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DEFINITION

m ANAPHYT . AXIS: a term first used in 1902 by
Portier and Richet to describe a reaction of
profound circulatory collapse, bronchospasm,
and death in a dog re-exposed to jellytish toxin

Portier MM, Richet C. C R Soc Biol 1902; 54:170-2.

= Derived from the Greek phylaxis meaning a
guarding or protection, and aza meaning
backward, excessive, or again
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DEFINITION

“Immediate systemic reaction caused by rapid,
[gE-mediated immune release of potent
mediators from tissue mast cells and peripheral

basophils™

Joint Task Force on Practice Parameters, American Academy of Allergy, Asthma
and Immunology, American College of Allergy, Asthma and Immunology,
and the Joint Council of Allergy, Asthma and Immunology
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DEFINITION

8 ANAPHYILACTOID: a reaction with similar (may be
exactly the same) signs and symptoms but is a direct,
non-immune mediated release of vasoactive mediators
from mast cells and/or basophils, or complement
activation.

m ANAPHYILACTIC or ANAPHYILACTOID

Unanticipated, Severe, Explosive Onset, Life-
Threatening
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PROPHYLAXIS

(from Greek: to guard before, take precaution)
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INCIDENCE

® |n a number of studies in Europe and Australia, severe
anaphylaxis in Emergency Room visits varied from

0.016 — 0.09% (1.6 — 9 1n 10,000)

Anaphylaxis during anesthesia, estimates vary from 0.5

— 3 1n 10,000
Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95.

Anaphylactoid reactions account for 30-40% of
hypersensitivity reactions

Mertes PM, Laxenaire MC. Minerva Anestesiol 2004; 70(5):285-91.
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TRIGGERING AGENTS

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95.
Levy JH, Yegin A. Anesthesiol Clin North America 2001; 19(4):705-15.

Muscle relaxants (69.2%0) m Colloids (2.7%)

Succinylcholine Dextran
Rocuro1-r11um Gelatin
Atracurium + *

Hetastarch
cis-Atracurium + *

Natural Latex (12.1%) = Opioids (1.4%0)

Fentanyl

Morphine + *
1d1 Xk

Vancomycin* Meperidine +

Hypnotics (3.7%) Codeine*
Propofol B Others (2.90/())

Thiopental Local Anesthetics

Antibiotics (8%0)

Penicillin (and other 3-lactams)

Aprotinin

Protamine
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PATHOPHYSIOLOGY

m Antigen exposure — IgE produced — IgE
binds to mast cells and basophils

B Antigen re-exposure — multimeric antigen
cross-links adjacent IgEE receptors —
phosphorylation of Lyn and Syk tyrosine kinases

m [nitiation of signal-transduction cascade

increasing intracellular Ca™"
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PATHOPHYSIOLOGY (cont.)

m T Intracellular Ca™ — release of:

Histamine

Proteases (tryptase)
Proteoglycans

Platelet-activating factor

m Phospholipid metabolism generates:

Leukotrienes (LTC, , LTE,, LTD,)
Prostaglandins (PGD,)
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PATHOPHYSIOLOGY (cont.)

B Histamine receptors are ®m H, Receptors cause:

present in: T mucous production

Skin T Heart rate
Gastrointestinal tract Vasodilatation (flushing)

Heart

Vascular bed m H2 Receptors cause:

Bronchial smooth muscle
T Vascular permeability

T Gastric acid secretion

T Alrway mucus
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PATHOPHYSIOLOGY (cont.)

m PGD, and LTC, receptors are in:
Skin
Bronchial smooth muscle

Vascular bed

m Activation of PGD, and LTC, receptors cause:

Bronchoconstriction

Wheal and flare response

T Vascular permeability




CRASH 2007 JANIK, DANIEL, MD

PATHOPHYSIOLOGY (cont.)

m Proteases (Tryptase):

Prevent local coagulation
Degrade bronchodilating peptides leading to bronchospasm

m Platelet-activating factor:

Produces local and systemic anticoagulation

m Proteoglycans:

Activate coagulation cascade leading to DIC
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PATHOPHYSIOLOGY (cont.)

m Anaphylactoid reactions:

Require no presensitization
Act directly on mast cells and basophils

Activate the Complement system leading to
formation ot C,, and C., complexes (anaphylatoxins)

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95.
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CLINICAL MANIFESTATIONS

Levy JH, Yegin A. Anesth Clin N Am. 2001; 19(4):705-15.

m Pulmonaty: m Cardiovascular:

T Respiratory rate | Systemic vascular resistance

Laryngeal edema (stridor) Hypotension (profound)
Bronchospasm (wheezing) 1 Heart rate (maybe | HR)

Pulmonary edema

Dysrhythmias
Pulmonary hypertension
Cardiac arrest

| Pulmonary compliance
Dyspnea
Respiratory failure

Gastrointestinal: Cutaneous:
Urticaria (hives)
Flushing
Periorbital edema
Perioral edema
Diaphoresis

Vomiting
Diarrhea

Nausea
Abdominal pain
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CLINICAL MANIFESTATIONS

m With respect to the cardiovascular system:
A mixed distributive-hypovolemic shock pattern due to
vasodilatation and fluid extravasation

Circulating blood volume may decrease by up to 35% within 10
minutes

Severe reversible cardiac dysfunction associated with non-specific
ECG changes may occur

Myocardial ischemia and infarction can occur due to hypotension
and hypoxemia

Severe bradycardia in the face of hypovolemia may occur due to
neurocardiogenic reflex triggered by cardiac mechanoreceptors,

or possibly by hypoxia and 3-blockade.

Brown S. Curr Opin Allergy Clin Immunol 2005; 5:359-364
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DIAGNOSIS

m [nitial diagnosis 1s made on history, physical
examination, and temporal relationship of
events

m Serum Tryptase assay

A mast cell protease usually increased in anaphylaxis

Increased o and { tryptase can be measured 30 minutes after
signs and symptoms appear

Correlates with hypotension

Half life of about 2 hours
Does not differentiate anaphylaxis from anaphylactoid
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DIAGNOSIS (cont.)

m 24 h Urine histamine reflects mast cell and
basophil release

Serum histamine too short lived (minutes) to assay
m Drug-specific RAST assay of IgE

High specificity (92%) but low sensitivity (52%o)
m Skin prick and intradermal testing

Non-specific irritation and improper dilution are limitations
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DIAGNOSIS (cont.)
m Why test?

Danish study of 111 reactions under anesthesia
Suggestion of causative allergen made in 67 records

Median number potential allergens exposed to per
case: 9

Allergens identified by formal testing in 36 of 67

CaSsEs

Only 5 of 67 cases (7.5%) was there a complete
match between causative agent suspected and
confirmed

13 of 67 cases (19.4%) had partial match

Kroigaard M, Garvey LH, Menne T, Husum B. Br | Anaesth 2005; 95(4):468-71.
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DIAGNOSIS (cont.)

m Why Test?

Patients need to avoid allergens in future to
prevent unnecessary morbidity

Patients should not be told to avoid potentially
beneficial medications due to incorrect diagnosis
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TREATMENT

m Key Philosophy of Management of Anaphylactic
and Anaphylactoid reactions:

1) Withdrawal of Antigen
2) Interrupt Effects of Mediators

3) Prevent Additional Mediator Release
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TREATMENT

(Immediate)

B Stop administration of the suspected allergen

® Discontinue anesthetic agents (esp. volatile)

® Administer 100% Oxygen

m Intravascular volume expansion with 2-4 L crystalloid

Colloid use controversial as many may cause reactions
themselves

m Epinephrine (5-10 mcg boluses for hypotension, titrate
to effect; 0.1-0.5 mg bolus IV with cardiovascular
collapse)
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TREATMENT
(Secondary)

m Antihistamines (Diphenhydramine 0.5-1 mg/kg;
Ranitidine 150 mg or Cimetidine 300mg)

m Catecholamine infusion (

Apinephrine 5-10

mcg/min, or Norepinephrine 5-10 mecg/min,

titrate either to etfect)

m Bronchodilators (Albuterol, Terbutaline, or

[pratropium)

m Corticosteroids (Hydrocortisone 0.25-5 gm

preferable due to quicker

onset; alternatively

Methylprednisolone 1-2 gm)
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TREATMENT
(Secondary)

m Sodium bicarbonate (for hypotension and
acidosis refractory to volume expansion; adjust
minute ventilation accordingly to compensate
for CO, production)

m Airway evaluation prior to extubation

Levy JH: Anaphylactic Reactions in Anesthesia and Intensive Care, ed 2.
Stoneham, MA, Butterworth-Heinemann, 1992.

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95.
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TREATMENT

(Other Considerations)

m [f hypotension is refractory to epinephrine treatment:

Green R, Ball A. Anaesthesia 2005; 60:621

McBrien ME, Webb ST, Breslin DS. Br | Anaesth 2005; 94(4):547-8

(Vasopressin
levels have been shown to be low in model of anaphylactic
shock)

Williams SR, Denault AY, Pellerin M, et al. Can ] Anesth 2004; 51(2):169-72
Schummer W, Schummer C, Wippermann J. Anesthesiology 2004; 101:1025-7
Dewachter P, Jouan-Hureaux V, et al. Anesthesiology 2006; 104:734-41
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TREATMENT

(Other Considerations)

m Cardiac Anaphylaxis: Mast cells are present
around cardiac vessels and in the myocardium

B Possible direct effect of mediators on the heart

m Treatments suggested by case reports to

overcome cardiac dysfunction due to 3-blockade
or pre-existing LV impairment:

1) Intravenous glucagon

2) Use of amrinone
3) Intra-aortic balloon pump support

Brown S. Curr Opin Allergy Clin Immunol 2005; 5:359-64
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AGENTS OF INTEREST

(Local Anesthetics)

m Anaphylaxis to amides extremely rare

m Jrue

olF-mediated reactions to esters account

for <]

1% of LA incidents and are usually due to

paraaminobenzoic acid metabolite or

methylparaben

m Fpine

phrine and metabisulfite cause adverse

reactions

m No cr

oss-reactivity between esters and amides

If there 1s, suspect preservatives common to both

Cross-reactivity occurs among esters

Cross-reactivity unusual among amides
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AGENTS OF INTEREST

(Muscle Relaxants)

Most common cause of anaphylaxis during anesthesia

(69.2%)
IoE forms to the quaternary or tertiary ammonium ions

Some OTC drugs, foods, and cosmetics contain these
ions and sensitize individuals

Succinylcholine has flexible molecule, can cross-link
mast cell IgEE receptors (unlike rigid nondepolarizers)

Benzylisoquinoliniums more likely than aminosteroids
to elicit response

Also more likely to cause direct mast cell degranulation

m 60% incidence of cross-sensitivity *

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95
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AGENTS OF INTEREST

(Muscle relaxants)

m Muscle relaxants can be divided into risk groups among
population of sensitive patients:

succinylcholine
d-tubocurarine

atracurium /cisatracurium
rocuronium
mivacurium

vecuronium
pancuronium

Rose M, Fisher M. Br ] Anaesth 2001; 86(5):678-82




AGENTS OF INTEREST
(Antibiotics)

B Penicillin 1s the most common cause of
anaphylaxis in general population

May account for 75% of deaths from anaphylaxis in US

Most reports of cross reaction with cephalosporins consist
of rashes (0.3% incidence of cross-reaction if skin-test +)*

Early generations of cephalosporins contained trace
amounts of penicillin (less likely with second generation)*

Probably best to avoid cephalosporins in patients with
positive penicillin skin test or anaphylaxis b~ wiin

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95 —r oL
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AGENTS OF INTEREST
(Antibiotics)
m Vancomycin, a tricyclic glycopeptide:

May be associated with true, IgE-mediated anaphylaxis

More commonly (3.7-90%) causes a nonimmunologic

hypersensitivity reaction known as “Red Neck Syndrome” or
“Red Man Syndrome”

-Pruritis
-Erythema of head, neck, and torso

-patients commonly complain of burning, itching, and
discomfort

-May become dizzy and agitated

-Perhaps headache, fever, chills, perioral paresthesias, chest
pain, dyspnea

-May have hypotension, angioedema, or cardiovascular
collapse
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AGENTS OF INTEREST
(Antibiotics)

m Red Man Syndrome:

Associated with histamine release from rapid (<30 min) infusion,
though no clear relationship to plasma histamine levels

Treat by stopping the infusion and administering antthistamines and
vasopressors as needed (usually resolves with 10-20 minutes of
discontinuation of infusion)

Is not typically associated with a rise in B-tryptase levels

Prevent by infusing Vancomycin over 60-120 minutes, or, in one
study, pretreatment with H, and H, blockers

Stvagnanam S, Deleu D. Critical Care 2003; 7:119-120

Renz CL, Thurn JD, Finn, HA, et al.. Crit Care Med 1999; 27(9): 1732-7

Renz CL, Laroche D, Thurn JD, et al. Anesthesiology 1998; 89:620-5

Healy DP, Sahai |V, et al. Antimicrob Agents Chemother 1990; 34(4): 550-4
Southorn PA, Plevak DJ, Wright AJ, Wilson WR. Mayo Clin Proc 1986; 61:721-4
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AGENTS OF INTEREST
(Natural Rubber Latex)

m Component of most sterile and nonsterile
gloves, tourniquets, face masks, Ambu bags,
urinary catheters

m T demand in 1980s due to universal precautions
led to | manufacturing time and | protein
content and therefore T incidence

m Type I IgE-mediated reaction

m 12.1% of perioperative anaphylaxis
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AGENTS OF INTEREST

(Natural Rubber Latex)
m High-risk groups:

Health-care workers or others with occupational
exposure

Patients with multiple surgical procedures (spina

bifida)
Atopic individuals
History of fruit or food allergy
-Mango -Avocado

-Kiwi -Passion fruit

-Chestnut -Banana

Hepner & Castells. Anesth Analg 2003; 97:1381-95.
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AGENTS OF INTEREST
(Colloids)

CRASH 2007

m Overall incidence of allergic reactions:

Gelatins 0.34% (IgE-mediated anaphylaxis)
Dextrans 0.27% (IgG-reactive antibodies)

Albumin 0.1%
Hetastarch 0.06% (IgG-reactive antibodies)

Laxenaire MC, Charpentier C, Feldman I.. Ann Fr Anesth Reanim 1994; 13:301-
10

m No known cross-reactivity between different
colloids
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AGENTS OF INTEREST
(Opioids)

Morphine:
Tertiary amine
Reactions most often nonimmunologic
IgE-mediated cases have been reported

Meperidine:
Most common opioid to cause nonimmunologic reactions
IgE-mediated cases have been reported

Fentanyl:
Phenylpiperidine
Does not cause nonimmunologic reaction

IgE-mediated reactions have been reported and confirmed by skin
testing

There 1s cross reactivity among opioids of the same family, but
not among phenylpiperidines
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AGENTS OF INTEREST

(Protamine)

m Polycationic molecule extracted from salmon
sperm and used to reverse heparin

m Allergic risk 0.4-0.76% and 1s increased in

previously-exposed patients

m Neutral protamine hagedorn (NPH) and

protamine-zinc insulin contain protamine

®m No demonstrable association between
vasectomy or fish allergy and protamine
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AGENTS OF INTEREST

(Protamine)

B Documented reactions include:

[gE- and IgG-mediated hypersensitivity

Complement acttvation

Histamine release

Augmentation of thromboxane — | pulmonary artery pressure

Utrticaria; systemic hypotension; pulmonary vasoconstriction
Nonimmunologic reactions:

dose-related decrease in blood pressure, especially when given

rapidly

Hepner DL, Castells MC. Anesth Analg 2003; 97:1381-95
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