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Table 1 Epidemiology of Anaphylaxis

Kemp and deShazo

Statistic Value Reference

Incidence
Risk/person in United States

Risk in hospital ized patients
Hospital fatalities
Mortality rate
Food anaphylaxis fatalities
Peanuts or tree nuts
Fatal reactions to B-lactam antibiotics
Fatal i t ies from al lergen immunotherapy
Systemic reactions to Hymenoptera stings
Prevalence of idiopathic anaphylaxis

30/100,000 person-yr
1-3/" per person
1.24-16.74"/"
112700
1541106 patients
17"
150/yr
94% fatalities in registry
400-800/yr
1 /2,500,000 inject ions
0.44%
34,000 subjects

Near-fatal reactions (NFRs) to SCIT also have been examined retrospectively. Of 646
survey allergist-immunologist respondents, 273 reported NFR. The investigators defined an
NFR as respiratory compromise, hypotension, or both, requiring emergency epinephrine.
Hypotension was reported in 80% and respiratory failure occurred in70% of NFRs, exclusively
in asthmatic subjects. Epinephrine was delayed or not administered in 6% of these cases (17).

Lùderitz-Pùchel et al. (18) analyzed 28 of 48 SClT-related fatalities reported to the Paul
Ehrlich Institute from Germany and other countries from 7977 to 7994. Three additional
subjects experienced hypoxic brain injury following anaphylaxis. In 23 of the 28 fatalities
investigated, the authors could not exclude medical errors and/or inadequate information
provided to the subjects as contributory factors to fatal anaphylaxis. Errors include mistakes
in dosage and administration of allergen vaccines and failure to adhere to the recommended
3O-minute period of observation following injection.

Stewart and Lockey (19) reviewed 38 studies for systemic reactions associated with SCIT.
The percentage of subjects experiencing one or more systemic reactions ranged from 0.8% to
46.7% for conventional dose schedules (mean 72.92%, SD 10.8%). Systemic reactions per
injection during conventional build up schedules occurred in 0.05% to 3.2% of subjects (mean
0.5Vo,SD 0.87%). All but one study reported rates per injection of 0.6% or less. The 23 studies in
which rush or accelerated schedules were used were also reviewed. The percentage of subjects
experiencing one or more systemic reactions during the maintenance phase of rush or
accelerated SCIT ranged from 0% to 27.1% (mean 4.777o, SD 6.47%). However, the number of
systemic reactions was higher during buildup when the interval between injections was
reduced ("rush" or "semirush" protocols). Subjects experiencing one or more systemic reaction
ranged from 0% to 66.7% with these accelerated schedules (mean 27.33%, SD 77.86%). These
accelerated protocols were associated with rates of systemic reactions per injection ranging
from 0% to 6.4% (rnean 2.36Vo, SD 7.7%).

MECHANISMS OF ANAPHYLAXIS

Chemical Mediators of Anaphylaxis
The chemical mediators that cause anaphylaxis are preformed and released from granules
(histamine, tryptase, glycosidases, and granulocyte chemotactic factors) or are generated from
membrane lipids (prostaglandin Dr, leukotrienes, and platelet-activating factor) by the
activated mast cell and basophil (13). The development and severity of anaphylaxis also
depend on the responsiveness of cells targeted by these mediators.IL-4 and IL-13 are cytokines
important in the initial generation of antibody and inflammatory cell responses to anaphylaxis.
No comparable studies have been conducted in humans, but anaphylactic effects in the mouse
depend on ll-4Ro-dependent IL-4/IL-73 activation of the transcription factor, signal
transducer and activator of transcription 6 (5TAT-6) (20).

Eosinophils may be proinflammatory (e.9., release of cytotoxic granule-associated
proteins) or anti-inflammatory (e.g., metabolism of vasoactive mediators) (27,22). A guinea pig
anaphylaxis model suggests that eosinophils already present in chronically inflamed airways
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Kemp and deShazo

Metabolites of arachidonic acid include products of lipoxygenase and cyclooxygenase
pathways. Of note, leukotriene Ba is a chemotactic agent and thus can solicit other cells to
participate in anaphylaxis. These cells theoretically contribute to biphasic (recurrent)

anaphylaxis and to protracted reactions. Other effects of arachidonic acid metabolites may
reflect mast cell degranulation, since elevations occur in tryptase and histamine. These effects
include bronchospasm, hypotension, and skin erythema (22).

Inflammatory mediators also activate the contact system. These consist of kininogenase,
kallikrein, and tryptase. Release of these mediators may induce formation of bradykinin as
well as the activation of factor XII. This, in turn, may produce clotting, clot lysis, and
subsequent activation of complement. In contrast, some mediators may have a salubrious
effect that limits anaphylaxis. For example, chymase may activate angiotensin II, which can
modulate hypotension. Heparin inhibits clotting, kallikrein, and plasmin, opposes complement
formation, and modulates tryptase activity (22).

There are other inflammàtory pathways that participate in anaphyiactic episodes. These
may be extremely important in the prolongation and amplification of anaphylaxis. Much of the
supporting evidence derives from data obtained during experimental insect sting challenges.
During severe episodes of anaphylaxis, there is concomitant activation of complement,
coagulation pathways, and the contact (kallikrein-kinin) system. Decreases in C4 and C3, as
well as the formation of C3a, have been observed in anaphylaxis. Demonstrable evidence for
coagulation pathway activation during severe anaphylaxis includes decreases in factor V,
factor VIII, and fibrinogen, and fatal disseminated intravascular coagulation in some instances
(14,30). Of 202 anaphylaxis fatalities analyzed retrospectively over a 1O-year period in the
United Kingdom, seven (8%) were attributable to disseminated intravascular coagulation (14).

Successful treatment with tranexamic acid is reported (34). Contact system recruitment is
indicated by decreased high molecular weight kininogen and the formation of kallikrein-Cl
inhibitor and factor XIIa{1 inhibitor complexes. Kallikrein activation not only results in the
formation of bradykinin but also activates factor XII. Factor XII alone can lead to clotting and
clot lysis via plasmin formation, and plasmin can also activate complement (22).

Effects on the Cardiovascular System
Anaphylaxis can be associated with myocardial ischemia, conduction defects, atrial and
ventricular arrhythmias, and T-wave abnormalities (35). Whether such changes are related to
direct mediator effects on the myocardium, exacerbation of preexisting myocardial insuffi-
ciency by the hemodynamic streés of anaphylaxis, or from either exogenous or endogenous
epinephrine is unclear (30,35-37).

Histamine exerts its pathophysiologic effects during anaphylaxis via both H1 and H2
receptors. H1 receptors mediate coronary artery vasoconstriction and increase vascular
permeability, whereas H2 receptors increase atrial and ventricular inotropy, atriai chronotropy,
and coronary artery vasodilation. The interaction of H1 and H2 receptor stimulation appears to
mediate decreased diastolic pressure and increased pulse pressure (38). Animal studies
suggest a possible modulatory role for H3 receptors (25). Platelet-activating factor (PAF) also
decreases coronary blood flow, delays atrioventricular conduction, and has negative inotropic
effects on the heart (35).

Raper and Fisher (36) described two previously healthy subjects who developed
profound myocardial depression during anaphylaxis. Echocardiography, nuclear imaging,
and hemodynamic measurements confirmed the presence of myocardial dysfunction. Intra-
aortic balloon counterpulsation supplemented anaphylaxis treatment to provide hemody-
namic support. Balloon counterpulsation was required for up to T2hours because of persistent
myocardial depression, even though other clinical signs of anaphylaxis had resolved. Both
subjects recovered with no subsequent evidence of myocardial dysfunction. Thus, the heart
may be a primary target for anaphylaxis, even in subjects with no preexisting cardiovascular
disease.

Increased vascular permeability during anaphylaxis can shift up to 35% of intravascular
volume to the extravascular space within 10 minutes (39). Intrinsic compensatory responses to
anaphylaxis, e.g., endogenous catecholamines, angiotensin II, and endothelins, also influence
the extent of clinical manifestations and, when adequate, may be lifesaving independent of
medical intervention. These compensatory responses, however, produce variable effects on
peripheral vascular resistance. Some subjects eiperience abnormal elevation of the peripheral
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Table 2 Representative Agents That Cause Anaphylaxis

Kemn and deShazo

lgE dependent
Foods
Medications
lnsect venoms

lgE independent
Nonspecif ic degranulat ion of mast cel ls and basophils

Opioids
Muscle relaxants
ldiopathic
Exercise
Cold, heat

Disturbance of arachidonic acid metabolism
Nonsteroidal anti-inflammatory drugs

Complement activationiactivation of contact system
Radiocontrast media
ACE inhibitors
Protamine (possibly)

Source'. Modified f rom Ref . 13.

anaphylaxís (1,22,54). Of 601 subjects evaluated over two decades in a university-affiliated
p.aòtióe, 356 (59%) were thought to have idiopathic anaphylaxis (55). This series excluded
ànaphylaxis due to SCIT and insect stings. Idiopathic anaphylaxis remains a diagnosis of

exclusion.
The most common identifiable causes of anaphylaxis are foods, medications, insect stings,

and allergen immunotherapy injections (Figs. 1 and 2) (7,19,22,54). Anaphylaxis to peanuts and/

or tree nuts causes the greatest concern because of its life-threatening severity, especially in

subjects with asthma, and the propensity for lifelong allergic sensitivity to these foods. Of added

importance, investigators report that the majority (52%) of peanut-allergic children experience
life-threatening symptoms with subsequent reactions, even if atopic dermatitis previously is th9

only adverse clinicaf manifestation (56). A quantitative radioallergosorbent test (RAST) for food-

specific IgE can be diagnostic. For example, subjects with peanut-specific IgE levels of at least

15 kU/L- as measured by one reference laboratory have at least a 95% chance of allergic
manifestations, possibly anaphylaxis, if they eat peanuts (57). Thus, a diagnostic food challenge is

not indicated in such individuals and might be hazardous.

{A}

Figure 1 lmported
circular pattern (B).

(B)

mandibles (A) I n afire ant attaches itself with its and then st ings about this anchor point
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Kemo and deShazo

Signs and symptoms frequently observed in anaphylaxis may occur by themselves in

other disorders. SubJects with hereditary angioedema, for example, experience episodes of
nonpruritic, typically painless edema of the extremities with or without laryngeal edema and

abdominal discomfort due to visceral involvement. Factitious anaphylaxis is characterized by
repeated, self-induced episodes of anaphylaxis. Anaphylaxis alternatively may be surrepti-
tiously inflicted upon a susceptible subject, an example of Munchausen syndrome by proxy.
Undifferentiated somatoform idiopathic anaphylaxis likewise is a psychiatric disorder in

which subjects report symptoms identical to those encountered in idiopathic anaphylaxis, but

objective findings are absent, and the subjects meet established diagnostic criteria for this

disorder (61).

VARIATIONS ON THE THEME

Exercise-lnduced Anaphylaxis
Anaphylaxis associated with exercise occurs as two syndromes of physical allergy: exercise-

induced anaphylaxis (EIA) and cholinergic urticaria (58). EIA occurs with prolonged strenuous
exercise, frequently in conditioned athletes, such as marathon runners, and is usually

accompanied by a short prodrome of cutaneous warmth and generalized pruritus. It may

occur ònly after ingestion of certain foods, such as lettuce or celery, or a medication, such as

aspirin, prior to exercise. Clinical manifestations may progress to generalized erythema and

urticaria, nausea and diarrhea, upper or lower airway obstruction, hypotension, and possibly

syncope as exercise continues (58). Prophylaxis with antihistamines, a corticosteroid, or

cromólyn sodium does not consistently prevent EIA. Episodes occur sporadically, which

distinguishes EIA from other forms of physical urticaria in which exercise provocation
invariably produces symptoms (58). Some individuals may demonstrate symptoms during a

controlled èxercise challenge but the test is often negative, despite a classic clinical history (58)-

Subjects with EIA should be taught how to administer epinephrine and preferably should

exercise with a partner educated about EIA and how to treat it.
Exercise avoidance remains the best treatment since the natural history of the syndrome

is not fully understood. Shadick et al. (62) surveyed 365 subjects with EIA over an average of

10.6 years (62). Of survey respondents, 47Vo had fewer episodes and 46% had stabilized since

diagnosis. Forty-one percent ieported no episodes in the year preceding the survey. Successful
respondents apparently had moderated their exercise programs and avoided provocative
factors (62).

Cholinergic Urticaria
Cholinergic urticaria, also called "heat urticaria," is caused by increased core body

temperature due to fever, stress, environmental factors, or exercise. Skin lesions frequently

appèa. as 2- to 4-mm pruritic wheals ("microhives") surrounded by marked erythema.

Syitemic manifestations, similar to those described for EIA, may also occur but are unusual.

Subjects with this syndrome might develop wheals at the site where methacholine is injected or

generalized urticaria when the body is warmed, as with a plastic occlusive suit (58).

ldiopathic Anaphylaxis
Idiopathic anaphylaxis is a syndrome of repeated anaphylactic episodes for which no cause

can be determined (63)' It may occur in children as well as adults (59,67) and fatalities are rare
(61). Within one yeaÍ, almost all subjects enter a period of prolonged remission or have

infrequent and less severe episodes (59). Failure to respond to prednisone should prompt

consideration of another diagnosis (59). (See sect. on "special Management Problems" for

management of idiopathic anaphylaxis.)
Serial histories and diagnostic tests for foods, spices, and vegetable gums have

occasionally identified the culprit agent in subjects previously presumed to have idiopathic

anaphylaxis (ZZ). The usefuheÀs of prick skin testing for reactions to food allergens was tested

in 102 subjects presumed to have idiopathic anaphylaxis (64). One-third had positive tests to

one or more foóds from a battery of 79 food allergens. Five subjects experienced anaphylaxis

after eating a food implicated by a positive skin test. Two subiects stopped having reactions

after they eliminated the implicated food from their diet, but they refused subsequent
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Table 3 Management of Acute Anaphylaxis

Kemo and deShazo

l. lmmediate intervention
a. Assessment of airway, breathing, circulat ion, and adequacy of mentation
b. Administer epinephrine intramuscularly every 5-15 min, in appropriate doses, as necessary, depending

on the presenting signs and symptoms of anaphylaxis, to control signs and symptoms and prevent
progression to more severe symptoms such as respiratory distress, hypotension, shock, and
unconsiousness

c. Place oatient in recumbent oosition and elevate lower extremities

l l .  Possibly appropriate subsequent measures depending on response to epinephrine
a. Establish and maintain ainvay
b. Administer oxygen
c. Establ ish venous access
d. Normal sal ine lV for f luid replacement

l l l .  Specif ic measures to consider after epinephrine inject ions, where appropriate
a. Consider epinephrine infusion
b. Consider H1 and H2 antihistamines
c. Consider nebulized B2 agonist (e.9., albuterol) for bronchospasm resistant to epinephrine
d. Consider systemic corticosteroids
e. Consider vasopressor (e.9., dopamine)
f.  Consider glucagon for patient taking B-blocker
g. Consider atropine for symptomatic bradycardia
h. Consider transportation to an emergency department or an intensive care facility
i .  For cardiopulmonary arrest during anaphylaxis, high-dose epinephrine and prolonged resuscitat ion

efforts are encouraged, if necessary. (See reference for specific details.)

Source: Adapted from Ref. 71.

(iii) injectable aqueous epinephrine 1:1000, (izr) equipment for administering oxygen, (u) oral
airway, (ai) equipment for administering intravenous fluids, (uii) injectable H1 and H2
antihistamines (e.g., diphenhydramine and ranitidine), (aiii) corticosteroids for intravenous
injection, and (ix) a vasopressor (e.g., dopamine). Depending on the clinical setting, glucagon,
an automated electronic defibrillator (AED), and a one-way valve face mask with an oxygen
inlet port [e.g., Pocket-Mask '' (Laerdal Medical Corporation, Gatesville, Texas, U.S.) or similar
devicel might be desirable. The emergency kit should be up-to-date and complete. Everyone
directly involved in patient care should be able to locate necessary supplies, rapidly assemble
fluids for intravenous administration, and be aware of treatment guidelines for anaphylaxis.

A sequential approach to management is outlined in Table 3. The judicious use of
epinephrine, maintenance of adequate oxygenation, and maintaining an effective circulatory
volume are the most important considerations. Assessment and maintenance of airway,
breathing, circulation, and mentation are essential initial management steps. Altered
mentation may reflect underlying hypoxia. Measurement of pulse oximetry and peak
expiratory flow rate, where appropriate, may be useful to guide therapy. Patients should be
monitored continuously to facilitate prompt detection of new clinical findings or treatment
complications. A patient should be transferred to an emergency facility depending on the
clinical severity of the reaction, response to treatment, and the likelihood that other
complications will occur.

Anaphylactic shock, a form of distributive shock, may shift significant fluid volume from
the central to the peripheral vascular compartment, potentially resulting in inadequate venous
return to the heart (39,40). Thus, the recumbent position is strongly recommended, essential in
the hypotensive subject, and provides autoinfusion (or preservation) of approximately 7 to 2L
of fluid into the central vascular compartment (79).

Systemic absorption of an agent must be minimrzedby stopping intravenous infusion of
offending medications or other biologic agents. Severe laryngeal edema may develop within 30
to 180 minutes (72). Therefore, an endotracheal tube should be inserted as soon as possible if
laryngeal edema does not promptly reverse following parenteral administration of
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Kemp and deShazo

0.01 mglkg (0.1 mL/kg of a 1:10,000 vol/vol solution), repeated every three to five minutes.
Higher subsequent dosages (0.1-0.2 mg/kg;0.1 ml/kg of a 1:1,000 vol/vol solution) may be
considered for asystole or PEA. These arrhythmias are often observed during cardiopulmo-
nary arrest that occurs in anaphylaxis. Administration of atropine in accordance with asystole/
PEA algorithms may also be appropriate. Additionally, prolonged resuscitation efforts are
encouraged, as necessary, since efforts are more likely to be successful in anaphylaxis, where
the subject is often young with a healthy cardiovascular system (72).

No Eaidence Supports Epinephrine. Administrntion by Other Routes
No data support the use of epinephrine in anaphylaxis by a nonparenteral route. However,
alternative routes of administration have been anecdotally successful. These include, for
example, inhaled epinephrine in the presence of laryngeal edema or sublingual injection if an
intravenous route cannot be obtained. Intraosseous (IO) administration at doses equivalent to
intravenous dosing have been recommended when intravenous access is not available and in
instances where the clinician has received training and has maintained proficiency in the
technique. IO cannulation provides access to a noncollapsible venous plexus, which is
attainable in all age groups and several studies have documented its safety and efficacy (707).
Access often can be obtained in 30 to 60 seconds. Any drug or fluid that is administered IV can
be given IO. The technique requires a rigid needle, preferably a specially designed lO or bone
marrow needle from an IO access kit (108). Endotracheally administered dosages of
epinephrine previously proposed for use when intravenous access is not available in
intubated patients experiencing cardiac arrest are no longer recommended. Furthermclre,
recent animal studies suggest that the lower drug concentrations achieved when epinephrine
is administered endotracheally may produce transient, detrimental p-adrenergic effects, such
as hypotension and impaired coronary artery perfusion (707).

How to Use Ancil lary Medications
H1 and H2 Antihistamines
The standard treatment of anaphylaxis should usuaily include Hr antihistamines and
corticosteroids. However, antihistamines have a much slower onset of action than epinephrine,
they exert minimal effect on blood pressure, and they should not be administered as treatment
alone (77). Even at maximum dosages, the antihistamines cannot abort anaphylaxis if
histamine already occupies its receptor. They do, however, attenuate cutaneous symptoms,
such as urticaria or generalized pruritus, and they may prevent recurrence. Diphenhydramine,
25 to 50 mg for adults and 12.5 to 25 mg for children, may be administered intravenously once
the cardiovascular and respiratory conditions are stabilized by epinephrine and/or fluids.
Intravenous administration ensures effective dosing will not be impaired by hemodynamic
compromise, which adversely affects gastrointestinal or intramuscular absorption, but
maximal effect may not be observed for one hour (109). However, clral or intramuscular
administration of antihistamines may suffice for milder anaphylaxis.

The role for H2 antihistamines, such as cimetidine and ranitidine, is more controversial
(22). H2 receptors mediate coronary vasodilation and some case reports suggest that
intravenously administered H2 antagonists may help to relieve persistent hypotension during
anaphylaxis. Because cimetidine may inhibit the metabolism of B-adrenergic antagonists in
vitro and theophylline metabolism in vivo, ranitidine 50 mg (1 mglkg) in adults and 12.5 to
50 mg in children, infused over 10 to 15 minutes, is recommended (71). When bolus
intravenous administration is desired, ranitidine may be diluted in 5o/o dextrose to a total
volume of 20 mL and injected over five minutes. Cimetidine, 4 mg/ke in adults, should be
administered slowly since rapid intravenous administration may produce hypotension (71).
There are no established dosages for cimetidine in children with anaphylaxis. Since H2
blockade without concomitant H1 blockade could increase available histamine and H1 receptor
stimulation,H2 antagonists should not be administered prior to H1 antagonists. As above, oral
administration of H2 antihistamines may suffice for milder anaphylaxis.

Corticosteroids
Systemic corticosteroids may not produce appreciable effects for several hours, but they may
prevent persistent or biphasic reactions. Subjects with asthma or other conditions recently
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Kemp and deShazo

SPECIAL MANAGEMENT PROBLEMS

Management of Persistent Airway Obstruction
Persistent Upper Airway Obstructiort
Severe laryngeal edema may occur so quickly during anaphylaxis that endotracheal intubation
becomes impossible. Therefore, an endotracheal tube snòuia be quickly inserted if laryngeal
edema is not reversed promptly with epinephrine. An endotrachìal tube measuring at léast
7.5 mm in diameter is preferred in adults since larger sizes reduce resistance to àir flow.
Aerosolized epinephrine, along with supplemental o*yget-t and extension of the neck, mav be
helpful for difficult endotracheal intubatiòn. If intubatioi fails, a cricothyrotomy is next since it
is more easily accomplished than is an emergency tracheostomy. To do lo, the éubject's neck is
hyperextended, and the area of the cricottiyroia membrane is palpated below the thyroid
cartilage and above the cricoid cartilage. A small incision is made,ihe membrane is punctured,
and the opening is enlarged with a blunt instrument such as a scalpel handle. Finaliy, a small-
diameter (4-5 mm) endotracheal tube is inserted. Alternatively, high_flow o*yg"n delivery
through _an,ll-gauge needle or polyethylene catheter .r-ruy r.tifice for the shór"t term if an
endotracheal tube is not available. Potential complicationé of cricothyrotomy include vocal
cord injury, bleeding, and subcutaneous emphysema (72).

Persistent Lower Airroay Obstructiort
Epinephrine reduces bronchospasm associated with anaphylaxis, but ventilation and oxygen-
a-tion may remain a problem despite an adequate airwry. This persistent airway obstruction
should be treated as is status asthmaticus. Aiterial blooà gas determinations and continuous
pulse oxllelry _help Suide therapy. Subjects usually respónd to inhaled p agonists, such as
albuterol (0.5 mL or 2.5 mg of a 5% solution) deiivered with oxygen nebuliruiio,l.

- Since adequate oxygenation also depends on ventilation, it Àay be necessary to establish
and maintain an airway and/or provide ventilatory assistance. Again, one of ihe quickest,
easiest, and most effective ways to support ventilation involves a ótl.-*oy valve faòe mask
with oxygen inletport (e.g., Pocket-Mask or similar device). Oxygen saturati,ons comparable to
endotracheal intubation have been demonstrated in patients whó require artificial ventilation
via the mouth-to-mask technique with oxygen aúached to the intet port. Subjects with
adequate, spontaneous respirations may breathe through the mask.

Ambubags of less than 700 mL are not recommended in adults unless an endotracheal
tube is in place since ventilated volume will not overcome the 150 to 200 mL of anatomic dead
space and thus provide effective tidal volumes. Recommended tidal volume during artificial
ventilation is 6 to 7 mL/ kg over 1.5 to 2 seconds. Ambubags may be used in chilàien if the
reservoir volume of the device is sufficient. Avoid overinflation. Endotracheal intubation or
cricothyroidotomy 

lay be considered where appropriate, depencling on the skills of the
physician and other health care professionals.

The rate of administered oxygen depends on the clinical response and the device used. A
nasal cannula delivers 25o/o to 40% oxygen with a 4- to 6-L/min flow. A simple plastic face
mask delivers 50% to 60% oxygen with an 8- to 72-L/mLn flow. By comparison, tfie one-way
valve face mask with oxygen inlet valve permits ventilation with up to SOn o*ygen at a flow
rate of 10 L/min and approaches 90% to 700% if the rescuer periodièaly occludóò'tn" opening
of the mask with his/her tongue during mouth-to-mask ventilation.

Mechanical ventilation itself may present a danger for subjects requiring ventilator
support during anaphylaxis. Frequent complications of mechanical ,r"t-ttilotút1 ilclude
pulmonary barotrauma and hemodynamic compromise, which may resuit if extremely high
inspiratory pressures are necessary to overcomè airway obstruction. Mechanical ventilatiòn
may have serious consequences for subjects with persistent hypotension despite adequate
ventilation. High inspiratory pressure and an inadeqùate intert-,ui àio*"ter of thé endotraóheal
tube also may decrease venous return and increase right ventricular afterload, which leads to
inadequate oxygen delivery, arrhythmias, and possibie cardiac arrest.

Problems Posed by p-Adrenergic Antagonists During Anaphylaxis
B-Adrenergic antagonists (B-blockers) are used to treat cardiovascular disease, arrhythmias,
hypertension, migraine headaches, anxiety, glaucoma, and thyrotoxicosis. Numerous cases of
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492 Kemp. and deShazo

FIRST DOSE
ADMINISTRATION

Remove caps labeled
"1" and"2".

Place rounded tip against the
middle of the outer thigh. The
needle may be injected through
clothing. Press down hard unti l
auto-injector fires. Hold in place
while slowly counting to 10.

lmmediate ly  ca l l  911.

Never place thumbs,
f ingers, or hands
over rounded t ip.

** e.F**rplSùrmr$ce slgd+d*shrÈÉt
lÀtilrr{fr{brtse{*tr&lrÈrffi[ il Édn *r
q,ilÉ.{q Ér|.|r#itrt } {{{.'{?# tijf, f .

SECOND DOSE
ADMINISTRATION

&.
m

ffi
ml

.ffi
ru

,f,-.Fr
\

Unscrew
rounded t io

lf symptoms have not improved
within about 10 minutes after
the f irst inject ion, a second
dose is needed

Pull  syringe from
barrel,  and sl ide
yel low col lar off
p lunger .

Put needle into thigh.
Push p lunger  down a l l
the way.

Please refer to the Twinject package least
for complete prescribing informations,
including important warnings, precautions,
safety, storage information, and detai led
dosing instruct ions.

Ttms$sruicrf-
ffi WW &tr gl\.É\.1"

J sjm*"mter
b*rdqlqr$-srÈi*d*a 

{ry{$cf&$iieiryggtiF*_tl$Fî:l[[0]

;,ffim,""*** Èffin:ffiffiffi

Figure 4 Twinject@ epinephrine device. Source: Photo courtesy of Verus Pharmaceuticals, San Diego,
California, U.S.

as to how to self-administer epinephrine (174,775). An EpiPen" (Dey Laboratories, Napa,
California, U.S.) autoinjector for adults is available with a single 0.3 mg (1:1000 vol/vol) doìe.
Similarly, an EpiPen Jr.", with a 0.15 mg (1:2000 vol/vol) dose, is available for children
weighing less than 30 kg. The Twinject '' (Verus Pharmaceuticals, San Diego, California, U.S.)
is a Pen-sized device containing two doses of epinephrine available either as a 0.15- or a 0.3-mg
formulation. The first of the two doses in both cases is delivered by autoiniector while thé
second is injected manually

Adherence with an action plan to keep epinephrine available at all times and to inject it
during anaphylaxis is another concern. Kemp et al. (116) determined in a follow-up sunu,ey of
patients that 32 (477o) of 68 did not have their epinephrine syringe with them when they again
experienced anaphylaxis from a previously identified allergen. In contrast, 31 (91%t of
34 patients with idiopathic anaphylaxis had epinephrine available at a subsequent episode.
Implementation of an educational protocol with emphasis on carrying epinephiine inóreased
the frequency of adherence from 53% to 927o over the ensuing 10 yèari (S5). Ottrer studies
indicate that 50Vo to 75% of patients prescribed epinephrine will carry it with them; 30% to 40%
of them demonstrate proper administration technique (80). Some carry the epinephrine kit
but choose not to use ít (83,777) or prefer to seek emergency medical aisistànce with
anaphylaxis (113).

Observation After Anaphylaxis
A reasonable evidence-based recommendation appears to be that observation periods after
complete resolution of uniphasic anaphylaxis should be individualized, partiòularly since
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Kemp and deShazo

The potential for anaphylaxis may be determined by skin tests in some circumstances (e.g.,
allergy to B-lactam antibiotics). However, the immunochemistry of most drugs and biologic agents
is not well defined, and reliable in vivo or in vitro testing for most agents is unavailable (119).

Situations may arise for which it is medically necessary to administer an agent to an
individual in whom it has previously caused an anaphylactic episode. Numerous protocols
enable prevention or reduction of the severity of anaphylaxis. All protocols should only be
conducted in clinical settings where anaphylaxis, if it occurs, can be properly managed.
Examples of these protocols are antihistamine and corticosteroid prophylaxis to prevent or
reduce the severity of IgE-independent reactions (e.g., radiocontrast media); administration of
gradual incremental doses of medication over several hours (".9., short-term penicillin
desensitization); or the highly effective, long-term desensitization with venom immunotherapy
for stinging insect anaphylaxis (see chap.24).

Potential Future Options to Reduce Risk of Anaphylaxis
Potential future therapeutic options may feature modified allergens for SCIT to reduce
allergenicity. Options being explored include novel vaccine delivery systems, DNA-based
vaccination, conjugation of immunostimulatory DNA motifs to specific allergens, plasmid
vectors containing DNA, vaccines with highly purified and defined allergens, and "non-
anaphylactic" allergens/allergen fragments/peptides for active immunotherapy. Others
include lgE-binding haptens of major allergens for passive saturation of effector cells and
induction of blocking antibodies, allergen-specific antibodies and antibody fragments for
passive immunotherapy in the allergic effector organs, and immunotherapy with humanized
anti-IgE monoclonal antibodies or IgE mimotopes. Clinical trials are evaluating optimal dosing
of oral peanut desensitization to reduce the risk of peanut anaphylaxis.

SALIENT POINTS

Fatal anaphylaxis from SCIT occurs at a rate of approximately 7 /2,500,000 injections.
Anaphylaxis associated with SCIT occurs more frequently with accelerated dosage
schedules than with traditional, more leisurely schedules.
B-Adrenergic antagonists may increase the risk for refractory anaphylaxis.
Mast cell tryptase levels correlate with the severity of anaphylaxis in many instances.
However, a normal tryptase level does not necessarily exclude anaphylaxis.
Some subjects with anaphylaxis have atypical findings such as bradycardia, vasomotor
collapse without urticaria, or isolated gastrointestinal symptoms.
Myocardial dysfunction and arrhythmias may be prominent features of anaphylaxis.
Peanuts cause the greatest concern in food-associated anaphylaxis because of (i) the
life-threatening severity of anaphylaxis to the peanut, especially in subjects with
concomitant asthma, and (ii) the propensity for subjects to remain allergic to peanuts
for life.
Exercise avoidance remains the best treatment for EIA since medical prophylaxis is not
very effective.
Epinephrine is the most important therapeutic agent used to treat anaphylaxis.
Epinephrine must be used in appropriate doses.
Glucagon is indicated for subjects on p-blockers not responding to epinephrine given
for anaphylaxis.
Intravenous epinephrine is indicated when severe and life-threatening anaphylaxis is
not responding with optimal therapy.

REFERENCES

1. Yocum MW, Butterfield JH, Klein JS, et al. Epidemiology of anaphylaxis in Olmsted County: a
population-based study. ] Allergy Clin Immunol 1999; 704:452-156.

2. Valentine M, Frank M, Friedland L, et al. Allergic emergencies. In: Drause RM, ed. Asthma and
Other Allergic Diseases. NIAID Task Force Report. Bethesda, MD: National Institutes of Health,
7979:467-507.

J . :

o

a

o

a

a

o



' gZg-VZg: LZî, : L86l arnle N'rolreJ Sutxela; pa^rrap urnllaqlopua

yo d1r,r.r1re lecr8olorq aq+ roJ slunorJe aspalar aprxo rlrllN 'S eperuolAl '3y a8urac '[I/{u ralxled 'l€

'080L-Zl0l:99 :086L ]sa^ul UIIJ

{ 
.srxeldqdeue ueunq Jo suor}p}saJrueur rrSolorslq4 'le }a'NE raì)aalg'V eì}oqos-laBe;'-Id qtlLus '0€

.LL-.gg:gILí0002 Iounlxtul url] l3ra11y {'lpnls paseq-}uaullredap druaSraura ue :suollf,ear

rr8ralle ni"rn qrt^ éù"trud ur sla^al aseldl4 puu aulruelslH 'le 1a 'y .{rrn3'91 zlremqrs'^u uI-l'62
'g g-gtg:66:9967 lSololsaqlsauv '0002-666L uI aJuerC uI ulsaqlsaue

Sugnp Sur.rrnrro suorlJeal prolreldqdeue pue rrlrellqdeuv 'C ellv '31zrq arreuaxe1 /l\ld salJaIAI '82

'998-198:99 :t66t tts rlsuaroC { 'srxellqdeue

or anp qlpap ;o suorleSqsa^ur froleroqel 'le ra '1q 
"rn11lnbs 

'uc uoslaN '14{ ra8ur?untr '17
'vL-99:LgZ

:ygg7 d,ut{S punoC srUeAoN 'spqdoseq pue sllar }sPuI :slxuldqdeue _Jo slla) IollaJJg 'g-l z}IeMqrS '92

'6vL-ZvL:09L:666L paIAI are3 1u3 rrdsay f urV 'srxeldqdeue aulue)

ur uorlJunJ )erpJeJ sa.tordrur apeìJolq roldarar €H aul111elslH 'le 1a 'g qnrun /S euIIeqS /J t{JSnrqJ '92
'LLE-99q:89

11861 Iounrutul ullf, d3"ra11y {'sasuodsar fteuourlnd pue leln)selolpreJ uo slstuo8elue roidarar 7-11

pup l-H Jo straJJa Jqt lo àìrXin"n :aunuelslr{ pasn}ul Jo straJJE '1e 1a ',' sraiutllns '5 ra13r5 /N raulTe) 'úZ

'gúV-6€V:62 rg00z Iolg Iolt naC irdsaS-i tuy 'slqdoulsoa anssq lu''r'rrre 1o drlua

Ieurunl iduord n 
"r""p"ir;;i;";rìs;lUrr"rv 

'le +altrnrl tlgyakg-tu1etr\l'htr uar8sro;,1 'sf t1Platrg 
'97

'zzgL-L6rL:t002

,ìoog real-dqso6i :srnol '+S 'pa ql9 'arllrer.I pue saldnuu4 :d8ra11y s,uolalppltr\tr 'spa ''1e la 'MM

"àrttf 
,1,af ì"e.ttÉun1 ''r{ 

cN uosulìpv :uI 'suol}f,ear prolreldqdeue pue slxellqdeuv-'d ueurraqa\1 'zz

' 
V-L: 66 : g L6L pqle.J rl)rv''fi tntltsuasraddq alelparuul

ur uorlrun; a1fto1nal realrnuoqdrotudlod pqdoursog 'C) ullsnv /IS ueullasseM '[g plaoa'17

.glg-g0g:02 L:LlÌzlounulurl^ur13 l3ra11y { 'slapour asnoul ulorJ suossal :srxellqdPuv 'cc ueulaìulc '02

' gLg- L9g:06 :7661 l3oPununul

ur13 ,,(Bragy 1 
.{de"raqtounLuurr ua8rallu ruorJ suol}rear rnualsdg 'g5 daTo-I 'gD ue'ry\a}S 

'61

'gL-gt:(8)8tL:g66L l{rsuaqroM paIAI tlrunhl '(uoqezqrsuasoddq 8ur',ta'o11oJ s}uaplrul :uoll

-elsu€rl .{ttÉr;D'l""r"tttriqlt""sodlq q)eu alletuaqrslmz 'Cl ula}snuH 'S duytl '1-ì 
laqrld-zllrapn-I 

'81

' gLL-6g Ltll"I" :9002 Iounuurl ur13 l3ra11y I suorlrafur

dde.raqloununur ua8ralle o+ suorlJear l€leJ-reau Jo uollenle^E 'ICl ulalsurag 'IAID ssl-I 'SH ultuv 'll

'gL-g:26 í9661 lounurul uIiJ l3ra11y I'OgO1Sg1t

lderaqiountuurr pue Surlsat ulìs ruorJ sarlrlpleJ Jo fanrng 'le la 'Jd qnellaìrnl'g5 zl'a>po1 'lN plad '91

'lL9-O9g:6L í1961 lounwtul uIIJ d8rallyJ OS)

Surlsal urìs pue 1g1 lde"raqlounruurr ruort sarlrlelec 'le la'Jd qneilaìrnl'I/rtr1 lrtpauag'cu ^aìJo-I '91
' 
062-982:V ít002 Iountutul

ur13 lSrallv uldo rrn] iuorlrpar IpleJ e Jo ìsrr te sr or{^{ IIa} a^{ uur :stxeldqdeuy 'lI la"rqduncl 'tl
'8Í€-l?€:0t L :2007'

Iounurul uq3 d8rally [ 
'stusrueqraru pue sasner Jo Mal^ar e :srxeldqdeuv 'CU 

"(apo1 
'g5 dua; '91

.16î_L6€ILLL

í9002 Iounlxurl urTJ d3ra11y { .tunrsodtuds 
ryorvt1a5 srxelr{qdeuy pue ,'(8ra1lv pooc/aseaslo

,l"Jrlr"y,r1 p.rn lBr"11V Jo alnlqsul leuorlpN puof,as-q.rodar freturuns :srxellqdeu' Jo luarua8eueu

pue uoqrurJap aql .tò -"troàtulì'puoras 'le ]a '1y 
llaqdr.ueJ 

'v 8uo1-rng-zognhtr 'vH uosdtueg '71
' 
9 €8-Z€8: î,LL : V 002 lounlurul

ur13 dlrallv f 
.€002 raqolJo'uoqezrue8rg l3ra11y plroM aql Jo aaliltutuoJ lt,tallay alnlelruaruoN

a.l;o Uoà"U ,"*lJqol8 roy-,ler"11n roJ arqplf,uaurou pasl^a''le la'U IqeC'I raqalg'935 uossueqof 'tl

'LL}-.lggtggL:g66L paw uralul t{)rv 'sale}s pa}lun aql ul aruaplrul

aql aieLupsa ol ìdrualle ue rrtrnl,{qde.te rtqledotpl 'lP ia 'ucl plourP^ '91,11 uu3o11 '5 uos'ra1led '01

'ggg-Vgg:ú1L:ú86L rlelpad { 
'ua'rppqr ut s8uqs eraldouarudg ra1le suor}rear Ierol

a3rui 1o l"rolsrq 1nr"in" aql Jo ,,(pn1s anrlradsord V 
'ln ìa 'V eì]oqo5-,,(a8e; 'J) quaqnqrs'CCl ìJer3 '6

'9î,LL-6ZLL:ALL:VO1Z lounuurl ur13 l3ra11v I '1002-0661 :Suqsal ulìs pue

suoqralur ua3ra11e o1 suoIlJPaJ luleJ ;o fan.rns ;ead-anlarvrl 'lP la /1 qslrog '1A1 rauuel4 'IC ulaisulag '8

' g6L-L6L: L1l, : L007 Iounuurl UIIJ

l3ra11y f .spool ol suorl)ear rrlrellqdeue o] anp sarlllelPc 'vH uosdure5'y SuoFng-zogn^'vs ì)og 
'l

' 
Z LL-99 L: 6LL : 666L Iounurwl

d8Ja11y qlrv lul 'suorl)ear illrellqdeue parnpul-lnuead 'le la 'S raraqJls 'VD uouueg /M sìrng '9

' 
9i L- LV L: 6 : 9661 l3oPluaPld g

'sìslr 
Ilera^o pue spoqlaru :sluaqed lelrdsoq- Suotuu suollJear prolrellqdeuu pue rqrel',i'qdeue

"r",."r";o 
lpnls ,rÉo1ot*"prda uy'srxellqdeuv ara^as;o dpn15 aAIleroqPIIoJ leuoll€uraiul'9

'8Bg-189:l !1761Ptue1

.suolduds leprure.rlderlxa pue 'ssau;eap 'uorslnnuor 'srxeldqdeue paJnpur-8ruq 'H 
ìJIf 

'{ ra1ro4 '7

'LZ-;L:L1L !L002 pal\l uralul t{rrv 'fSoloruaprda

slr olur uoqe8rlsanur ue :salprs pallun aql ul tt*Llrqan"v -Iu ralllN 'rv 
ìPleqD 

'IV le8nag 
'g

srxellqdeuy J0 luewleaJf pue uoque^ild

't[]lPaH 
Jo sa

puE etuqlsv

e :,{1uno3 p:

sr srxeldtlde

uanr8 oulJt{r

'srxeldqdelr,

JOU Sr Srxei^

slnuead ol :
rlll.M sl)a[q]
eLIl (/) Jo as
'srxellqdeu

rololuosP^'
.SI

'saJue]Sur ^

a8esop pai,
'suorlJafur 

I

Sursop letur
pazrueurnì.I
"ro; sluatuS
pue sllal rt
sralllo ',,{d
-uou,, pue
pruseld 'sr

pasuq-vNC
aJnpal ol

dde;aqlour
urlpruad ì

JO UOTJPJJST,
ro luana;d
'paBuueu

aq lluo p1r
slorolord s
ue ol lua8r

'(6n) atqr
slua8e l3o1
''3'a; saruul

1zeqsap puq 0



40.
47.

Kemp and deShazo

32. Coleman JW. Nitric oxide: a regulator of mast cell activation and mast cell-mediated inflammation.
Clin Exp Immunol 2002;729:4-70.

33. Mitsuhata H, Shimizu R, Yokoyama MM. Role of nitric oxide in anaphylactic shock. J Clin Immunol
7995; 1.5:277-283.

34. DeSousa RL, Short T, Warman GR, et al. Anaphvlaxis with associated fibrinolysis reversed with
tranexamic acid and demonstrated by thromboelastography. Anaesth Intensive Care 2004; 32:580-587.

35. Marone G, Bova M, Detoraki A, et al. The human heart as a shock organ in anaphylaxis. Novartis
Found Sy*p 2004; 257:733-149.

36. Raper RF, Fisher MM. Profound reversible myocardial depression after anaphylaxis. Lancet 1988;
1:386-388.

37. Wittstein IS, Thiemann DR, Lima jAC, et al. Neurohumoral features of myocardial stunning due to
sudden emotional stress. N Engl J Med 2005;352:539-548.

38. Bristow MR, Ginsburg R, Harrison DC. Histamine and the human heart: the other receptor svstem.
Am J Cardiol 1,982; 49:249-251.

39. Fisher MM. Clinical observations on the pathophysiology and treatment of anaphvlactic cardiovas-
cular collapse. Anaesth Intensive Care 7986;74:7721.
Pumphrey RS. Fatal posture in anaphylactic shock. J Allergy Clin Immunol 2003;712:457152.
Kovanen PT, Kaartinen M, Paavonen T. Infiltrates of activated mast cells at the site of coronary
atheromatous erosion or rupture in myocardial infarction. Circulation 1995; 92:1084-1088.

42. Kounis NG. Kounis syndrome (allergic angina and allergic myocardial infarction): a natural
paradigm? Int J Cardiol2006; 1,70:7-74.

43. Abela GS, Picon PD, Friedl SE, et al. Triggering of plaque disruption and arterial thrombosis iu an
atherosclerotic rabbit model. Circulation 7995; 97:776-784.

44. Steffel J, Akhmedov A, Greutert H, et al. Histamine induces tissue factor expression: implications for
acute coronary syndromes. Circulation 2005; 112:347349.

45. Rubin LE, Levi R. Protective role of bradykinin in cardiac anaphylaxis: coronary-vasodilating and
antiarrhythmic activities mediated by autocrine/paracrine mechanisms. Circ Res 1995; 76:434-440.

46. Schuligoi R, Amann R, Donnerer J, et al. Release of calcitonin gene-related peptide in cardiac
anaphylaxis. Naunyn Schmiedeberg Arch Pharmacol 1997; 355:224-229.

47. Rang WQ, Du YH, Hu CP, et al. Protective effects of calcitonin 5;ene-related peptide-mediated
evodiamine on guinea-pig cardiac anaphylaxis. Naunyn Schmiedeberg Arch Pharmacol 2003;
367:306177.

48. van der Linden P-WG, Struyvenberg A, Kraaijenhagen RJ, et al. Anaphylactic shock after insect-sting
challenge in 138 persons with a previous insect-st ing reaction. Ann Intern Med 1993;118:161-16f1.

49. Brown SGA, Blackman KE, Stenlake V, et al. Insect sting anaphylaxis: prospective evaluation of
treatment with intravenous adrenaline and volume resuscitation. Emerg Med J 2004;27:749-154.

50. Schadt JC, Ludbrook J. Hemodynamic and neurohumoral responses to acute hypovolemia in
conscious mammals. Am J Physiol 1.997;260:H305-H318.

51. Demetriades D, Chan LS, Bhasin P, et al. Relative bradycardia in patients with traumatic
hypotension. J Trauma 1998; 45:534-539.

52. Soreide E, Harboe S. Severe anaphylactic reactions outside hospital: etiology, symptoms and
treatment. Acta Anaesthesiol Scand 7988; 32:339142.

53. Viner NA, Rhamy RK. Anaphylaxis manifested by hypotension alone. I Urol 7975;713:108-110.
54. Brown AFT, McKinnon D, Chu K. Emergency department anaphvlaxis: a review of 142 patients in a

single year. J Allergy Clin Immunol 2001; 108:861-866.
55. Webb LM, Lieberman P. Anaphylaxis: a review of 601 cases. Ann Allergy Asthma lmmunol 2006;

97:3943.
56. Vander Leek TK, Liu AH, Stefanski K, et al. The natural history of peanut allergv in young children

and its association with serum peanut-specific IgE. J Pediatr 2000;137:749J55.
57. Sampson HA. Utitity of food-specific IgE concentrations in predicting symptomatic food allergy. I

Allergy Clin Immunol 2001; 707:897-896.
58. Horan RF, DuBuske LM, Sheffer AL. Exercise-induced anaphylaxis. Immunol Allergy Clin North

Am 2001; 27:769-182.
59. Ditto AM, Harris KE, Krasnick J, et al. Idiopathic anaphylaxis: a series of 335 cases. Ann Allergy

Asthma Immunol 7996; 77:285297.
60. James LP Jr., Austen KF. Fatal and systemic anaphylaxis in man. N Engl J Med 1964; 270:597-603.
61. Abraham D, Grammer L. Idiopathic anaphylaxis. Immunol Allergy Clin North Am 2001; 27:783J94.
62. Shadick NA, Liang MH, Partridge AJ, et al. The natural history of exercise-induced anaphylaxis:

survey results from a ien year follow-up study. J Allergy Clin Immunol 1999;704:723-727.
63. Bacale E, Patterson R, Zeiss CR. Evaluation of severe (anaphylactic) reactic.rns. Clin Allergy 7978;

8:295104.
64. Stricker WE, Anorve-LopezE, Reed CE. Food skin testing in patients with idiopathic anaphylaxis. i

Allergy Clin Immunol 1986; 77:576-579.



'6ls:9gz :e go L f ntg
'aurleualpe Snoua^p4ur dq parnpul pIuaPLIJsI IulpteJo.,{tu aranaS'le la'H-I aldo'U aule1 /V 

ìeJoH
'ZlZ-ggZ:tZ 19002 pa14l 8.raug I ruV 'aur;qdaurda 

Ieratuared qtlrra palearl
suorlf,eal rr8ralle alnJe LIIIM sllraled ur sasuodsar .relnrse^orpJe3 'le ta 'I^ solslld 'y dr"rn3 '^àI ul'I

'ú99_L99:L6Z :úl6L pa6 f ISug N 
'8uraq ueurnq aqt ul srxeldqdeue rrtualsdg 'C) uaisnv

.ZZLZ-8LLZ:LgZ

1f8e t VniV{'poqs rqreldqdeuu Jo }uaulearl roJ aur.ltldaurdg '[e ]a 'DJ aa-I /l 
lìI ìPMoN 

/t 
{E qJereg

'892-9LZ

:9002'lllH-.MerDrIN:ìro^ ,taaN'pa qlll'srllnade;aq; Jo slseg lert8oloruutreqd aLII s,uerullD
pue uetupooD 'pa 'T-I uolunrg :uI 'slsluo8elue puu stsluo8e rt8;auarpv 'dcl 

IIeJlsaM'JI IIeJlsaM
'Z7g-6tg:ú6ig00z 

Iounrutul ururllsV f3,ra11y uuv 'sanssrl rplnrsnure4ul aqt o1 auuqdaurda Surranrlap
ur ql8ua1 alpaau rolrafutolne auuqdaurda atll ;o dtenbapv 'lu la 'g{ 3ueq3 'UI uoslèN '11 Buog

'0lB-yB:80L !L002lounulrul ur13 l3:a11y [ 'uorlrafur

snoauuln)qns snsral JplnJsnrueJlur :sllnpe ur uorldrosqe auuqdauldg 'f) suotuls'X nD /UgC suoluls
'L€-g€:L1L 18661 Iounluul uIIJ ,{3ra11y {'srxeldqduue

yo holsrq E rlllm uarpllq) ut uotldrosqe auuqdaurdg 'le la 'X nD 'y{ sl"raqo5 'UEC suotuls

B t0 t-9 t0 t :61"L : L002 Iounwul ur13 d8rally f 
' 
9002- L002'pooJ

ol suorlf,ear rrlrellqdeue lq pasneJ sarlrleleJ raLIunC 'y11 uosdues 'V 8uo1"rng-zognlAl /VS 
ì)og

'6t0t-8t0t:6LL:1002 
lounuurl ur13 l3:a11v f '9002

-666L 'tuopSur;1 palpn aql ul pooJ ot suortrear rr8ralle leleJ raqunc 'HI/{ puelmoD'llgy darqdrund '98
'zgvL-09úL:092

rggOt VntVf 
'srxellqdeup parnpul-pooJ leleC 

'le ta 'ÒI raurnls '3;1 .,(auaams 'Mf 'ra8ur8unl '99

77V-ú7V:LLL :9002 Iountulul ur13 l3ra11y {
'fuer ol .t,toq pue papaau uatJo .t,torl :srxellqdeue .ro; auuqdautda Jo asop puo)as V 

'141f osla) 'ù8
'0g/-9VL:gî,19gg7.,(Srallv dxg ur13 'u8reduer srxellqdeue aLIl Jo sraqurau

f 
'srxelr{t1c1e

!9161 13n11
.IZL

:srxeldtldeur
'v6t-€,81:Lz:
'î,09-t69:0li

,{3.ra11y uu1

HlroS UTIJ .

{ 
'd3"ra11e po

ua;p1rqr 3un

í9002 lounul

e ur sluaqed
'0I 

t-80[:€

pue suoldur

JrleurneJ] ql

ur eruralo^Oc
'v9L-611":t"z

Jo uorJenle^a
'89 

L- L9 t:8t I
Suqs-lrasur ra

ít002 IoJeì.urt
palPrpaw_aprl

JerprP) ul ap
']rî-t|fr:gt !9
pue 3ur1elpo:

ro; suoqerrldtr

LrP Ur srsoqtuo.

leJnleu e :(uc
'tì80 

t-
ftutro;or ;o a1

'zqf-r.gv:a

-seAOrpJPJ JrJft

'tua1s,{s rolda:;

o] anp Suruunl

í9g6l ]arue.l .sr

srueAoN .srxPI-r
'l8g-0gg:20 

1Ì,00i
LllrM pasJaAal :

Iounururl ullf i

'uorleulluelJul 
f-

ozellsap pue dway

;o danrns aJreuuorlsanb u :rftrunruuroJ aql ul suorì)eal rr3,ra11y 'le la'U ,{artldurn4'D ìJu-I 
'y zn3n

'ggg-ggg:gz i6661tot4 pLuqlsv d8rally epapaau are sasop fueu l,roll :slxellqduue
ro; uorlerlsrurupe aurrqdaurda 1o.,{pn1s anrlradsor}ar V 

'le la 'EU rauìueq'{i1q arpunl 'd ilelquaro)
'8tr€i0:0 :t002

Iounrurul ur13 ,{3ra11v uldo rrn] 'srxellqdeue 
Jo luarulear} aq} ur auuqdaurda ;o asn 'd ueuraqal-l

'gú9-ggg:6LI:L002 srrlerpad 'srxuldqdeue 
Jo luawa8euetu pre-lsrrJ ro; auuqdaurda alqelra[ur-y1a5

'sJrrlerpad 
;o dtuaperv upJrraruy 'dSolounuul pue l3ra11y uo uol])as 'UgC suoLuls 'HS raraqJls
'96-19:î,96l,'u,tro-rg 'alill-l :uolsog 'pa puz 'slaarts aql ul are] Arua;laurE '-1N aullore)

'g8S-gZS:0ZL:1002Iounrutul ur13 d8rally f 
'alepdn puoras ralatue;ed arqrerd

e:ddu.raqlounruurr ua3.ra11y'sralaureJed aJrlJeJd uo af,JoC 1se; luro{'le la-'H uoslaN'LI11"I xoJ
'ZúS-1S:tg !9661 l?qlv 'saseasrp rr8ralle

roJ saurJf,e,L rrlnade.raql :dderaqlounrurur ua3"ra11y'lderatllounrurul ua8rally 'radu4 uolllsod OHM
'g9€-Lgî,:92 í9002 rorcl euqlsv d3"ra11y 'alnor relnf,snruerlur aLIl Jo uoltezlTllnrapun :1elrdsoq

l"relrTrtu e ur suralled Surqrnsard aur;qdaurda pue srxeldqdeuv 'IM 
ìuerg 

/MM rrPJ '11g arourlupl
'Zgî-L7E:ELL :ú002 Iounuurl uq3 l3ra11y {'sar8ralle

pooJ roJ slrsr^ luatulredap druaS.rar"ua ;o dpnls ratuaJllln;AJ 'le ]a 'HI elaeD 'VS 
ì)og 

'S 
ìJelJ

'yLV-7LV:1L:ZOOZ f pa61 per31so4
'slsod ftua8ratua pue luaprJre Surpels sraJrJJo asnoq Joruas ;o dpnls e :suolllpuoJ palelal pue

srxellqdeue ur (aurl{daurda; aurleuarpp Jo asn pasodor4 'le ta '-IS uolsuqo{ /J aunq}ag '11 sladuo3
'0lls-g€ts:11 

lddns;4g:9002 uoqetrf,snsau 'sa)uelsurnJrrr 
leDads uI lsarru rulpreJ 'l uoli)as

'9002 uorlelrf,snsal roJ saurlaprn8 pruno3 uorlelr)snsay ueadorng 'lu la '.1[ uelop /CJ ulìeaq '{ teoS
' gVL L;-wl6:17 lddn qZLL :9002 uollelnrrl3'srxeldqdeuv'arer r€lnrsenolpreJ

llua8raua pue uorlelrJsnsal d"reuoulndorpJuJ roJ saurlaprn8 uorlutrossv UeaH ueJIJaLuV 9002
'uorlelrJsnsau uo aallruuroJ uosrerl IEuorleuJalul rlil^\ uolleJoqelloJ uI uollelJossv ueaH UPJIJaUIV

'€z9s-€8ús
:gll í9002 lountutul ur13 l3ra11y { 'ralatue;ud arqre;d palepdn ue :srxellqdeue yo luaua8eueur pue

srsou8erp aql 'sralauerud arqJprd uo af,rog lse11uro{'le }a 'f ratutaquaddOlgS dua;'4 ueturaqatl
'Vgt-11t:lZî, :266L pa4 f IHuE N 

'sluarsalopu pue

uarplrrlr ur pooJ o] suorlJear rrlreldqdeue IelpJ-rpau pue leleC 
'clf uasoy'1 uoslapuar\l'VH uosdrueg

'Eg-g1:gl í9961 lounuLul url3 d3.ra11y f 
'srxeldtldeue palrerlord pue rrseqdrg '[1 uenqlns'fg ìrets

'gZ-lLZ:g6 íggg7 lountutul uruqlsy l3ra11y uuv 'suorlrear rrlrellqdeuu rrseqdrg 'd uer"uraqal-I
'gl-gú:g:ggg7 day eruLllsv l3ra11y tuarrnJ astuolduds Jo uoqnlosar

raup luarled e anrasqo ol q8noua 3uo1 sr 3uo1 .,r,roq :eruruallp srxeldtldeue-1sod aql 'CS druay
'8€ZL-7€ZL:LLî, :Vg6l pa6 f ISug N 

'srxeldqdeue

luarrnJal Jo asneJ e su dlrnrlrsuas auoralsaSorcl 'le ]a 'CI a;IpJlal J 
'1,1g zltuorsa4 '{14 s33a7'q

'9V9-ZV9:01

!1961 ptaul3 laisqO ']roda"r fteurturlard e-lsruo8e auotu;oq Sursealar-auourrotl Surztutalnl e

rlllm ]uau+earJ :uaurorvl Surlenrlsuaur ur srxeldqdeup luarrnJa5 'le la'gD ra[]nJ'g laeqdug'E{ -ra1e15 '99

sxefiL]deuv J0 lu?wleill pue ualu0A0Jd

€8

'28

'18

'08

6t

'81

,LI

'91

'9t

'vt

'î,1

'aL

.LL

'0t
'69
'89

'19

'99



498 Kemo and deShazo

96. Sullivan TJ. Cardiac disorders in penicillin-induced anaphylaxis. Association with intravenous
epinephrine therapy. JAMA 1982; 248:2767-2762.

97. Butte MJ, Nguyen BX, Hutchison TJ, et al. Pediatric myocardial infarction after racemic epinephrine
administration. Pedia trics 1999 ; 704:9-71.

98. Saff R, Nahhas A, Fink JN. Myocardial infarction induced by coronary vasospasm after self-
administration of epinephrine. Ann Allergy 7993; 70:396-398.

99. Davis CO, Wax PM. Prehospital epinephrine overdose in a child resulting in ventricular
dysrhythmias and myocardial ischemia. Pediatr Emerg Care 1999;15:116-118.

100. Coldhaver-Fiebert S, Grecu L. Postoperative ST-segment elevation: was vasospasm caused by
anaphylaxis or by its treatment with epinephrine? Ann Allergy Asthma Immunol 2006;97:449453.

101. Ersoz N, Firestone SC. Adrenaline-induced pulmonary edema arrd its treatment: a report of two
cases. Br J Anesth 7977; 43:709J72.

102. Freedman BJ. Accidental adrenaline overdosage and its treatment with piperoxan. Lancet 1955;
2:575-578.

103. Ackerman MJ, Khositseth A, Tester DJ, et al. Epinephrine induced QT interval prolongation: a gene
specific paradoxical response in congenital long QT syndrome. Mayc-r Clin Proc 2002;77:473-421.

104. HorowitzBZ, Jadallah S, Derlet RW. Fatal intracranial bleeding associate.d with prehospital use of
epinephrine. Ann Emerg Med 7996; 28:725J27.

105. Lewis MA. Treatment and survival after massive overdose of adrenaline. BMJ 1967; 4:38.
106. Novey HS, Meleyco LN. Alarming reaction after intravenous adminisiration of 30 ml of epinephrine.

IAMA 7969 ; 207 :2435-2436.
107. American Heart Association in collaboration with International Liaison Committee on Resuscitation.

2005 American Heart Association guidelines for cardiopulmonary resuscitation ancl emergency
cardiovascular care. Management of cardiac arrest. Circulation 2005; 112(suppl 4):iV58-IV66.

108. American Heart Association. Advanced Cardiovascular Life Support Provider Manual. Dallas:
American Heart Association, 2006:48.

109. Simons FE. Advances in H1-antihistamines. N Engl J Med 2004; 351:2203-2217.
110. 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)73.
111. American Heart Association. Advanced Cardiovascular Life Support Provider Manual Supplemen-

tary Material. Dallas: American Heart Association, 2006:1-86.
112. Schatz M, Hoffman CP, Zeíger RS, et al. Asthma and allergic diseases during prep;nancy. In:

Adkinson NF Jr., Yunginger JW, Busse WW, et al., eds. Middlebn's Allergy: Principles and Practice.
6th ed. St. Louis: Mosby-Year Book, 2003:7303-7322.

113. Pumphrey RSH. Lessons for management of anaphylaxis from a study of fatal reactions. Clin Exp
Allergy 2000; 30:1 1 44-7150.

114. Grouhi M, Alshehri M, Hummel D, et al. Anaphylaxis and epinephrine auto-injector trainirrg: who
will teach the teachers? J Allergy Clin Immunol 7999;704:790-193.

115. Sicherer SH, Forman JA, Noone SA. Use assessment of self-administered epinephrine among food-
allergic children and pediatricians. Pediatrics 2000; 105:359-362.

116. Kemp SF, Lockey RF, Wolf BL, et al. Anaphylaxis: a review of 266 cases. Arch Intern Med 1995;
155:1749-1754

117. Rosen JP. Empowering patients with a history of anaphylaxis to use an epinephrine autoinjector
without fear. Ann Allergy Asthma Immunol 2006;97:478.

118. Sampson HA. Food allergy. Part 2: Diagnosis and management J Allergy Clin Immunol 1999;
103:981-989.

119. deShazo RD, Kemp SF. Allergic reactions to drugs and biologic agents. IAMA 7997;278:7895-1906.
120. Kemp SF. Anaphylaxis: current concepts in pathophysiology, diagnosis, and management. Immunol

Allergy Clin North Am 2001; 27:677-634.


