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Joint Council of Allergy, Asthma and Immunology.
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for establishing ‘‘The Diagnosis and Management of
Anaphylaxis Practice Parameter: 2010 Update.’’ This is a
complete and comprehensive document at the current time. The
medical environment is a changing environment, and not all
recommendations will be appropriate for all patients. Because
this document incorporated the efforts of many participants, no
single individual, including those who served on the Joint Task
Force, is authorized to provide an official AAAAI or ACAAI
interpretation of these practice parameters. Any request for
information about or an interpretation of these practice
parameters by the AAAAI or ACAAI should be directed to the
Executive Offices of the AAAAI, the ACAAI, or the Joint
Council of Allergy, Asthma and Immunology. These parameters
are not designed for use by pharmaceutical companies in drug
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To read the Practice Parameter in its entirety, please download
the online version of this article from www.jacionline.org. The full
document follows the Executive Summary.

EXECUTIVE SUMMARY
Evaluation and management of the patient with a
history of episodes of anaphylaxis
The history is the most important tool to determine whether a
patient has had anaphylaxis and the cause of the episode (C).
A thorough differential diagnosis should be considered, and other
conditions should be ruled out (C). Laboratory tests can be helpful
to confirm a diagnosis of anaphylaxis or rule out other causes.
Proper timing of such tests (eg, serum tryptase) is essential (B). In
the management of a patient with a previous episode of anaphylaxis, education is necessary. Emphasis on early treatment,
specifically the self-administration of epinephrine, is essential
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Abbreviation used
NLR: Natural rubber latex

(C). The patient can be instructed to wear and/or carry identification denoting the condition (eg, MedicAlert bracelet; MedicAlert Foundation of the United States, Turlock, Calif) and can also
be instructed to have telephone numbers for paramedic rescue
squads and ambulance services on hand. A written action plan
can be helpful in this regard (C).

Office management of anaphylaxis
Anaphylaxis is an acute, life-threatening systemic reaction with
varied mechanisms, clinical presentations, and severity that results
from the sudden systemic release of mediators from mast cells and
basophils. (B) The more rapidly anaphylaxis develops, the more
likely the reaction is to be severe and potentially life-threatening.
(C) Prompt recognition of signs and symptoms of anaphylaxis is
crucial. If there is any doubt, it is generally better to administer
epinephrine. (C) Epinephrine and oxygen are the most important
therapeutic agents administered in anaphylaxis. Epinephrine is the
drug of choice, and the appropriate dose should be administered
promptly at the onset of apparent anaphylaxis. (C) Appropriate
volume replacement either with colloid or crystalloids and rapid
transport to the hospital are essential for patients who are unstable or
refractory to initial therapy for anaphylaxis in the office setting. (B)
Medical facilities should have an established plan of action to deal
with anaphylaxis that is regularly practiced and the appropriate
equipment to treat anaphylaxis. (B) Physicians and office staff
should maintain clinical proficiency in anaphylaxis management.
(D) In addition, telephone numbers for paramedical rescue squads
and ambulance services might be helpful to have on hand. (C)
SPECIFIC TRIGGERS/SETTING FOR ANAPHYLAXIS
Anaphylaxis to foods
Food is the most common cause of anaphylaxis in the outpatient
setting, and food allergens account for 30% of fatal cases of
anaphylaxis. (D) The most commonly implicated foods responsible
for food-induced anaphylaxis include peanuts, tree nuts, fish,
shellfish, cow’s milk, soy, and egg. In addition, sesame seed has
recently been identified as a significant cause of food-induced
anaphylaxis. (C) Common themes associated with fatal food
anaphylaxis include the following: reactions commonly involve
peanuts and tree nuts; cutaneous and respiratory symptoms are
frequently observed; victims are typically teenagers and young
adults; patients have a previous history of food allergy and asthma;
and there is a failure to administer epinephrine promptly. (C) As is
the case of anaphylaxis following other agents, asthma is a risk factor
for more severe food-induced anaphylaxis. (C) Biphasic anaphylactic reactions can occur in up to 25% of fatal and near-fatal food
reactions. (C) Serum tryptase measurements may not be elevated
in cases of food-induced anaphylaxis. (C) The rapid use of injectable
epinephrine has been shown to be effective in the initial management
of food-induced anaphylaxis, but subsequent doses may be needed.
(C) Patients who experience anaphylaxis should be observed for longer periods if they have experienced food-induced anaphylaxis. (C)
Food-dependent, exercise-induced anaphylaxis is a unique clinical
syndrome in which anaphylaxis occurs within a few hours of specific
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food ingestion or any meal, and exercise. (C) Patients with food
allergy should pay close attention to food advisory labeling
(eg, ‘‘may contain’’), which has become more prevalent. (C)

Natural rubber latex–induced anaphylaxis
There are 3 groups at high risk of reaction to latex: health care
workers, children with spina bifida and genitourinary abnormalities,
and workers with occupational exposure to latex. (C) In vitro assays
for IgE to natural rubber latex (NRL) are typically recommended as
a first step in evaluating latex sensitivity. However, because of their
suboptimal diagnostic predictive value, positive and negative results
must be interpreted on the basis of the history. If the test is positive
with a high clinical likelihood, latex sensitivity would be reasonable
to pursue. In contrast, if the test is negative with a high clinical likelihood, latex sensitivity still must be considered. (C) A standardized
commercial skin test reagent for NRL is not available in the United
States. Allergists have prepared NRL extracts from gloves to use for
clinical testing. It should be noted, however, that such extracts prepared from gloves demonstrate tremendous variability in the content
of NRL allergen. Nevertheless, skin prick tests with NRL extract to
identify IgE-mediated sensitivity should be considered if patients
are members of high-risk groups or have a clinical likelihood of
NRL allergy and have negative in vitro tests. (C) Patients with spina
bifida (regardless of a history of NRL allergy) and patients with a
positive history of NRL allergy ideally should have all medicalsurgical-dental procedures performed in a NRL-safe environment.
(D) A NRL-safe environment is an environment in which no NRL
gloves are used in the room or surgical suite and there are limited
NRL accessories (catheters, adhesives, tourniquets, and anesthesia
equipment or devices) that come in contact with the patient. (D)
In health care settings, general use of NRL gloves with negligible allergen content, powder-free NRL gloves, and nonlatex gloves and
medical articles should be considered in an effort to minimize patient exposure to latex. Such an approach can minimize NRL sensitization of health care workers and patients and reduce the risk of
reactions to NRL in previously sensitized individuals. (D) Patients
with a diagnosis of NRL allergy by history and/or skin testing can
wear a medical identification bracelet, carry a medical identification
card, or both. If patients have a history of anaphylaxis to NRL, it is
important for them to carry autoinjectable epinephrine. (D)
Anaphylaxis during general anesthesia, the
intraoperative period, and the postoperative period
The incidence of anaphylaxis during anesthesia has been
reported to range from 1 in 4000 to 1 in 25,000. Anaphylaxis
during anesthesia can present as cardiovascular collapse, airway
obstruction, and/or skin manifestation. (C) It can be difficult to
differentiate between immune and nonimmune mast cell–mediated reactions and pharmacologic effects from the variety of
medications administered during general anesthesia. In addition,
cutaneous manifestations of anaphylaxis are less likely to be
apparent when anaphylaxis occurs in this setting. (B) The
evaluation of IgE-mediated reactions to medications used during
anesthesia can include skin testing to a variety of anesthetic
agents. (B) Specifically, thiopental allergy has been documented
by skin tests. (B) Neuromuscular blocking agents such as
succinylcholine can cause nonimmunologic histamine release,
but there have also been reports of IgE-mediated reactions in
some patients. (B) Reactions to opioid analgesics are usually
caused by direct mast cell mediator release rather than IgE-
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dependent mechanisms. (B) Antibiotics that are administered
perioperatively can cause immunologic or nonimmunologic
reactions. (B) Protamine can cause severe systemic reactions
through IgE-mediated or nonimmunologic mechanisms. (B)
Blood transfusions can elicit a variety of systemic reactions,
some of which might be IgE-mediated or mediated through other
immunologic mechanisms. (B) Methylmethacrylate (bone cement) has been associated with hypotension and various systemic
reactions, although no IgE mechanism has been documented. (C)
The management of anaphylactic reactions that occur during
general anesthesia is similar to the management of anaphylaxis in
other situations. (B)

Seminal fluid–induced anaphylaxis
Coital anaphylaxis caused by human seminal fluid has been
shown to be a result of IgE-mediated sensitization to seminal
plasma proteins of varying molecular weight. (C) Postcoital local
reactions to human seminal plasma are probably IgE-mediated on
the basis of the successful response to rapid seminal plasma
desensitization. (C) A history of atopic disease is the most
consistent risk factor for seminal fluid–induced anaphylaxis. (C)
The diagnosis of seminal plasma anaphylaxis may be confirmed
by skin testing with fresh whole human seminal plasma or its
fractions obtained from the male partner. It is essential to exclude
other underlying causes such as allergens in natural rubber latex
condoms or in drugs or foods passively transferred via seminal
plasma. (D) Greater than 90% of the allergenic proteins range
between 12 and 75 kd. Prostate-specific antigen has been demonstrated to be a relevant allergen in some cases. (C) Systemic and
localized reactions to seminal plasma can be prevented by correct
use of condoms. Nevertheless, in the event of barrier failure,
sexual partners should be prepared to treat acute anaphylaxis. (C)
Subcutaneous immunotherapy to properly prepared fractions of
seminal plasma collected from male partners has been successful
in preventing anaphylaxis to seminal plasma. (C) Successful
intravaginal graded challenge with whole seminal plasma of the
male partner has been reported in a few cases, but the duration of
protection is unknown. This treatment approach is advocated
before pursuing desensitization using relevant seminal plasma
protein fractions. (C) Patients with seminal plasma allergy may be
able to conceive without undergoing desensitization, by artificial
insemination with washed spermatozoa. (C)
Exercise-induced anaphylaxis
Exercise-induced anaphylaxis is a heterogeneous form of
anaphylaxis in which exercise is the immediate trigger for the
development of symptoms. Typical symptoms include extreme
fatigue, warmth, flushing, pruritus, and urticaria, occasionally
progressing to angioedema, wheezing, upper airway obstruction,
and collapse. (A) The pathophysiologic events during exercise
that precipitate symptoms are not known, although promising
lines of research exist. (C) Some patients experience symptoms
only if other contributing factors or cotriggers are present in
association with exercise. These cotriggers include ingestion of
specific foods—or in some patients, ingestion of any food—
nonsteroidal anti-inflammatory drugs, and high pollen levels. (C)
The clinical history should focus on identification of these
possible cotriggers. Evaluation for sensitization to food allergens,
particularly grains and seafood, can be performed. The diagnosis
is usually made on the basis of the history and exclusion of other
disorders. Exercise challenge testing does not consistently
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reproduce symptoms. (C) All patients with exercise-induced
anaphylaxis must be advised to stop exercising immediately at the
first sign of symptoms because continued exertion causes the
attacks to worsen. In addition, all patients should carry epinephrine autoinjectors and exercise with a partner who can recognize
symptoms and administer epinephrine if necessary. (D) Prophylactic medications are not effective for preventing attacks in the
majority of patients, although a small subset does appear to
benefit from daily administration of H1 antihistamines. (D) The
prognosis of patients with exercise-induced anaphylaxis is generally favorable, although at least 1 fatality has been reported.
Most patients experience fewer and less severe attacks over time.
It is unclear whether this is the result of trigger avoidance or a
change in the underlying condition. (C)

Idiopathic anaphylaxis
The symptoms of idiopathic anaphylaxis are identical to those
of episodes related to known causes. (C) Patients with idiopathic
anaphylaxis should receive an intensive evaluation, including a
meticulous history to rule out a definite cause of the events. (C)
There might be a need for specific laboratory studies to exclude
systemic disorders such as indolent systemic mastocytosis. This
might include a measurement of serum tryptase when the patient
is asymptomatic, measurement of total tryptase during or within 4
hours of an acute episode, and the ratio of mature (b) tryptase to
total tryptase during an episode. To exclude hereditary angioedema or acquired C1 inhibitor deficiency, a C4 concentration can
be obtained because it will be reduced during or in the absence of
severe angioedema in those conditions but normal in idiopathic
anaphylaxis. (C) There might be a need for selective skin testing
for detection of antifood IgE antibodies when foods have been
ingested within 2 hours of the onset of an episode. (C) Empiric use
of oral corticosteroids combined with H1 antagonists has been
demonstrated to reduce the frequency/severity of episodes. (C)
Patients with idiopathic anaphylaxis should carry epinephrine,
should know the indications for self-administration, and can carry
information denoting their condition. (C)
Anaphylaxis and allergen immunotherapy
There is a small risk of near-fatal and fatal anaphylactic
reactions to allergen immunotherapy. (C) Patients with asthma,
particularly if poorly controlled, are at higher risk for serious
potentially life-threatening anaphylaxis to allergen immunotherapy injections. (C) There is concern that patients taking badrenergic blocking agents may be at an increased risk of having a
systemic reaction to allergen immunotherapy injections that is
difficult to treat. (B) Allergen immunotherapy vaccines should be
administered only by health care professionals trained in the
recognition and treatment of anaphylaxis, only in health care
facilities with the proper equipment for the treatment of anaphylaxis, and in clinics with policies and procedures that minimize
the risk of anaphylaxis. (D)
Anaphylaxis to drugs and biological modifiers
Low-molecular-weight medications induce an IgE-mediated
reaction only after combining with a carrier protein to produce a
complete multivalent antigen. (B) Penicillin is the most common
cause of drug-induced anaphylaxis. (C) Penicillin spontaneously
degrades to major and minor antigenic determinants, both of
which should be included in skin testing for penicillin hypersensitivity. (B) The negative predictive value of penicillin skin testing

480 LIEBERMAN ET AL

with both major and minor determinants (for immediate-type
reactions) is between 97% and 99% (depending on the reagents
used), and the positive predictive value is at least 50%. (B) The
extent of allergic cross-reactivity between penicillin and cephalosporins is unknown but appears to be low. Four percent of
patients proven to have penicillin allergy by means of penicillin
skin testing react to cephalosporin challenges. (C) Patients with a
history of penicillin allergy who have negative penicillin skin test
responses can safely receive cephalosporins. (B) Patients who
need to receive a cephalosporin and who have a history of
penicillin allergy and a positive penicillin skin test response can
(1) receive an alternate (non–b-lactam) antibiotic, (2) receive a
cephalosporin through graded challenge, or (3) receive a cephalosporin through rapid desensitization. (C) Aztreonam does not
cross-react with other b-lactams, except ceftazidime, with which
it shares a common R-group side chain. (B) The degree of crossreactivity between penicillin and carbapenems appears to be low.
(C) Diagnosis of IgE-mediated reactions to non–b-lactam antibiotics is limited by a lack of knowledge of the relevant allergenic
determinants and/or metabolites. (C) Aspirin and nonsteroidal
anti-inflammatory drugs are the second most common cause of
drug-induced anaphylaxis. (C) Anaphylactic reactions to aspirin
and other nonsteroidal anti-inflammatory drugs appear to be
medication-specific. (D)
Anaphylactic reactions to omalizumab have occurred, and
postmarketing data indicate that there is an incidence of approximately 0.2% in treated patients. These reactions have been
unusual in that they can be delayed in onset and progressive. (C)
On the basis of the fact that anaphylactic reactions to omalizumab
can be delayed, an observation period of 2 hours for the first 3
injections and 30 minutes for subsequent injections is indicated.
(D) All patients receiving omalizumab should be prescribed an
automatic epinephrine injector and instructed in its use. Physicians should ensure that patients have such an injector with them
at the time of the visits to the office for injection. (D)
A preassessment (before the injection of omalizumab) of the
patient’s current health status should be made. This should
include vital signs, an assessment of asthma control, and a
measurement of lung function. (D)

Insect sting anaphylaxis
Anaphylaxis to insect stings has occurred in 3% of adults and
1% of children who have been stung and can be fatal even on the
first reaction. (B) Cutaneous systemic reactions are more common
in children, hypotensive shock is more common in adults, and
respiratory complaints occur equally in all age groups. (B) The
chance of a systemic reaction to a sting is low (5% to 10%) in
patients who have large local reactions and in children with mild
(cutaneous) systemic reactions. (A) Recurrence rates of reactions
in adults vary between 25% and 70% depending on the severity of
the previous systemic sting reaction. (A)
Venom skin tests are most accurate for diagnosis, but in vitro
testing is an important complementary test. (A) The degree of
sensitivity on skin or in vitro tests does not reliably predict the severity of a sting reaction. (B) Because asymptomatic venom sensitization can be detected in up to 25% of adults, diagnosis cannot
be made on skin testing alone; the history is essential. (C) Patients
discharged from emergency care for anaphylaxis should be given
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autoinjectable epinephrine, receive instruction in its proper use
and indications for use, and be advised to set up an appointment
with an allergist-immunologist. Patients should understand, however, that using autoinjectable epinephrine is not a substitute for
emergency medical attention. (A) Venom immunotherapy should
be recommended for patients with systemic sensitivity to stinging
insects because this treatment is highly (90% to 98%) effective.
(B) Most patients can discontinue venom immunotherapy after
5 years with low residual risk (<10%) of a severe sting reaction.
(A) There is a need to develop tests that are (1) markers of susceptibility and can serve as screening tests to identify patients at high
risk of sting anaphylaxis, and (2) markers of tolerance induction
to identify patients who can safely discontinue venom immunotherapy. (D) In a retrospective study of patients experiencing anaphylaxis from hymenoptera venom, Angiotensin Converting
Enzyme (ACE) inhibitor exposure was associated with a statistically significant increase in risk for more severe anaphylaxis
(odds ratio, 5 2.27; 95% CI, 1.13-4.56; P 5 .019). For patients
who require an ACE inhibitor for an indication for which there
is no equally effective alternative available, a management decision by the physician prescribing venom immunotherapy should
be approached cautiously on an individualized risk-benefit basis.

Prevention of anaphylaxis
While atopy may be a risk factor for seminal fluid anaphylaxis,
venom-induced and latex-induced anaphylaxis, and possibly
anaphylactic reactions to radiographic contrast material, it does
not appear to be a risk factor for anaphylactic reactions to
medications. (C) Avoidance management should be individualized, taking into consideration factors such as age, activity,
occupation, hobbies, residential conditions, access to medical
care, and the patient’s level of personal anxiety. (C) Even in cases
in which the allergen is known, avoidance measures may not
always be successful. Therefore, patients should be instructed in
self-management of anaphylaxis. (C) When avoidance is ineffective or not possible, other approaches can be used. For
example, venom immunotherapy is successful in preventing
anaphylaxis in up to 98% of patients who have previously
experienced venom-induced anaphylaxis. (A) Pharmacologic
prophylaxis should be used in select situations, such as to prevent
recurrent anaphylactic reactions to radiographic contrast material
and fluorescein, as well as to prevent idiopathic anaphylaxis. In
these specific situations, prophylaxis with glucocorticosteroids
and antihistamines markedly reduces the occurrence of subsequent reactions. (C) Desensitization to medications that are
known to have caused anaphylaxis can be effective. The desensitization is temporary, and if the medication is required in the
future, the desensitization process must be repeated. (C) Patient
education might be the most important preventive strategy.
Education can emphasize hidden allergens, cross-reactivity between various allergens and drugs, unforeseen risks during
medical procedures, and when and how to use self-administered
epinephrine. Physicians should educate patients about the risks of
future anaphylaxis as well as the benefits of avoidance measures.
(B) Patients at increased risk for anaphylactic events, such as
those with allergy to insect venom, should avoid drugs that might
increase their susceptibility and/or complicate the management of
an anaphylactic event. (C)

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

LIEBERMAN ET AL 480.e1

The diagnosis and management of anaphylaxis practice
parameter: 2010 Update
Chief Editors: Phillip Lieberman, MD, Richard A. Nicklas, MD, John Oppenheimer, MD,a Stephen F. Kemp, MD,
and David M. Lang, MD
Workgroup Contributors: David I. Bernstein, MD; Jonathan A. Bernstein, MD; A. Wesley Burks, MD; Anna M. Feldweg,
MD; Jordan N. Fink, MD; Paul A. Greenberger, MD; David B. K. Golden, MD; John M. James, MD; Stephen F. Kemp, MD;
Dennis K. Ledford, MD; Phillip Lieberman, MD; and Albert L. Sheffer, MD
Task Force Reviewers: David I. Bernstein, MD; Joann Blessing-Moore, MD; Linda Cox, MD; David A. Khan, MD;
David Lang, MD; Richard A. Nicklas, MD; John Oppenheimer, MD; Jay M. Portnoy, MD; Christopher Randolph, MD;
Diane E. Schuller, MD; Sheldon L. Spector, MD; Stephen Tilles, MD; and Dana Wallace, MD

These parameters were developed by the Joint Task Force on
Practice Parameters, representing the American Academy of
Allergy, Asthma and Immunology; the American College
of Allergy, Asthma and Immunology; and the Joint Council
of Allergy, Asthma and Immunology.
The American Academy of Allergy, Asthma and Immunology (AAAAI) and the American College of Allergy, Asthma
and Immunology (ACAAI) have jointly accepted responsibility for establishing ‘‘The Diagnosis and Management of
Anaphylaxis Practice Parameter: 2010 Update.’’ This is a
complete and comprehensive document at the current time.
The medical environment is a changing environment, and
not all recommendations will be appropriate for all patients.
Because this document incorporated the efforts of many participants, no single individual, including those who served on
the Joint Task Force, is authorized to provide an official
AAAAI or ACAAI interpretation of these practice parameters. Any request for information about or an interpretation
of these practice parameters by the AAAAI or ACAAI should
be directed to the Executive Offices of the AAAAI, the
ACAAI, or the Joint Council of Allergy, Asthma and Immunology. These parameters are not designed for use by pharmaceutical companies in drug promotion.

Table of Contents
Contributors
Classification of Recommendations and Evidence
Previously Published Parameters
Preface
Significant New Developments
Executive Summary
Algorithm and annotations for initial evaluation and management of a patient with a history of anaphylaxis (Fig E1)
Algorithm and annotations for the treatment of acute
anaphylaxis (Fig E2)
Evaluation and management of the patient with a history of
anaphylaxis
Office management of anaphylaxis

Reprint requests: Joint Council of Allergy, Asthma & Immunology, 50 N Brockway St,
#3-3, Palatine, IL 60067

Anaphylaxis to foods
Latex-induced anaphylaxis
Anaphylaxis during general anesthesia, the intraoperative
period, and the postoperative period
Seminal fluid-induced anaphylaxis
Exercise-induced anaphylaxis
Idiopathic anaphylaxis
Anaphylaxis and allergen immunotherapy vaccines
Anaphylaxis to drugs and biological modifiers
Insect sting anaphylaxis
Prevention of anaphylaxis
References

Published Practice Parameters of the Joint Task
Force on Practice Parameters for Allergy &
Immunology:
1. Practice parameters for the diagnosis and treatment of
asthma. JAllergy Clin Immunol 1995; 96(suppl): S707-S870.
2. Practice parameters for allergy diagnostic testing. Ann Allergy 1995;75:543-625.
3. Practice parameters for the diagnosis and management of
immunodeficiency. Ann Allergy 1996;76:282-94.
4. Practice parameters for allergen immunotherapy. J Allergy
Clin Immunol 1996;98:1001-11.
5. Disease management of atopic dermatitis: a practice parameter. Ann Allergy 1997;79:197-211.
6. The diagnosis and management of anaphylaxis. J Allergy
Clin Immunol 1998;101(suppl):S465-S528.
7. Algorithm for the diagnosis and management of asthma: a
practice parameter update. Ann Allergy 1998; 81:415-20.
8. Diagnosis and management of rhinitis: parameter documents of the Joint Task Force on Practice Parameters in
Allergy, Asthma and Immunology. Ann Allergy 1998;
81(suppl):S463-S518.
9. Parameters for the diagnosis and management of sinusitis.
J Allergy Clin Immunol 1998;102(suppl):S107-S144.
10. Stinging insect hypersensitivity: a practice parameter. J
Allergy Clin Immunol 1999;103:963-80.
11. Disease management of drug hypersensitivity: a practice
parameter. Ann Allergy 1999;83(suppl):S665-S700.
12. Diagnosis and management of urticaria: a practice parameter. Ann Allergy 2000;85(suppl):S521-S544.

480.e2 LIEBERMAN ET AL

13. Allergen immunotherapy: a practice parameter. Ann
Allergy 2003;90(suppl):SI-S540.
14. Symptom severity assessment of allergic rhinitis: Part I.
Ann Allergy 2003;91:105-114.
15. Disease Management of Atopic Dermatitis: An Updated
Practice Parameter. Ann Allergy 2004;93:S1-S21.
16. Stinging insect hypersensitivity: a practice parameter
update. J Allergy Clin Immunol 2004;114;4:869-86.
17. The Diagnosis and Management of Anaphylaxis: An
Updated Practice Parameter. J Allergy Clin Immunol
2005;115:S483-S523.
18. Practice Parameter for the Diagnosis and Management
of Primary Immunodeficiency. Ann Allergy 2005;94:
S1-S63.
19. Attaining Optimal Asthma Control: A Practice Parameter:
J Allergy Clin Immunol 2005;116:S3-11.
20. The Diagnosis and Management of Sinusitis: A Practice Parameter Update. J AllergyClin Immunol 2005;116:S13-47.
21. Food Allergy: A Practice Parameter. Ann Allergy 200;
96:S1-68. Ann Allergy 2006;96:S1-68.
22. Contact Dermatitis: A Practice Parameter. Ann Allergy
Sept 2006;97:S1-S38.
23. Allergen immunotherapy: A practice parameter second
update. J Allergy Clin Immunol 2007;120:S25-85.
24. Bernstein IL, Li JT, Bernstein DI, Hamilton R, Spector S,
Tan R, et al. Allergy Diagnostic Testing: An Updated Practice Parameter. Ann Allergy 2008;100(3):S1-S147.
25. Wallace D, Dykewicz M, Bernstein DI, Blessing-Moore J,
Cox L, Khan DA, et al. Diagnosis and management of
rhinitis: An updated practice parameter. JACI
2008;121(8):S1-S
26. Kelso JM, Li JT, Nicklas RA, et al. Adverse Reactions to
Vaccines. Ann Allergy 2009;103(4):S1-S16.
These parameters are also available on the Internet at http://
www.jcaai.org.

CONTRIBUTORS
The Joint Task Force has made a concerted effort to acknowledge all contributors to this parameter. If any contributors have
been excluded inadvertently, the Task Force will ensure that
appropriate recognition of such contributions is made
subsequently.
CHIEF EDITORS
Phillip Lieberman, MD
Departments of Medicine and Pediatrics
University of Tennessee College of Medicine
Memphis, Tennessee
Richard A. Nicklas, MD
Department of Medicine
George Washington Medical Center
Washington, DC
John Oppenheimer, MD
Department of Internal Medicine
New Jersey Medical School
Morristown, New Jersey
Stephen F. Kemp, MD
Departments of Medicine and Pediatrics
University of Mississippi Medical Center
Jackson, Mississippi

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

David M. Lang, MD
Allergy/Immunology Section, Respiratory InstituteDivision of
Medicine
Cleveland Clinic Foundation
Cleveland, Ohio

WORKGROUP CONTRIBUTORS
David I. Bernstein, MD
Department of Clinical Medicine, Division of Immunology
University of Cincinnati College of Medicine
Cincinnati, Ohio
Jonathan A. Bernstein, MD
University of Cincinnati College of Medicine, Department of
Internal Medicine
Division of Immunology
Cincinnati, Ohio
A. Wesley Burks, MD
Department of Pediatrics
Duke University Medical Center
Durham, NC
Anna M. Feldweg, MD
Division of Rheumatology/Allergy/Immunology
Brigham and Women’s Hospital
Chestnut Hill, MA
Jordan N. Fink, MD
Departments of Pediatrics and Medicine
Medical College of Wisconsin
Milwaukee, Wisconsin
David B. K. Golden, MD
Department of Medicine
Johns Hopkins University
Baltimore, MD
Paul A. Greenberger, MD
Division of Allergy and Immunology
Northwestern University Feinberg School of Medicine
Chicago, Illinois
John M. James, MD
Allergy and Asthma Centers, PC
Fort Collins, CO
Dennis K. Ledford, MD
Department of Medicine
University of South Florida College of Medicine and the James
A. Haley
V.A. Hospital
Tampa, Florida
Albert L. Sheffer, MD
Division of Rhemetology, Immunology, and Asthma
Department of Medicine
Brigham and Women’s Hospital
Boston, Massachusetts
TASK FORCE REVIEWERS
David I. Bernstein, MD
Department of Clinical Medicine, Division of Immunology
University of Cincinnati College of Medicine
Cincinnati, Ohio
Joann Blessing-Moore, MD
Department of Immunology
Stanford University Medical Center
Palo Alto, California

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

Linda Cox, MD
Department of Medicine
Nova Southeastern University
Davie, FL
David A. Khan, MD
Department of Internal Medicine
University of Texas Southwestern Medical Center
Dallas, Texas
David M. Lang, MD
Allergy/Immunology Section, Respiratory
InstituteDivision of Medicine
Cleveland Clinic Foundation
Cleveland, Ohio
Richard A. Nicklas, MD
Department of Medicine
George Washington Medical Center
Washington, DC
John Oppenheimer, MD
Department of Internal Medicine
New Jersey Medical School
Morristown, New Jersey
Jay M. Portnoy, MD
Section of Allergy, Asthma & Immunology
The Children’s Mercy Hospital
University of Missouri-Kansas City School of Medicine
Kansas City, Missouri
Christopher Randolph, MD
Center for Allergy, Asthma and Immunology
Yale Affliated Programs Waterbury Hospital
Waterbury, CT
Diane E. Schuller, MD
Department of Pediatrics
Pennsylvania State University
Milton S. Hershey Medical College
Hershey, Pennsylvania
Sheldon L. Spector, MD
Department of Medicine
UCLA School of Medicine
Los Angeles, California
Stephen A. Tilles, MD
Department of Medicine
University of Washington School of Medicine
Redmond, Washington
Dana Wallace, MD
Department of Medicine
Nova Southeastern University
Davie, FL

INVITED REVIEWERS
Vivian Hernandez- Triuillo, MD – Miami, FL
Gordon Sussman, MD - Toronto, Canada
Kathleen May, MD – Cumberland, MD
Paul Dowling, MD – Kansas City, MO
Pakit Vichyanond, MD – Bangkok, Thailand
CLASSIFICATION OF RECOMMENDATIONS AND
EVIDENCE
Category of evidence
Ia Evidence from meta-analysis of randomized controlled trials
Ib vidence from at least one randomized controlled trial

LIEBERMAN ET AL 480.e3

IIa Evidence from at least one controlled study without
randomization
IIb Evidence from at least one other type of quasiexperimental
study
III Evidence from non-experimental 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
recommendation from category I evidence
C Directly based on category III evidence or extrapolated
recommendation from category I or II evidence
D Directly based on category IV evidence or extrapolated
recommendation from category I, II, or III evidence
LB (Lab Based)

PREFACE
This is the third iteration of this parameter entitled ‘‘The
Diagnosis and Management of Anaphylaxis.’’ The first Anaphylaxis Parameter was published in 1998, and the second in 2005.
Only the Preface, Significant New Developments, and the Executive Summary are in the printed version of this update. The entire
document is available online and the reader is referred to that
portion of the document for more detailed discussion of the
comments made in the printed version.
The objective of this parameter is to improve the care of
patients by providing the practicing physician with an evidencebased approach to the diagnosis and management of anaphylactic
reactions.
The basic format of the document has remained unchanged.
There are two algorithms: one on the evaluation of the patient who
presents to the physician’s office with a previous episode of
anaphylaxis or a condition simulating an anaphylactic event, and
the other on the suggested management of an episode occurring in
the office. Only minor revisions have been made in these
algorithms.
The annotations explaining the steps of the algorithms have
been modestly altered in order to include more recent diagnostic
tests and potential therapies. This edition retains all of the
sections in the previous version including Anaphylaxis to Foods,
Latex-Induced Anaphylaxis, Anaphylaxis during the Perioperative Period, Seminal Fluid Anaphylaxis, Exercise-Induced
Anaphylaxis, Idiopathic Anaphylaxis, Anaphylaxis to Immunotherapy Vaccines, Anaphylaxis to Drugs, and the Prevention of
Anaphylaxis. In addition, a new section on Hymenoptera
Sting-Induced Anaphylaxis has been added. The section on
Anaphylaxis to Drugs has also been expanded with a new
section devoted to anaphylactic reactions to omalizumab and
other biologic agents.
As always, the Joint Task Force on Practice Parameters and the
contributing authors wish to thank the ACAAI, AAAAI, and
JCAAI, for their continued support of parameter development.
The Task Force would also like to thank the contributors to this
parameter who have been so generous of their time and effort.
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SIGNIFICANT NEW DEVELOPMENTS
A meeting of experts in the field of allergy and immunology
held at the NIH in 2006 developed a definition of anaphylaxis as
one of three clinical scenarios: 1) the acute onset of a reaction
(minutes to hours) with involvement of the skin, mucosal tissue or
both and at least one of the following: a) respiratory compromise;
b) or reduced blood pressure or symptoms of end-organ dysfunction; 2) two or more of the following that occur rapidly after
exposure to a likely allergen for that patient – involvement of
the skin/mucosal tissue, respiratory compromise, reduced blood
pressure or associated symptoms and/or persistent gastrointestinal symptoms; or 3) reduced blood pressure- after exposure to a
known allergen. (1n)
The World Allergy Organization has suggested that the term
‘‘anaphylactoid reaction’’ be eliminated, and that all episodes
clinically similar to IgE-mediated reactions be called anaphylaxis. They recommended that anaphylaxis be divided into
immunologic and non-immunologic reactions, the latter being
synonymous with the older term, ‘‘anaphylactoid,’’ and that
immunologic reactions be divided into those mediated by IgEmast cell/basophil mediator release and those occurring through
other immunologic mechanisms (e.g., certain transfusion reactions). (2n) In this document, anaphylaxis will continue to mean
an IgE-mediated reaction and non-IgE mediated reactions producing the same clinical response will be referred to as
anaphylactoid.
A group of international experts was convened to determine the
prevalence of anaphylaxis. The best data come from the number
of prescriptions for automatic epinephrine injectors. Using these
data, they came to the conclusion that the prevalence may be as
high as 2%.(3n) It is now clear, from a number of recent studies,
that the prevalence is rising, perhaps most markedly in the
younger age group.(4n) Data also suggest- that there has been an
increase in fatalities(4n-6n) and an increase in hospitalizations
from anaphylaxis.(7n-10n)
There are data providing greater insight into the frequency of
biphasic reactions. - More than one injection may be required to
treat a biphasic or protracted reaction.(11n) Biphasic reactions are
thought to increase the risk of fatal anaphylaxis.(12n-13n)
Anaphylactic reactions are not the sole result of immediate
hypersensitivity mast cell/basophil derived mediators such as
histamine, leukotrienes, and prostaglandins. Other mediator
cascades are recruited (e.g., clotting and complement) including
non-mast cell derived mediators which are responsible for many
of the symptoms that occur in anaphylactic reactions.(14n)
Consistent with these findings, there have been reports of patients
not responding to ‘‘classical therapy’’ with epinephrine, but
improving after the administration of agents such as tranexamic
acid (if anaphylaxis is associated with intravascular coagulation)
(15n) and methylene blue (if anaphylaxis is associated with
hypotension).(16n)
Severe and fatal anaphylactic events can be related not only to
the amount of mediators released, but also to the rapidity of their
degradation. This concept has only thus far been confirmed for
platelet activating factor. Patients with lower levels of platelet
activating factor hydrolase (the enzyme that catabolizes platelet
activating factor) are more susceptible to severe and even fatal
reactions than patients with higher levels of this hydrolase.(17n)
A correlation with decreased serum ACE levels has also been
proposed. (18n)
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Newer markers for anaphylaxis have been evaluated in hopes
that they may enhance the diagnostic accuracy obtained from
measuring tryptase, histamine, and their metabolites alone. In this
regard the measurement of carboxypeptidase has shown great
promise.(19n)
Patients who become hypotensive should remain recumbent
until the cardiovascular system has been stabilized and they are
completely asymptomatic. Deaths documented with regard to
assuming the upright sitting position prematurely have occurred.
(20n)
The standard needle length found on automatic epinephrine
injectors may be insufficient to enable penetration into the vastus
lateralis muscle (lateral thigh) in individuals having a large
amount of subcutaneous fat overlying this muscle.(21n, 22n)
Insufficient use of epinephrine in children and adults has been
documented in regard to ER treatment, as well as inadequate
prescriptions for auto-injectable epinephrine, and referral to
allergists-immunologists.(23n-25n)
It has recently been re-emphasized that an anaphylactic
reaction to an insect sting may indicate an underlying mast cell
disorder. In a recent article, 34 of 379 patients who developed
anaphylaxis to an insect sting had indolent systemic mast cell
disease or monoclonal mast cell activation syndrome on bone
marrow biopsy, underlining previous recommendations that anaphylaxis be considered as a possible presentation for mast cell
disease.(26n)
Anaphylaxis can present as an acute cardiac event (27n,
28n) and without dermatologic manifestations.(29n) In a retrospective analysis of anaphylaxis over a ten year period, 15%
presented with chest pain and 7% presented with an arrhythmia.(5n) It has also been shown that there are abundant mast
cells in the human heart and that the number and density of
these cells is increased in patients with ischemic heart disease
and dilated cardiomyopathies.(30n)
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ANNOTATIONS – FIG E1
Annotation 1: Is the history consistent with a
previous episode of anaphylaxis?
All individuals who have had a known or suspected anaphylactic episode require a careful and complete review of their
clinical history. This history may elicit manifestations such as
urticaria, angioedema, flushing, pruritus, upper airway obstruction, gastrointestinal symptoms, syncope, hypotension, lower
airway obstruction, and/or other less common manifestations.
Of primary importance is the nature of the symptoms characterizing the event. Essential questions to be asked are:
(1) Were there cutaneous manifestations (specifically pruritus,
flushing, urticaria, or angioedema)?
(2) Was there any sign of airway obstruction involving either
the upper airway or the lower airway?
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(3) Were there gastrointestinal symptoms, i.e., nausea, vomiting, diarrhea?
(4) Were syncope or presyncopal symptoms present?
The absence of cutaneous symptoms puts the diagnosis in
question since the majority of anaphylactic episodes include
cutaneous symptoms (Table E1), although their absence does not
rule out anaphylaxis.The history should concentrate on agents
encountered before the reaction. Whenever appropriate, the
information should be obtained from not only the patient but
also from family members or other witnesses of the event. The
complete sequence of events must be reviewed, with special
attention paid to cardiorespiratory symptoms. Medical records,
including medication records, can often be useful in evaluating
the history, physical findings, and treatment of the clinical event.
In addition, the results of any previous laboratory studies (e.g.,
serum tryptase) may be helpful in making the diagnosis of
anaphylaxis or distinguishing it from other entities.

Annotation 1A: Consider consultation with
allergist/immunologist
Evaluation and diagnosis, as well as long-term management,
can be complex. The allergist/immunologist has the training and
expertise to obtain a detailed allergy history; coordinate laboratory and allergy testing; evaluate the benefits and risks of
therapeutic options; and counsel the patient on avoidance measures. For these reasons, patients with a history of anaphylaxis
should be considered for referral to an allergy/immunology
specialist.
Annotation 2: Pursue other diagnoses or make
appropriate referral
Other conditions that should be considered in the differential
diagnosis include: (1) vasodepressor (vasovagal/neuro-cardiogenic) syncope; (2) syndromes that can be associated with
flushing (e.g., metastatic carcinoid); (3) postprandial syndromes (e.g., scombroid poisoning); (4) systemic mastocytosis;
(5) psychiatric disorders that can mimic anaphylaxis such as
panic attacks or vocal cord dysfunction syndrome; (6) angioedema (e.g., hereditary angioedema); (7) other causes of shock
(e.g., cardiogenic); and (8) other cardiovascular or respiratory
events.
Annotation 3: Is cause readily identified by history?
The history is the most important tool to establish the cause of
anaphylaxis and takes precedence over diagnostic tests.
A detailed history of all food consumed and drugs taken over
the four to six hours prior to the episode should be obtained. In
addition, the labels for all packaged foods ingested by the patient
in this period of time should be reviewed since a substance added
to the food could be responsible. A history of any preceding bite
or sting should be obtained. The patient’s activities (e.g., exercise,
sexual activity) preceding the event should be reviewed. Patient
diaries may be a useful adjunct in confirming or identifying the
cause of anaphylaxis.
Annotation 4: Consider idiopathic anaphylaxis
Idiopathic anaphylaxis is a diagnosis of exclusion that should
be made only after other causes of anaphylaxis and other
differential diagnoses have been considered.
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Annotation 5: Are further diagnostic tests indicated:
allergy skin tests or in vitro tests, challenge tests?
Skin tests and/or, in vitro test for specific IgE as well as
challenge tests may be appropriate to help define the cause of
the anaphylaxis. However, the history may be so conclusive that
none of these tests are necessary.
Annotation 6: Diagnosis established on basis of
history; risk of testing; limitation of tests; patient
refuses test; other management options available;
management
There may be circumstances where skin tests or in vitro specific
IgE, and/or challenge tests may not be warranted. In general, this
may apply when the clinician decides to proceed with management because the history is conclusive. The history of anaphylaxis
to a specific agent may be so strong that testing is unnecessary and
inappropriate from the benefit: risk standpoint. If avoidance can
be easily and safely accomplished, testing may not be necessary.
Testing or challenge with reagents to a suspected allergen may
not be available, or the predictive value of the test may be in
question. Challenge tests (and, to a lesser extent, skin tests) may
be hazardous, and not acceptable from a benefit: risk standpoint, if
other management options are available. Occassionally patients
may refuse to have the test.
Annotation 7: Testing identifies specific cause of
anaphylaxis
Skin tests or in vitro tests can determine the presence of specific
IgE antibodies to foods, medications (e.g., penicillin and insulin),
and stinging insects as a cause of anaphylaxis.. For the majority of
medications, standardized in vivo and/or in vitro testing is not
available.
In general, skin testing is more sensitive than in vitro testing
and is the diagnostic procedure of choice for evaluation of most
potential causes of anaphylaxis (e.g., penicillin and insect stings).
It is essential, however, that the correct technique for skin testing
be used. When possible, standardized extracts for skin testing
should be used, although occasionally fresh food extracts will
be superior to available standardized extracts. If the skin testing
extract has not been standardized (e.g., latex, protamine, or antibiotics other than penicillin), the clinical relevance of the results
may be uncertain. If skin testing is performed, it should be done
under the supervision of a physician who is experienced in the
procedure in a setting with appropriate rescue equipment and
medication.
The accuracy of in vitro testing depends on the reliability of the
in vitro method, the ability to interpret the results, and the availability of reliable testing material. The clinical significance of
skin testing or in vitro test depends on the ability to correlate
the results of such testing with the patient’s history.
If tests for specific IgE antibodies (i.e., skin tests, in vitro tests,
or both) do not provide conclusive evidence of the cause of anaphylaxis, challenge with the suspected agent can be considered.
Challenge procedures may also be appropriate in patients who
develop non-IgE-mediated reactions (e.g., reactions to aspirin
(ASA) or other nonsteroidal anti-inflammatory drugs (NSAIDs).
Challenge with suspected agents must be done carefully by individuals knowledgeable in the challenge procedure and with
expertise in managing reactions to the challenge agent if they
should occur.
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Annotation 8: Reconsider clinical diagnosis;
reconsider idiopathic anaphylaxis; consider other
triggers; consider further testing; management
At this stage in the patient’s evaluation, it is particularly
important to consider other possible causes of anaphylaxis or a
different diagnosis. The history and test results should be
reviewed. Further testing for specific IgE antibodies should be
considered. Laboratory studies that may be helpful include:
serum tryptase, as well as urinary 5-hydroxyindoleacetic acid,
methylhistamine, and catecholamines. Idiopathic anaphylaxis is a
diagnosis of exclusion (see section on idiopathic anaphylaxis).
Management of anaphylaxis should follow annotation 10 (see
below).
Annotation 9: Diagnosis made of specific cause of
anaphylaxis
The diagnosis of a specific cause of anaphylaxis may be
supported by the results of skin tests, in vitro IgE tests, and/or
challenge tests (particularly double-blind, placebo-controlled
challenge tests).
Annotation 10: Management of anaphylaxis
When anaphylaxis has occurred because of exposure to a
specific agent (e.g., food, medication, or insect sting), patients
should be educated about agents or exposures that would place
them at risk for future reactions and be counseled on avoidance
measures that may be used to reduce risk for such exposures.
Patients who have had anaphylactic reactions to food should be
instructed on how to read food ingredient labels to identify foods
that they should avoid. Patients with anaphylaxis to medications
should be informed about all cross-reacting medications that
should be avoided. Should there be a future essential indication
for use of incriminated medications, it may be helpful to educate
patients about applicable management options (e.g., medication
pretreatment and use of low osmolarity agents in patients with a
history of reactions to radiographic contrast media or desensitization for drugs such as antibiotics). Patients who have had an
anaphylactic reaction to an insect sting should be advised about
avoidance measures to reduce the risk of an insect sting and
usually are candidates for insect venom immunotherapy. Patients
who have had anaphylaxis should carry self-injectable epinephrine if there is continued risk for anaphylaxis. Patients should also
carry identification indicating that they have experienced anaphylaxis and indicating the responsible agent.
ANNOTATIONS – FIG E2
Annotation 1. Anaphylaxis Preparedness
Management recommendations are subject to physician discretion as well as practice resources and the proximity to
emergency assistance. Variations in sequence and performance
rely on physician judgment. A determination of when a patient
should be transferred to an emergency facility depends on the
skill, experience and clinical decision-making of the individual
physician. Prompt recognition and appropriate, aggressive treatment are essential for the successful management of anaphylaxis.
Stocking and maintaining supplies for the treatment of anaphylaxis with regular written documentation of supplies and
expiration dates and ready availability of injectable epinephrine,
intravenous fluids and needles, oxygen and mask/cannula, airway
adjuncts, and stethoscope and sphygmomanometer are bare
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essentials. (An example of a supply checklist is included in
Section VI, ‘‘Management of Anaphylaxis’’)
Regular anaphylaxis practice drills, the makeup of which is left
to the discretion and qualifications of the individual physician, are
strongly recommended. It is essential to identify a person who
will be responsible for calling emergency medical services and
the person who will document each treatment and the time that
each is rendered. Emergency medications should be up-to-date
and complete. Everyone who will be directly involved in patient
care should be able easily to locate necessary supplies, rapidly
assemble fluids for intravenous administration, and be prepared to
begin treatment so that no time is lost in implementing emergency
measures.

Annotation 2. Patient Presents with Possible/
Probable Acute Anaphylaxis
Anaphylaxis is an acute life-threatening reaction, usually but
not always mediated by an immunologic mechanism, that results
from the sudden systemic release of mediators from mast cells
and basophils. Anaphylaxis has varied clinical presentations but
respiratory compromise and cardiovascular collapse are of
greatest concern, since they are the most frequent causes of
fatalities. Urticaria and angioedema are the most common
manifestations of anaphylaxis but may be delayed or absent
especially in rapidly progressive anaphylaxis. The more rapid
anaphylaxis occurs after exposure to an offending stimulus, the
more likely the reaction is to be severe and potentially lifethreatening.
Anaphylaxis often produces signs and symptoms within minutes of exposure to an offending stimulus but some reactions may
develop later (e.g., greater than 30 min after exposure). Late phase
or ‘‘biphasic’’ reactions, which occur 1 to 72 hr (most within 10
hr) after the initial attack, have also been reported. Protracted,
severe anaphylaxis may last up to 32 hr despite aggressive
treatment.
Increased vascular permeability, a characteristic feature of
anaphylaxis, allows transfer of as much as 35% of the intravascular fluid into the extravascular space within 10 min. As a result,
hemodynamic collapse may occur rapidly with little or no
cutaneous or respiratory manifestations.
Annotation 3. Initial Assessment of Possible/
Probable Anaphylaxis
Initial assessment should determine if history and physical
findings are compatible with anaphylaxis. The setting of the
episode and the past history may suggest or reveal the source of
the reaction. Evaluation should include: level of consciousness
(impairment may reflect hypoxia), upper and lower airways
(dysphonia, stridor, cough, wheezing, shortness of breath), cardiovascular system (hypotension with or without syncope; and/or
cardiac arrhythmias), the skin (diffuse or localized erythema,
pruritus, urticaria and/or angioedema), and the gastrointestinal
system (nausea, vomiting, diarrhea). In addition, some patients
may have symptoms of lightheadedness, headache, uterine
cramps, feeling of impending doom, and unconsciousness.
The vasodepressor (vaso-vagal) reaction probably is the condition most commonly confused with anaphylactic reactions. In
vasodepressor reactions, however, urticaria is absent, the heart
rate is typically bradycardic, bronchospasm or other breathing
difficulty is generally absent, the blood pressure is often
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decreased when accompanied by symptomatic bradycardia but
it may be normal, and the skin is typically cool and pale. While
tachycardia is the rule, bradycardia may occur during anaphylaxis, so bradycardia may not be as useful to separate anaphylaxis
from a vasodepressor reaction as has previously been thought.
Relative bradycardia (initial tachycardia followed by a reduction
in heart rate despite worsening hypotension) has been reported
previously in the setting of experimentally induced insect sting
anaphylaxis and in other states of hypovolemia (e.g., trauma).
Tachycardia may also be absent in patients with conduction
defects, increased vagal tone due to a cardioinhibitory (BezoldJarisch) reflex, or in those who take sympatholytic medications.

Annotation 4. Consider Other Diagnosis
Other diagnoses that might present with signs and/or symptoms
characteristic of anaphylaxis should be excluded. Among conditions to consider are vasodepressor (vasovagal) reactions, vocal
cord dysfunction, acute anxiety (e.g., panic attack or hyperventilation syndrome), myocardial dysfunction, pulmonary embolism, foreign body aspiration, acute poisoning, hypoglycemia,
and seizure disorder. Specific signs and symptoms of anaphylaxis
may be in other disorders such as urticaria/angioedema, and
asthma.
Annotation 5. Immediate Intervention
Anaphylaxis occurs as part of a continuum. Symptoms not
immediately life-threatening may progress rapidly unless treated
promptly. Treatment recommendations are subject to physician
discretion and variations in sequence and performance rely on
physician judgment. Additionally, a determination of when a
patient should be transferred to an emergency or intensive care
facility depends on available resources and the skill, experience
and clinical decision-making of the individual physician.
a) Assess airway, breathing, circulation, and level of consciousness (altered mentation may suggest the presence of
hypoxia).
b) Administer epinephrine. Aqueous epinephrine 1:1000 dilution (1 mg/ml), 0.2-0.5 ml (0.01 mg/kg in children, max 0.3
mg dosage) intramuscularly in the lateral aspect of the thigh
or subcutaneously every 5 min, as necessary, to control
symptoms and increase blood pressure. If the clinician
deems it appropriate, the 5-minute interval between injections can be liberalized to permit more frequent injections.
Intramuscular epinephrine injections into the thigh have
been reported to provide more rapid absorption and higher
plasma epinephrine levels in both children and adults than
intramuscular or subcutaneous injections administered in
the arm. However, similar studies comparing intramuscular
injections to subcutaneous injections in the thigh have not
been done. These studies were not performed in patients experiencing anaphylaxis. The generalizability of these findings to the clinical setting of anaphylaxis has not been
established. There are no studies that support the use of epinephrine in the treatment of anaphylaxis when delivered by
a non-parenteral route. However, alternative routes of administration have been anecdotally successful. These include, for example, inhaled epinephrine in the presence of
laryngeal edema or sublingual administration if an intravenous route cannot be obtained. Endotracheally administered
dosages have also been proposed for use when intravenous
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access is not available in intubated patients experiencing
cardiac arrest.

Annotation 6. Subsequent Measures That May Be
Necessary Depending on Response to Epinephrine
a) Consider calling 911 and obtaining assistance.
b) Place the patient in a recumbent position and elevate the
lower extremities, as tolerated symptomatically. This slows
progression of hemodynamic compromise, if present, by
preventing orthostatic hypotension and helping to shunt effective circulation from the periphery to the head, the heart
and kidneys.
c) Establish and maintain an airway. Ventilatory assistance via
a one-way valve facemask with oxygen inlet port (e.g.,
Pocket-MaskR or similar device) may be necessary. Bag
valve masks of less than 700 ml are discouraged in adults
in the absence of an endotracheal tube since ventilated volume will not overcome 150-200 ml of anatomic dead space
to provide effective tidal volume. (Bag valve masks may be
used in children provided the reservoir volume of the device
is sufficient.) Endotracheal intubation or cricothyroidotomy
may be considered where appropriate, provided clinicians
are adequately trained and proficient in this procedure.
d) Administer oxygen. Oxygen should be considered for patients with anaphylaxis who have prolonged reactions,
have pre-existing hypoxemia or myocardial dysfunction, receive inhaled b-agonists as part of the treatment for anaphylaxis, or who require multiple doses of epinephrine.
Continuous pulse oximetry and/or arterial blood gas determination (where available) should guide oxygen therapy, especially in high risk patients, .e.g. patients with COPD.
e) Rapid intravenous fluid replacement should be started when
the patient has failed to respond to the treatment as outline
above. Administration and dosage of intravenous fluids are
discussed under the section on ‘‘Anaphylaxis Treatment’’.
f) Consider diphenhydramine, 1-2 mg/kg or 25-50 mg/dose
(parenterally). H1 antihistamines are considered secondline to epinephrine and should not be administered in lieu
of epinephrine in the treatment of anaphylaxis.
g) Consider ranitidine, 50 mg in adults and 12.5-50 mg (1 mg/
kg) in children, which may be diluted in 5% dextrose to a
total volume of 20 ml and injected IV over 5 min. Cimetidine (4 mg/kg) may be administered IV to adults, but no pediatric dosage for the treatment of anaphylaxis has been
established. In the management of anaphylaxis, a combination of diphenhydramine and ranitidine is superior to
diphenhydramine alone. However, these agents have a
much slower onset of action than epinephrine and should
never be used alone in the treatment of anaphylaxis. Both
alone and in combination these agents are second-line to
epinephrine.
h) Consider inhaled ß-agonist (e.g., albuterol MDI 2-6 puffs or
nebulized, 2.5-5 mg in 3 ml saline and repeat as necessary)
for bronchospasm resistant to adequate doses of
epinephrine.
i) Glucocorticosteroids should never be used in place of or
prior to epinephrine and are not helpful acutely. However,
they have the potential to prevent recurrent or protracted
anaphylaxis.

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

Annotation 7. Subsequent Measures That May Be
Necessary Depending on Response to Epinephrine
When anaphylaxis is not responding to the above measures,
including repeated doses of IM or SQ epinephrine, the use of IV
epinephrine, vasopressors and glucagon may need to be considered. (See section on Anaphylaxis Treatment.)
Annotation 8. Interventions for Cardiopulmonary
Arrest Occurring during Anaphylaxis
a) Cardiopulmonary resuscitation and advanced cardiac life
support measures.
b) High-dose epinephrine IV (i.e., rapid progression to high
dose). A common sequence is 1 to 3 mg (1:10,000 dilution)
IV slowly administered over 3 min, 3 to 5 mg IVover 3 min,
and then 4-10 mg/min infusion. For children, the recommended initial resuscitation dosage is 0.01 mg/kg (0.1 ml/kg of a
1:10,000 solution up to 10 mg/min rate of infusion), repeated
every 3 to 5 min for ongoing arrest. Higher subsequent dosages (0.1-0.2 mg/kg; 0.1 ml/kg of a 1:1,000 solution) may be
considered for unresponsive asystole or pulseless electrical
activity (PEA).
c) Rapid volume expansion.
d) Atropine if asystole or pulseless electrical activity (PEA) is
present.
e) Prolonged resuscitation is encouraged, if necessary, since a
successful outcome is more likely in anaphylaxis.
f) Transport to emergency department or intensive care, as setting dictates.

Annotation 9. Observation and Subsequent
Follow-Up
Biphasic anaphylaxis occurs in 1% to 23% of episodes of
anaphylaxis, and symptoms may recur hours (most within 10
hours) after apparent resolution of the initial phase. However,
observation periods must be individualized since there are no
reliable predictors of biphasic or protracted anaphylaxis based
on initial clinical presentation. Similarly, follow-up must be
individualized and based on distance from patient’s home to
closest emergency facility, severity of the reaction, patient’s
response to treatment, and other factors. Following resolution of
the acute episode, patients should be provided with autoinjectable epinephrine and receive proper instruction for selfadministration in case of a subsequent episode. In circumstances
where an allergist-immunologist is not already involved, it is
strongly recommended that individuals who have experienced
acute anaphylaxis should be referred to an allergistimmunologist for consultation regarding diagnosis, prevention,
and treatment.
Annotation 10. Consultation with AllergistImmunologist
After acute anaphylaxis is resolved, patients should be assessed
for future risk of anaphylaxis. The allergist-immunologist can
obtain a detailed history, coordinate allergy diagnostic testing,
evaluate the risks and benefits of therapeutic options, train the
patient in self-administration of epinephrine, and provide counseling on avoidance measures, which is the most effective
treatment for most causes of anaphylaxis.
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EVALUATION AND MANAGEMENT OF PATIENTS
WITH A HISTORY OF ANAPHYLAXIS
Summary Statements
1. The history is the most important tool to determine
whether a patient has had anaphylaxis and the cause of
the episode. C
2. A thorough differential diagnosis should be considered,
and other conditions should be ruled out. C
3. Laboratory tests can be helpful to confirm a diagnosis of
anaphylaxis or rule out other causes. Proper timing of
such tests (e.g., serum tryptase) is essential. B
4. In the management of a patient with a previous episode
of anaphylaxis, education is necessary. Emphasis on
early treatment, specifically the self-administration of
epinephrine, is essential. C
5. The patient can be instructed to wear and/or carry identification denoting his or her condition (e.g., Medic Alert
jewelry), and can also be instructed to have telephone
numbers for paramedic rescue squads and ambulance
services on hand. A written action plan can be helpful
in this regard. C

Performing the History
To interpret the history adequately it is essential to know the
manifestations of anaphylaxis. These can best be ascertained by a
review of published series on the topic.1-12 A summary of the
signs and symptoms as reported in these series, totaling 1,865 patients, is seen in Table E1. These series include patients of all
ages suffering from exercise-induced anaphylaxis, idiopathic anaphylaxis, and from various other causes. The most frequent
manifestations of anaphylaxis are cutaneous, occurring in over
90% of reported series. The absence of cutaneous symptoms
speaks against a diagnosis of anaphylaxis, but does not rule it
out. Severe episodes characterized by rapid cardiovascular collapse and shock can occur without cutaneous manifestations.13,15
To better assess the signs and symptoms of the reaction, friends
and/or family members present during the event may sometimes
need to be interviewed. Anaphylaxis can present with unusual
manifestations, e.g., syncope without any other sign or symptom.13,15 Additionally, based on studies limited to children, the
incidence of cutaneous manifestations in children may be
lower.16-17
The history and the record should include the time of the
occurrence of the attack, the setting in which it occurred, any
treatment required during the attack, and the duration of the
episode. A detailed history of all potential causes should be
obtained. This includes a list of ingestants consumed and/or
medications taken within six hours of the event, any sting or bite
occurring prior to the event, if the event occurred during exercise,
location of the event (e.g., work versus home), and whether or not
the event was related to exposure to heat, cold, or occurred during
sexual activity. The patient’s atopic status should be noted since
food-induced, seminal fluid and idiopathic anaphylaxis are more
common in atopic than non-atopic individuals. In women, the
history should include any relationship between the attack and
their menstrual cycle. A return of symptoms following a remission should be noted since this may indicate a late phase
reaction,18 which might require a prolonged period of observation
if subsequent events occur.
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Differential Diagnosis
The differential diagnosis must be considered whenever the
history is taken, even in patients with a previous history of
anaphylaxis. A comprehensive differential diagnoses is seen in
Table E2. Vocal cord dysfunction and panic attacks should be
considered in the differential diagnosis.
Special attention in the differential diagnosis should be given to
vasodepressor (vasovagal) reactions. Characteristic features of
this reaction include hypotension, pallor, weakness, nausea,
vomiting, and diaphoresis. Such reactions can often be distinguished from anaphylaxis by a lack of characteristic cutaneous
manifestations (urticaria, angioedema, flush, pruritus) and the
presence of bradycardia during the vasodepressor reaction instead
of tachycardia usually seen with anaphylaxis. However, it should
be noted that bradycardia can occur during anaphylaxis as well19.
This is probably due to the Bezold-Jarisch reflex, a cardioinhibitory reflex that has its origin in sensory receptors in the inferoposterior wall of the left ventricle. Unmyelinated vagal C fibers
transmit the reflex. Bradycardia occurs immediately with a vasodepressor event, but in anaphylaxis, tachycardia often precedes
the onset of bradycardia.19
Flushing episodes can mimic anaphylactic events. Several
drugs and ingestants including niacin, nicotine, catecholamines,
ACE inhibitors, and alcohol can induce flushing20. Other
conditions that cause flushing must be considered, including rosascea, gastrointestinal and thyroid tumors, carcinoid syndrome,
pheochromocytoma, hyperglycemia, postmenopausal flush,
alcohol-induced flushing, and the ‘‘red man syndrome’’ due to
the administration of vancomycin. Laboratory studies (Table
E3) can be helpful in establishing if the patient is experiencing
anaphylaxis.
There are a group of postprandial syndromes that can mimic
anaphylaxis, such as monosodium glutamate-induced reaction,
and reactions to scombroid fish. The latter is increasing in
frequency21 and since it is due to histamine produced by
histidine-decarboxylating bacteria that cleave histamine from histidine in spoiled fish, the symptoms can be identical to those that
occur in anaphylaxis. However, the cutaneous manifestation may
be more of a flush (sunburn-like) than urticaria. Symptoms may
affect more than one individual if they also ingested the fish causing the reaction and serum tryptase levels are normal.
Laboratory Studies
Laboratory studies to be considered are seen in Table E3. Serum
tryptase and plasma and urinary histamine levels can sometimes be
helpful in establishing the diagnosis of anaphylaxis.22-31 Plasma
histamine levels begin to rise within 5 to 10 minutes of the onset
of symptoms of anaphylaxis and remain elevated for 30 to 60 minutes.25,27 Therefore, they are not of help if the patient is seen as
long as an hour or more after the onset of the event.28 However urinary methyl-histamine levels are elevated for a longer duration of
time.29 Serum tryptase levels peak one to one and one-half hours
after the onset of anaphylaxis and can persist for as long as five
hours after the onset of symptoms.25 The best time to measure serum tryptase is between one to two hours but no longer than six
hours after the onset of symptoms.25 The best time to measure
plasma histamine is between 10 minutes and one hour after the onset of symptoms.25 It should be noted that there can be a disconnection between histamine and tryptase levels with some
patients exhibiting elevation of only one of these mediators.24,25
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It was originally thought that tryptase was present in an alpha
and ß form, and that alpha tryptase comprised the majority of
constitutively secreted tryptase. Subjects with null alleles for
alpha tryptase exhibited ‘‘normal’’ levels of tryptase. It is now
known that constitutively secreted tryptase is, for the most part, b
-pro tryptase (immature b tryptase) with alpha tryptase contributing only a small, negligible amount. 26 Upon mast cell degranulation there is a marked increase in tryptase which is composed
of mature b tryptase. Thus, constitutively secreted tryptase is a
mixture of alpha (in modest amounts) and b -pro tryptase (immature tryptase) (the majority amount). Marked increases in total
tryptase are seen during an anaphylactic event. This is due to
the rise in mature b tryptase released only during degranulation.27
It has been proposed that elevations of postmortem serum
tryptase be used to establish anaphylaxis as a cause of death.28
However, it should be clearly noted that postmortem elevation of
serum tryptase concentrations is not a specific finding and therefore
cannot be considered diagnostic of an anaphylactic death. There
are reports of non-anaphylactic deaths with elevated postmortem
serum tryptase levels.29-31 Thus, the presence of an elevated postmortem tryptase level cannot be considered pathognomonic for a
death due to anaphylaxis. Nor can an absence of an elevated serum
tryptase postmortem be considered sufficient to rule out anaphylaxis as the cause of death.29 In patients with a possible anaphylaxic
reaction to food, leftover or vomited food may be useful as a source
of antigen for the creation of an in-vitro test reagent.28
Total tryptase levels can be elevated in conditions other than
mastocytosis and anaphylaxis, such as acute myelocytic leukemia,
hypereosinophilic syndrome associated with the F1P1 L1PDGFRA mutation, myelodysplastic syndromes, and end-stage
renal disease with endogenous stem cell factor elevation.22 Because
of this, other markers for mast cell degranulation are being evaluated. Particularly promising is mast cell carboxypeptidase A3.
Also being studied are platelet activating factor and chymase.32 It
is of note that platelet activating factor and its hydrolase are both
measureable and that the severity of anaphylaxis is directly correlated with serum levels of platelet activating factor and inversely
correlated with serum levels of platelet activating factor hydrolase.
If a patient has had a previous episode of anaphylaxis, the
patient needs to be educated about the need for early treatment of
any subsequent episodes, in particular, the self-administration of
epinephrine. Patients who have experienced an episode of anaphylaxis can also carry identification denoting their possible
susceptibility to future episodes. This can consist of a card and/or
identification jewelry (e.g., Medic Alert).
Medical facilities should have an established protocol to
manage anaphylaxis and the appropriate equipment to treat an
anaphylactic reaction. In addition, telephone numbers for paramedical rescue squads and ambulance services might be helpful
to have on hand.

OFFICE MANAGEMENT OF ANAPHYLAXIS
Summary Statements
6. Anaphylaxis is an acute, life-threatening systemic reaction with varied mechanisms, clinical presentations,
and severity that results from the sudden systemic
release of mediators from mast cells and basophils. B
7. The more rapidly anaphylaxis develops, the more likely
the reaction is to be severe and potentially lifethreatening. C
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8. Prompt recognition of signs and symptoms of anaphylaxis is crucial. If there is any doubt, it is generally better to administer epinephrine. C
9. Epinephrine and oxygen are the most important therapeutic agents administered in anaphylaxis. Epinephrine
is the drug of choice, and the appropriate dose should be
administered promptly at the onset of apparent anaphylaxis. The consensus of experts is that, in general,
treatment in order of importance is: epinephrine, patient position, oxygen, intravenous fluids, nebulized
therapy, vasopressors, antihistamines, corticosteroids,
and other agents. C
10. Appropriate volume replacement either with colloid or
crystalloids and rapid transport to the hospital is essential for patients who are unstable or refractory to initial
therapy for anaphylaxis in the office setting. B
11. Medical offices and facilities in which anaphylaxis is
possible should have a well established plan of action
to deal with anaphylaxis that is regularly practiced
and the appropriate equipment to treat anaphylaxis.
The more rapid the treatment, the better the outcome.
Therefore, personnel in a medical office dealing directly
with the patient’s medical care should be familiar with
the manifestations of anaphylaxis and be able to recognize an event quickly. Access to therapy should be immediately available. B
12. Physicians and office staff should maintain clinical proficiency in anaphylaxis management. D
13. In addition, telephone numbers for paramedical rescue
squads and ambulance services might be helpful to have
on hand. C
The management of anaphylaxis is summarized in algorithmic
form in Fig E2. Appropriate management requires adequate
supplies, and a list of these supplies is noted in Fig E3. The
following equipment and supplies should be available:33-35 (1)
Stethoscope and sphygmomanometer; (2) injectable aqueous epinephrine 1:1000; (3) oxygen and equipment for administering it;
(4) intravenous fluids and equipment for administering them, and
(5) tourniquets, syringes, hypodermic needles, large-bore needles
(e.g., 14- or 16-gauge); The following equipment and supplies
should be considered depending on the availability of emergency
support services (1) one-way valve facemask with oxygen inlet
port (e.g., Pocket-Maskä or similar device); (2) diphenhydramine or similar injectable antihistamine; (3) corticosteroids for
intravenous injection; and possibly (4) a vasopressor (e.g., dopamine or norepinephrine). Some clinicians may strongly consider
having available glucagon, an automatic defibrillator, and/or oral
airway depending on the clinical setting.

EPINEPHRINE
The initial drug of choice is epinephrine.33-37 The following are
salient points regarding administration of epinephrine:
d The concentration is 1:1000 and the adult dose is 0.2 to 0.5
ml (mg). The dose in a child is 0.01 ml (mg)/kg.
d The time to highest blood concentration (Cmax), when
studied in asymptomatic subjects, is shorter when injection is given intramuscularly in the vastus lateralis muscle (lateral thigh) than when it is administered either
subcutaneously or intramuscularly in the deltoid muscle
of the arm. There are no outcome data comparing these
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routes of administration during anaphylaxis. There are
no data indicating that epinephrine is ineffective when
administered either subcutaneous or intramuscular in
the deltoid muscle of the arm.
Epinephrine may be administered every 5 to 10 minutes
as necessary. If the clinician deems it appropriate, the 5
minute interval between injections can be liberalized to
promote more frequent administration.
Epinephrine should be administered as soon as the diagnosis of anaphylaxis is suspected.
Although the diagnosis of anaphylaxis usually depends on
involvement of two organ systems (e.g., skin plus respiratory, skin plus cardiovascular), anaphylaxis may present
as an acute cardiac or respiratory event or with hypotension as the only manifestation of anaphylaxis.
The case of suspected anaphylaxis even if it involves only
one system, such as the skin, epinephrine administration
may be indicated.
Intravenous administration may be considered in patients poorly responsive to intramuscular or subcutaneous epinephrine, where there is inadequate time for
emergency transport or prolonged transport is required.
No established dosage or regimen for intravenous epinephrine in anaphylaxis is recognized. However, a prospective study demonstrated the efficacy of a 1:100,000
solution of epinephrine (0.1 mg [1 ml of 1:1000] in 100
ml saline) intravenously by infusion pump at an initial
rate of 30-100 ml/hr (5-15 mg/min), titrated up or down
depending on clinical response or epinephrine side effects
(toxicity). Inferences regarding intravenous dosing may
also be drawn from the emergency cardiac care consensus guidelines for intravenous epinephrine for adults
and children.37,38 An epinephrine infusion may be prepared by adding 1 mg (1 ml) of 1:1000 dilution of epinephrine to 250 ml of D5W to yield a concentration of
4.0 mg/ml. This 1:250,000 solution is infused at a rate of
1 mg/min (15 drops/minute using a micro-drop apparatus
[60 drops/minute 5 1 ml 5 60 ml/hr]), titrated to desired
hemodynamic response, increasing to a maximum of 10.0
mg/min for adults and adolescents. A dosage of 0.01 mg/
kg (0.1 ml/kg of a 1:10,000 solution up to 10mg/min;
maximum dose, 0.3 mg) is recommended for children.
Alternative pediatric dosage by the ‘‘Rule of 6’’ is, as
follows: 0.6 X body weight (in kg) 5 # of mg diluted
to total 100 ml saline; then 1ml/hr delivers 0.1 mg/kg/
min. 39 (See Table E4 for infusion guidelines in children.)
An alternative epinephrine infusion protocol has been
suggested for adults with anaphylaxis.19
Because of the risk of potentially lethal arrhythmias, epinephrine should be administered intravenously only in
profoundly hypotensive patients or patients in cardio/respiratory arrest who have failed to respond to intravenous
volume replacement and several injected doses of epinephrine. In situations where hemodynamic monitoring is
available (e.g., emergency department, intensive care facility), continuous hemodynamic monitoring is recommended if epinephrine is given intravenously.19 However, use
of intravenous epinephrine should not be precluded in a
scenario where such monitoring is not available, if the clinician deems its administration is essential after several
intramuscular/subcutaneous epinephrine injections. If
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intravenous epinephrine is considered under these special circumstances, monitoring by available means (e.g.,
every-minute blood pressure and pulse measurements
and ECG monitoring, if available) should be considered.
Numerous cases of unusually severe or refractory anaphylaxis
have been reported in patients receiving b -adrenergic
blockers.40-53 Although the pharmacology of provocation or exacerbation of bronchospasm with use of b -blockers is well known,
the pharmacodynamics that contribute to greater risk for more
serious anaphylaxis are not as widely recognized.54-56 These systemic effects have also been documented with use of ophthalmic b
-blockers.57 Greater severity of anaphylaxis observed in patients
receiving b -blockers might relate, in part, to a blunted response
to epinephrine administered to treat anaphylaxis.57 Epinephrine
administered to a patient taking a b -blocker can produce unopposed a-adrenergic and reflex vagotonic effects, possibly leading
to hypertension and the risk of cerebral hemorrhage.58 In patients
receiving b-blockers, increased propensity not only for bronchospasm, but also decreased cardiac contractility with perpetuation
of hypotension and bradycardia might exist.58-60 For these reasons,
b-blocker-related anaphylaxis may be more likely to be refractory
to management. There are no epidemiologic studies that indicate
that anaphylaxis occurs more frequently in patients receiving bblockers. In view of b-blocker withdrawal syndromes observed
in selected cases and the clear benefits that may accrue from use
of b-blockers in patients for whom these drugs are indicated, the
decision to withhold or discontinue b -blockers must be considered carefully from the perspective of risk vs. benefit for each individual.45-47,61-64 Therefore, patients taking b –blockers may be
more likely to experience severe anaphylactic reactions characterized by paradoxical bradycardia, profound hypotension, and
severe bronchospasm. Use of selective b 1-antagonists does not reduce the risk of anaphylaxis because both b 1 and b 2- antagonists
may inhibit the b -adrenergic receptor.
If epinephrine is ineffective in treating anaphylaxis in patients
taking b -blockers, both glucagon administration and isotonic
volume expansion (in some circumstances, up to 7 L of crystalloid) may be necessary.53,65-69 Glucagon may reverse refractory
bronchospasm and hypotension during anaphylaxis in patients
on b- blockers by activating adenyl cyclase directly and bypassing the b -adrenergic receptor.53,67-69 The recommended dosage
for glucagon is 1 to 5 mg (20-30 mg/kg [max. 1 mg] in children)
administered intravenously over 5 min and followed by an infusion, 5-15 mg/min, titrated to clinical response. Protection of
the airway is important since glucagon may cause emesis and
risk aspiration in severely drowsy or obtunded patients. Placement in the lateral recumbent position may be sufficient airway
protection for many of these patients.

POSITIONING OF PATIENT
Place the patient in a supine position and elevate the lower
extremities, particularly when there is concern for hemodynamic
compromise. This slows the progression of hemodynamic compromise by preventing orthostatic hypotension and helping to
shunt effective circulation from the periphery to the head, the
heart and kidneys. Patients who become hypotensive should
remain recumbent until the cardiovascular system has been
stabilized and they are completely asymptomatic.70 Deaths have
occurred if the patient assumes the upright sitting position
prematurely.71
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OXYGEN
Oxygen should be administered to patients with anaphylaxis
who have prolonged reactions. Oxygen can be considered in any
patient manifesting symptoms. Oximetry can be used to guide
oxygen treatment.

High quality randomized controlled trials have not demonstrated that vasopressin is more effective than epinephrine in the
treatment of cardiac arrest.75-77,80 No controlled studies have
been performed to evaluate the potential efficacy of vasopressin
in anaphylaxis, alone or in combination with epinephrine.

FLUID RESUSCITATION
The patient whose hypotension persists despite epinephrine
injections should receive intravenous crystalloid solutions or
colloid volume expanders. Of available crystalloid solutions,
saline is generally preferred in distributive shock (e.g., anaphylactic shock) because it stays in the intravascular space longer
than dextrose and contains no lactate which may potentially
exacerbate metabolic acidosis. Large volumes of fluid are often
required, especially in patients taking a b -adrenergic blocking
agent. One to 2 L of normal saline may need to be administered to
adults at a rate of 5-10 ml/kg in the first 5 minutes. Children
should receive up to 30 ml/kg in the first hour. Adults receiving
colloid solution should receive 500 ml rapidly, followed by slow
infusion. Caution for volume overload is advised if the patient has
a history of congestive heart failure.
Clinicians who are adequately trained and proficient at
obtaining intraosseous (IO) access for either adults or children
may consider this approach if attempts at IV access have been
unsuccessful. IO cannulation provides access to a non-collapsible
venous plexus, which is attainable in all age groups and several
studies have documented its safety and efficacy. Fluids administered IO for volume replacement should be infused under pressure
using an infusion pump, pressure bag, or manual pressure to
overcome venous resistance. Less than 1% of patients have
complications after an IO infusion.72,73

H1 AND H2 ANTIHISTAMINES
Antihistamines are considered supportive therapy and do not
replace epinephrine. Antihistamines are second line drugs that
can be given after epinephrine administration since they may be
useful for control of cutaneous and cardiovascular manifestations.
The salient features regarding use of antihistamines are:
d Diphenhydramine, an H1 antagonist, may be given IM or
by slow intravenous infusion in a dose of 25 to 50 mg in
adults, and 1 mg/kg up to 50 mg in children. Indirect
evidence supports the parenteral administration of diphenhdramine and hydroxyzine. Oral diphenhydramine
as well as other oral first or second generation H1 antihistamines can also be used. There is no direct outcome data
regarding the effectiveness of any antihistamine in
anaphylaxis.81
d An H2 antagonist added to the H1 antagonist may be
helpful in the management of anaphylaxis.19,81-87. Parenteral ranitidine can be considered in a dose of 1 mg/kg in
adults, and 12.5 to 50 mg in children. Since time to maximum serum concentration (Cmax) is approximately the
same for intravenous and intramuscular administration,
either route can be considered. If intravenous administration is chosen, the drug should be infused over 10 to
15 minutes. It may also be diluted in 5% dextrose to a volume of 20 ml and injected over 5 minutes.

INHALED b2 ADRENERGIC AGONISTS
For patients who develop bronchospasm, an inhaled b 2 agonist
can be helpful, especially when bronchospasm does not respond to
epinephrine. There is anectdotal evidence that inhaled epinephrine can be effective in anaphylaxis and that inhaled b 2 agonists
might be helpful, especially for upper airway obstruction.
VASOPRESSORS
Vasopressors, such as dopamine (400mg in 500ml of 5%
dextrose) administered at 2-20 mg/kg/min and titrated to maintain
systolic blood pressure greater than 90 mm Hg, should be
administered if epinephrine injections and volume expansion
fail to alleviate hypotension.74 Dopamine will usually increase
blood pressure while maintaining or enhancing blood flow to
the renal and splanchnic circulation. In cases of intractable hypotension, transfer of the patient to a hospital, with an appropriate
critical care environment, should be performed as soon as
possible.
It has been shown that a dose of dopamine > 10 mg/kg/min is
usually required to produce peripheral vasoconstriction which
would be required to maintain systolic blood pressure. After
promising results in various animal models for cardiopulmonary
resuscitation, vasopressin has been investigated for potential
benefit in cardiac arrest in humans.75-77 In addition, there is one
report evaluating the effectiveness of vasopressin on hypotension
in two adults who experienced insect sting anaphylaxis and one
report of a patient who received vasopressin after anaphylaxis
to a drug.78-79

CORTICOSTEROIDS
Glucocorticosteroids have not been shown to be effective for
the acute treatment of anaphylaxis but could, theoretically,
prevent protracted anaphylaxis. There is no conclusive evidence
that the administration of corticosteroids prevents a biphasic
response.88
OTHER PROPOSED THERAPIES FOR ANAPHYLAXIS
Several other therapeutic agents have been proposed for use in
anaphylaxis. However, there is no high quality evidence that
supports these agents, and existing data are too limited for
consensus opinions to be reached.
d Leukotriene modifiers:
At this time there are no data documenting the efficacy of
leukotriene modifiers in the treatment of anaphylaxis or
in its prevention. In addition, at this time, the only available route of administration is oral and therefore the
onset of action of such agents in anaphylaxis would not
be optimal.
d Tranexamic acid has been used to treat anaphylactic episodes associated with disseminated intravascular coagulation, however, it is not available in the United States.89
d Nitric oxide synthesis inhibition via methylene blue has
been reported, in case reports, to be helpful in the treatment of hypotension occurring during anaphylaxis.
There are no controlled studies, however, involving the
use of this agent in anaphylaxis.90
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OBSERVATION AND SUBSEQUENT FOLLOW-UP
Biphasic anaphylaxis occurs in 1% to 23% of episodes, and
symptoms may recur hours (most within 10 hours) after apparent
resolution of the initial phase5. However, observation periods
must be individualized since there are no consisently reliable predictors of biphasic or protracted anaphylaxis based on initial clinical presentation.
Follow-up of patients who have experienced anaphylaxis must
be individualized and based on such factors as clinical scenario
and distance from patient’s home to closest emergency facility.
At the time of discharge from medical supervision, patients
should be provided with autoinjectible epinephrine and instructed
in its use. In circumstances where an allergist/immunologist is not
already involved, it is strongly recommended that consultation
with an allergist/immunologist be obtained.
An action plan is an important component of the follow-up of
patients who have experienced anaphylaxis. Available resources
may be an important consideration in determining the treatment
plan that is appropriate for the setting in which the physician
practices.91-93 Examples of written action plans can be downloaded over the Internet (e.g., American Academy of Allergy,
Asthma, and Immunology (www.aaaai.org/members/resources/
anaphylaxis_toolkit/action_plan.pdf) [Spanish language versions
of the following AAAAI anaphylaxis materials are available: the
AAAAI Anaphylaxis Emergency Action Plan, Killer Allergy information page, AAAAI Anaphylaxis Tips to Remember brochure, and AAAAI Anaphylaxis Easy Reader page.]; Food
Allergy and Anaphylaxis network [English language version:
www.foodallergy.org/actionplan.pdf; Spanish language version:
www.foodallergy.org/spanishaction.pdf; www.foodallergy.org/
school/SchoolGuidelines.pdf]).
ANALYSIS OF ANAPHYLAXIS OUTCOMES AND
PROCEDURES
Following treatment for any episode of acute anaphylaxis, the
clinician should consider an analysis of the event and the possible
precipitating cause, particularly with respect to those steps that
could be done to prevent future episodes. (See Section on
Prevention of Anaphylaxis.) The clinical staff can also critique
the approach taken to manage anaphylaxis after each episode with
regard to what worked well and what needs improvement.

ANAPHYLAXIS TO FOODS
Summary Statements
14. Food is the most common cause of anaphylaxis in the
outpatient setting and food allergens account for 30%
of fatal cases of anaphylaxis. (D)
15. The most commonly implicated foods responsible for
food-induced anaphylaxis include: peanuts, tree nuts,
fish, shellfish, cow’s milk, soy and egg. In addition sesame seed has recently been identified as a significant
cause of food-induced anaphylaxis. (C)
16. Common themes associated with fatal food anaphylaxis
include: reactions commonly involved peanuts and tree
nuts; cutaneous and respiratory symptoms are frequently observed; victims are typically teenagers and
young adults; patients have a prior history of food allergy and asthma; and there is a failure to promptly administer epinephrine. (C)
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17. As is the case of anaphylaxis following other agents,
asthma is a risk factor for more severe food-induced
anaphylaxis. (C)
18. Biphasic anaphylactic reactions can occur in up to 25%
of fatal and near-fatal food reactions. (C)
19. Serum tryptase measurements may not be elevated in
cases of food-induced
20. The rapid use of injectible epinephrine has been shown
to be effective in the initial management of food-induced
anaphylaxis but subsequent doses may be needed. (C)
21. Patients who experience anaphylaxis should be observed for longer periods if they have experienced
food-induced anaphylaxis. (C)
22. Food-dependant, exercise-induced anaphylaxis is a
unique clinical syndrome in which anaphylaxis occurs
within a few hours of specific food ingestion or any
meal, and exercise. (C)
23. Patients with food allergy should pay close attention to
food advisory labeling (e.g. ‘‘may contain’’), which have
become more prevalent. (C)
Foods are arguably the most common cause of anaphylaxis.94,95
The prevalence of food-induced anaphylaxis is increasing. The
most frequently incriminated foods are peanuts, tree nuts, fish,
and shellfish but other foods, such as sesame seeds, have become
increasingly important as causes of food-induced anaphylaxis.95,96
Reactions can occur after the first known exposure.97
Common themes have emerged regarding fatal reactions to
foods. Most victims are teenagers or young adults who typically
have a known food allergy. Asthma is a risk factor for mortality,
and in many instances there has been failure to promptly
administer epinephrine. Life-threatening reactions may present
without any cutaneous manifestations, and can be characterized
by only respiratory and/or cardiovascular symptoms.88
Biphasic reactions appear to be more common in food-induced
anaphylaxis than in anaphylaxis related to other causes, and have
been reported in up to 25% of fatal or near fatal reactions.88
Serum tryptase may be less frequently elevated distinguishing
it from other causes. Serum tryptase may be less frequently
elevated in cases of food-induced anaphylaxis than anaphylaxis
produced by parenteral administration of allergen.97
All patients with food-induced anaphylaxis should be prescribed
autoinjectible epinephrine and instructed in its use. It has been well
established that epinephrine is underutilized by individuals with
food-induced anaphylactic events.94 Although it is rare for patients
with oral allergy syndrome to develop anaphylaxis, they may be at
increased risk, based on reports of patients who have had anaphylactic reactions to foods after previously manifesting only the oral
allergy syndrome.98 Therefore, consideration could be given to
prescribing such patients autoinjectible epinephrine.
At this time, there is no means for preventing food-induced
anaphylaxis except for avoidance of those foods that are known or
suspected of causing a reaction in a given patient.
Patients with food allergy should be instructed in how to
properly interpret food labels and to avoid foods if the contents
are not known.

Natural Rubber Latex (NRL)-Induced Anaphylaxis
Summary Statements
24. There are three groups that are at high risk of reaction
to latex: health care workers; children with spina bifida
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25.

26.

27.

28.

29.

30.

and genitourinary abnormalities; and workers with occupational exposure to latex. (C)
In vitro assays for IgE to NRL are typically recommended as a first step in evaluating latex sensitivity. However,
due to their suboptimal diagnostic predictive value,
positive and negative results must be interpreted based
on the history. If the test is positive with a high clinical
likelihood, latex sensitivity would be reasonable to pursue. In contrast, if the test is negative with a high clinical
likelihood, latex sensitivity still must be considered. (C)
A standardized commercial skin test reagent for NRL is
not available in the United States. In this regard, allergists have prepared NRL extracts from gloves to use for
clinical testing. It should be noted, however, that such
extracts prepared from gloves demonstrate
tremendous variability in content of NRL allergen.
Nevertheless, skin prick test with NRL extract to identify IgE-mediated sensitivity should be considered if patients are members of high risk groups or have a clinical
likelihood of NRL allergy and have negative in vitro
tests. (C)
Patients with spina bifida (regardless of a history of NRL
allergy) and patients with a positive history of NRL allergy ideally should have all medical-surgical-dental
procedures performed in a NRL safe environment. (D)
A NRL-safe environment is an environment in which no
NRL gloves are used in the room or surgical suite and
there is limited NRL accessories (catheters, adhesives,
tourniquets, and anesthesia equipment or devices)
which come in contact with the patient. (D)
In health care settings, general use of NRL gloves with
negligible allergen content, powder-free NRL gloves,
and nonlatex gloves and medical articles should be considered in an effort to minimize patient exposure to latex.
Such an approach can diminish NRL sensitization of
health care workers and patients and reduce the risk of
reactions to NRL in previously sensitized individuals. (D)
Patients with a diagnosis of NRL allergy by history and/
or skin testing can wear a medical identification bracelet,
carry a medical identification card, or both. If patients
have a history of anaphylaxis to NRL, it is important
for them to carry auto-injectible epinephrine. (D)

Latex sensitization is due to IgE-mediated reactivity to any
number of antigens from Hevea brasiliensis, the source of latex.
Sensitization occurs in up to 12 percent of health care workers,
up to 75 percent of patients with spina bifida and in patients undergoing multiple surgical procedures.99-101 Sporadic cases of latex induced anaphylaxis have been reported due to hair glue and
plastic balls with latex pit.102 Atopic and latex-exposed individuals are also at higher risk. Individuals can be sensitized to minor
or major antigens. At least 240 separate polypeptides can be discerned by two dimensional electrophoresis. Less than 25% of
these have been shown to react with IgE from patients with latex
allergy. They tend to cluster into groups of 11 proteins.103 With
exposure, sensitized individuals may develop urticaria, angioedema, allergic rhinitis, asthma and anaphylaxis. Latex-induced
anaphylaxis from powdered latex gloves, as well as other sources,
may present in the operating room in patients, surgeons, nurses or
anesthesiologists (Table E5). Latex has been reported to account
for up to 17% of intraoperative anaphylaxis.103 The features of
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intraoperative anaphylaxis may differ considerably from anaphylaxis not associated with surgical procedures. While cutaneous,
hypotensive and respiratory events occur in both, hypotensive
cardiovascular collapse is a feature of reactions to latex during
surgery while dizziness or syncope is found largely in anaphylaxis
induced by non-surgical procedures.104 Latex-induced anaphylaxis is due to IgE-mediated mechanisms. Thus, in conjunction
with a careful history and physical examination, detection of
IgE to latex can be helpful in the diagnosis. Unfortunately, no
standardized skin test reagent for latex is available in the United
States, but ‘‘homemade’’ skin test preparations may be made from
latex gloves. It is clear, however, that such ‘‘homemade’’ extracts
are not standardized, and the amount of latex allergen within these
extracts is highly variable. For diagnostic purposes, in-vitro tests
for latex-specific IgE are available although the sensitivity of
these tests may vary (see Allergy Diagnostic Testing; An Updated
Practice Parameter). Due to the suboptimal diagnostic utility of
these tests, results should be correlated with the clinical history.
If the test is positive with a high clinical likelihood, latex sensitivity would be reasonable to presume. In contrast, if the test is negative with a high clinical likelihood, one cannot rule out latex
sensitivity. In vitro tests have highly variable sensitivity and specificity characteristics. The sensitivity has been found to be as low
as 50% and as high as 100%.104,105
Latex-induced anaphylaxis may occur in a variety of situations,
all involving direct contact with latex, usually gloves, or instruments, or with aerosolization of latex antigen adherent to the
cornstarch powder of latex gloves. Thus, latex reactions can occur
during operative procedures, when gloves are donned. Latex
reactions may occur immediately with latex contact or may be
delayed from 30 to 60 minutes. Intraoperative latex anaphylaxis
may be related to the administration of drug through a latex port
prior to surgery, or during the surgical procedure itself. Latex
reactions have also been reported to occur during dental procedures from latex gloves or dams, during obstetrical or gynecologic examinations and during latex condom use. Spina bifida
patients are potentially at risk during each surgical procedure
because of the numbers of procedures they undergo.
Avoidance is extremely important. For the sensitized health
care worker, latex gloves should not be worn and the worker’s
colleagues should wear non-powdered latex gloves or non-latex
gloves. The workplace should be ‘‘latex safe’’ with all non-glove
latex devices replaced by non-latex devices. A ‘‘latex free’’
emergency cart (Table E6) should be available to treat reactions.
Rubber stoppered vials should be avoided.
Settings in which latex avoidance precautions should be
instituted in latex-sensitive patients might include surgical procedures, obstetrical or gynecologic examinations, or dental care.
The surgical room, dental area or examination area should be free
of latex devices and no latex gloves should be worn. Appropriate
emergency medications should be available for treatment, should
a reaction occur.

ANAPHYLAXIS DURING GENERAL ANESTHESIA,
THE INTRA-OPERATIVE PERIOD, AND THE POSTOPERATIVE PERIOD
Summary Statements
31. The incidence of anaphylaxis during anesthesia has been
reported to range from 1 in 4000 to 1 in 25,000. Anaphylaxis during anesthesia can present as cardiovascular
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32.

33.

34.

35.
36.

37.

38.
39.
40.

41.

collapse, airway obstruction, and/or skin manifestations. C
It can be difficult to differentiate between immune and
nonimmune mast cell–mediated reactions and pharmacologic effects from the variety of medications administered during general anesthesia. In addition, cutaneous
manifestations of anaphylaxis are less likely to be apparent when anaphylaxis occurs in this setting. B
The evaluation of IgE-mediated reactions to medications used during anesthesia can include skin testing
to a variety of anesthetic agents. B
The management of anaphylactic reactions that occur
during general anesthesia is similar to the management
of anaphylaxis in other situations. B
Thiopental allergy has been documented by skin tests. B
Neuromuscular blocking agents, such as succinylcholine, can cause nonimmunologic histamine release, but
there have also been reports of IgE-mediated reactions
in some patients. B
Reactions to opioid analgesics are usually caused by direct mast cell–mediator release rather than IgEdependent mechanisms. B
Antibiotics that are administered perioperatively can
cause immunologic or nonimmunologic reactions. B
Protamine can cause severe systemic reactions through
IgE-mediated or nonimmunologic mechanisms. B
Blood transfusions can elicit a variety of systemic reactions, some of which might be IgE-mediated or mediated through other immunologic mechanisms. B
Methylmethacrylate (bone cement) has been associated
with hypotension and various systemic reactions, although no IgE mechanism has been documented.C

Diagnosis. Diagnosis of anaphylaxis during general anesthesia and post-operatively is hampered by the following:
d The diagnosis of anaphylaxis depends in large part on the patient’s ability to describe the event, and the patient cannot describe symptoms because they are unconscious or not fully
conscious.
d Skin manifestations are an important and frequent indicator
of anaphylaxis and skin manifestations may be masked by
surgical drapes.
d Skin manifestations are less common than they are when anaphylaxis occurs in other settings.
d Cardiovascular collapse may be the sole manifestation of anaphylaxis and may be confused with other causes of cardiovascular collapse in this setting.
d Bradycardia occurs more often in this setting than in other
settings of anaphylaxis and health care providers are more
likely to think of anaphylaxis if the patient develops
tachycardia.
The causes of anaphylaxis in this setting are varied, as are the
mechanisms responsible for the reaction (Table E7). The most
common cause of anaphylaxis during general anesthesia or postoperatively is neuromuscular blocking agents (muscle relaxants),
which are responsible for sixty to seventy percent of episodes of
anaphylaxis occuring during this period.106-116
Most of the muscle relaxants cause direct release of mast cell
histamine without the requirement for specific antibody. However,
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life-threatening reactions usually are IgE- mediated.117 The tertiary or quaternary ammonium group, common to all muscle relaxants, is likely the immunodominant determinant recognized by
IgE.118 The antigenicity of the shared ammonium structures may
be responsible for cross-reactivity among the muscle relaxants.
Cross-reactivity occurs most consistently between pancuronium
and vecuronium.119 Cross-reactions also may occur between muscle relaxants and other classes of pharmaceuticals, based upon in
vitro inhibition of specific-IgE binding to the muscle relaxants.
Agents that potentially cross-react with muscle relaxants include:
acetylcholine, choline, morphine, neostigmine, and pentolinium.
Cross-inhibition suggests that previous exposure to these nonanesthetic drugs may sensitize individuals to muscle-relaxing
agents, resulting in reactions among patients without prior anesthesia.120 Three out of four cases of anaphylaxis to muscle relaxants
occur in females, suggesting cross-reactivity with ammonium
compounds in personal care products.121 Skin testing may be useful to determine the safest alternative for subsequent anesthesia following a suspected reaction, recognizing that nonimmunologic
reactions are not identified by this diagnostic method122,123 Skin
testing is not recommended for preanesthetic screening of subjects
without a history of suspected reactions.124
Antibiotics frequently are administered before, during, or
immediately after anesthesia and surgery. Allergic reactions to
antibiotics, particularly anaphylaxis, may occur during the perioperative period. The antibiotics most commonly implicated in
reactions during this period are b- lactam antibiotics and
vancomycin.125
Vancomycin is a glycopeptide antibiotic selectively used for
treatment of resistant organisms and for use in individuals with
penicillin allergy. Administration, especially when it is rapid,
may result in life-threatening, non-IgE-mediated anaphylaxis.126-128 Direct histamine release and direct myocardial
depression partially expain this phenomenon.129 These nonimmunologic reactions to vancomycin can be reduced or eliminated
by administering this drug as a dilute solution, dissolved in at
least 200 mL, and infused over at least a 2 hour period. IgEmediated anaphylaxis to vancomycin is much less common.
Skin testing with a concentration of 0.15 mg/mL or less has
been reported, but the reliability of this testing is less than with
penicillin skin testing.130,131 Nevertheless, skin testing with vancomycin may have some value in distinguishing rate-related
adverse events from anaphylaxis.
Dextran and hydroxyethyl starch (HES), large-molecular–
weight polysaccharides, may be used as a non-blood, highoncotic fluid replacement during surgery. These agents are
infrequently associated with adverse reactions and anaphylaxis.
Estimates of reaction rates are 0.008% to 0.08% for dextran and
0.08% for HES.132 Specific antibodies can be detected to dextran
or HES, but their clinical significance is unknown.133,134 Confirmation of dextran or HES as the cause of an adverse reaction is
limited by the absence of validated serologic or skin tests. Skintest reactivity to undiluted solutions has been described but is
of unknown predictive value.121 Case reports also describe
systemic reactions to albumin, but the mechanism for such adverse effects is not known.119
Intravenous drugs used for anesthetic induction can cause perioperative anaphylaxis. More than 290 cases of anaphylaxis are reported in the literature from the use of barbiturates, especially
thiopental. However, the reaction rate with barbiturates is only
1:25,000, with the reported occurrence of reactions reflecting
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the common use of these compounds.117 Women are three times
more likely to have reactions from thiopental than men.121,124
Most of the adverse reactions with barbiturates, particularly thiopental, are caused by specific-IgE antibody, although direct
histamine-releasing activity also occurs.121,135-137 The importance of immunologic cross-reactivity is unknown. Skin testing
may be clinically useful, but the concentration of drug testing
must be less than the concentration that result in irritation. See Table E8 for the concentration of anesthetic agents that has been recommended for intradermal skin testing.122,123
Propofol is a nonbarbiturate induction agent that is potentially
useful if sensitivity to barbiturates is a concern.138 IgE-mediated
reactions from propofol may occur139,140, however, most adverse
reactions to propofol are non-immunologic.142 Propofol may directly stimulate histamine release, and this effect may be greater
when administered with muscle relaxants.142
Narcotics used in peri-operative period are a common cause of
flushing and urticaria following intravenous administration. Anaphylaxis, in contrast, is very rare.143,144 Dermal mast cells express
opioid receptors that bind to the narcotic and stimulate histamine
release. Other populations of mast cells do not express this receptor. Cutaneous flushing and hives often occur after intravenous
morphine administration, but with rare exceptions, the amount of
histamine release does not result in hypotension or bronchospasm.145 Reducing the rate of opioid administration usually limits
the severity of these reactions. Fentanyl does not directly stimulate
histamine release by way of the mast-cell opioid receptor.145 There
are reports of anaphylaxis to morphine and fentanyl.146 The predictive value of skin testing with morphine has not been determined.
Intravenous protamine, an agent used to reverse heparin anticoagulation, may cause both anaphylactic and anaphylactoid reactions; the latter is characterized by increases in pulmonary
blood pressure. Potential pathophysiologic mechanisms are numerous and varied.147-151 A case control study (multivariate
odds ratio [95% confidence interval]) showed that previous neutral protamine Hagedorn insulin use (8.18 [2.08, 32.2]), fish allergy (24.5 [1.24, 482.3]), and other medication allergy (2.97
[1.25, 7.07]) are independent risk factors for anaphylaxis150.
The authors estimate that up to 39% of cardiopulmonary bypass
patients have one or more of these risk factors. Allergy to fish
has not been conclusively shown to be associated with protamine
allergy.155,156 Skin prick tests and specific IgE antibodies have not
been demonstrated to be clinically useful in the diagnosis of hypersensitivity to protamine.
Although benzodiazepines are frequently used peri-operatively,
adverse reactions are exceedingly rare. The mechanism of clinical
adverse reactions has not been studied. Specific IgE has not been
detected by skin tests or in-vitro tests.157,158
Local anesthetic agents readily induce cell-mediated immunologic reactions when applied topically to the skin, but humoral
immune responses are rare. Adverse effects from local anesthetics
are not uncommon, but immunologically mediated reactions following parenteral administration are very unusual. Percutaneous
testing, followed by intracutaneous testing, usually is performed
with one or more local anesthetics. Dilutions of the anesthetics
may be considered for the initial testing if the history is highly
suggestive of anaphylaxis. Ideally anesthetic agents with and
without preservatives are used to determine if preservative sensitivity, rather than anesthetic allergy, could be responsible for the
reaction. Local anesthetics without epinephrine are preferable if
the history is suggestive of an anxiety response.
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The management of anaphylaxis in the peri-operative period is
similar to the management of anaphylaxis in other situations. Reports that arginine vasopressin may be superior to epinephrine require confirmation before any change in treatment
recommendations.159
The diagnosis of perioperative anaphylaxis is challenging because of the multiple drugs administered, concurrently or sequentially, and the effects of anesthesia itself. An elevated
serum tryptase level 1 to 6 hours after suspected anaphylaxis
suggests mast cell degranulation and supports the diagnosis of
anaphylaxis in the presence of a typical history and clinical
findings.22,25,160 Additional diagnostic testing for the agent responsible for mast cell degranulation, usually by measuring
specific-IgE, would be advisable if the serum tryptase were elevated. A normal tryptase level, however, does not exclude
anaphylaxis.
Testing for specific-IgE to a suspected, causal agent is not
recommended until several weeks after a reaction, because
transient decreases in measurable allergen specific-IgE may
occur after anaphylaxis. Skin tests with agents used during the
peri-operative period may be difficult to interpret because many
drugs can cause direct mast-cell histamine release in the absence
of specific-IgE. Nonetheless, skin testing has been shown to be
valuable in evaluating anaphylaxis to barbiturates, streptokinase,
penicillin, insulin, local anesthetic, and latex. In vitro testing for
specific IgE antibodies has been reported for muscle relaxants,
thiopental, morphine, propofol, and latex.
The prevention of peri-operative anaphylaxis is an elusive ideal
because of the rare occurrence of reactions, multiple pathophysiologic mechanisms (many of which are undefined), the limited
ability to test for sensitization and the limited ability to define
the risk of recurrence. A careful medical history that focuses on
previous adverse reactions is most important. A prior medication
reaction nonspecifically increases the possibility of adverse reactions, and multiple previous medication reactions pose a greater
risk. Atopic individuals may be at increased risk because of either
an increased frequency of reactions or, more often, an increased
severity of reactions. Previous anesthetic-associated reactions
should be evaluated thoroughly, with specific testing if indicated.
IgA-deficient subjects should receive washed red blood cells and
not whole blood to avoid exposure to exogenous IgA. Intraoperative antibiotics should be administered slowly with careful hemodynamic monitoring. Drugs with histamine-releasing
properties (e.g., morphine, d-tubocurarine, vancomycin, quaternary muscle relaxants) should be administered as slowly as possible, particularly in subjects with asthma or cardiopulmonary
disease. Pretreatment regimens, as used for patients who have experienced anaphylactoid reactions to radiocontrast material, have
not been proven to prevent reactions, but may reduce the severity
of such reactions even if a non-IgE mediated mechanism is
suspected.
Peri-operative anaphylaxis, mediated by immunologic, nonimmunologic, or undefined mechanisms, is becoming more
common, probably because of more frequent use of anesthesia
and the increasing complexity of utilized drugs. Recognition and
immediate treatment are particularly important because anesthetized patients are at greater risk for adverse outcomes caused by
the physiologic effects of anesthesia. Vigilance for the signs of
anaphylaxis and consideration of risk factors, with possible
modification of the agents used, will likely reduce the morbidity
and mortality associated with these reactions.
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SEMINAL FLUID ANAPHYLAXIS
Summary Statements
42. Coital anaphylaxis caused by human seminal fluid has
been shown to be due to IgE-mediated sensitization to
seminal plasma proteins of varying molecular weight. C
43. Post-coital local reactions to human seminal plasma are
probably IgE-mediated based on successful response to
rapid seminal plasma desensitization. C
44. History of atopic disease is the most consistent risk factor for seminal fluid-induced anaphylaxis. C
45. The diagnosis of seminal plasma anaphylaxis may be
confirmed by skin testing with fresh whole human seminal plasma or its fractions obtained from the male partner. It is essential to exclude other underlying causes
such as allergens in natural rubber latex condoms, or
in drugs or foods passively transferred via seminal
plasma. D
46. Greater than 90% of the allergenic proteins range between 12 to 75 kd. Prostate specific antigen has been demonsrated to be a relevant allergen in some cases. C
47. Systemic and localized reactions to seminal plasma can
be prevented by correct use of condoms. Nevertheless,
in the event of barrier failure, sexual partners should
be prepared to treat acute anaphylaxis. C
48. Subcutaneous immunotherapy to properly prepared
fractions of seminal plasma collected from male partners has been successful in preventing anaphylaxis to
seminal plasma. C
49. Successful intravaginal graded challenge with whole
seminal plasma of the male partner has been reported
in a few cases but the duration of protection is unknown. This treatment approach may be considered
prior to pursuing desentization using relevant semimal
plasma protein fractions. C
50. Patients with seminal plasma allergy may be able to
conceive without undergoing desensitization, by artificial insemination with washed spermatozoa. C
Anaphylaxis due to coital exposure to human seminal fluid is a
rare occurrence. Since the initial report in 1958,161 approximately
30 cases of seminal fluid induced anaphylaxis have been described.162-164 All reactions have occurred in female patients during or after sexual intercourse. The vast majority of such reactions
are caused by IgE-mediated sensitization to human seminal
plasma proteins with molecular weights ranging from 12-75
kD.165-167 In rare cases, spermatozoa have been identified as the
source of allergens inducing a cell-mediated reaction.168 Coital
anaphylaxis has also been attributed to exogenous allergens transferred via semen during sexual intercourse. Such unusual reactions occur when a male partner ingests a food (e.g., walnuts)
or drug (e.g., penicillin) to which there is established sensitization
in the female partner.169
Seminal plasma hypersensitivity is essentially a diagnosis by
exclusion. A detailed history is essential to rule out other causes,
such as sexually transmitted diseases, latex sensitivity, transfer of
food or drug proteins from the male sexual partner to the female
who may be sensitized to these agents or other contactants, such
as sanitary napkins. Anaphylaxis to seminal plasma protein
begins within seconds to minutes after ejaculation and presents
with a range of symptoms including: diffuse pruritus and

LIEBERMAN ET AL 480.e17

urticaria; pelvic pain associated with uterine contractions; nasal
symptoms including rhinorrhea and sneezing; wheezing, dyspnea
and/or laryngeal edema; and, rarely, hypotension and syncope.
The effective prevention of reactions by correct use of condoms is
a common feature.170 Failure of condoms to prevent anaphylaxis
suggests either incorrect condom technique or concurrent sensitization to latex.171 Localized vulvar and vaginal burning may occur as isolated symptoms or in conjunction with itching and
swelling following ejaculation.172 There is no evidence that localized vaginal seminal plasma hypersensitivity increases the likelihood of a future systemic reactions.
The most significant risk factor for seminal plasma protein
anaphylaxis is a history of allergic asthma or atopic dermatitis.163,
167,173
Anecdotal case reports of seminal fluid anaphylaxis have
occurred post-partum, after gynecologic surgery and following
injection of anti-Rh immune globulin.163 It has not been established if such events are coincidental or could somehow modulate
immune tolerance resulting in sensitization to seminal fluid proteins. Reactions have also been observed in women whose male
partners have recently undergone prostatectomy or vasectomy.174
Anaphylactic events have been reported in women with multiple
previous sexual encounters or in others, after the first coital act.163
Post-coital allergic reactions are not specific to one partner and almost always recur with different male partners. Surveys have indicated that most patients with seminal plasma hypersensitivity
are not promiscuous, typically having reported a history of less
than two sexual partners.163
The diagnosis must be confirmed by in vivo and/or in vitro demonstration of sensitization to seminal fluid proteins.165 Based on
available data, in vitro tests (e.g., RAST, ELISA) of serum specific IgE appear to be less sensitive than skin testing.163
A negative serologic test for seminal plasma specific IgE does
not exclude sensitization. Therefore, skin prick testing with whole
human seminal plasma from the male partner is recommended for
initial screening of suspect cases. Prior to skin testing, the male
donor must be screened for viral hepatitis, syphilis and HIV infection and if there is evidence of infection, skin testing should not be
performed.165,167,168
Percutaneous or intracutaneous responses to relevant seminal
plasma protein fractions have been detected in all reported cases
of anaphylaxis. The presence of positive serologic specific IgE
antibodies to these fractions and specific skin tests to the same
fractions is highly predictive of a successful treatment outcome
with seminal plasma protein desensitization.175
Consideration must be given to the psychologic impact of this
condition on the patient, his/her partner and the future of their
relationship. Couples should be informed that successful pregnancies have been achieved after artificial insemination with
sperm washed free of seminal plasma or by in utero fertilization.174 Once the diagnosis is suspected, the patient must be advised to avoid coital exposure to seminal fluid. This can be
achieved by either temporary cessation of intercourse or with
the correct use of latex condoms. Coitus interruptus is often not
successful due to potential leakage of seminal fluid during intercourse, which can result in a reaction and is therefore discouraged. Condoms made from lambskin or a plastic polymer can
be substituted in the latex-sensitive patient. If anaphylaxis is
caused by seminal transfer of exogenous allergens, the male partner should avoid the causative food or drug prior to engaging in
sexual intercourse.168,169 It is essential that patients and their
partners be trained in the emergency use of autoinjectable
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epinephrine. Although there are reports of successful use of precoital treatment with antihistamines or intravaginal cromolyn
sodium, these options have generally been ineffective in the prevention of severe anaphylaxis.175
There are couples for whom abstinence, regular use of
condoms, or artificial insemination to achieve pregnancy are
unacceptable options. In such situations, immunotherapy with
seminal plasma fractions of the male partner should be considered. This procedure should only be performed in specialized
centers and under the supervision of experienced
physicians.165-168,170,176
Successful intravaginal graded challenges have been reported
in women diagnosed with human seminal plasma anaphylaxis
confirmed by skin prick test reactivity to whole seminal
plasma.177-182 As with parenteral desensitization protocols, frequent intercourse (two to three times per week) is required to
maintain the desensitized state. The efficacy of intravaginal
graded challenge is based entirely on anecdotal reports. Moreover, the duration of the protective effect is unknown. Graded intravaginal challenges have been less effective in women with
localized seminal plasma hypersensitivity reactions.183
It is very important to inform women with this condition that
although seminal plasma hypersensitivity can cause significant
stress, it has no impact on their ability to get pregnant as it has not
been associated with infertility.181,183
In summary, the following techniques can be utilized in the
management of patients with seminal fluid induced anaphylaxis:
d Barrier condoms can be successful tools of management. In
the latex-allergic patient, polyurethane condoms can be used.
d In cases due to the transfer of exogenous allergens, the male
partner should avoid the food or drug in question.
d The patient and spouse should be supplied with and trained in
the use of an automatic epinephrine injector.
d When these therapies are not effective or are unacceptable,
immunotherapy can be instituted. Couples should be informed that successful pregnancies have occurred in patients
with this problem. There is no association between seminal
fluid hypersensitivity and infertility.

EXERCISE-INDUCED ANAPHYLAXIS
Summary Statements
51. Exercise is the immediate trigger for the development
of symptoms in exercise induced anaphylaxis (EIA).
Typical symptoms include extreme fatigue, warmth,
flushing, pruritus, and urticaria, occasionally progressing to angioedema, wheezing, upper airway obstruction, and collapse. A
52. The pathophysiologic events during exercise that precipitate symptoms are not known, although promising
lines of research exist. C
53. Some patients experience symptoms only if other contributing factors or ‘‘co-triggers’’ are present in association with exercise. These co-triggers include ingestion
of specific foods, or in some patients ingestion of any
food, non-steroidal antiinflammatory drugs, and high
pollen levels. C
54. The clinical history should focus on identification of
these possible co-triggers. Evaluation for sensitization
to food allergens, particularly grains and seafood,

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

should be performed. The diagnosis is usually made
based upon history and exclusion of other disorders.
Exercise challenge testing does not consistently reproduce symptoms. C
55. All patients with exercise-induced anaphylaxis must be
advised to stop exercising immediately at the first sign
of symptoms because continued exertion causes the attacks to worsen. In addition, all patients should carry
epinephrine auto injectors and exercise with a partner
who can recognize symptoms and administer epinephrine if necessary. D
56. Prophylactic medications are not effective for preventing attacks in the majority of patients, although a small
subset does appear to benefit from daily administration
of H1 antihistamines. D
57. The prognosis of patients with exercise-induced anaphylaxis is generally favorable, although at least one fatality has been reported. Most patients experience
fewer and less severe attacks over time. It is unclear if
this is the result of trigger avoidance or a change in
the underlying condition. C
Exercise-induced anaphylaxis (EIAn) is characterized by symptoms of mast cell mediator release in the setting of physical exertion.
Typical early signs and symptoms begin a few minutes into exercise,
and include diffuse warmth, flushing, pruritus, urticaria, and
fatigue.184,185 If exercise continues, there may be progression to
angioedema of the face and extremities, gastrointestinal symptoms,
laryngeal edema, hypotension, or collapse. Wheezing can occur, although it is less common than other symptoms. Some patients experience disabling headache that persists for several days after an
episode.185 Attacks occur sporadically and unpredictably, even
though most patients with this disorder exercise regularly.
Vigorous exercises, such as jogging, racquet sports, dancing,
and aerobics, are most often implicated, although lower levels of
exertion, such as brisk walking or yard work, are capable of
triggering attacks in some patients.186 Cessation of exercise usually results in improvement or resolution of symptoms, although,
patients often do not instinctively stop exercising when they first
experience symptoms. Instead, many try to run for help or sprint
home, and this precipitates a dramatic worsening of symptoms.
Once the patient either stops exercise or receives treatment, symptoms may dissipate rapidly or last for several hours. It is not
known how often this disorder results in fatal anaphylaxis, although at least one death has been reported.187 Such events are
likely underdiagnosed and misdiagnosed, as with other causes
of fatal anaphylaxis.
Many patients require the presence of one or more other factors
in order to develop symptoms upon exercise. Reported ‘‘cotriggers’’ include the ingestion of specific foods,188 the ingestion
of any solid food, non-steroidal anti-inflammatory drugs
(NSAIDs),186,189 alcoholic beverages, menstruation,6 or, seasonal
pollen exposure in pollen-sensitized patients.186 Typically, each
trigger is tolerated if there is no association with the other trigger,
e.g., patients with food as a co-trigger can eat the food without
symptoms or exercise without symptoms, although if they eat
the food and then exercise they will develop anaphylaxis.
In most cases, exposure to the co-trigger occurs first, followed
by exercise, with the latter triggering symptoms. Ingestion of
NSAIDs may precede exercise by hours to a day, whereas food or
alcohol ingestion typically has occurred within 4 to 6 hours before
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exercise. The foods most commonly implicated are wheat, other
grains, nuts, and seafood, although a wide variety of foods have
been reported.188,190
EIAn is a rare disorder. One study estimated the prevalence of
EIAn among Japanese adolescents to be approximately 0.03
percent, with no clear gender preference.191 The prevalence of patients with purely exercise-triggered anaphylaxis, relative to those
who require exercise plus one or more cofactors, is not known, although food-dependent anaphylaxis has been reported more
often.192
The pathophysiology of EIAn is not well-understood, although
there is evidence that it is a mast cell-mediated disorder. Skin
biopsies demonstrating degranulation of dermal mast cells following attacks,193 and transient elevations in plasma histamine194,195 and serum tryptase196 have been documented in
case reports. However, the precise trigger(s) for mast cell activation have not been conclusively identified, and the events during
exercise that may alter the activity of mast cells or other leukocytes have not been defined.
The diagnosis of exercise-induced anaphylaxis is based upon a
meticulous clinical history, skin or in vitro testing for IgEmediated allergy, and occasionally, documenting mast cell activation if this can be determined in the minutes or hours following an
attack.
As part of the history, each episode that can be recounted by the
patient should be reviewed in detail, to discern if any co-triggers
were present. A careful skin examination for lesions of urticaria
pigmentosa and a baseline serum tryptase level can be performed
to evaluate for mastocytosis, which can present with anaphylaxis
upon exertion.
Skin testing for sensitization to foods and environmental
allergens helps to define each patient’s potential co-triggers. In
food dependent -EIAn, IgE-mediated allergy to precipitating
foods is usually, although not always demonstrable. Patients who
do not initially test positive to foods that appear by history to be
co-triggers, may over time develop positive skin tests to suspected
food. Thus, if the history suggests a food co-trigger but testing is
negative, repeat testing over time may be useful.
The diagnosis of EIAn can be confirmed by eliciting symptoms
with treadmill testing. However, symptoms are difficult to reproduce.192,197 The differential diagnosis includes arrhythmias and
other cardiovascular events, but such events do not include pruritus, urticaria, angioedema, or upper airway obstruction. Exerciseinduced bronchoconstriction presents with symptoms that are
limited to the airways. Exercise-associated gastroesophageal reflux could mimic mild symptoms of EIAn, although, urticaria
and/or pruritus are not observed.
Cholinergic urticaria, a physical urticaria usually limited to the
skin, can mimic the early cutaneous symptoms of EIAn. Cholinergic urticaria is characterized by initially punctate (1 to 3 mm in
diameter) wheals with surrounding erythema of the affected skin.
Cholinergic urticaria is elicited by raising the core body temperature, such as with a sauna or hot bath, very strong emotion, or
very spicy food and can be discerned with a careful history and
confirmed with passive warming. A minority of patients with
EIAn develop punctate urticaria,198 although most have larger
wheals (10 to 15 mm in diameter). Patients with punctate urticaria
who develop symptoms in extracutaneous organs should be considered to have EIAn. Exercise is necessary to elicit the symptoms
of EIAn; passively raising the core body temperature should not
elicit symptoms in such patients.199
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The management of EIAn must be individualized, depending
upon the severity of symptoms, the presence of co-triggers, and
the patient’s desire to continue exercise. The patient must carry or
have immediate access to autoinjectible epinephrine whenever
they exercise. Patients with EIAn should exercise with a partner or
in a supervised setting at all times. The companion should be
educated about the condition and be capable of administering
epinephrine. Patients must be vigilant for early signs of EIAn
(e.g., flushing, pruritus) and stop exercise immediately if these
develop. It is imperative that patients understand the importance
of immediately stopping exercise at the first sign of symptoms.
For patients with identifiable co-triggers, avoidance of these
factors may allow them to resume exercise safely. For example,
patients who demonstrate sensitization to a food should avoid that
food completely if it is not an integral part of the diet. Foods that
are essential to the diet should not be eaten during the 6 hours
prior to exercise.
Pharmacologic therapy cannot be relied upon to prevent EIAn.
Oral H1 antihistamines, corticosteroids, oral cromolyn sodium,200 H2 antihistamines, or omalizumab, have not been evaluated in controlled studies, and/or have not been shown to be
consistently effective. H2 antihistamines, specifically in patients
with food dependent -EIAn, should be avoided because there is
preliminary evidence that H2 antihistamines may interfere with
normal digestion of food allergens and therefore could augment
a reaction.201-203
Most patients with EIAn report fewer attacks over time. Much
of this improvement may be attributable to modifications in
exercise habits and recognition of co-triggers. A questionnaire
administered to 279 patients, with EIAn persisting for longer than
10 years; found that the average number of episodes per year
decreased from 14.5 at the time of diagnosis, to 8.3 in the year of
the study. Patients reported avoiding exercise during extremely
hot, cold, or humid weather conditions, during pollen season
(pollen-allergic patients), after eating, and after taking
NSAIDS.186 Thus, with proper counseling and careful selfmonitoring, most patients are able to continue exercise and suffer
fewer attacks over time.

IDIOPATHIC ANAPHYLAXIS
Summary Statements
58. The symptoms of idiopathic anaphylaxis are identical to
those of episodes related to known causes. C
59. Patients with idiopathic anaphylaxis should receive an
intensive evaluation, including a meticulous history to
rule out a definite cause of the events. C
60. There might be a need for specific laboratory studies to
exclude systemic disorders, such as indolent systemic
mastocytosis. This might include a measurement of serum tryptase when the patient is asymptomatic, measurement of total tryptase during or within 4 hours of
an acute episode, and the ratio of mature (b) tryptase
to total tryptase during an episode. To exclude hereditary angiodema or acquired C1 inhibitor deficiency, a
C4 concentration can be obtained as it will be reduced
during or in the absence of severe angioedema in those
conditions but normal in idiopathic anaphylaxis. C
61. There might be a need for selective skin testing for detection of anti-food IgE antibodies when foods have been ingested within 2 hours of the onset of an episode. C
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62 Empiric use of oral corticosteroids combined with H1
antagonists has been demonstrated to reduce the frequency/severity of episodes. C
63 Patients with idiopathic anaphylaxis should carry epinephrine, know the indications for self-administration,
and can carry information denoting their condition. C
The pathogenesis of idiopathic anaphylaxis is not understood.
Evidence of mast cell activation in idiopathic anaphylaxis
includes elevated urinary histamine,204,205 serum tryptase,
206,207
and mature (b) tryptase.200 Skin biopsies from patients
with idiopathic anaphylaxis reveal increased numbers of mast
cells compared to normal individuals but considerably less than
in non-lesional or lesional skin from patients with either urticaria
pigmentosa or indolent systemic mastocytosis.208 Lymphocyte
activation has been identified in blood samples obtained up to
24 hours after an episode, demonstrated by increases in
CD31HLA DR1 T cells and in activated CD191CD231 B
cells.209 Idiopathic anaphylaxis is a corticosteroid-responsive
condition based on empiric treatment with prednisone.7,210
The diagnosis of idiopathic anaphylaxis must be considered in
those cases of anaphylaxis for which neither a causative allergen
(e.g., medication, food, sting), inciting physical factor, or disease
state can be identified. Episodes occur primarily in adults or
adolescents with infrequent episodes in children. Almost one-half
of patients with idiopathic anaphylaxis have been found to be
atopic. They may also experience anaphylaxis from recognized
causes such as exercise, medication, or food.7,9
The diagnosis of idiopathic anaphylaxis remains one of exclusion. Patients with idiopathic anaphylaxis should receive careful
evaluation for possible causes, with emphasis on the history of
events in the 3 hours prior to an episode. Selective skin testing
with foods (and if indicated to fresh food extracts) may be of
value. Indolent systemic mastocytosis must be excluded. Consistently elevated serum tryptase levels suggest the presence of
indolent systemic mastocytosis since the serum tryptase (total and
a tryptase) will be elevated in the absence of episodes of
anaphylaxis. In contrast, serum tryptase levels will be normal in
quiescent idiopathic anaphylaxis. A bone marrow examination
may be indicated in patients with a diagnosis of idiopathic
anaphylaxis even in the absence or elevated tryptase levels if
salmon colored, hyperpigmented macules and papules consistent
with urticaria pigmentosa are found.211,212 The differential diagnosis of idiopathic anaphylaxis includes hereditary angioedema
or acquired C1 inhibitor deficiency. Some patients with idiopathic
anaphylaxis present with massive enlargement of the tongue and/
or life-threatening upper airway obstruction due to pharyngeal or
laryngeal angioedema, but their C4 concentration is not reduced.
The acute treatment of idiopathic anaphylaxis is the same as the
treatment for other forms of anaphylaxis. Prophylactic treatment
with oral prednisone at 60-100 mg daily in combination with H1
antagonists for 1-2 weeks followed by decreasing alternate day
prednisone over 3 months has resulted in reduced severity and
frequency of anaphylaxis. Such empiric treatment has been used
for patients with 6 or more episodes/year or 2 episodes in 2
months of idiopathic anaphylaxis.7,210 Patients should carry autoinjectible epinephrine and be instructed in its use. Patients should
also carry identifying information such as by Medic Alert.
If a patient does not respond to prophylaxis for idiopathic
anaphylaxis, it is necessary to re-consider the diagnosis at each
visit. Patients who experience a greater number of episodes when
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receiving daily or alternate day oral corticosteroids could in fact
have factitious anaphylaxis, globus hystericus, laryngopharyngeal reflux or undifferentiated somatoform idiopathic anaphylaxis.212,213 The symptoms of idiopathic anaphylaxis are identical
to those of episodes related to known causes.

ANAPHYLAXIS TO ALLERGEN IMMUNOTHERAPY
EXTRACT (VACCINE)
Summary Statements
64. There is a small risk of near-fatal and fatal anaphylactic
reactions to allergen immunotherapy. C
65. Patients with asthma, particularly if poorly controlled,
are at higher risk for serious potentially life-threatening
anaphylaxis to allergen immunotherapy injections. C
66. It is unclear whether patients taking beta adrenergic
blocking agents are at increased risk of havng a serious systemic reaction to allergen immunotherapy
injections. B
67. Anaphylaxis in patients taking beta adrenergic blocking agents may be more difficult to treat. C
68. Allergen immunotherapy vaccines should be administered only by health care professionals trained in the
recognition and treatment of anaphylaxis, only in
health care facilities with the proper equipment for
the treatment of anaphylaxis, and in clinics with policies
and procedures that minimize the risk of anaphylaxis. D
Based on surveys from 1945 to 2001, the rate of all systemic
reactions to subcutaneous allergen immunotherapy (AIT) injections has been estimated at 0.25-1.3%.214,215 Fatal anaphylaxis to
AIT injections occurs at an estimated rate of 1 in 2.5 million injections216-219 and near-fatal anaphylactic reactions at a rate of
1 in every 1 million injections.220 Thus, although anaphylactic reactions to AIT are uncommon, physicians and patients should be
prepared for possible systemic reactions.
Numerous studies suggest that patients with asthma, particularly poorly controlled asthma, are at higher risk for serious
systemic reactions to AIT injections.216,218,219,221, 222 The few patients who died from anaphylaxis after AIT injections were more
likely than patients surviving anaphylaxis to have previously required hospitalization for acute asthma.220,223 It is reasonable,
therefore, to assess asthma symptoms and measure peak expiratory flow rate before administering allergen injections to patients
with poorly controlled asthma.In addition, it is important to remember that a subset of asthmatics may poorly perceive their
level of control. Uncontrolled asthma must be stabilized before
AIT injections are administered.222
Although studies have reported that patients receiving AIT with
aeroallergens or Hymenoptera venom who are taking b-adrenergic blocking agents are at no greater risk of systemic reactions
than AIT treated patients not taking b -blockers, there is still
concern that these studies contain substantial bias and other
methodologic flaws.64,224 Certainly however, b-adrenergic
blockers may inhibit the beneficial therapeutic effects of epinephrine during anaphylaxis and enhance the need for subsequent
treatment in the hospital.225,226 Therefore, a cautious attitude
should be adopted toward the concomitant use of b-adrenergic
blockers and inhalant AIT.222 In patients with life-threatening
stinging insect hypersensitivity, the benefits of venom immunotherapy may outweigh any risk associated with concomitant b
-adrenergic blocker administration.222
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Although previous studies had suggested that local reactions
were not predictive of systemic reactions, a recent retrospective
study reported that patients who have systemic reactions had an
approximately 3-fold greater frequency of preceding large local
reactions.218 This study indicated that patients with repeated large
local reactions may be at increased risk for AIT- induced anaphylaxis.However, this issue remains controversial.227
AIT injections should be administered by health care professionals trained in the recognition and treatment of anaphylaxis.
AIT should be administered only in health care facilities with
proper equipment for the treatment of anaphylaxis including
epinephrine, oxygen, oral airway, and equipment for the administration of intravenous fluids and medications.222 AIT should be
administered in a setting with policies and procedures that minimize the risk of anaphylaxis. These policies and procedures should
reduce the risk of dosing errors, ensure proper training of personnel, and facilitate treatment of anaphylaxis.222 Most systemic reactions occur within 30 minutes after an AIT injection,220 although
late reactions do occur.214,228 To better recognize and treat anaphylactic reactions, patients should wait after receiving an AIT
injection for 30 minutes at the location of the AIT injection.222
In addition, patients at increased risk of systemic reactions, particularly if they have a history of reactions beginning longer than 30
minutes after an injection, might need to be provided with autoinjectable epinephrine, and instructed in its use.214,222 Some patients
may need to remain at the location where the AIT injection was
given for more than 30 minutes after an injection.

ANAPHYLAXIS TO DRUGS AND BIOLOGICAL
AGENTS
Summary Statements
69. Low-molecular-weight medications induce an IgEmediated reaction only after combining with a carrier
protein to produce a complete multivalent antigen. B
70. Penicillin is the most common cause of drug-induced
anaphylaxis. C
71. Penicillin spontaneously degrades to major and minor
antigenic determinants, both of which should be included in skin testing for penicillin hypersensitivity. B
72. The negative predictive value of penicillin skin testing
with both major and minor determinants (for
immediate-type reactions) is between 97% and 99%
(depending on the reagents used), and the positive predictive value is at least 50%. B
73. The degree of cross-reactivity between penicillin and
cephalosporins appears to be low. C
74. The degree of cross-reactivity between penicillin and
cephalosporins or carbapenems appears to be low. C
75. Patients with a history of penicillin allergy who have
negative penicillin skin test responses can safely receive
cephalosporins. B
76. Patients who need to receive cephalosporins and who
have a history of penicillin allergy and positive penicillin skin test responses can (1) receive an alternate (non–
beta lactam) antibiotic; (2) receive a cephalosporin
through graded challenge; or (3) receive a cephalosporin through rapid desensitization. C
77. Aztreonam does not cross-react with other beta lactams, except ceftazidime, with which it shares a common R-group side chain. B

LIEBERMAN ET AL 480.e21

78. Diagnosis of IgE-mediated reactions to non– beta lactam antibiotics is limited by a lack of knowledge of the
relevant allergenic determinants and/or metabolites. C
79. Aspirin and nonsteroidal anti-inflammatory drugs are
the second most common cause of drug-induced anaphylaxis. C
80. Anaphylactic reactions to aspirin and other nonsteroidal anti-inflammatory drugs appear to be medication
specific. D 81. Anaphylactic reactions to omalizumab
have occurred, and post-marketing data indicate that
there is an incidence of approximately 0.2% in treated
patients. These reactions have been unusual in that they
can be delayed in onset and progressive. C
82. Based on the fact that anaphylactic reactions to omalizumab can be delayed, an observation period of two
hours for the first three injections, and 30 minutes
thereafter for subsequent injections is indicated. D
83. All patients receiving omalizumab should be prescribed
an automatic epinephrine injector and instructed in its
use. The physician should ensure that the patient has
such an injector with them, at the time of the visits to
the office for injection. D
84. A pre-assessment (before the injection of omalizumab)
of the patient’s current health status should be made.
This should include vital signs, an assessment of asthma
control, and measurement of lung function. D
Medications are the second most common overall cause of
anaphylaxis, and the primary cause of anaphylaxis in adults. The
most common classes of drugs producing anaphylaxis are: 1)
antibiotics, especially ß-lactam antibiotics, and 2) nonsteroidal
antiinflammatory drugs.
Unfortunately there are not adequate skin tests for demonstrating IgE-mediated (allergic/anaphylactic) potential to most drugs.
Therefore, in most instances, the diagnosis of drug hypersensitivity is based on history and/or challenge.

BETA LACTAM ANTIBIOTICS
If the patient is skin tested with the penicillin product itself, a
minor determinate mixture, and the major determinant (penicilloyl polylysine), there is a positive predictive value of 50% or
greater.219, 229 Patients with a positive penicillin skin test response
should receive an alternative antibiotic or undergo desensitization
if penicillin is mandated. Skin testing with penicillin G
and penicilloyl-polylysine, has a negative predictive value of
97% which increases to 99% if a minor determinant mixture is
used .229-231 Patients with negative skin tests to the major and minor determinants of penicilllin can be safely treated with penicillin. Penicillin skin testing might sensitize a very small proportion
of patients.232
Penicillin and cephalosporins share a common beta lactam
ring, but the extent of allergic cross-reactivity between the two
families appears to be relatively low. Some studies have demonstrated no serious allergic reactions in large groups of patients
with a history of penicillin allergy who were treated with
cephalosporins.233-235 However, patients in these retrospective
studies were diagnosed with penicillin allergy on the basis of
the history alone and, history is known to be poor predictor of
true penicillin allergy. About 90% of patients with a history of
penicillin allergy are able to receive penicillin without reaction.219, 230 Only a small percentage of patients with a history
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of penicillin allergy and a positive penicillin skin test experience
an allergic reaction on being challenged with cephalosporins236.
Nevertheless, fatalities have occurred when patients with a history of penicillin allergy are not skin tested for penicillin and
given cephalosporins.237 There are also case reports from the
1970s of cephalosporin-induced anaphylactic reactions in patients with a history of penicillin allergy,238,239 but these patients
did not undergo penicillin skin testing, and early cephalosporins
were known to contain trace amounts of penicillin.
Patients with a history of penicillin allergy who have negative
penicillin skin tests are at no higher risk of experiencing allergic
reactions when given cephalosporins than the general population239.
If the patient has a history of penicillin allergy and a positive penicillin skin test, and needs to receive cephalosporin, the physician
has three options: (1) administration of an alternate non– beta lactam
antibiotic; (2) administration of a cephalosporin through graded
challenge; or (3) desensitization to the cephalosporin.239
Aztreonam (Monobactam) does not-cross react with penicillin
or other beta-lactams, aside from ceftazidime, with which it
shares an identical R-group side chain.240 Therefore patients allergic to penicillin and other beta-lactams (except for ceftazidime) can usually safely receive aztreonam. Similarly, patients
allergic to aztreonam can safely receive other beta-lactams, except for ceftazidime.
The extent of clinical cross-reactivity between carbapenems
and other beta-lactams appears to be very low, despite an initial
report to the contrary.83 Among penicillin skin test-positive
patients, 111/112 were skin test-negative to imipenem and all
111 tolerated challenge with imipenem.241 Similar tolerability
was seen with meropenem in this same group of individuals.242
Penicillin skin test-negative patients may safely receive carbapenems. Penicillin skin test-positive patients and patients with a history of penicillin allergy who do not undergo skin testing should
receive carbapenems via graded challenge.
Non–beta-lactam antibiotics appear to be uncommon causes of
anaphylactic reactions. Diagnosis of IgE-mediated allergy to
these drugs is more difficult because of the lack of knowledge
about relevant metabolites and allergenic determinants. Skin
testing with the native antibiotic can yield some useful information. If a nonirritating concentration is used, a positive result
suggests the presence of drug-specific IgE antibodies.243

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
(NSAIDS)
Aspirin and other nonsteroidal anti-inflammatory drugs
(NSAIDs), including COX-2–specific inhibitors, have been
reported to produce anaphylactic reactions. Aspirin and NSAIDs
are the second most common cause of drug-induced anaphylaxis
(after antibiotics).244 Anaphylactic reactions to NSAIDs are unrelated to other reactions caused by these drugs, such as respiratory
reactions and exacerbations of chronic idiopathic urticaria.245 Although respiratory and urticarial reactions are often referred to as
anaphylactic, efforts to detect drug-specific IgE antibodies
(through skin testing or in vitro testing) have generally been unsuccessful in patients who experience these reactions. True anaphylactic reactions to NSAIDs appear to be medication-specific
in that some patients who have had an anaphylactic reaction to
one NSAID are able to tolerate structurally unrelated NSAIDs,
but this is largely based on clinical experience rather than largescale challenge studies.244
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ANTICANCER CHEMOTHERAPY DRUGS
Anaphylaxis to anticancer chemotherapy drugs is being encountered more frequently because use of these drugs has
increased,246 particularly the platinum-containing drugs, such
as cisplatinum and carboplatinum. Skin testing to these agents
may be helpful in determining whether sensitivity exists and at
what dose to proceed with desensitization if this is necessary.247
In addition, acute anaphylactoid infusion reactions occur in up
to 42% of patients treated on first exposure 248 for which rapid desensitization is possible.249,250 In some instances the solvent in
which these drugs are formulated (Cremophor-L) might cause
an anaphylactic reaction251. Components other than the drug product itself may be the cause of significant reactions with other
drugs, such as heparin.252
BIOLOGICAL MODIFIERS AND MONOCLONAL
ANTIBODIES
Anaphylaxis to biological modifiers and monoclonal antibodies has been known to occur.253 Most notably, there has been
concern regarding anaphylactic events that occurred after administration of omalizumab (anti-IgE). In this regard, one hundred
twenty-four cases of anaphylaxis were reviewed by the Food
and Drug Administration.254 A significant percent of anaphylactic
reactions to omalizumab were delayed in onset and exhibited a
protracted progression of symptoms. Some cases required hospitalization. No potential factors were noted that identified patients
at risk for such reactions.
The analysis of the post-marketing for omalizumab indicated
that the overall frequency of anaphylaxis is approximately 0.09%
to 0.2% of treated patients; a frequency higher than reported in the
pre-marketing clinical trials database. With these observations in
mind, the omalizumab Joint Task Force of the American Academy of Allergy, Asthma, and Immunology and the American
College of Allergy, Asthma, and Immunology issued guidelines
regarding the precautions necessary when administering
omalizumab.255
The Task Force recommended that: 1) patients should be
observed for two hours after the first three injections of
omalizumab, and for 30 minutes after subsequent injections; 2)
omalizumab should not be administered at home or in a facility
that does not have appropriate staff and equipment to treat
anaphylaxis; 3) informed consent should be obtained after
discussing the risks, benefits, and alternatives to treatment with
omalizumab; 4) patients receiving omalizumab should be trained
in the recognition of the signs and symptoms of anaphylaxis, and
in the use of an epinephrine auto-injector; 5) patients should be
advised to have this auto-injector available during and following
the administration of omalizumab; 6) the physician should ensure
that patients have their injector and have been instructed in its use;
and 7) an assessment of patients prior to the administration of
omalizumab should be made, including vital signs, an assessment
of asthma control, and a measurement of lung function.
Cetuximab, a chimeric mouse/human IgG1 monoclonal
antibody to epidermal growth factor receptor used in the treatment of colorectal cancer and squamous cell cancer of the head
and neck has been associated with anaphylactic reactions.256
A desensitization protocol has been developed for Cetuximab.257
Anaphylaxis occurs because IgE antibodies develop to galactose
alpha1, 3 galactose present on the Fab portion of the Cetuximab
heavy-chain. IgE antibodies have also been demonstrated to this
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galactose carbohydrate epitope in meat, which might account for
reactions that occur during the first dose.258

ANAPHYLACTOID REACTIONS TO RADIOGRAPHIC
CONTRAST MATERIAL (RCM)
Radiographic contrast material (RCM) is used in more than 10
million radiologic examinations annually in the United States.
The overall frequency of adverse reactions (including anaphylactoid and nonanaphylactoid reactions) is 5% to 8%. Moderate
reactions, such as severe vomiting, diffuse urticaria, or angioedema, that require therapy occur in about 1% of patients who
receive RCM. However life-threatening reactions occur with a
frequency of less than 0.1% with conventional high-osmolality
RCM.259,260 Although studies quote a wide spectrum of mortality,
a reasonable estimate is one in every 75,000 patients who receive
RCM.261 With the recent development of lower-osmolality RCM,
it appears that the overall risk of anaphylactoid reactions has decreased to about one fifth that of conventional RCM.262
The prevalence of adverse reactions to RCM appears to be
greatest in patients 20 to 50 years of age. When adverse reactions
occur, however, they are usually most severe in elderly patients.
Patients who are at greatest risk for an anaphylactoid reaction
to RCM are those who have experienced a previous anaphylactoid
reaction to RCM. This risk has been reported to be between 1644%.263,264 Even, without a history of a previous anaphylactoid
reaction, patients with atopy, asthma, or cardiovascular disease
are recognized to be at increased risk of developing such a reaction.265-267 There is no evidence that the inorganic iodine levels
present in seafood or in topically applied iodine-containing solutions are related to adverse events from RCM.
Anaphylactoid reactions have occurred when RCM is used for
hysterosalpingograms, myelograms, and retrograde pyelograms.263
With the use of a pretreatment protocol and the use of lowerosmolarity agents, the risk can be reduced to approximately 1%.268
Anaphylactoid reactions to RCM are independent of the dosage
or concentration of RCM administered. Clinically, these reactions
are identical to immediate hypersensitivity IgE-mediated reactions (anaphylaxis) but do not appear to involve IgE or any other
immunologic mechanism.266
Pretreatment regimens for prevention of repeat anaphylactoid
reactions have consisted of oral glucocorticosteroids, H1 and H2
antihistamines, and other medications, such as ephedrine.
A regimen that has been commonly recommended in the past
has been 50 mg of prednisone given orally 13, 7, and 1 hours
before administration of RCM; 50 mg of diphenhydramine given
orally or intramuscularly 1 hour before the administration of
RCM; and 25 mg of ephedrine given orally 1 hour before RCM
administration. Modifications to this regimen have included lower
doses of glucocorticosteroids, oral rather than intramuscular
diphenhydramine, the use of other H1 antihistamines, addition
of H2 antihistamines, and/or exclusion of ephedrine. If the patient
has to undergo an emergency radiographic procedure, an emergency pretreatment protocol that has been used successfully
consists of 200 mg of hydrocortisone administered intravenously
immediately and every 4 hours until the RCM is administered,
and 50 mg of diphenhydramine administered intramuscularly
1 hour before RCM.267
In a setting in which RCM is being administered, a differential
diagnosis might include adult respiratory distress syndrome or
noncardiogenic pulmonary edema. If a standard pretreatment
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regimen fails to prevent what appears to be an anaphylactoid
reaction. noncardiogenic pulmonary edema, in particular, should
be considered.268 RCM can also expand intravascular volume and
precipitate cardiogenic pulmonary edema in patients with ischemic cardiac disease.

STINGING INSECT HYPERSENSITIVITY
Summary Statements
85. Anaphylaxis to insect stings has occurred in 3% of
adults and 1% of children who have been stung, and
can be fatal even on the first reaction. B
86. Cutaneous systemic reactions are most common in children, hypotensive shock is most common in adults, and
respiratory manifestations occur equally in all age
groups. B
87. The chance of a systemic reaction to a sting is low
(5-10%) in patients who have large local reactions and
in children with mild (cutaneous) systemic reactions. A
88. Venom skin tests are most sensitive for diagnosis but in
vitro testing is an important complementary test. A
89. The degree of sensitivity on skin or in vitro tests does not
reliably predict the severity of a sting reaction. B
90. Since asymptomatic venom sensitization can be detected in up to 25% of adults, diagnosis cannot be
made on skin testing alone; the history is essential. C
91. Patients discharged from emergency care of anaphylaxis should be given or prescribed auto-injectable epinephrine and receive instruction in its proper use and
indications for use as well as advised to set-up an appointment with an allergist-immunologist. Patients
should understand, however, that using autoinjectable epinephrine is not a substitute for emergency
medical attention. A
92. Venom immunotherapy (VIT) should be recommended
for patients with systemic sensitivity to stinging insects
as this treatment is highly (90% to 98%) effective. B
93. Most patients can discontinue VIT after 5 years, with
low residual risk of a severe sting reaction. A
94. There is a need to develop tests that are: 1)markers of
susceptibility that can serve as a screening test to identify patients at high risk of sting anaphylaxis; and 2)
markers of tolerance induction to identify patients
who can safely discontinue venom immunotherapy. D
Stinging insects of the order Hymenoptera can cause systemic
allergic reactions211,269-278 including anaphylaxis, but biting insects rarely cause such reactions. Large local sting reactions
can cause delayed and prolonged local inflammation increasing
over 24 to 48 hours and resolving in 3 to 10 days. These reactions
are IgE-mediated, but carry a relatively low risk of anaphylaxis
from future stings.211 Systemic (generalized) reactions may include any one or more of the signs and symptoms of anaphylaxis.279,282-286 Systemic reactions involving only cutaneous
manifestations do not strictly fit the definition of anaphylaxis
but are discussed here because they must be considered in the
diagnosis and treatment of stinging insect allergy, as potential
precursors of anaphylactic reactions.279 Anaphylaxis due to an insect sting differs clinically between children and adults. Cutaneous symptoms and signs are the sole manifestation in only 15% of
adults but in more than 60% of children.285 Almost 50% of
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reactions in both children and adults include respiratory manifestations. Symptoms and signs of hypotension are uncommon in
children but occur in over 60% of adults, with half experiencing
loss of consciousness (rare in children).286
Three families of the order Hymenoptera can cause anaphylaxis: the bees (honeybees, bumblebees), vespids (yellow jackets,
hornets, wasps), and stinging ants (genus Solenopsis). There have
been increasing reports of anaphylaxis due to other species of
stinging ants in Asia and Australia.287 The immunochemical characteristics and immunogenetic relationships of the Hymenoptera
venoms have been thoroughly studied.288,289 Honeybee venom is
immunochemically distinct from the other Hymenoptera, but vespid venoms have a high degree of cross reactivity with each other.
The proteins in fire ant venoms are antigenically unique. Fire ant
whole body extract, unlike the other Hymenoptera whole body extracts, does show reasonable allergenic activity for diagnostic skin
testing and for preventative immunotherapy.289
Systemic allergic reactions to insect stings are reported by up to
3% of adults, and almost 1% of children who have been
stung.290,291 At least 50 fatal reactions to an insect sting occur
each year in the United States. Half of these occur in individuals
who had no history of a previous reaction to an insect sting.283
Screening for clinically significant hymenoptera sensitivity is
complicated by the fact that over 30% of adults stung in the previous 3 months have venom-specific IgE by skin or in vitro testing
even though most had no history of an allergic reaction to an insect sting.290 Although many of these individuals became negative for venom-specific IgE after 3-6 years, those who remained
positive had a 17% frequency of a systemic reaction to a subsequent sting.292
Systemic reactions can become progressively more severe with
each sting, but this is the exception rather than the rule. In
prospective sting challenge studies, less than 1% of the patients
had a reaction more severe than their previous reaction,293,294 although in retrospective surveys more severe reactions were noted
in a larger percent of patients.284,295
Clinical features of anaphylaxis from an insect sting are
identical to those due to other causes of anaphylaxis. If the
patient experiences a large local reaction to an insect sting, in the
absence of a systemic response, venom immunotherapy (VIT) is
not usually necessary, although patients with large local reactions
are at increased risk for a systemic reaction (5 to 10%).296 In children, a systemic reaction consisting of urticaria alone does not
always mandate VIT, although such reactions may be potential
precursors of an anaphylactic reaction with subsequent stings. Patients with severe reactions to insect stings should be evaluated for
the presence of systemic mast cell disease.211
Diagnostic tests are indicated in patients who have had
systemic reactions to insect stings.297,298 The preferred diagnostic
method is venom skin testing because of its high degree of sensitivity and proven safety.271 Skin test results are positive in 65-85%
of patients with a convincing history. Venom skin tests also show
unexplained variability over time so that tests can be negative on
one occasion and positive on another.299
A negative skin test in a history-positive patient can be due to
loss of sensitivity over time. In addition, there is a refractory
period of several weeks after an insect sting reaction, during
which a false negative skin test may occur. In this situation, skin
tests may have to be repeated after one to six months.269 The degree of skin test sensitivity does not correlate reliably with the severity of a sting reaction. In vitro testing is less sensitive than skin
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testing, but may be useful when skin tests cannot be done or when
skin tests are negative in a patient with a history of a systemic
reaction(2712).
Some investigators have suggested that sting challenge is the
most specific diagnostic test, but others find this unethical and
impractical.294,300,301 Furthermore, a single negative challenge
sting does not preclude anaphylaxis to a subsequent sting .293,302
Toxic reactions due to massive envenomation from multiple
stings estimated to be greater than 100,254 might be clinically indistinguishable from allergic reactions since mediators can produce physiologic effects which mimic those produced from an
allergic reaction.
Individuals who are allergic to stinging insects should avoid
areas with a high risk of exposure, particularly outdoor settings
with foods and drinks that may attract stinging insects. However,
excessive fear can impair a patient’s quality of life and needs to be
included in the considerations for venom immunotherapy.280
Auto-injectible epinephrine should be provided to any patient
who has experienced a systemic reaction to an insect sting, with
the exception of children who have experienced only a cutaneous
reaction.
In placebo-controlled trials venom immunotherapy (VIT) was
90-98% effective in completely preventing systemic reactions to
stings.272-274 The indications for VIT are a history of a systemic
allergic reaction to a sting and a positive diagnostic test for
venom-specific IgE. Those with a recent history of anaphylaxis
from an insect sting and a positive skin test have a 30% to 70%
chance of a systemic reaction to a subsequent sting.273,294,303
VIT is not required when the chance of a systemic reaction is
<10%, as in large local reactors and children with cutaneous systemic reactions, but still may be considered in this setting.304-307
Therapy is 98% effective in completely preventing a systemic
allergic reaction to a sting when treatment includes mixed vespid
venoms (300 mcg total dose), but complete protection is achieved
in only 75% to 85% of patients utilizing 100 mcg of any single
venom (e.g., honeybee, yellow jacket or Polistes wasp).275-277
Fire ant immunotherapy using whole body extracts has been reported to be reasonably safe and effective, although no controlled
studies have been performed. Fire ant venoms are not available
for diagnosis or treatment, but there has been a very successful
controlled trial of immunotherapy with Jack Jumper ant venom
in Australia.308
Protection from sting anaphylaxis with rapid venom immunotherapy can be achieved in days or weeks, and adverse reactions
are no more common than with regular inhalant therapy.274,275
Immunotherapy with whole body extract of fire ant has been
shown to be safe and effective for treatment of patients who have
had a systemic reaction to a fire ant sting, although there have
been no controlled trials demonstrating safety and efficacy.276,277
See updated parameter on stinging insect hypersensitivity.
In a retrospective study of patients experiencing anaphylaxis
from hymenoptera venom,309 ACE inhibitor exposure was associated with statistically significant increase in risk for more severe
anaphylaxis (OR 5 2.27, 95% CI 5 1.13-4.56, p 5 .019). As ACE
inhibitors are frequently prescribed for patients with cardiovascular disease, a tenable interpretation of these data is that ACE inhibitor exposure is a marker for patients with more severe
cardiovascular disease. On the other hand, as ACE inhibitors
may indeed enhance risk for more severe anaphylaxis, based on
these data and previously published case reports,310 it is prudent
to consider ACE inhibitor suspension to reduce risk for untoward
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outcomes in patients with anaphylactic potential to hymenoptera
venom and/or receiving venom immunotherapy, while supplanting the ACE inhibitor with an eqully efficacious non ACE inhibitor alternative, as feasible. For patients who require an ACE
inhibitor for an indication for which there is no equally effective
alternative available, a management decision by the physician
prescribing venom immunotherapy should be approached cautiously on an individualized risk-benefit basis.

PREVENTION OF ANAPHYLAXIS
Summary Statements
95. Avoidance management should be individualized, taking into consideration factors such as age, activity, occupation, hobbies, residential conditions, access to medical
care, and the patients’ level of personal anxiety. C
96. Even in cases when the allergen is known, avoidance
measures may not always be successful. Therefore, patients should be instructed in self-management of anaphylaxis. C
97. Venom immunotherapy (VIT) is successful in preventing anaphylaxis in up to 98% of patients who have previously experienced venom-induced anaphylaxis. A
98. Pharmacologic prophylaxis should be used in select situations, e.g. to prevent recurrent anaphylactic reactions to radiographic contrast material and
fluorescein, as well as to prevent idiopathic anaphylaxis. In these specific situations, prophylaxis with glucocorticosteroids and antihistamines markedly
reduces the occurrence of subsequent reactions. C
99. Desensitization to medications that are known to have
caused anaphylaxis can be effective. The desensitization
is temporary, and if the medication is required in the future, the desensitization process must be repeated. C
100. Patient education might be the most important preventive strategy. Education can emphasize hidden allergens, cross- reactivity between various allergens
and drugs, unforeseen risks during medical procedures, and when and how to use self-administered epinephrine. Physicians should educate patients about
the risks of future anaphylaxis, as well as the benefits
of avoidance measures. B
Patients should be educated regarding avoidance measures for
known or suspected triggers of anaphylaxis. This should take into
consideration factors such as age, concomitant conditions, activity, occupation, hobbies, residential conditions, access to medical
care, as well as and the patient’s level of personal anxiety.
Education should emphasize hidden allergens, cross-reactivity
between various allergens and drugs, and unforeseen risks during
medical procedures.
Patients discharged from emergency care of anaphylaxis
should receive instruction on prevention of future episodes and
when and how to administer auto-injectible epinephrine, with an
understanding that these measures are not a substitute for
emergency medical attention during anaphylaxis.311 Following
emergency treatment, the patient should be seen in consultation
by an allergist/immunologist to review potential causes, prevention, and treatment of subsequent episodes.
Awareness of the risk factors for anaphylaxis is important in
preventing the occurance of such reactions. Recognition of major
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risk factors for anaphylaxis include, but are not limited to: a prior
history of such reactions; patient exposure to the possible
trigger(s); and atopic background. An atopic background may
be a risk factor for stinging insect and latex-induced anaphylaxis
(and possibly anaphylactoid reactions to radiographic contrast
material) but not for anaphylactic reactions to medications. This
is particularly important in regard to avoidance by the patient of
possible triggers. Avoidance measures can be successful in any
given patient if future exposure to allergens which have been
shown to produce anaphylaxis in that patient can be prevented.
However, avoidance measures must be individualized, taking into
consideration patient age, activity, occupation, hobbies, residential conditions, access to medical care, and the patients’ level of
personal anxiety.
Patients who will be exposed to known triggers of a prior
reaction can in some cases be protected by: 1) pharmacologic
prophylaxis; 2) allergen immunotherapy; or 3) desensitization.
Pharmacologic prophylaxis can be used to prevent recurrent
anaphylactic/anaphylactoid reactions to radiographic contrast
material and fluorescein, as well as idiopathic anaphylaxis.
Physicians should educate patients about the risks of future
anaphylaxis, as well as the benefits of avoidance measures. The
prevention of anaphylaxis is aided by the patients having medic
alert identification.
At times, a preventative protocol may be of benefit. For
example, a pretreatment regimen has been successfully employed
to prevent reactions to radiocontrast material in patients who have
previously reacted to this diagnostic agent.
REFERENCES
1. Yocum MW, Butterfield JH, Klein JS, et al. Epidemiology of anaphylaxis in
Olmsted County: A population-based study. J Allergy Clin Immunol 1999;104:
452-6. (III).
2. Kemp SF, Lockey RF, Wolf BL, Lieberman P. Anaphylaxis. A review of 266
cases. Arch Intern Med 1995;11(155):1749-54. (III).
3. Yocum MW, Khan DA. Assessment of patients who have experienced anaphylaxis: a 3-year survey. Mayo Clin Proc 1994;69:16-23. (III).
4. Perez C, Tejedor MA, Hoz A, Puras V. Anaphylaxis: a descriptive study of 182
patients (abstract). J Allergy Clin Immunol 1995;95:368. (III).
5. Lieberman P. Biphasic anaphylactic reactions. Ann Allergy Asthma Immunol
2005;95:217-26. (III).
6. Wade JP, Liang MH, Sheffer AL. Exercise-induced anaphylaxis: epidemiologic
observations. Prog Clin Biol Res 1989;297:175-82. (III).
7. Ditto AM, Harris KE, Krasnick J, et al. Idiopathic anaphylaxis: a series of 335
cases. Ann Allergy Asthma Immunol 1996;77:285-91. (III).
8. Wiggins CA. Characteristics and etiology of 30 patients with anaphylaxis. Immun
Allergy Practice 1991;13:313-6. (III).
9. Tejedor Alonso MA, Sastre DJ, Sanchez-Hernandez JJ, et al. Idiopathic anaphylaxis: a descriptive study of 81 patients in Spain. Ann Allergy Asthma Immunol
2002;88:313-8. (III).
10. Lieberman P. Unique clinical presentations of anaphylaxis. Immunol Allergy Clin
North Am 2001;21:813-27. (III).
11. Cianferoni A, Novembre E, Mugnaini L, et al. Clinical features of acute anaphylaxis in patients admitted to a university hospital: an 11-year retrospective review
(1985-1996). Ann Allergy Asthma Immunol 2001;87:27-32. (III)
12. Dibs SD, Baker MD. Anaphylaxis in children: a 5-year experience. Pediatrics
1997;99:E7. (III).
13. Viner NA, Rhamy RK. Anaphylaxis manifested by hypotension alone. J Urol
1975;113:108-10. (III).
14. Soreide E, Buxrud T, Harboe S. Severe anaphylactic reactions outside hospital:
etiology, symptoms and treatment. Acta Anaesthesiol Scand 1988;32:339-42.
(III).
15. Valabhji J, Robinson S, Johnston D, et al. Unexplained loss of consciousness: systemic mastocytosis. J R Soc Med 2000;93:141-2. (III).
16. Sampson HA. Utility of food-specific IgE concentrations in predicting symptomatic food allergy. J Allergy Clin Immunol 2001;107:891-6. (III).
17. Braganza SC, Acworth JP, McKinnon DR, et al. Paediatric emergency department
anaphylaxis: different patterns from adults. Arch Dis Child 2006;91:159-63. (III).

480.e26 LIEBERMAN ET AL

18. Ellis A, Dey J. Incidence and characteristics of biphasic anaphylaxis: a prospective study of 103 patients. Ann Allergy. Asthma Immunol 2007;98:64-9. (III).
19. Brown SG, Blackman KE, Stenlake V, Heddle RJ. Insect sting anaphylaxis;prospective evaluation of treatment with intravenous adrenaline and volume resuscitation. Emerg Med J 2004;21:149-54. (III).
20. Sticherling M, Brasch J. Alcohol: intolerance syndromes, urticarial and anaphylactoid reactions. Clin Dermatol 1999;17:417-22. (III).
21. Lehane L. Update on histamine fish poisoning. Med J Aust 2000;7(173):149-52.
(III).
22. Schwartz LB. Diagnostic value of tryptase in anaphylaxis and mastocytosis. Immunol Allergy Clin North Am 2006;26:451-63. (III).
23. Brown SG, Blackman KE, Heddle RJ. Can serum mast cell tryptase help diagnose
anaphylaxis? Emerg Med Australas 2004;16:120-4. (III).
24. Lin RY, Schwartz LB, Curry 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).
25. Laroche D, Vergnaud MC, Sillard B, et al. Biochemical markers of anaphylactoid
reactions to drugs. Comparison of plasma histamine and tryptase. Anesthesiology
1991;75:945-9. (III).
26. Caughey GH. Tryptase genetics and anaphylaxis. J Allergy Clin Immunol 2006;
117:1411-4. (III).
27. Simons FE, Frew AJ, Ansotegui IJ, et al. Risk assessment in anaphylaxis: current
and future approaches. J Allergy Clin Immunol 2007;120:S2-24. (IV).
28. Yunginger JW, Nelson DR, Squillace DL, et al. Laboratory investigation of deaths
due to anaphylaxis. J Forensic Sci 1991;36:857-65. (III).
29. Randall B, Butts J, Halsey JF. Elevated postmortem tryptase in the absence of anaphylaxis. J Forensic Sci 1995;40:208-11. (III).
30. Edston E, Gidlund E, Wickman M, et al. Increased mast cell tryptase in sudden
infant death - anaphylaxis, hypoxia or artefact? Clin Exp Allergy 1999;29:
1648-54. (III).
31. Edston E, van Hage-Hamsten M. Mast cell tryptase and hemolysis after trauma.
Forensic Sci Int 2003;131:8-13. (III).
32. Vadas P, Gold M, Perelman B, et al. Platelet-activating factor, PAF acetylhydrolase, and severe anaphylaxis. N Engl J Med 2008;3(358):28-35. (III).
33. Guidelines to minimize the risk from systemic reactions caused by immunotherapy with allergenic extracts. AAAI Board of Directors. American Academy of
Allergy and Immunology. J Allergy Clin Immunol 1994;93:811-2. (IV).
34. Bousquet J, Lockey R, Malling HJ, et al. Allergen immunotherapy: therapeutic vaccines for allergic diseases. World Health Organization. American Academy of Allergy,
Asthma and Immunology. Ann Allergy Asthma Immunol 1998;81: 401-5. (IV).
35. Cox L, Platts-Mills TA, Finegold I, et al. American Academy of Allergy, Asthma
& Immunology/American College of Allergy, Asthma and Immunology Joint
Task Force. Report on omalizumab-associated anaphylaxis. J Allergy Clin Immunol 2007;120:1373-7. (III).
36. Committee on Drugs: anaphylaxis. Pediatrics 1973;51:136-40. (IV).
37. The American Academy of Immunology Board of Directors. Use of epinephrine
in treatment of anaphylaxis; position statement. J Allergy Clin Immunol 1994;94:
666-8. (IV).
38. Canadian Pediatric Society Allergy Section. Fatal anaphylaxis reactions to food
in children. Position statement. Can Med Assoc J 1994;150:337-9. (IV).
39. Lieberman P, Kemp SF, et al. The diagnosis and management of anaphylaxis: an
updated practice parameter. J Allergy Clin Immunol 2005;115:S483-523. (IV).
40. Lockey RF, Nicoara-Kasti GL, Theodoropoulos DS, Bukantz SC. Systemic reactions and fatalities associated with allergen immunotherapy. Ann Allergy Asthma
Immunol 2001;87:47-55. (III).
41. Stark BJ, Sullivan TJ. Biphasic and protracted anaphylaxis. J Allergy Clin Immunol 1986;78:76-83. (IIb).
42. Jacobs RL, Rake GW Jr, Fournier DC, et al. Potentiated anaphylaxis in patients
with drug-induced beta-adrenergic blockade. J Allergy Clin Immunol 1981;68:
125-7. (III).
43. Newman BR, Schultz LK. Epinephrine-resistant anaphylaxis in a patient taking
propranolol hydrochloride. Ann Allergy Asthma Immunol 1981;47:35-7. (III).
44. Awai LE, Mekori YA. Insect sting anaphylaxis and beta-adrenergic blockade: a
relative contraindication. Ann Allergy Asthma Immunol 1984;53:48-9. (III).
45. Laxenaire MC, Torrens J, Moneret-Vautrin DA. Fatal anaphylactic shock in a patient treated with beta-blockers. Ann Fr Anesth Reanim 1984;3:453-5. (IIb).
46. Benitah E, Nataf P, Herman D. Anaphylactic complications in patients treated
with beta-blockers. Apropos of 14 cases. Therapie 1986;41:139-42. (IIb).
47. Cornaille G, Leynadier F, Modiano, Dry J. Severity of anaphylactic shock in patients treated with beta-blockers. Presse Med 1985;6(14):790-1. (IIb).
48. Toogood JH. Beta-blocker therapy and the risk of anaphylaxis. CMAJ 1987;
1(136):929-33. (IIb).
49. Berkelman RL, Finton RJ, Elsea WR. Beta-adrenergic antagonists and fatal anaphylactic reactions to oral penicillin. Ann Intern Med 1986;104:134. (III).

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

50. Capellier G, Boillot A, Cordier A, et al. Anaphylactic shock in patients treated
with beta-blockaders. Presse Med 1989;4(18):181. (III).
51. Madowitz JS, Schweiger MJ. Severe anaphylactoid reaction to radiographic contrast media. Recurrences despites premedication with diphenhydramine and prednisone. JAMA 1979;29(241):2813-5. (III).
52. Hamilton G. Severe adverse reactions to urography in patients taking betaadrenergic blocking agents. Can Med Assoc J 1985;15(133):122. (III).
53. Zaloga GP, DeLacey W, Holmboe E, Chernow B. Glucagon reversal of hypotension in a case of anaphylactoid shock. Ann Intern Med 1986;105:65-6. (III).
54. Toogood JH. Risk of anaphylaxisin patients receiving beta-blocker drugs.
J Allergy Clin Immunol 1988;81:1-5. (III).
55. Lang D. Anaphylactoid and anaphylactic reations: Hazards of beta-blockers.
Drug Safety 1995;12:299-304. (III).
56. Westfall T, Westfall D, editors. Adrenergic Agonists and Antagonists. 11th edNew York: McGraw-Hill; 2006.
57. Vander Zanden JA, Valuck RJ, Bunch CL, et al. Systemic adverse effects of ophthalmic beta-blockers. Ann Pharmacother 2001;35:1633-7. (III).
58. Hoffman BB, Lefkowitz RJ. Catecholamines, sympathomimetic drugs, and adrenergic receptor antagonists. In: Goodman and Gilman’s the pharmacologic basis
of therapeutics.9th ed. New York: McGraw-Hill; 1990. 209.
59. Hiatt WR, Wolfel EE, Stoll S, et al. Beta-2 adrenergic blockade evaluated with
epinephrine after placebo, atenolol, and nadolol. Clin Pharmacol Ther 1985;37:
2-6. (III).
60. Motulsky HJ, Insel PA. Adrenergic receptors in man: direct identification, physiologic regulation, and clinical alterations. N Engl J Med 1982;307:18-29. (III).
61. Psaty BM, Koepsell TD, Wagner EH, et al. The relative risk of incident coronary
heart disease associated with recently stopping the use of beta-blockers. JAMA
1990;263:1653-7. (III).
62. Cesario DA, Fonarow GC. Beta-blocker therapy for heart failure: the standard of
care. Rev Cardiovasc Med 2002;3:14-21. (III).
63. TenBrook JA Jr, Wolf MP, Hoffman SN, et al. Should beta-blockers be given to
patients with heart disease and peanut-induced anaphylaxis? A decision analysis.
J Allergy Clin Immunol 2004;113:977-82. (III).
64. Muller UR, Haeberli G. Use of beta-blockers during immunotherapy for Hymenoptera venom allergy. J Allergy Clin Immunol 2005;115:606-10. (III).
65. Lang DM, Alpern MB, Visintainer PF, Smith ST. Increased risk for anaphylactoid
reaction from contrast media in patients on beta-adrenergic blockers or with
asthma. Ann Intern Med 1991;15(115):270-6. (III).
66. Kemp S. Anaphylaxis: current concepts in pathophysiology, diagnosis, and management. Immunol Allergy Clin North Am 2001:611-34. (IIb).
67. Pollack CV Jr. Utility of glucagon in the emergency department. J Emerg Med
1993;11:195-205. (IV).
68. Sherman MS, Lazar EJ, Eichacker P. A bronchodilator action of glucagon.
J Allergy Clin Immunol 1988;81:908-11. (Ib).
69. Thomas M, Crawford I. Best evidence topic report. Glucagon infusion in refractory anaphylactic shock in patients on beta-blockers. Emerg Med J 2005;22:
272-3. (IIb).
70. Joint Task Force on Practice Parameters. The diagnosis and management of anaphylaxis. J Allergy Clin Immunol 1998;101:S465-528. (IV).
71. Gavalas M, Sadana A, Metcalf S. Guidelines for the management of anaphylaxis
in the emergency department. J Accid Emerg Med 1998;15:96-8. (IV).
72. Buck ML, Wiggins BS, Sesler JM. Intraosseous drug administration in children
and adults during cardiopulmonary resuscitation. Ann Pharmacother 2007;41:
1679-86. (IIb).
73. Von Hoff DD, Kuhn JG, Burris HA, Miller LJ. Does intraosseous equal intravenous? A pharmacokinetic study. Am J Emerg Med 2008;26:31-8. (IIb).
74. 2005 American Heart Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Pediatric advance life support. Circulation
2005;112:167-87. (IV).
75. Lindner KH, Dirks B, Strohmenger HU, et al. Randomised comparison of epinephrine and vasopressin in patients with out-of-hospital ventricular fibrillation.
Lancet 1997;22:535-7. (Ib).
76. Stiell IG, Hebert PC, Wells GA, et al. Vasopressin versus epinephrine for inhospital
cardiac arrest: a randomised controlled trial. Lancet 2001;14(358):105-9. (Ib).
77. Wenzel V, Krismer AC, Arntz HR, et al. A comparison of vasopressin and epinephrine for out-of-hospital cardiopulmonary resuscitation. N Engl J Med
2004;350:105-13. 1b.
78. Kill C, Wranze E, Wulf H. Successful treatment of severe anaphylactic shock
with vasopressin. Two case reports. Int Arch Allergy Immunol 2004;134:260-1.
(IV).
79. Williams SR, Denault AY, Pellerin M, Martineau R. Vasopressin for treatment of
shock following aprotinin administration. Can J Anaesth 2004;51:169-72. (IIb).
80. Worster A. Vasopressin was not better than epinephrine for out-of-hospital cardiac arrest. ACP J Club 2004;141:2. (IV).

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

81. Mayumi H, Kimura S, Asano M, et al. Intravenous cimetidine as an effective
treatment for systemic anaphylaxis and acute allergic skin reactions. Ann Allergy
1987;58:447-50. (IIb).
82. Lin RY, Curry A, Pesola GR, et al. Improved outcomes in patients with acute allergic syndromes who are treated with combined H1 and H2 antagonists. Ann
Emerg Med 2000;36:462-8. (Ib).
83. Saxon A, Adelman DC, Patel A, Hajdu R, Calandra GB. Imipenem crossreactivity with penicillin in humans. J Allergy Clin Immunol 1988;82:213-7.
(IIa).
84. De Soto H, Turk P. Cimetidine in anaphylactic shock refractory to standard therapy. Anesth Analg 1989;69:264-5. (IIb).
85. Yarbrough JA, Moffitt JE, Brown DA, Stafford CT. Cimetidine in the treatment of
refractory anaphylaxis. Ann Allergy 1989;63:235-8. (IIb).
86. Runge JW, Martinez JC, Caravati EM, et al. Histamine antagonists in the treatment of acute allergic reactions. Ann Emerg Med 1992;21:237-42. (Ib).
87. Brown AF. Therapeutic controversies in the management of acute anaphylaxis.
J Accid Emerg Med 1998;15:89-95. (IIb).
88. Lieberman P. Biphasic anaphylactic reactions. Ann Allergy Asthma Immunol
2005;95:217-26. (IV).
89. De Souza RL, Short T, Warman GR, et al. Anaphylaxis with associated fibrinolysis, reversed with tranexamic acid and demonstrated by thrombelastography.
Anaesth Intensive Care 2004;32:580-7. (IIb).
90. Evora PR, Simon MR. Role of nitric oxide production in anaphylaxis and its relevance for the treatment of anaphylactic hypotension with methylene blue. Ann
Allergy Asthma Immunol 2007;99:306-13. (III).
91. Lieberman P. Anaphylaxis and anaphylactoid reactions in Adkinson NF Jr,
Yunginer JW, Busse WW, et al. (eds.): Middleton’s Allergic Principles and Practice, 6th Ed. St. Louis: Mosby-Yearbook, 2003:1497–1522. (IIb)
92. Simons FE. Anaphylaxis, killer allergy: long-term management in the community. J Allergy Clin Immunol 2006;117:367-77. (IV).
93. Lieberman P, Decker W, Camargo CA Jr, et al. SAFE: a multidisciplinary approach to anaphylaxis education in the emergency department. Ann Allergy
Asthma Immunol 2007;98:519-23. (IV).
94. Sicherer SH, Sampson HA. 9. Food allergy. J Allergy Clin Immunol 2006;117:
S470-5. (IV).
95. Derby CJ, Gowland MH, Hourihane JO. Sesame allergy in Britain: a questionnaire survey of members of the Anaphylaxis Campaign. Pediatr Allergy Immunol
2005;16:171-5. (III).
96. Gangur V, Kelly C, Navuluri L. Sesame allergy: a growing food allergy of global
proportions? Ann Allergy Asthma Immunol 2005;95:4-11. (III).
97. Wang J, Sampson HA. Food anaphylaxis. Clin Exp Allergy 2007;37:651-60. (IV).
98. Kleine-Tebbe J, Vogel L, Crowell DN, et al. Severe oral allergy syndrome and
anaphylactic reactions caused by a Bet v 1- related PR-10 protein in soybean,
SAM22. J Allergy Clin Immunol 2002;110:797-804. (IIb).
99. Ricci G, Gentili A, Di Lorenzo F, et al. Latex allergy in subjects who had undergone multiple surgical procedures for bladder exstrophy: relationship with clinical intervention and atopic diseases. BJU Int 1999;84:1058-62. (III).
100. Sussman GL, Beezhold DH, Kurup VP. Allergens and natural rubber proteins.
J Allergy Clin Immunol 2002;110:S33-9. (IV).
101. Cogen FC, Beezhold DH. Hair glue anaphylaxis: a hidden latex allergy. Ann Allergy Asthma Immunol 2002;88:61-3. (III).
102. Fiocchi A, Restani P, Ballabio C, et al. Severe anaphylaxis induced by latex as a
contaminant of plastic balls in play pits. J Allergy Clin Immunol 2001;108:
298-300. (III).
103. Alenius H, Kurup V, Kelly K, et al. Latex allergy: frequent occurrence of IgE antibodies to a cluster of 11 latex proteins in patients with spina bifida and histories
of anaphylaxis. J Lab Clin Med 1994;123:712-20. (IIb).
104. Granady L, Slater JE. History and diagnosis of latex allergy. Immunol Allergy
Clin North Am 1995:21-30. (III).
105. Hamilton RG, Peterson EL, Ownby DR. Clinical and laboratory-based methods in
the diagnosis of natural rubber latex allergy. J Allergy Clin Immunol 2002;110:
S47-56. (IV).
106. Laroche D, Lefrancois C, Gerard JL, et al. Early diagnosis of anaphylactic reactions to neuromuscular blocking drugs. Br J Anaesth 1992;69:611-4. (III).
107. Malinovsky JM, Decagny S, Wessel F. Systematic follow-up increases incidence
of anaphylaxis during adverse reactions in anesthetized patients. Acta Anaesthesiol Scand 2008;52:175-81. (III).
108. Baldo BA, Fisher MM. Anaphylaxis to muscle relaxant drugs: cross-reactivity
and molecular basis of binding of IgE antibodies detected by radioimmunoassay.
Mol Immunol 1983;20:1393-400. (III).
109. Bovet D, editor. Synthetic inhibitors of neurouscular transmission, chemical structures and structure activity relationships: Oxford: Pergamon Press; 1972.
110. Currie M, Webb RK, Williamson J, et al. Australian incident monitoring study: an
analysis of 2000 incident reports. Anaesth Intensive Care 1993;21:621-5. (III).

LIEBERMAN ET AL 480.e27

111. Fisher MM, Baldo BA. The incidence and clinical features of anaphylactic
reactions during anesthesia in Australia. Ann Fr Anesth Reanim 1993;12:
97-104. (III).
112. Laxenaire MC, Moneret-Vautrin DA, Boileau S, Moeller R. Adverse reactions
to intravenous agents in anaesthesia in France. Klin Wochenschr 1982;60:
1006-9. (III).
113. Laxenaire MC, Moneret-Vautrin DA, Vervloet D. The French experience of anaphylactoid reactions. Int Anesthesiol Clin 1985;23:145-60. (III).
114. Laxenaire MC. Drugs and other agents involved in anaphylactic shock occurring
during anaesthesia. A French multicenter epidemiological inquiry. Ann Fr Anesth
Reanim 1993;12:91-6. (IIb).
115. Mertes PM, Laxenaire MC, Alla F. Anaphylactic and anaphylactoid reactions occurring during anesthesia in France in 1999-2000. Anesthesiology 2003;99:
536-45. (III).
116. Thong BY, Yeow C. Anaphylaxis during surgical and interventional procedures.
Ann Allergy Asthma Immunol 2004;92:619-28. (III).
117. Baldo BA, Fisher MM. Mechanisms in IgE-dependent anaphylaxis to anesthetic
drugs. Ann Fr Anesth Reanim 1993;12:131-40. (III).
118. Baldo BA, Fisher MM. Substituted ammonium ions as allergenic determinants in
drug allergy. Nature 1983;306:262-4. (III).
119. Leynadier F, Sansarricq M, Didier JM, Dry J. Prick tests in the diagnosis of anaphylaxis to general anaesthetics. Br J Anaesth 1987;59:683-9. (III).
120. Fisher MM, Baldo BA. Immunoassays in the diagnosis of anaphylaxis to neuromuscular blocking drugs: the value of morphine for the detection of IgE antibodies in allergic subjects. Anaesth Intensive Care 2000;28:167-70. (III).
121. Birnbaum J, Porri F, Pradal M, et al. Allergy during anaesthesia. Clin Exp Allergy
1994;24:915-21. (IV).
122. Moscicki RA, Sockin SM, Corsello BF, et al. Anaphylaxis during induction of
general anesthesia: subsequent evaluation and management. J Allergy Clin Immunol 1990;86:325-32. (IIb).
123. Rose M, Fisher M. Rocuronium: high risk for anaphylaxis? Br J Anaesth 2001;86:
678-82. (III).
124. Porri F, Lemiere C, Birnbaum J, et al. Prevalence of muscle relaxant sensitivity in
a general population: implications for a preoperative screening. Clin Exp Allergy
1999;29:72-5. (III).
125. Levy J. Common anaphylactic and anaphylactoid reactions. In: Levy J, editor.
Anaphylactic Reactions in Anesthesia and Intensive Care. Boston: ButterworthHeinemann; 1992. p. 83. - (IV).
126. Cook FV, Farrar WE Jr. Vancomycin revisited. Ann Intern Med 1978;88:813-8.
(III).
127. Park M, Markus P, Matesic D, Li JT. Safety and effectiveness of a preoperative
allergy clinic in decreasing vancomycin use in patients with a history of penicillin
allergy. Ann Allergy Asthma Immunol 2006;97:681-7. (III).
128. Newfield P, Roizen MF. Hazards of rapid administration of vancomycin. Ann Intern Med 1979;91:581. (III).
129. Renz CL, Laroche D, Thurn JD, et al. Tryptase levels are not increased during
vancomycin-induced anaphylactoid reactions. Anesthesiology 1998;89:620-5.
(III).
130. Renz CL, Thurn JD, Finn HA, Lynch JP, Moss J. Antihistamine prophylaxis permits rapid vancomycin infusion. Crit Care Med 1999;27:1732-7. (III).
131. Anne S, Middleton E Jr, Reisman RE. Vancomycin anaphylaxis and successful
desensitization. Ann Allergy 1994;73:402-4. (III).
132. Ring J. Anaphylactoid reactions to plasma substitutes. Int Anesthesiol Clin 1985;
23:67-95. (III).
133. Dieterich HJ, Kraft D, Sirtl C, et al. Hydroxyethyl starch antibodies in humans:
incidence and clinical relevance. Anesth Analg 1998;86:1123-6. (III).
134. Kreimeier U, Christ F, Kraft D, et al. Anaphylaxis due to hydroxyethyl-starchreactive antibodies. Lancet 1995;346:49-50. (III).
135. Hirshman CA, Edelstein RA, Ebertz JM, Hanifin JM. Thiobarbiturate-induced
histamine release in human skin mast cells. Anesthesiology 1985;63:353-6. (III).
136. Dolovich J, Evans S, Rosenbloom D, et al. Anaphylaxis due to thiopental sodium
anesthesia. Can Med Assoc J 1980;123:292-4. (III).
137. Harle DG, Baldo BA, Smal MA, et al. Detection of thiopentone-reactive IgE antibodies following anaphylactoid reactions during anaesthesia. Clin Allergy 1986;
16:493-8. (IIb).
138. Williamson J. Safe induction with propofol following thiopentone anaphylaxis.
Anaesth Intensive Care 1990;18:277-8. (III).
139. Couldwell WT, Giannotta SL, Zelman V, DeGiorgio CM. Life-threatening reactions to propofol. Neurosurgery 1993;33:1116-7. (III).
140. Laxenaire MC, Gueant JL, Bermejo E, et al. Anaphylactic shock due to propofol.
Lancet 1988;24:739-40. (III).
141. Pepys J, Pepys EO, Baldo BA, Whitwam JG. Anaphylactic/anaphylactoid reactions to anaesthetic and associated agents. Skin prick tests in aetiological diagnosis. Anaesthesia 1994;49:470-5. (III).

480.e28 LIEBERMAN ET AL

142. Gueant JL, Aimone-Gastin I, Namour F, et al. Diagnosis and pathogenesis of the
anaphylactic and anaphylactoid reactions to anaesthetics. Clin Exp Allergy 1998;
28(l4):65-70. (III).
143. Fahmy NR. Hemodynamics, plasma histamine, and catecholamine concentrations
during an anaphylactoid reaction to morphine. Anesthesiology 1981;55:329-31. (IV).
144. Cromwell TA, Zsigmond EK. Hypersensitivity to intravenous morphine sulfate.
Plast Reconstr Surg 1974;54:224-7. (III).
145. Rosow CE, Moss J, Philbin DM, Savarese JJ. Histamine release during morphine
and fentanyl anesthesia. Anesthesiology 1982;56:93-6. (IIb).
146. Harle DG, Baldo BA, Coroneos NJ, Fisher MM. Anaphylaxis following administration of papaveretum. Case report: Implication of IgE antibodies that react with
morphine and codeine, and identification of an allergenic determinant. Anesthesiology 1989;71:489-94. (III).
147. Adourian U, Shampaine EL, Hirshman CA, et al. High-titer protamine-specific
IgG antibody associated with anaphylaxis: report of a case and quantitative analysis of antibody in vasectomized men. Anesthesiology 1993;78:368-72. (III).
148. Dykewicz MS, Kim HW, Orfan N, et al. Immunologic analysis of anaphylaxis to
protamine component in neutral protamine Hagedorn human insulin. J Allergy
Clin Immunol 1994;93:117-25. (III).
149. Horrow JC, Pharo GH, Levit LS, Freeland C. Neither skin tests nor serum
enzyme-linked immunosorbent assay tests provide specificity for protamine allergy. Anesth Analg 1996;82:386-9. (III).
150. Kimmel SE, Sekeres MA, Berlin JA, et al. Risk factors for clinically important
adverse events after protamine administration following cardiopulmonary bypass.
J Am Coll Cardiol 1998;32:1916-22. (III).
151. Kindler CH, Bircher AJ. Anaphylactoid reactions to protamine. Anesthesiology
1996;85:1209-10. (III).
152. Nicklas R, Bernstein I, Li J, et al. The diagnosis and management of anaphylaxis.
J Allergy Clin Immunol 1998;101:472-8. (III).
153. Porsche R, Brenner ZR. Allergy to protamine sulfate. Heart Lung 1999;28:
418-28. (IV).
154. Sugiyama M, Okuno Y, Inagaki Y, et al. Anaphylactoid reaction to protamine confirmed by plasma tryptase in a diabetic patient during open heart surgery. Anesthesiology 1996;84:233-5. (III).
155. Greenberger PA, Patterson R, Tobin MC, et al. Lack of cross-reactivity between
IgE to salmon and protamine sulfate. Am J Med Sci 1989;298:104-8. (III).
156. Leynadier F, Dry J. Anaphylaxis to muscle-relaxant drugs: study of crossreactivity by skin tests. Int Arch Allergy Appl Immunol 1991;94:349-53. (III).
157. Fujita Y, Ishikawa H, Yokota K. Anaphylactoid reaction to midazolam. Anesth
Analg 1994;79:811-2. (III).
158. Yakel DL Jr, Whittaker SE, Elstad MR. Midazolam-induced angioedema and
bronchoconstriction. Crit Care Med 1992;20:307-8. (III).
159. Jochberger S, Wenzel V, Dunser MW. Arginine vasopressin as a rescue vasopressor agent in the operating room. Curr Opin Anaesthesiol 2005;18:396-404. (III).
160. Matsson P, Enander I, Andersson AS, et al. Evaluation of mast cell activation
(tryptase) in two patients suffering from drug-induced hypotensive reactions.
Agents Actions 1991;33:218-20. (III).
161. Specken JLH. A strange case of allergy in gynecology. Ned Tijdschr Verloskd Gynaecol 1958;58:314-8. (III).
162. Bernstein JA, Sugumaran R, Bernstein DI, Bernstein IL. Prevelance of human
seminal plasma hypersensitivity among symptomatic women. Ann Allergy
Asthma Immunol 1997;78:54-8. (III).
163. Bernstein JA, Sugumaran R, Bernstein DI, Bernstein IL. Prevalence of human
seminal plasma hypersensitivity among symptomatic women. Ann Allergy
Asthma Immunol 1997;78:54-8. (III).
164. Presti ME, Druce HM. Hypersensitivity reactions to human seminal plasma. Ann
Allergy 1989;63:477-81. (IV).
165. Friedman SA, Bernstein IL, Enrione M, Marcus ZH. Successful long-term immunotherapy for human seminal plasma anaphylaxis. JAMA 1984;251:2684-7. (IIb).
166. Levine BB, Siraganian RP, Schenkein I. Allergy to human seminal plasma. N
Engl J Med 1973;288:894-6. (III).
167. Ohman JL Jr, Malkiel S, Lewis S, Lorusso JR. Allergy to human seminal fluid:
characterization of the allergen and experience with immunotherapy. J Allergy
Clin Immunol 1990;85(1 Pt 1):103-7. (IIb).
168. Bernstein IL, Englander BE, Gallagher JS, Nathan P, Marcus ZH. Localized and
systemic hypersensitivity reactions to human seminal fluid. Ann Intern Med 1981;
94:459-65. (lia).
169. Green RL, Green MA. Postcoital urticaria in a penicillin-sensitive patient. Possible seminal transfer of penicillin. JAMA 1985;254:531. (III).
170. Presti ME, Druce HM. Hypersensitivity reaction to human seminal plasma. Ann
Allergy 1989;63:477-81. (IV).
171. Bernstein JA, Herd ZA, Bernstein DI, et al. Evaluation and treatment of localized
vaginal immunoglobulin E-mediated hypersensitivity to human seminal plasma.
Obstet Gynecol 1993;82:667-73. (IIb).

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

172. Kint B, Degreef H, Dooms-Goossens A. Combined allergy to human seminal
plasma and latex: case report and review of the literature. Contact Dermatitis
1994;30:7-11. (III).
173. Mathias CG, Frick OL, Caldwell TM, et al. Immediate hypersensitivity to seminal
fluid and atopic dermatitis. Arch Dermatol 1980;116:209-12. (III).
174. Mumford DM, Haywood TJ, Daily LJ Jr, et al. Female allergy to seminal plasma–
a case report. Ann Allergy 1978;40:40-3. (III).
175. Bernstein JA, Perez A, Floyd R, Bernstein IL. Is burning semen syndrome a variant form of seminal plasma hypersensitivity? Obstet Gynecol 2003;101:93-102.
(IIa).
176. Mittman RJ, Bernstein DI, Adler TR, et al. Selective desensitization to seminal
plasma protein fractions after immunotherapy for postcoital anaphylaxis.
J Allergy Clin Immunol 1990;86:954-60. (IIb).
177. Jones WR. Allergy to coitus. Aust N Z J Obstet Gynaecol 1991;31:137-41. (III).
178. Goldenhersh MJ, Saxon A. Seminal fluid hypersensitivity: a new approach. Ann
Allergy 1989;2:256. (III).
179. Park JW, Ko SH, Kim CW, et al. Seminal plasma anaphylaxis: successful pregnancy after intravaginal desensitization and immunodetection of allergens. Allergy 1999;54:990-3. (III).
180. Nusam D, Geva A, Kalderon I, et al. Intravaginal desensitization to seminal fluid.
Allergy 1999;54:765. (III).
181. De Cuyper C, Bogaerts Y, Vandekerckhove F, Gunst J. Intravaginal desensitization and successful pregnancy in a woman with seminal fluid allergy. J Allergy
Clin Immunol 1996;97:1427-8. (III).
182. Matloff SM. Local intravaginal desensitization to seminal fluid. J Allergy Clin Immunol 1993;91:1230-1. (III).
183. Resnick DJ, Hatzis DC, Kanganis P, et al. The approach to conception for women
with seminal plasma protein hypersensitivity. Am J Reprod Immunol 2004;52:
42-4. (III).
184. Maulitz RM, Pratt DS, Schocket AL. Exercise-induced anaphylactic reaction to
shellfish. J Allergy Clin Immunol 1979;63:433-4. (III).
185. Sheffer AL, Austen KF. Exercise-induced anaphylaxis. J Allergy Clin Immunol
1980;66:106-11. (III).
186. Shadick NA, Liang MH, Partridge AJ, et al. The natural history of exerciseinduced anaphylaxis: survey results from a 10-year follow-up study. J Allergy
Clin Immunol 1999;104:123-7. (III).
187. Ausdenmoore R. Fatality in teenager secondary to exercise-induced anaphylaxis.
Pediatr Allergy Immunol 1991;5:21. (III).
188. Dohi M, Suko M, Sugiyama H, et al. Food-dependent, exercise-induced anaphylaxis: a study on 11 Japanese cases. J Allergy Clin Immunol 1991;87:34-40. (III).
189. Harada S, Horikawa T, Ashida M, et al. Aspirin enhances the induction of type I
allergic symptoms when combined with food and exercise in patients with fooddependent exercise-induced anaphylaxis. Br J Dermatol 2001;145:336-9. (III).
190. Kidd JM, Cohen SH, Sosman AJ, Fink JN. Food-dependent exercise-induced anaphylaxis. J Allergy Clin Immunol 1983;71:407-11. (III).
191. Aihara Y, Takahashi Y, Kotoyori T, et al. Frequency of food-dependent, exerciseinduced anaphylaxis in Japanese junior-high-school students. J Allergy Clin Immunol 2001;108:1035-9. (III).
192. Sheffer AL, Soter NA, McFadden ER Jr, Austen KF. Exercise-induced anaphylaxis: a distinct form of physical allergy. J Allergy Clin Immunol 1983;71:
311-6. (III).
193. Sheffer AL, Tong AK, Murphy GF, et al. Exercise-induced anaphylaxis: a serious
form of physical allergy associated with mast cell degranulation. J Allergy Clin
Immunol 1985;75:479-84. (III).
194. Greenberger PA. Idiopathic anaphylaxis. Immunol Allergy Clin North Am 2007;
27:273-93. (III).
195. Lewis J, Lieberman P, Treadwell G, Erffmeyer J. Exercise-induced urticaria, angioedema, and anaphylactoid episodes. J Allergy Clin Immunol 1981;68:432-7.
(III).
196. Schwartz HJ. Elevated serum tryptase in exercise-induced anaphylaxis. J Allergy
Clin Immunol 1995;95:917-9. (IIb).
197. Romano A, Di Fonso M, Giuffreda F, et al. Food-dependent exercise-induced anaphylaxis: clinical and laboratory findings in 54 subjects. Int Arch Allergy Immunol 2001;125:264-72. (III).
198. Sheffer AL, Austen KF. Exercise-induced anaphylaxis. J Allergy Clin Immunol
1984;73:699-703. (III).
199. Casale TB, Keahey TM, Kaliner M. Exercise-induced anaphylactic syndromes. Insights into diagnostic and pathophysiologic features JAMA 1986;255:2049-53.
(III).
200. Juji F, Suko M. Effectiveness of disodium cromoglycate in food-dependent, exercise-induced anaphylaxis: a case report. Ann Allergy 1994;72:452-4. (III).
201. Untersmayr E, Scholl I, Swoboda I, et al. Antacid medication inhibits digestion of
dietary proteins and causes food allergy: a fish allergy model in BALB/c mice.
J Allergy Clin Immunol 2003;112:616-23. (IIb).

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

202. Scholl I, Untersmayr E, Bakos N, et al. Antiulcer drugs promote oral sensitization
and hypersensitivity to hazelnut allergens in BALB/c mice and humans. Am J
Clin Nutr 2005;81:154-60. (IIb).
203. Untersmayr E, Bakos N, Scholl I, et al. Anti-ulcer drugs promote IgE formation
toward dietary antigens in adult patients. FASEB J 2005;19:656-8. (IIb).
204. Greenberger P, Miller M. Urinary histamine during episodes of anaphylaxis.
J Allergy Clin Immunol 1994;93:302. (III).
205. Myers G, Donlon M, Kaliner M. Measurement of urinary histamine: development
of methodology and normal values. J Allergy Clin Immunol 1981;67:305-11. (III).
206. Shanmugam G, Schwartz LB, Khan DA. Prolonged elevation of serum tryptase in
idiopathic anaphylaxis. J Allergy Clin Immunol 2006;117:950-1. (III).
207. Tanus T, Mines D, Atkins PC, Levinson AI. Serum tryptase in idiopathic anaphylaxis: a case report and review of the literature. Ann Emerg Med 1994;24:104-7.
(III).
208. Garriga MM, Friedman MM, Metcalfe DD. A survey of the number and distribution of mast cells in the skin of patients with mast cell disorders. J Allergy Clin
Immunol 1988;82:425-32. (III).
209. Grammer LC, Shaughnessy MA, Harris KE, Goolsby CL. Lymphocyte subsets
and activation markers in patients with acute episodes of idiopathic anaphylaxis.
Ann Allergy Asthma Immunol 2000;85:368-71. (III).
210. Wong S, Yarnold PR, Yango C, et al. Outcome of prophylactic therapy for idiopathic anaphylaxis. Ann Intern Med 1991;114:133-6. (III).
211. Bonadonna P, Perbellini O, Passalacqua 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;123:680-6. (III).
212. Akin C, Scott LM, Kocabas CN, et al. Demonstration of an aberrant mast-cell
population with clonal markers in a subset of patients with ‘‘idiopathic’’ anaphylaxis. Blood 2007;110:2331-3. (III).
213. Choy AC, Patterson R, Patterson DR, et al. Undifferentiated somatoform idiopathic anaphylaxis: nonorganic symptoms mimicking idiopathic anaphylaxis.
J Allergy Clin Immunol 1995;96:893-900. (III).
214. Lockey RF, Benedict LM, Turkeltaub PC, Bukantz SC. Fatalities from immunotherapy (IT) and skin testing (ST). J Allergy Clin Immunol 1987;79:660-77. (III).
215. Reid MJ, Lockey RF, Turkeltaub PC, Platts-Mills TA. Survey of fatalities from
skin testing and immunotherapy 1985-1989. J Allergy Clin Immunol 1993;92:
6-15. (III).
216. Lockey RF, Nicoara-Kasti GL, Theodoropoulos DS, Bukantz SC. Systemic reactions and fatalities associated with allergen immunotherapy. Ann Allergy Asthma
Immunol 2001;87:47-55. (III).
217. Bernstein DI, Wanner M, Borish L, Liss GM. Twelve-year survey of fatal reactions to allergen injections and skin testing: 1990-2001. J Allergy Clin Immunol
2004;113:1129-36. (III).
218. Roy SR, Sigmon JR, Olivier J, et al. Increased frequency of large local reactions
among systemic reactors during subcutaneous allergen immunotherapy. Ann Allergy Asthma Immunol 2007;99:82-6. (III).
219. Gadde J, Spence M, Wheeler B, Adkinson NF Jr. Clinical experience with penicillin skin testing in a large inner-city STD clinic. JAMA 1993;270:2456-63. (III).
220. Amin HS, Liss GM, Bernstein DI. Evaluation of near-fatal reactions to allergen
immunotherapy injections. J Allergy Clin Immunol 2006;117:169-75. (III).
221. Ragusa FV, Passalacqua G, Gambardella R, et al. Nonfatal systemic reactions to
subcutaneous immunotherapy: a 10-year experience. J Investig Allergol Clin Immunol 1997;7:151-4. (III).
222. Allergen immunotherapy, a practice parameter second update. J Allergy Clin Immunol 2007;120:S25-85. (IV).
223. Rezvani M, Bernstein DI. Anaphylactic reactions during immunotherapy. Immunol Allergy Clin North Am 2007;27:295-307. (III).
224. Hepner MJ, Ownby DR, Anderson JA, et al. Risk of systemic reactions in patients
taking beta-blocker drugs receiving allergen immunotherapy injections. J Allergy
Clin Immunol 1990;86:407-11. (III).
225. Kivity S, Yarchovsky J. Relapsing anaphylaxis to bee sting in a patient treated
with beta-blocker and Ca blocker. J Allergy Clin Immunol 1990;85:669-70. (III).
226. Lang DM, Alpern MB, Visintainer PF, Smith ST. Elevated risk of anaphylactoid reaction from radiographic contrast media is associated with both betablocker exposure and cardiovascular disorders. Arch Intern Med 1993;153:
2033-40. (III).
227. Calabria CW, Coop CA, Tankersley MS. The LOCAL Study: Local reactions do
not predict local reactions in allergen immunotherapy. J Allergy clin Immunol
2009;124(4):739-44. (III).
228. Frew AJ. Injection immunotherapy. British Society for Allergy and Clinical Immunotherapy Working Party. BMJ 1993;307:919-23. (III).
229. Sogn DD, Evans R, Shepherd GM, et al. Results of the National Institute of Allergy and Infectious Diseases Collaborative Clinical Trial to test the predictive
value of skin testing with major and minor penicillin derivatives in hospitalized
adults. Arch Intern Med 1992;152:1025-32. (IIa).

LIEBERMAN ET AL 480.e29

230. Green GR, Rosenblum AH, Sweet LC. Evaluation of penicillin hypersensitivity:
value of clinical history and skin testing with penicilloyl-polylysine and penicillin
G. A cooperative prospective study of the penicillin study group of the American
Academy of Allergy. J Allergy Clin Immunol 1977;60:339-45. (IIb).
231. Mendelson LM, Ressler C, Rosen JP, Selcow JE. Routine elective penicillin allergy skin testing in children and adolescents: study of sensitization. J Allergy
Clin Immunol 1984;73:76-81. (III).
232. Nugent JS, Quinn JM, McGrath CM, et al. Determination of the incidence of sensitization after penicillin skin testing. Ann Allergy Asthma Immunol 2003;90:
398-403. (IIb).
233. Goodman EJ, Morgan MJ, Johnson PA, et al. Cephalosporins can be given to
penicillin-allergic patients who do not exhibit an anaphylactic response. J Clin
Anesth 2001;13:561-4. (III).
234. Solensky R. Hypersensitivity reactions to beta-lactam antibiotics. Clin Rev Allergy Immunol 2003;24:201-20. (III).
235. Daulat S, Solensky R, Earl HS, et al. Safety of cephalosporin administration to
patients with histories of penicillin allergy. J Allergy Clin Immunol 2004;113:
1220-2. (III).
236. Pumphrey RS, Davis S. Under-reporting of antibiotic anaphylaxis may put patients at risk. Lancet 1999;353:1157-8. (III).
237. Scholand JF, Tennenbaum JI, Cerilli GJ. Anaphylaxis to cephalothin in a patient
allergic to penicillin. JAMA 1968;206:130-2. (IV).
238. Rothschild P, Doty D. Cephalothin reaction after penicillin sensitization. JAMA
1966;206:130-2. (IV).
239. Bernstein I, Gruchalla RS, Lee R, et al. Disease management of drug hypersensitivity: a practice parameter. Ann Allergy 1999;83:665-700. (IV).
240. Saxon A, Hassner A, Swabb EA, et al. Lack of cross-reactivity between astreonam, a monobactam antibiotic, and penicillin in penicillin-allergic subjects.
J Infect Dis 1984;149:16-22. (IIb).
241. Romano A, Viola M, Gueant-Rodriguez RM, et al. Imipenem in patients with immediate hypersensitivity to penicillin. N Eng J Med 2006;354:2835-7. (IIb).
242. Atanskovic-Markovic M, Gatea F, Gavrovic-Jankulor M, et al. Tolerability of imipenem in children with IgE-mediated hypersensitivity to penicillin. J Allergy
Clin Immunol 2009;124:167-9. (IIb).
243. Empedrad R, Darter AL, Earl HS, Gruchalla RS. Nonirritating intradermal skin
test concentrations for commonly prescribed antibiotics. J Allergy Clin Immunol
2003;112:629-30. (IIb).
244. Stevenson DD. Aspirin and NSAID sensitivity. Immunol Allergy Clin North Am
2004;24:491-505. (IV).
245. Brown AF, McKinnon D, Chu K. Emergency department anaphylaxis: A review
of 142 patients in a single year. J Allergy Clin Immunol 2001;108:861-6. (III).
246. Choi J, Harnett P, Fulcher DA. Carboplatin desensitization. Ann Allergy Asthma
Immunol 2004;93:137-41. (IV).
247. Markman M, Zanotti K, Peterson G, et al. Expanded experience with an intradermal skin test to predict for the presence or absence of carboplatin hypersensitivity.
J Clin Oncol 2003;21:4611-4. (III).
248. Hawkins C, Gatenby P, McGill D. Severe hypotension complicating primary angioplasty: allergy to abciximab. Allergy 2003;58:688-9. (III).
249. Lee C, Gianos M, Klaustermeyer WB. Diagnosis and management of hypersensitivity reactions related to common cancer chemotherapy agents. Ann Allergy
Asthma Immunol 2009;102:179-87. (IV).
250. Castells MC, Tennant NM, Sloane DE, et al. Hypersensitivity reactions to chemotherapy: outcomes and safety of rapid desensitization in 413 cases. J Allergy Clin
Immunol 2008;122:574. (IIb).
251. Moreno-Ancillo A, Dominguez-Noche C, Gil-Adrados AC, et al. Anaphylactoid
reaction to carboplatin: successful ‘‘desensitization’’. Allergol Immunopathol
2003;31:342-4. (IV).
252. Kishimoto IK, Biswanathan A, Ganguly T, et al. Contaminated heparin associated
with adverse clinical events and activation of contact system. N Eng J Med 2008;
358:2457-67. (IIb).
253. Patel DD, Goldberg RM. Cetuximab-associated infusion reactions: pathology and
management. Oncology 2006;20:1373. (IV).
254. Limb SL, Starke PR, Lee CE, Chowdhury BA. Delayed onset and protracted progression of anaphylaxis after omalizumab administration in patients with asthma.
J Allergy Clin Immunol 2007;120:1378-81. (III).
255. Cox L, Platts-Mills TA, Finegold I, et al. American Academy of Allergy Asthma
and Immunology/American College of Asthma, Allergy, and Immunology Joint
Task Force Report on omalizumab-associated anaphylaxis. J Allergy Clin Immunol 2007;120:1373. (IV).
256. Chung CH, Mirakhur B, Chan E, et al. Cetuximab-Induced anaphalaxis and IgE
specific for galactose-alpha 1, 3-galactose. N Engl J Med 2008;358:1109-17.
(IIb).
257. Jareth MR, Kwan M, Kannarkat M, et al. A desensitization protocol for the mAb
Cetuximab. J Allergy Clin Immunol 2009;123:260-2. (IV).

480.e30 LIEBERMAN ET AL

258. Commins SP, Satinover SM, Hosen J, et al. Delayed anaphylaxis, angioedema, or
urticaria after consumption of red meat in patients with IgE antibodies specific for
galctose-alpha 1, 3-glactose. J Allergy Clin Immunol 2009;123:426-33. (III).
259. Bush WH. Treatment of systemic reactions to contrast media. Urology 1990;35:
145-50. (IV).
260. Shehadi WH, Toniolo G. Adverse reactions to contrast media: a report from the
Committee on Safety of Contrast Media of the International Society of Radiology.
Radiology 1980;137:299-302. (III).
261. Katayama H, Yamaguchi K, Kozuka T, et al. Adverse reactions to ionic and nonionic contrast media. A report from the Japanese Committee on the Safety of Contrast Media. Radiology 1990;175:621-8. (III).
262. Bettmann MA. Ionic versus nonionic contrast agents for intravenous use: are all
the answers in? Radiology 1990;175:616-8. (IV).
263. Lieberman P, editor. Anaphylactiod reactions to radiocontrast material. – Clin Rev
Allergy, 9; 1991. p. 319-38. (IV).
264. Bush WH, Swanson DP. Acute reactions to intravascular contrast media: types,
risk factors, recognition, and specific treatment. AJR Am J Roentgenol 1991;
157:1153-61. (IV).
265. Enright T, Chua-Lim A, Duda E, Lim DT. The role of a documented allergic profile as a risk factor for radiographic contrast media reaction. Ann Allergy 1989;
62:302-5. (IV).
266. Thrall J, editor. Adverse reactions to contrast mediaNew York: Macmillan; 1990
(IV).
267. Greenberger PA, Halwig JM, Patterson R, Wallemark CB. Emergency administration of radiocontrast media in high-risk patients. J Allergy Clin Immunol 1986;77:
630-4. (III).
268. Madowitz J, Schweiger M. Severe anaphylactoid reactions to radiographic contrast media. Occurrence despite premedication with diphenhydramine and prednisone. JAMA 1979;241:2813-7. (IV).
269. Goldberg A, Confino-Cohen R. Timing of venom skin tests and IgE determinations after insect sting anaphylaxis. J Allergy Clin Immunol 1997;100:182-4. (III).
270. Hamilton RG. Diagnostic methods for insect sting allergy. Curr Opin Allergy Clin
Immunol 2004;4:297-306. (III).
271. Hamilton RG. Responsibility for quality IgE antibody results rests ultimately with
the referring physician. Ann Allergy Asthma Immunol 2001;86:353-4. (III).
272. Hunt KJ, Valentine MD, Sobotka AK, et al. A controlled trial of immunotherapy
in insect hypersensitivity. N Engl J Med 1978;299:157-61. (III).
273. Muller U, Thurnheer U, Patrizzi R, et al. Immunotherapy in bee sting hypersensitivity. Bee venom versus whole body extract. Allergy 1979;34:369-78. (III).
274. Bernstein JA, Kagen SL, Bernstein DI, Bernstein IL. Rapid venom immunotherapy is safe for routine use in the treatment of patients with Hymenoptera anaphylaxis. Ann Allergy 1994;73:423-8. (III).
275. Birnbaum J, Charpin D, Vervloet D. Rapid Hymenoptera venom immunotherapy: comparative safety of three protocols. Clin Exp Allergy 1993;23:226-30.
(III).
276. Tankersley MS, Walker RL, Butler WK, et al. Safety and efficacy of an imported
fire ant rush immunotherapy protocol with and without prophylactic treatment.
J Allergy Clin Immunol 2002;109:556-62. (III).
277. Freeman TM, Hylander R, Ortiz A, Martin ME. Imported fire ant immunotherapy:
effectiveness of whole body extracts. J Allergy Clin Immunol 1992;90:210-5.
(III).
278. Muller UR, Haeberli G. Use of beta-blockers during immunotherapy for Hymenoptera venom allergy. J Allergy Clin Immunol 2005;115:606-10. (III).
279. Hogendijk S, Hauser C. Wasp sting-associated cold urticaria. Allergy 1997;52:
1145-6. (III).
280. Oude Elberink JN, de Monchy JG, Golden DB, et al. Development and validation
of a health-related quality-of-life questionnaire in patients with yellow
jacket allergy. J Allergy Clin Immunol 2002;109:162-70. (III).
281. Light WC, Reisman RE, Shimizu M, Arbesman CE. Unusual reactions following
insect stings. Clinical features and immunologic analysis. J Allergy Clin Immunol
1977;59:391-7. (III).
282. Reisman RE, Livingston A. Late-onslergic reactions, including serum sickness,
after insect sting. J Allergy Clin Immunol 1989;84:331-7. (III).
283. Barnard JH. Studies of 400 Hymenoptera sting deaths in the United States.
J Allergy Clin Immunol 1973;52:259-64. (III).
284. Lockey RF, Turkeltaub PC, Baird-Warren IA, et al. The Hymenoptera venom
study I, 1979-1982: demographics and history-sting data. J Allergy Clin Immunol
1988;82:370-81. (III).
285. Schuberth KC, Lichtenstein LM, Kagey-Sobotka A, et al. An epidemiologic study
of insect allergy in children. I. Characteristics of the disease. J Pediatr 1982;100:
546-51. (III).
286. American Heart Association in collaboration with International Liason Committee on resuscitation. 2005 American Heart Association guidelines for cardio-

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

287.
288.

289.

290.
291.
292.
293.

294.

295.
296.

297.
298.

299.

300.
301.

302.

303.

304.

305.

306.

307.

308.
309.

310.
311.

pulminary resuscitation and emergency cardiovascular care. Management of cardiac arrest. Circulation 2005;112:58-66. (IIb).
Shek LP, Ngiam NS, Lee BW. Ant allergy in Asia and Australia. Curr Opin Allergy Clin Immunol 2004;4:325-8. (III).
Hoffman DR, editor. Hymenoptera venomsed composition, standardization, stability. 4th ed. Milwaukee: American Academy of Allergy Asthma and Immunology; 2004 (IIb).
Hoffman DR, Jacobson RS, Schmidt M, Smith AM. Allergens in Hymenoptera
venoms. XXIII. Venom content of imported fire ant whole body extracts. Ann Allergy 1991;66:29-31. (IIb).
Golden DB. Insect sting allergy and venom immunotherapy: a model and a mystery. J Allergy Clin Immunol 2005;115:439-47. (III).
Golden DB, Marsh DG, Kagey-Sobotka A, et al. Epidemiology of insect venom
sensitivity. JAMA 1989;262:240-4. (III).
Golden DB, Marsh DG, Freidhoff LR, et al. Natural history of Hymenoptera
venom sensitivity in adults. J Allergy Clin Immunol 1997;100:760-6. (III).
Golden DB, Breisch NL, Hamilton RG, et al. Clinical and entomological factors
influence the outcome of sting challenge studies. J Allergy Clin Immunol 2006;
117:670-5. (III).
van der Linden PW, Hack CE, Struyvenberg A, van der Zwan JK. Insect-sting
challenge in 324 subjects with a previous anaphylactic reaction: current criteria
for insect-venom hypersensitivity do not predict the occurrence and the severity
of anaphylaxis. J Allergy Clin Immunol 1994;94:151-9. (III).
Golden DB, Langois J, Valentine MD, et al. Treatment failures with whole-body
extract therapy of insect sting allergy. JAMA 1981;246:2460-3. (III).
Green AW, Reisman RE, Arbesman CE. Clinical and immunologic studies of patients with large local reactions following insect stings. J Allergy Clin Immunol
1980;66:186-9. (III).
Moffitt JE, Golden DB, Reisman RE, et al. Stinging insect hypersensitivity: a
practice parameter update. J Allergy Clin Immunol 2004;114:869-86. (III).
Aalberse RC, Koshte V, Clemens JG. Immunoglobulin E antibodies that crossreact with vegetable foods, pollen, and Hymenoptera venom. J Allergy Clin Immunol 1981;68:356-64. (III).
Graif Y, Confino-Cohen R, Goldberg A. Reproducibility of skin testing and serum
venom specific IgE in Hymenoptera venom allergy. Ann Allergy Asthma Immunol 2006;96:24-9. (III).
Reisman RE. Intentional diagnostic insect sting challenges: a medical and ethical
issue. J Allergy Clin Immunol 1993;91:1100. (III).
Rueff F, Przybilla B, Muller U, Mosbech H. The sting challenge test in Hymenoptera venom allergy. Position paper of the Subcommittee on Insect Venom Allergy
of the European Academy of Allergology and Clinical Immunology. Allergy
1996;51:216-25. (III).
Franken HH, Dubois AE, Minkema HJ, et al. Lack of reproducibility of a single
negative sting challenge response in the assessment of anaphylactic risk in patients with suspected yellow jacket hypersensitivity. J Allergy Clin Immunol
1994;93:431-6. (III).
Reisman RE. Natural history of insect sting allergy: relationship of severity of
symptoms of initial sting anaphylaxis to re-sting reactions. J Allergy Clin Immunol 1992;90:335-9. (III).
Golden DB, Kagey-Sobotka A, Norman PS, et al. Outcomes of allergy to insect
stings in children, with and without venom immunotherapy. N Engl J Med 2004;
351:668-74. (III).
Graft DF, Schuberth KC, Kagey-Sobotka A, et al. A prospective study of the natural history of large local reactions after Hymenoptera stings in children. J Pediatr
1984;104:664-8. (III).
Mauriello PM, Barde SH, Georgitis JW, Reisman RE. Natural history of large
local reactions from stinging insects. J Allergy Clin Immunol 1984;74:494-8.
(III).
Valentine MD, Schuberth KC, Kagey-Sobotka A, et al. The value of immunotherapy with venom in children with allergy to insect stings. N Engl J Med
1990;3231601-3. (III).
Brown SG, Wiese MD, Blackman KE, Heddle RJ. Ant venom immunotherapy: a
double-blind, placebo-controlled, crossover trial. Lancet 2003;361:1001-6. (Ib).
Rueff F, Przyzilla B, Bilo MB, et al. Predictors of severe systemic anaphylactic
reactions in patients with hymenoptera venom allergy: importance of baseline serum tryptase – a study of the European Acadeym of Allergology and Clinical Immunology interest group on insect venom hypersensitivity. J Allergy Clin
Immunol 2009;124:1047-54.
Stumpf JL, Shehab N, Patel AC. Safety of angiotensin0converting enzyme inhibitors
in patiens with insect venom allergies. Ann Pharmacotherapy 2006;40:699-703.
Clark S, Long AA, Gaeta TJ, Camargo CA Jr. Multicenter study of emergency
department visits for insect sting allergies. J Allergy Clin Immunol 2005;116:
643-9. (III).

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

LIEBERMAN ET AL 480.e31

FIG E1. Algorithm for initial evaluation and management of a patient with a history of a previous episode of
anaphylaxis.
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FIG E2. Algorithm for the treatment of an anaphylactic event in the outpatient setting. IV, Intravenous.
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FIG E3. Suggested anaphylaxis supply check sheet. BP, Blood pressure; IV, intravenous.
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FIG E4. Anaphylaxis treatment record. BP, Blood pressure; rxn, reaction; Hx, history; EMS, Emergency
Medical Services; Resp, respirations; PEFR, peak expiratory flow rate.
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TABLE E1. Frequency of occurrence of signs and symptoms of
anaphylaxis*yz
Signs and Symptoms

Cutaneous
Urticaria and angioedema
Flushing
Pruritus without rash
Respiratory
Dyspnea, wheeze
Upper airway angioedema
Rhinitis
Dizziness, syncope, hypotension
Abdominal
Nausea, vomiting, diarrhea, cramping pain
Miscellaneous
Headache
Substernal pain
Seizure

Percent

85-90
45-55
2-5
45-50
50-60
15-20
30-35
25-30
5-8
4-6
1-2

*On the basis of a compilation of 1865 patients reported in references.1 through 14
Percentages are approximations.
àChildren may have a lower frequency of cutaneous symptoms in anaphylaxis.
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TABLE E2. Differential diagnosis of anaphylaxis
Reactions caused by the excess endogenous production of histamine
Systemic mastocytosis
Urticaria pigmentosa
Basophilic leukemia
Acute promyelocytic leukemia with retinoic acid treatment
Hydatid cyst
Vasodepressor (vasovagal) reactions
Other forms of shock
Hemorrhagic
Hypoglycemic
Cardiogenic
Endotoxic
Flushing disorders
Rosacea
Carcinoid
Red man syndrome as a result of vancomycin
Postmenopausal
Alcohol-induced
Unrelated to drug ingestion
Related to drug ingestion
Medullary carcinoma thyroid
Autonomic epilepsy
Vasointestinal peptide and other vasoactive peptide–secreting
gastrointestinal tumors
Ingestant-related reactions mimicking anaphylaxis (restaurant syndromes)
Monosodium glutamate
Sulfites
Scombroidosis
Miscellaneous
C1 esterase deficiency syndromes (acquired and hereditary angioedema)
Pheochromocytoma
Neurologic (seizure, stroke)
Capillary leak syndrome
Panic attacks
Vocal cord dysfunction syndrome
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TABLE E3. Laboratory tests to be considered in the differential diagnosis of anaphylaxis
To be measured

Comment

Serum tryptase

Serum tryptase levels peak 60-90 min after the onset of anaphylaxis and persist to 6 h.
Ideally the measurement should be obtained between 1 and 2 h after the initiation of
symptoms.

Plasma histamine

Plasma histamine levels begin to rise within 5-10 min and remain elevated only for 30-60
min. They are of little help if the patient is seen as long as an hour or more after the
onset of the event.
Urinary histamine and its metabolites are elevated for a longer period

24-Hour urinary histamine metabolite
(methyl histamine) of time
Plasma-free metanephrine
Urinary vanillylmandelic acid
Serum serotonin
Urinary 5-hydroxyindoleacetic acid
Serum vasointestinal hormonal polypeptide panel including
pancreastatin, pancreatic hormone, Vasointestinal
Polypeptide, and substance P

– up to 24 h.
To rule out a paradoxical response to a pheochromocytoma.
Also useful in ruling out a paradoxical response to a pheochromocytoma.
To rule out carcinoid syndrome.
Also to rule out carcinoid syndrome.
Useful to rule out the presence of a vasoactive polypeptide–secreting gastrointestinal
tumor or a medullary carcinoma of the thyroid, which also can secrete vasoactive
peptides.
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TABLE E4. Special considerations for anaphylaxis in children
I.

When is it hypotension?

Age
Term neonates (0-28 d)
Infants (1-12 mo)
Children (>1 y to 10 y)
Beyond 10 y
II.

Medication
Dopamine
Epinephrine

Systolic blood pressure (mm Hg)
<60
<70
<70 1 (2 3 age in y)
<90
Infusion rates for epinephrine and dopamine in children with cardiac arrest or profound hypotension

Dose range
2-20 mg/kg/min
0.1 mg/kg/min

Preparation*
6 3 body weight (in kg) 5 # of mg diluted to total 100 mL saline; then 1 mL/h delivers 1 mg/kg/min
0.6 3 body weight (in kg) 5 # of mg diluted to total 100 mL saline; then 1 mL/h delivers 0.1 mg/kg/min

*Infusion rates shown use the ‘‘rule of 6.’’ An alternative is to prepare a more dilute or more concentrated drug solution based on a standard drug concentration, in which case an
individual dose must be calculated for each patient and each infusion rate, as follows: infusion rate (mL/h) 5 (weight [kg] 3 dose [mg/kg/min] 3 60 min/h)/concentration (mg/mL).
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TABLE E5. Latex-containing articles potentially used for anesthesia or surgery
Adhesive tape
Airway masks
Ambu-bag
Anesthesia bags and tubing
Self-adhesive bandages
Blood pressure cuffs
Bulb syringes
Catheter leg bag straps
Catheters
Condoms
Indwelling
Straight
Elastic bandages
Electrode pads
Endotracheal tubes
Gloves, sterile and exam
Intravenous bags, ports, infusion sets
Penrose drains
Rubber pads
Stethoscope tubing
Suction catheters
Syringes
Tourniquets
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TABLE E6. Example of contents of latex-free cart
I.
II.
III.
IV.
V.
VI.
VII.

VIII.
IX.
X.

Glass syringes
Ampules
Tubing without ports (taped ports)
Stopcocks
Nonlatex stethoscope
Nonlatex gloves
Nonlatex breathing system
Neoprene bags
Plastic masks
Nonlatex Ambu
Uncuffed polyvinyl chloride endotracheal tube
Dermicel
Disposable nonlatex blood pressure cuffs
Webril tourniquets

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2010

LIEBERMAN ET AL 480.e41

J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

TABLE E7. Agents frequently implicated in perioperative anaphylaxis and probable mechanisms of adverse reactions
Agent

Muscle relaxants
d-TubocurarineSuxamethonium (succinylcholine)
Pancuronium
Atracurium
Vecuronium
Hypnotics-barbiturates
Thiopental
Methohexitone
Nonbarbiturate hypnotics
Propofol
Althesin
Opioids
Morphine
Buprenorphine
Fentanyl
Plasma expanders
Dextran

IgE-mediated mast cell activation

Complement-mediated

Direct mast cell activation

1

2

1

1

1

1

6

1

1

6

2

1

2

1

1

1
2
1

1
1
2

1
1
2

Hydroxyethyl starch
Protamine
Radiocontrast media
Latex
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TABLE E8. Skin testing concentrations for anesthetic agents
Medication

Alcuronium
Methohexital
Metocurine
Pancuronium
Succinylcholine
Thioamyl
Thiopental
Tubocurarine
Rocuronium
Vecuronium
*Rose and Fisher (2001)123
Moscicki et al (1990)122

Intradermal skin
test concentration (mg/mL)

0.005
0.1*
0.002*
0.002*
0.02,* 0.05
0.1*
0.20*
0.0003,* 0.001
0.01
0.004

