment of anaphylactic
reactions—guidelines for health care providers. Resuscitation. 2008;77:
157—-169 (1V).

Paxton JH, Knuth TE, Klaussen HA. Proximal humerus intraosseous infusion: a
preferred emergency venous access. | Trauma. 2009;67:606—611 (III).
Reades JH, Studnek JR, Vandeventer S, Garrett ]. Intraosseous versus intra-
venous vascular access during out-of-hospital cardiac arrest: a randomized
controlled trial. Ann Emerg Med. 2011;58:509—516 (Ib).

Buck ML, Wiggins BS, Sester JM. Intraosseous drug administration in children
and adults during cardiopulmonary resuscitation. Ann Pharmacother. 2007;
41:1679—-1686 (1V).

Von Hoff DD, Kuhn ]G, Burns HA, Miller Lj. Does intraosseous equal intrave-
nous? A pharmacokinetic study. Am J Emerg Med. 2008;26:31—38 (Ib).
Hoskins SL, do Nascimento P, Lima RM, et al. Pharmacokinetics of intra-
osseous and central venous drug delivery during cardiopulmonary resusci-
tation. Resuscitation. 2012;83:107—112 (III).

Neumar RW, Otto CW, Link MS, et al. Part 8: adult advanced cardiovascular
life support: 2010 American Heart Association guidelines for cardiopulmo-
nary resuscitation and emergency cardiovascular care. Circulation. 2010;
122(suppl 3):5729-S767 (1V).

Yilmaz R, Yuksekbas O, Erkol Z, et al. Postmortem findings after anaphylactic
reactions to drugs in Turkey. Am J Forensic Med Pathol. 2009;30:346—349 (III).
Levitan RM, Everett WW, Ochroch EA. Limitation of difficult airway prediction
in patients intubated in the emergency department. Ann Emerg Med. 2004;44:
307-313 (lII).

Levitan RM, Mechem CC, Ochroch EA, et al. Head elevated laryngoscopy po-
sition: improving laryngeal exposure during laryngoscopy by elevating head
position. Ann Emerg Med. 2003;41:322—327 (III).

Collins JS, Lemmens H]J, Brodsky JB, et al. Laryngoscopy & morbid obesity: a
comparison of the “shiff” and “ramped” positions. Obes Surg. 2004;14:
1171-1175 (Ib).

Ledwith C, Shea L, Mauro R. Safety and efficacy of nebulized racemic
epinephrine in conjunction with dexamethasone and mist in the outpatient
treatment of croup. Ann Emerg Med. 1995;25:331—-335 (III).

Peltz S, Bateman HE, Reyes R, Oppenheimer ], Bielory L. Hypodermic
epinephrine spray and uvular angioedema revisited. J Allergy Clin Immunol.
1996;97:717—-718 (1V).

Schummer W, Schummer C, Wippermann J, Fuchs J. Anaphylactic shock: is
vasopressin the drug of choice? Anesthesiology. 2004;101:1025—1027 (1II).
Schummer C, Wirsing M, Schummer W. The pivotal role of vasopressin in
refractory anaphylactic shock. Anesth Analg. 2008;107:620—624 (III).
Thomas M, Crawford I. Best evidence topic report. Glucagon infusion in re-
fractory anaphylactic shock in patients on beta blockers. Emerg Med J. 2005;
22:272-273 (IV).

Lang D, Alpern MB, Visintainer PF, Smith ST. Elevated risk of anaphylactoid
reaction from radiographic contrast media is associated with both beta
blocker exposure and cardiovascular disorders. Arch Intern Med. 1993;153:
2033—2040 (111).

Toogood JH. Beta blocker therapy and the risk of anaphylaxis. CMAJ. 1987;
137:587—-588 (1V).

Sherman MS, Lazar EJ, Eichacker P. A bronchodilator action of glucagon.
J Allergy Clin Immunol. 1988;81:908—911 (Ib).

Pollack CV. Utility of glucagon in the emergency department. ] Emerg Med.
1993;11:195-205 (1V).

Lafforgue E, Sleth JC, Pluskwa F, Salzy C. [Successful extracorporeal resusci-
tation of a probable perioperative anaphylactic shock due to atracurium]. Ann
Fr Anesth Reanim. 2005;24:551—555 (III).

Allen S, Gallagher A, Paxton LD. Anaphylaxis to rocuronium. Anaesthesia.
2000;55:1223—-1224 (11I).

Sheikh A, Ten Brock V, Brown SG, Simons FER. H1 Antihistamine in the
treatment of anaphylaxis. Cochrane Database Syst Rev. 2007;62:830—837 (IV).
Lieberman P. Anaphylaxis. Med Clin North Am. 2006;90:77—95 (IV).

Choo K], Simons FER, Sheikh A. Glucocorticoids for the treatment of
anaphylaxis: Cochrane systemic review. Allergy. 2010;65:1205—1211 (Ia).
Lieberman P. Biphasic anaphylactic reactions. Ann Allergy Asthma Immunol.
2005;95:217-226 (III).

Alves B, Sheikh A. Age specific aetiology of anaphylaxis. Arch Dis Child. 2001;
85:348 (III).

Rudders SA, Banerji A, Clark S, Camargo CA. Age-related differences in the
clinical presentation of food-induced anaphylaxis. J Pediatr. 2011;158:
326—-328 (II).

Campbell RL, Hagen ]JB, Li JT, et al. Anaphylaxis in emergency department
patients 50 or 65 years or older. Ann Allergy Asthma Immunol. 2011;106:
401—406 (111).


http://refhub.elsevier.com/S1081-1206(14)00743-1/sref1
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref1
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref1
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref1
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref2
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref2
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref2
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref2
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref2
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10p
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10p
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10p
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref4
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref4
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref4
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref4
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10u
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10u
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10u
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10u
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10g
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10g
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10g
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10g
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10g
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10n
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10n
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10n
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10n
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10n
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10m
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10m
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10m
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10m
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref9
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref10
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref11
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref11
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref11
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref12
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref12
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref12
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref12
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref13
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref13
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref13
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref13
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref14
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref14
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref14
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref15
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref15
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref15
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref16
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref16
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref16
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref17
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref17
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref17
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref17
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref18
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref18
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref19
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref19
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref19
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref20
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref20
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref20
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref21
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref21
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref21
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref21
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref22
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref22
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref22
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref23
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref23
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref23
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref23
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref23
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref24
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref24
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref24
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref24
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref25
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref25
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref25
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref25
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26j
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26j
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref26j
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref28
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref28
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref28
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref29
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref29
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref29
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref30
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref30
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref30
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref31
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref31
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref31
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref32
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref32
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref32
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref32
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref33
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref33
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref33
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref33
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref34
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref34
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref34
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref35
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref35
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref35
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref35
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref36
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref36
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref36
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref36
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref37
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref37
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref37
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref37
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref37
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref38
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref38
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref38
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref39
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref39
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref39
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref39
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref40
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref40
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref40
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref40
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref41
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref41
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref41
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref42
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref42
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref42
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref42
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref43
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref43
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref43
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref43
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref43
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref44
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref44
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref44
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref45
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref45
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref45
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref45
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref46
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref46
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref46
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref46
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref47
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref47
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref47
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref47
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref48
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref48
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref48
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref48
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref49
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref49
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref49
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref49
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref50
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref50
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref50
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref51
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref51
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref51
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref52
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref52
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref52
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref52
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref53
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref53
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref53
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref53
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref53
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref54
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref54
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref54
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref55
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref55
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref55
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref56
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref56
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref56
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref57
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref57
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref57
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref57
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref58
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref58
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref58
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref59
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref59
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref59
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref60
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref60
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref61
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref61
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref61
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref62
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref62
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref62
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref63
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref63
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref64
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref64
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref64
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref64
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref65
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref65
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref65
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref65

608

[66]

(67]

(68]

[69]

[70]

[71]

[72]
[73]
[74]

[75]

R.L. Campbell et al. / Ann Allergy Asthma Immunol 113 (2014) 599—608

Chung CH, Mirakhur B, Chan E, et al. Cetuximab-induced anaphylaxis and IgE
specific for galactose alpha-1,3-galactose. N Engl ] Med. 2008;358:1109—1117 (IIb).
Cox L, Platts-Mills TA, Finegold I, et al. AAAAI/ACAAI Joint Task Force Report
on omalizumab-associated anaphylaxis. J Allergy Clin Immmunol. 2007;120:
1373—1377 (IV).

Campi P, Benucci M, Manfredi M, Demoly P. Hypersensitivity reactions to
biological agents with special emphasis on tumor necrosis factor-alpha an-
tagonists. Curr Opin Allergy Clin Immunol. 2007;7:393—403 (IV).

Clark S, Gaeta TJ, Kamarthi GS, Camargo CA. ICD-9-CM Coding of emergency
department visits for food and insect sting allergy. Ann Epidemiol. 2006;16:
696—700 (III).

Brown AF, McKinnon D, Chu K. Emergency department anaphylaxis: a review
of 142 patients in a single year. ] Allergy Clin Immunol. 2001;108:861—866 (III).
Smit DV, Cameron PA, Rainer TH. Anaphylaxis presentation to an emergency
department in Hong Kong: incidence & predictors of biphasic reactions.
J Emerg Med. 2005;28:381—388 (I1I).

Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal anaphylactic reactions
to food in children and adolescents. N Engl ] Med. 1992;327:380—384 (III).

Lee JM, Greenes DS. Biphasic anaphylactic reactions in pediatrics. Pediatrics.
2000;196:762—766 (III).

Stark BJ, Sullivan TJ. Biphasic and protracted anaphylaxis. J Allergy Clin
Immunol. 1986;78:76—83 (IIb).

Douglas DM, Sukenick E, Andrade WP, Brown JS. Biphasic systemic anaphylaxis:
an inpatient and outpatient study. ] Allergy Clin Immunol. 1994;93:977—985 (III).

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

Brady WJ, Luber S, Carter CT, et al. Multiphasic anaphylaxis: an uncommon
event in the emergency department. Acad Emerg Med. 1997;4:193—-197
().

Jarvinen KM, Sicherer SH, Sampson HA, Nowak-Wegrzyn A. Use of multiple
doses of epinephrine in food-induced anaphylaxis in children. J Allergy Clin
Immunol. 2008;122:133—138 (III).

Oren E, Banerji A, Clark S, Camargo CA. Food-induced anaphylaxis and
repeated epinephrine treatments. Ann Allergy Asthma Immunol. 2007;99:
329-332 (II).

Simons FE, Edwards ES, Read EJ, et al. Voluntary reported unintentional in-
jections from epinephrine auto-injectors. J Allergy Clin Immunol. 2010;125:
419—423 (III).

Simons FE, Lieberman PL, Read EJ, Edwards ES. Hazards of unintentional
insertion of epinephrine from autoinjectors: a systemic review. Ann Allergy
Asthma Immunol. 2009;102:282—287 (III).

Sicherer SH, Foreman JA, Noone SA. Use assessment of self-administered
epinephrine among food-allergic children and pediatricians. Pediatrics.
2000;105:359—-362 (III).

Arkwright PD, Farragher AJ. Factors determining the ability of parents to
effectively administer intramuscular adrenalin to food allergic children.
Pediatr Allergy Immunol. 2006;17:227—229 (III).

Bonnadonna P, Perbellini O, Passalaqua G, et al. Clonal mast cell disorders in
patients with systemic reactions to hymenoptera stings and increased serum
tryptase levels. J Allergy Clin Immunol. 2009;123:688—692 (III).


http://refhub.elsevier.com/S1081-1206(14)00743-1/sref66
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref66
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref66
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref67
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref67
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref67
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref67
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref68
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref68
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref68
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref68
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref69
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref69
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref69
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref69
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref70
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref70
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref70
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref71
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref71
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref71
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref71
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref72
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref72
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref72
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref73
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref73
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref73
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref74
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref74
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref74
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref75
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref75
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref75
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref76
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref76
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref76
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref76
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref77
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref77
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref77
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref77
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref78
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref78
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref78
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref78
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref79
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref79
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref79
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref79
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref80
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref80
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref80
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref80
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref81
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref81
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref81
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref81
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref82
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref82
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref82
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref82
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref83
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref83
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref83
http://refhub.elsevier.com/S1081-1206(14)00743-1/sref83

	Emergency department diagnosis and treatment of anaphylaxis: a practice parameter
	Classification of recommendations and evidence
	Recommendation rating scale
	Category of evidence
	Strength of recommendation*

	Emergency department diagnosis and management of anaphylaxis: a practice parameter
	The Joint Task Force on Practice Parameters
	Protocol for finding evidence

	Preface
	Compilation of summary statements
	ED diagnosis and management of anaphylaxis: a practice parameter
	References




