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Presentation Notes
Anaphylaxis is an acute, potentially lethal, multisystem syndrome resulting from the sudden release of mast cell- and basophil-derived mediators into the circulation [1]. It most often results from immunologic reactions to foods, medications, and insect stings, although it can also be induced through nonimmunologic mechanisms by any agent capable of producing a sudden, systemic degranulation of mast cells or basophils [2]. In simple terms, “anaphylaxis is a serious allergic reaction that is rapid in onset and may cause death.” Tintinalli Ch 27 first sentenceHypersensitivity is an inappropriate immune response to generally harmless antigens. Anaphylaxis represents the most dramatic and severe form of immediate hypersensitivity. 



Anaphylaxis:
› Case 
› Epidemiology 
› Aetiology
› Mechanisms and chemical mediators
› Organ Systems
- anaphylactic shock
- other effects

› Resources and Management



Case
› 34 F Rotator Cuff Repair
› Has had prior GA
› Interscalene block pre induction
› Relaxant GA with oral ETT
› Induction with fentanyl 100microg, propofol 200mg, 
rocuronium 50mg.

› Size 7.5 oral ETT inserted, grade 1 view



BUT



› Removed ETT
› Could not Bag, and LMA could not ventilate
› Sats to 70%
› Blue
› Oral eTT reinserted
› Tight Bag



› IV adrenaline 100mcg + 200mcg
› Bag eased
› Sats improved, rash appeared, BP improved
› EtCO2 improved
› 10min later, bronchospasm again
› Bolus then adrenaline infusion
› Arterial/ Central Line
› Transfer to tertiary ICU, surgery cancelled
› Retrieval team arrived, wanted to give Pancuronium
› Advised against this and recommended Cistatracurium



Epidemiology 
› Anaphylaxis during anaesthesia occurs in 1/10,000 to 
1/20,000

› Women>Men but girls=boys. For NMBAs 75% are women.
› Reasons? Cross reactive ammonium groups found in 
NMBAs and topical cosmetic products? Pholcodeine?
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Incidence: 1/10,000to 1/20,000. Women>Men.  ?why - This phenomenon is believed due to cross-reactive tertiary or quaternary ammonium groups found in both NMBAs and a variety of topical cosmetics and personal products, as well as certain over-the-counter cough remedies (ie, pholcodine, commonly used in France, Norway, and other European countries) 



Aetiology
› More common causes >95%: NMBAs, Antibiotics 
› NMBAs: 50-70% of anesthesia related anaphylaxis. But false + on skin 
testing not uncommon.

› Via both IgE-mediated and nonimmunologic direct mast cell activation. 
Severe reactions are usually IgE-mediated. But both can be fatal.

› Less common causes: hypnotic induction agents, opioids, colloids and 
plasma expanders 

› Propofol- allergy rare but egg or soybean allergy history are 
contraindicated in the product information.

› Risk factors: asthma, female, past history of anaphylaxis, allergic drug 
reactions, other allergic conditions, eczema, hay fever, mast cell 
disorders.

› Timing is important: IV agent: reactions usu in seconds to minutes, oral up 
to 1-2hours
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TEMPORAL COURSE — Anaphylaxis is usually characterized by the rapid onset of symptoms over a period of minutes to hours following exposure to a trigger [1].  Mod of ingestion also important. Specifically, injected or intravenously-administered allergens tend to precipitate symptoms in seconds to minutes, while ingested allergens cause symptoms in minutes to an hour or two. However, these are generalizations to which exceptions are well-reported.





Mechanisms
› Immunologic

– IgE dependent: 60% of periop anaphylaxis.
– Non IgE dependent: reactions mediated by IgG or IgM 
antibodies or by antigen:antibody complexes and complement.

› Non Immunological
– Direct release of histamine and other mediators
– E.g. atracurium, vancomycin- red man syndrome, morphine –
itch, NSAIDs
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Previously only IgE dependent mechanisms was termed anaphylaxis while non immunological mechanisms were named anaphylactoidBut clinical consequences and management are similar so now grouped under anaphylaxis● IgE-dependent mechanisms, which account for approximately 60 percent of perioperative anaphylaxis [8]. Most cases of human anaphylaxis involves IgE.●Non IgE-dependent immunologic mechanisms (formerly called anaphylactoid); included in this category are reactions mediated by IgG or IgM antibodies or by antigen:antibody complexes and complement.: Several drugs have been implicated in immediate life-threatening reactions that are clinically similar to anaphylaxis except that drug-specific IgE could not be identified. Activation of complement by immune complexes composed of the culprit drug and IgG or other isotypes has been proposed for some of these drugs, such as protamine●Nonimmunologic mechanisms, ie, involving direct release of histamine and other mediators from mast cells and basophils; potential mechanisms for these reactions are numerousAnaphylactic reactions to various drugs have revealed potential mechanisms by which mast cells and basophils could be activated without evidence of involvement of IgE, other antibodies, or immune complexes.The important clinically relevant differences are discussed in the next slide



Clinical implications of different mechanisms
› Immediate-type skin testing methods are only useful in 
evaluating IgE-mediated reactions.

› The severity of IgE-mediated reactions can increase with 
subsequent administration of the causal agent.

› Some IgE-mediated reactions are amenable to 
desensitization techniques if retreatment is required.

› Reactions that are not IgE-mediated (eg, almost all 
radiocontrast reactions) may be reduced in frequency or 
intensity by pretreatment with antihistamines and 
glucocorticoids.



Mechanisms/Pathophysiology

A
• Task 1
• Task 2

B
• Task 1
• Task 2

C
• Task 1
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IgE dependent mechanismsInitiated by an antigen (allergen) interacting with allergen specific IgE bound to the Fc Receptor on mast cells or basophilsThe events leading to allergen specific IgE production in atopic individual are complex. Antigen Presenting Cells recognises an allergen and presents it to T2 helper cell. B cells are driven to differentiate into IgE producing cells via type 2 helper T cells. This takes place largely in the peripheral lymphoid tissues.IL-4 and IL-13 contribute to the IgE responseOnce produces, allergen specific IgE diffuses through the tissues and vascularture and occupies high affinity IgE receptors on mast cells and basophils.When allergen diffuses into the proximity of a mast cell or basophil, it interacts with any surface bound IgE that is specific for that allergen.This causes intra-cellular signalling, and if the signalling if robust enough, activates the mast cell (or basophil) and degranulates.The released mediators either act directly on tissues or recruit and activate additional inflammatory cells, particularly eosinophils. The recruited cells in turn release more mediators and propagate a fulminant chain reaction.



Chemical Mediators
› Via degranulation by mast cells and basophils
- Histamine, tryptase, chymase and heparin
- Histamine releasing factor and other cytokines (TNF, 
IL-4, IL-13)
- Newly generated lipid derived mediators such as 
prostaglandin D2, PAF etc

- large number of mediators provide significant redundancy 
and positive feedback mechanism

- Many variously cause systemic venodilation, increased 
capillary permeability, tissue oedema, bronchospasm, 
reduced myocardial contractility, and constriction of some 
vessels (precapillary arterioles, coronary arteries, 
pulmonary vascularture)
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CHEMICAL MEDIATORS OF ANAPHYLAXIS — The chemical mediators of immunoglobulin E (IgE)-mediated anaphylaxis in humans include biologically active products of mast cells, basophils, and eosinophils, as well as serum components of the complement, coagulation, and kallikrein-kinin pathways. In addition, cytokines that alter the sensitivity of various target cells to these mediators are believed to influence the severity of anaphylaxis.Mast cells and basophils — The degranulation of mast cells and basophils results in the systemic release of various biochemical mediators and chemotactic substances, including the following [2]These mediators either act directly on tissues to cause allergic symptoms or recruit and activate additional inflammatory cells, particularly eosinophils [5,6]. The recruited cells, in turn, release more mediators and propagate a fulminant "chain reaction" of allergic inflammation. The various mediators and cytokines involved are reviewed below.



Histamine
› The systemic effects are dose-dependent
› Main mediator of anaphylaxis
› Localised release in the skin causes urticaria.
› Systemic release causes hemodynamic and cardiovascular 
changes.

› Actions mediated by binding to H1 and H2 receptors on target 
cells.

› H1 receptors: pruritus, rhinorrhea, tachycardia, bronchospasm
› H1 and H2: headache, flushing and hypotension
› H1 receptor also stimulate endothelial cells to convert amino 
acid into nitric oxide  vasodilator



Tryptase
› Is a protease found in mast cells.
› can activate the complement and coagulation 
pathways as well as kallikrein-kinin system.

› Potential clinical consequences include hypotension, 
angioedema, clotting and clot lysis. The latter 
explains DIC in severe anaphylaxis.

› Tryptase levels generally correlate with the clinical 
severity of anaphylaxis except in food allergens

› Collection timing is important: peaks 15min to 1hour
› If +ve rules in, if –ve, cannot rule out.
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TryptaseIs a protease that is abundant in human mast cells.Tryptase can activate the complement and coagulation pathways as well as kallikrein-kinin system.Potential clinical consequences include hypotension, angioedema, clotting and clot lysis. The latter explains DIC in severe anaphylaxis.Tryptase levels generally correlate with the clinical severity of anaphylaxis EXCEPT in food allergens where there is minimal or no elevation in serum tryptase. The difference may be related to the subtype of mast cell first encountered by the culprit antigen.Laboratory tests at the time of the reaction — Blood collected at the time of the reaction or shortly after may reveal elevations in tryptase or histamine, which are mediators released by mast cells and basophils. The release of these mediators can help distinguish anaphylaxis from other perioperative events, such as cardiogenic shock [101]. Instructions for proper collection of samples are provided in the table (table 5).Mediator release occurs transiently following significant mast cell activation in some patients, particularly those with hypotension. Elevations of mast cell mediators in the blood can help to distinguish anaphylaxis from other disorders that present similarly, although normal levels do not exclude anaphylaxis. Tryptase was elevated in 68 percent of IgE-mediated reactions and 4 percent of non IgE-mediated reactions in the largest French study [3]. The interpretation of laboratory tests in patients with anaphylaxis is discussed briefly here and in detail elsewhere. (See "Laboratory tests to support the clinical diagnosis of anaphylaxis".)The kinin–kallikrein system or simply kinin system is a poorly understood hormonal system with limited available research.[1] It consists of blood proteins that play a role in inflammation,[2] blood pressure control,coagulation and pain. Its important mediators bradykinin and kallidin are vasodilators and act on many cell types. (Wikipedia)



Organ Systems in Anaphylaxis

› Specific “shock organs” depends on species
› E.g. in humans lungs, heart and vasculature 
but in dogs liver

› Death 50% from cardiovascular collapse, 50% 
from upper/lower respiratory obstruction due 
to laryngeal oedema, bronchospasm, 
angioedema

› Now will talk about
- Anaphylactic shock 
- Angioedema 
- Cardiovascular system
Fluid shift
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ORGAN SYSTEMS IN ANAPHYLAXIS — Organ system involvement in anaphylaxis varies from species to species and determines the clinical manifestations observed. Factors that determine a specific "shock organ" include variations in the immune response, the location of smooth muscle, and the distribution, rate of degradation, and responsiveness to chemical mediators [2,76]:●In the human, the predominant shock organs are the heart, vasculature, and lungs, and fatalities are divided between circulatory collapse and respiratory arrest●The primary shock organ in the dog is the hepatic venous system, which contracts and produces severe hepatic congestion [2].Human anaphylaxis was traditionally considered a form of distributive shock characterized by a profound reduction in venous tone, with similarities to septic shock and toxic shock syndrome. An emerging view, however, is that anaphylaxis has features of hypovolemic shock also, with fluid extravasation causing reduced venous return, as well as depressed myocardial function [77].



Anaphylactic Shock

› It is not just from distributory shock
› Hypovolemic shock from extravascular 
extravasation

› Cardiogenic from depressed myocardial 
contractility and inappropriate bradycardia

› Possibly obstructive from pulmonary vasospasm by 
reducing LV filling
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Cardiovascular system — The human heart may be profoundly affected during anaphylaxis, independently of the effects of pharmacologic agents administered during treatment. One report described two previously healthy patients without apparent underlying heart disease, who developed profound myocardial depression during anaphylaxis [78]. Echocardiography, nuclear imaging, and hemodynamic measurements confirmed myocardial dysfunction. Intra-aortic balloon counter-pulsation was used to provide hemodynamic support, in addition to standard anaphylaxis treatment. This intervention was required for up to 72 hours because of persistent myocardial depression, even though other clinical signs of anaphylaxis had resolved. Both patients recovered with no subsequent evidence of myocardial dysfunction.Anaphylaxis has been associated clinically with myocardial ischemia, as well as conduction defects, including atrial and ventricular arrhythmias and T-wave abnormalities [79,80].It is unclear whether such changes are related to direct mediator effects on the myocardium, exacerbation of preexisting myocardial insufficiency by the hemodynamic stress of anaphylaxis, endogenous epinephrine released from the adrenal medulla in response to stress, or exogenously-injected epinephrine



Angioedema

› Angioedema is self-limited, localized swelling of 
the skin or mucosal tissues, which results from 
extravasation of fluid into the interstitium due to a 
loss of vascular integrity. 

› From mast cell degranulation or bradykinin 
dependent (hereditary, ACEI) 

Presenter
Presentation Notes
Angioedema results from a loss of vascular integrity that allows fluid to move into tissues. Exposure of the vasculature to inflammatory mediators causes dilation and increased permeability of capillaries and venules. It typically affects the face, lips, tongue, throat, ears, hands and feet, and genitalia, and does not characteristically occur in dependent parts of the body (with the exception of feet).Angioedema is a common component of anaphylaxis, and since anaphylaxis is treated differently from isolated angioedema (ie, with epinephrineACE inhibitors account for 20 to 30 percent of all angioedema cases presenting to emergency departments in both community and tertiary care settings. ACE inhibitors impair bradykinin degradation 



Other effects

Cardiac 
› Myocardial depression/dysfunction
› Ischemia, conduction defects, T wave 
abnormalities: mechanisms unclear. ?direct 
mediator effects ?exacerbation of pre existing 
myocardial insufficiency ?stress of anaphylaxis 
?endogenous adrenaline

Respiratory: various effects. Laryngeal oedema, 
bronchospasm, pulmonary vasospasm, rhinorrhea, 
oropharyngeal angioedema, hemorrhage etc.
Anaerobic metabolism
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Cardiovascular system — The human heart may be profoundly affected during anaphylaxis, independently of the effects of pharmacologic agents administered during treatment. One report described two previously healthy patients without apparent underlying heart disease, who developed profound myocardial depression during anaphylaxis [78]. Echocardiography, nuclear imaging, and hemodynamic measurements confirmed myocardial dysfunction. Intra-aortic balloon counter-pulsation was used to provide hemodynamic support, in addition to standard anaphylaxis treatment. This intervention was required for up to 72 hours because of persistent myocardial depression, even though other clinical signs of anaphylaxis had resolved. Both patients recovered with no subsequent evidence of myocardial dysfunction.Anaphylaxis has been associated clinically with myocardial ischemia, as well as conduction defects, including atrial and ventricular arrhythmias and T-wave abnormalities [79,80].It is unclear whether such changes are related to direct mediator effects on the myocardium, exacerbation of preexisting myocardial insufficiency by the hemodynamic stress of anaphylaxis, endogenous epinephrine released from the adrenal medulla in response to stress, or exogenously-injected epinephrineRespiratory system — Anaphylaxis may have adverse effects on any part of the respiratory tract. Upper airway symptoms include sneezing, rhinorrhea, dysphonia, laryngeal edema, laryngeal obstruction, or oropharyngeal angioedema. Lower airway manifestations of anaphylaxis include cough, wheeze, pulmonary hyperinflation, edema, hemorrhage, petechiae, mucus plugging, respiratory failure, or respiratory arrest (table 1).



Fluid Shift

› Up to 35% of intravascular fluid can shift to 
extravascular space within 10 minutes due to 
increased vascular permeability

› Vasoconstrictor-responsive or vasoconstrictor 
non responsive types: i.e. even with maximal 
catecholamines shock persists due to needing 
large volume resuscitation

› Body posture is therefore also essential. In 
one study 4/10 fatalities due to sitting 
position i.e. decreased venous return
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Responses to fluid shifts — Massive fluid shifts occur during anaphylaxis due to increased vascular permeability. Up to 35 percent of intravascular volume can shift to the extravascular space within 10 minutes during anaphylaxis [90].Compensatory responses include release of endogenous catecholamines, angiotensin II, and endothelins. When adequate, these responses may be life-saving, independent of any medical intervention. Some patients, however, experience abnormal elevations of peripheral vascular resistance (maximal vasoconstriction), yet shock persists due to reduced intravascular volume [2]. Others have decreased systemic vascular resistance despite elevated levels of catecholamines. These differences have important clinical implications, since the latter scenario may respond to treatment with vasoconstrictor agents, while the former is vasoconstrictor-unresponsive and requires large-volume fluid resuscitation. (See "Anaphylaxis: Rapid recognition and treatment".)



Useful Resources



Anaphylaxis BOX – does your institution have 
one?



Grading of Anaphylaxis



Management Cue Cards: Immediate/ 
Refractory



Management Cue Cards: Immediate/ 
Refractory



Management – Post Crisis



Referral Form and Referral Centres - where is 
your closest referral centre?



Case
- Case occurred October 2018
- Allergy Testing done March 2019
- Confirmed anaphylactic response to Rocuronium, Suxamethonium, Vecuronium
- Recommended for future surgeries to be Relaxant Free
- But if muscle relaxants are necessary, use atracurium or cisatracurium but still 

have high index of suspicion for anaphylaxis and full monitoring.

Question
- How will you approach RSI in this patient?
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