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Summary

Allergic reactions during anaesthesia are rare, but dramatic occurrences which are remembered by both
patients and attending personnel. Subsequent investigation to determine the mechanism and cause of the
reaction is important to reduce the risk of potentially lifethreatening recurrences. The Danish Anaesthesia
Allergy Centre (DAAC) was established in 1998 to investigate such patients and this thesis is based on
results from the first 10 years of the Centre’s existence. The thesis focuses on major aspects of allergic
reactions during anaesthesia, with special emphasis on in-vitro diagnosis and treatment.

More specifically the aim was to answer the following research questions:

Is chlorhexidine allergy based on an IgE-mediated mechanism? (Study I); does surgery and anaesthesia
affect serum values of mast cell tryptase? (Study II); can using the intra-individual difference in serum
tryptase improve sensitivity of serum tryptase as a diagnostic marker for anaphylaxis during anaesthesia?
(Study II and III); do basal levels of serum tryptase vary with age? (Study II and III); and how often is
adrenaline used in the treatment of patients with suspected anaphylaxis during anaesthesia — and is the
timing of treatment important? (Study IV).

The mechanism behind chlorhexidine allergy was explored by retrospective analysis of sera from 22
patients with clinical reactions suggestive of anaphylaxis to chlorhexidine. Patients were divided into a
chlorhexidine skin test positive (STP) group (n=12) and a skin test negative (STN) group (n=10). Stored
serum was analysed using a recently developed specific IgE analysis and Histamine Release test. In the
STP group 11 of 12 had elevated specific IgE and 7 of 11 had positive Histamine Release test. None of
the patients in the STN group had elevated specific IgE or positive Histamine Release test (study I).

The effect of surgery and anesthesia on serum tryptase was studied in 120 patients undergoing elective
orthopaedic surgery in general anaesthesia. Blood samples for tryptase analysis were drawn shortly before
anaesthesia and after anaesthesia/surgery. Mean serum tryptase before surgery was 5.0ug/L with a mean
decrease of 0.5ug/L (p<0.0001, 95% CI 0.3-0.8) postoperatively. All patients received intravenous fluid
perioperatively; median value 750 ml (range 200-2000ml).

There was no significant effect of gender or ASA group on mean serum tryptase. The intra-individual
difference in serum tryptase was observed to be small, with 95% of patients expected to have a change in
serum tryptase in the interval between a decrease of 3.33 pg/L and an increase of 2.23 pg/L (Study II). It
was hypothesised, that this intra-individual difference could be utilised diagnostically to improve the
sensitivity of serum tryptase as a diagnostic marker for anaphylaxis during anaesthesia. In study III we
thus looked at sensitivity and specificity of serum tryptase as a marker for anaphylaxis in patients
investigated at the DAAC. A total of 180 patients were included. As different criteria for positivity are
applied in the literature we analysed upper limits of 11.4 ug/L and 15 pg/L and 25 pg/L and compared

with using the intra-individual difference found in study II.



When looking at all reaction grades, including grade 1 mild reactions, sensitivity was relatively low using
all criteria for positivity. Sensitivity improved markedly by only including reaction grade 3 (symptoms of
anaphylactic shock) and grade 4 (cardiac arrest). Sensitivity when using the intra-individual difference
was only marginally higher than the sensitivity using the currently recommended upper limit of 11.4
ug/L.

The possible variation in basal levels of serum tryptase with age was studied both in the 120 elective
orthopaedic surgery patients included in study II, and in 318 patients with suspected allergic reactions
during anesthesia. Linear regression showed no significant correlation between age and basal levels
serum tryptase in elective orthopaedic surgery patients in the absence of signs and symptoms of
anaphylaxis (r=0.05, p=0.6) (study II), but a significant increase with increasing age was observed in
patients with suspected allergic reactions during anaesthesia (r=0.23; p<0.0001) (study III).

The use of adrenaline in the treatment of anaphylaxis during anaesthesia was investigated in a descriptive
study based on information from referral papers and anaesthetic charts from 270 patients referred to the
DAAC in the period 1999-2008.

Reactions had been graded by one of two anaesthesiologists. Treatment with adrenaline would be
expected in grade 3 (anaphylactic shock with circulatory compromise) and grade 4 (cardiac arrest)
reactions. A total of 122 (45.2%) of referred patients had grade 3 or 4 reactions and of those 101 (82.8%)
received adrenaline. Route of administration was iv in 95 (94%) patients. Median time from onset of
reported hypotension to treatment with adrenaline was 10 minutes (range 1-70 minutes). Defining
adrenaline treatment < 10 minutes as early, and > 10 minutes as late, and using the need for subsequent
infusion of adrenaline as a parameter for a protracted reaction, we found that infusion was needed in 12 of
60 patients (20%) treated early vs. 12 of 35 patients (34.3%) treated late (OR 2.087; 95% CI 0.814-
5.353).

From the above studies we concluded that: (I) Allergy to chlorhexidine is IgE-mediated; (II) a small
decrease in serum tryptase is seen in connection with surgery/anaesthesia most likely due to a dilutional
effect of intravenous fluid; (III) serum tryptase values increase with age in patients with suspected allergic
reactions during anaesthesia, but not in patients scheduled for elective orthopaedic surgery; (ILIII)
sensitivity of using serum tryptase as a marker for anaphylaxis, in patients investigated at the DAAC, is
only marginally improved by using the intra-invididual variation as opposed to the currently
recommended population-based upper limit of normal; (IV) delays in the use of adrenaline in treatment of
anaphylaxis during anaesthesia seems to increase the risk for prolonged treatment in the form of

intravenous adrenaline infusion.



Resumé

Allergiske reaktioner i forbindelse med angstesi er sjeldne, men dramatiske handelser, som bliver husket
af bade patienter og personale. Efterfolgende udredning af patienten med henblik pa at pdvise mekanisme
og éarsag til reaktionen er vigtig, for at forebygge potentielt livstruende reaktioner ved fremtidig aneestesi.
Dansk Anzastesi Allergi Center (DAAC) blev etableret i 1998 og har som hovedformal at undersege
denne type patienter. Denne phd afhandling er baseret pa 10 ars erfaringer fra DAAC og omhandler en
raekke aspekter af emnet allergiske reaktioner i forbindelse med anastesi med specielt fokus pé in-vitro
diagnostik og behandling. Mere specifikt vil folgende spergsmal blive segt besvaret: Er klorhexidin
allergi IgE-medieret? (studie I); pavirkes mast celle tryptase af kirurgi og aneestesi? (studie II); kan
sensitiviteten af serum tryptase som marker for anafylaksi i forbindelse med anzstesi oges ved at benytte
den intra-individuelle variation i testen? (studie II og III); er der sammenhang mellem basal niveau af
serum tryptase og alder? (studie II og III); bliver adrenalin brugt i behandlingen af anafylaksi i
forbindelse med anestesi og er tidsrelationen mellem reaktion og pabegyndt behandling vigtig? (studie
IV)

Mekanismen bag klorhexidin allergi blev undersegt ved retrospektiv analyse af serum pa 22 patienter,
med kliniske reaktioner som var forenelige med allergi overfor klorhexidin. Patienterne blev opdelt i en
klorhexidin hudtest positiv gruppe STP (n=12) og en hudtest negativ gruppe STN (n=10). Serum blev
analyseret med en nyligt udviklet specifik IgE analyse, samt Histamine Release test. I STP gruppen fik 11
af 12 pavist specifik IgE og 7 af 11 havde positiv Histamine Release test. Ingen af patienterne i STN
gruppen fik pavist specifik IgE og alle havde negativ Histamine Release test (studie I).

Mulig effekt af kirurgi og anaestesi pa serum tryptase blev undersegt hos 120 patienter, som fik foretaget
elektivt ortopaedkirurgisk indgreb i generel anastesi. Blodpraver taget for og efter operation og anastesi
blev analyseret for serum tryptase. Mean serum tryptase for kirurgi var 5.0ug/L med et fald pa 0.5ug/L
(p<0.0001, 95% CI 0.3-0.8) efter indgrebet. Alle patienter fik intravengs veaske peroperativt, median 750
ml (range 200-2000ml).

Der var ingen effekt af kon eller ASA gruppe pé serum tryptase. Den intra-individuelle forskel i serum
tryptase var lille; 95% af patienterne havde en @&ndring i serum tryptase mellem prover taget for og efter
operation i intervallet fra et fald pa 3.33 ug/L til en stigning pa 2.23 pg/L (studie II). I studie III blev det
herefter undersggt om denne intra-individuelle forskel kunne bruges diagnostisk og om det ville oge
sensitiviteten af serum tryptase, som marker for allergiske reaktioner i forbindelse med anastesi, hos
patienter udredt i DAAC. I alt 180 patienter blev inkluderet. Da der i litteraturen bruges forskellige
veerdier som gvre grense for normalomradet, samt forskellige kriterier for hvornar testen er positiv,
inkluderede vi gvre vaerdier pa 11.4 ng/L, 15 ng/L og 25 ug/L og sammenlignede med den intra-
individuelle forskel fundet i studie II.
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Nér alle reaktionsgrader, bdde milde og alvorlige reaktioner, blev inkluderet i analysen var sensitiviteten
relativt lav for alle kriterier for positivitet. Sensitiviteten blev gget markant hvis analysen kun indeholdt
reaktionsklasse 3 (anafylaktisk shock) og 4 (hjertestop). Sensitiviteten ved brug af den intra-individuelle
variation var kun marginalt bedre end sensitiviteten ved den aktuelt rekommenderede ovre veerdi pa 11.4
ug/L.

En mulig variation i basal niveau af serum tryptase med alderen blev undersggt hos bade 120 elektive
ortopadkirurgiske patienter, der ikke have haft allergiske reaktioner i forbindelse med anestesi (fra studie
II), samt hos 318 patienter med mistankte allergiske reaktioner i forbindelse med anastesi (studie III).
Der var ingen statistisk signifikant sammenhang mellem alder og basal niveau serum tryptase hos
elektive ortopaedkirurgiske patienter (r=0.05, p=0.6) (studie II), men hos patienter med mistenkte
allergiske reaktioner i forbindelse med anzaestesi sés en statistisk signifikant stigning med stigende alder
(r=0.23, p<0.0001) (studie III).

Brug af adrenalin i behandlingen af allergiske reaktioner i forbindelse med anastesi blev undersegt i et
deskriptivt studie baseret pa information fra udfyldte henvisninger, anastesiskemaer og andet relevant
journalmateriale pa 270 patienter henvist til DAAC i perioden 1999-2008.

Reaktioner blev scoret i reaktionsklasser af én af to anestesiologer i DAAC. Behandling med adrenalin
ville veere forventelig ved reaktioner i reaktionsklasse 3 (anafylaktisk shock med kredslgbspavirkning) og
4 (hjertestop). [ alt 122 (45.2%) af de henviste patienter havde klasse 3 eller 4 reaktioner og 101 af disse
(82.8%) blev behandlet med adrenalin. Administrationsvejen var intravengs i 95 (94%) tilfeelde. Median
tid fra start af rapporteret hypotension til behandling med adrenalin var 10 minutter (range 1-70 minutter).
Adrenalin behandling < 10 minutter efter hypotension blev defineret som “tidlig” og behandling > 10
minutter efter blev defineret som “sen”. Behov for efterfolgende infusion af adrenalin blev defineret som
tegn pa protraheret reaktion og der var behov for infusion hos 12 af 60 patienter (20%) ved tidlig
behandling og hos 12 af 35 patienter (34.3%) ved sen behandling (OR 2.087; 95% CI 0.814-5.353).

Fra ovennavnte undersegelser har vi konkluderet at (I) klorhexidin allergi er IgE medieret; (II) der ses et
lille fald i serum tryptase i forbindelse med anastesi og operation pga. en fortyndingseffekt af intravenes
vaeskeindgift; (II og III) basal niveau af serum tryptase stiger med stigende alder hos patienter med
allergiske reaktioner i forbindelse med anastesi, men ikke hos elektive ortopadkirurgiske patienter uden
allergisk reaktion i forbindelse med anestesi; (II and III) brug af den intra-individuelle variation i serum
tryptase i diagnostikken af anafylaksi i forbindelse med anzstesi, hos patienter henvist til DAAC, ager
kun sensitiviteten marginalt i forhold til den populationsbaserede gvre verdi; (IV) forsinkelse af brug af
adrenalin i behandlingen af anafylaktisk shock i forbindelse med anestesi ser ud til at ege risikoen for

behov for efterfolgende intravenes infusion af adrenalin.
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Introduction

Allergic reactions occur rarely and unexpectedly during anaesthesia and surgery, but remain one of the
serious and potentially lifethreatening adverse events in this setting. A good outcome depends on prompt
diagnosis and correct treatment.' However, as symptoms and signs are masked by the effect of anaesthetic
drugs and patient comorbidity, the diagnosis is often difficult to make, causing potential delays in
treatment. In addition, the patient has been exposed to a large number of substances and it is not possible
to identify the cause in the clinical situation.”

Patients who have experienced an allergic reaction during anaesthesia are at increased risk of reactions
during subsequent anaesthesia® and investigation to determine the cause and mechanism of the reaction is
necessary to reduce the risk of a potentially lifethreatening re-exposure to the causative agent.

In countries such as France, Australia and UK systematic investigations of allergic reactions during
anaesthesia were initiated in the late 1970’ies*” and in 1998 the Danish Anesthesia Allergy Centre
(DAAC) was established at Gentofte Hospital, Copenhagen, to centralise and standardise investigations
of suspected allergic reactions during anaesthesia in Denmark. During the period 1998-2003 the centre
was based on a close cooperation between the Department of Anaesthesiology and the Department of
Dermatology. In this way the ability of the anaesthesiologist to decipher the anaesthetic chart, understand
the clinical situation and give advice for future anaesthetics was combined with the dermatologist’s
ability to advice on, perform and interpret allergological tests. Patients were investigated following a
standardised investigation protocol based on the available literature and comprising mainly in vitro tests
(serum tryptase and specific IgE antibodies) and skin tests (skin prick tests SPT, intradermal tests IDT
and patch tests).®

In 2004 DAAC moved to Rigshospitalet, Copenhagen and the organisational structure changed to be
based on close cooperation between anaesthesiologists, now based in the Department of Anaesthesia,
Centre for Head and Orthopaedics and Allergologists based in the Allergy Clinic. Several improvements
were made to the investigation protocol, the most important being the addition of systematic drug
provocation and HR-test.

The subject of allergic reactions during anaesthesia is vast, not least due to the combination of two
specialities with differing areas of interest.

This thesis therefore concerns three areas that have proved to deserve special attention:

1) Chlorhexidine as an allergen 2) Serum tryptase and 3) Treatment with adrenaline in suspected

anaphylaxis during anaesthesia in Denmark
1) Chlorhexidine as an allergen

Chlorhexidine is a disinfectant, used routinely during anaesthesia and surgery in Denmark. The first

patient investigated in DAAC in 1999 was found to have an allergy towards chlorhexidine and
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subsequently skin testing with chlorhexidine was included in the standardised investigation protocol.
Although still a rare allergy it has proven to be the most commen cause of allergic reactions during
anaesthesia in Denmark.' This has led to an increased interest in chlorhexidine as an allergen, with regard
to clinical picture, diagnostic tests and identification of high-risk groups of both patients and health care
workers.”'" A study to confirm an IgE-mediated mechanism behind allergy to chlorhexidine is included

in this thesis.

2) Serum tryptase

Serum tryptase is released from mast cells during severe allergic reactions and was incorporated in the
standardised investigation protocol in DAAC in 1999. An increase in serum tryptase during a suspected
allergic reaction during anaesthesia is helpful in confirming an allergic mechanism.' A control sample to
establish basal levels of serum tryptase has also been part of standard investigations in DAAC since 1999.
It has become evident, that potential effect of anaesthesia and surgery on serum tryptase has only been
studied sporadically in small studies.'*"

In addition no studies could be found on the characteristics of basal levels of serum tryptase in a
population of patients with suspected allergic reactions during anaesthesia. More specifically, in an early
study we had hypothesised that serum tryptase increased with increasing age.®

Lastly, using the intraindividual variation in serum tryptase in contrast to using an absolute cut-off value

has been suggested to improve the sensitivity of serum tryptase as a diagnostic marker for anaphylaxis."

3) Treatment with adrenaline in suspected anaphylaxis during anaesthesia in Denmark

Due to the rare and unexpected occurrence of anaphylaxis during anaesthesia the literature on
anaesthesiologist’s treatment patterns is scarce. Questionnaire studies and studies of the treatment of
anaphylaxis in other settings have suggested that treatment may be suboptimal and that education on the
diagnosis and treatment of anaphylaxis is necessary to improve awareness of anaphylaxis.">"’ Only one
relevant study could be found, suggesting that diagnosis and treatment strategies for anaphylaxis by
anaesthesiologists were suboptimal.'®

In recent years increasing interest in the treatment of anaphylaxis has led to the publication of guidelines

1,19-21 22-24

emphasising the role of adrenaline both during anaesthesia and outside the operating room.
In DAAC information has been gathered on the management of suspected allergic reactions
during anaesthesia in patients referred for investigation in the period 1999-2009. Detailed

information on treatment regarding drugs used, timing, dosing and route of administration is

therefore available for study.
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Aims

This thesis has the following aims:

Study |
e To determine the mechanism behind allergy to chlorhexidine

e To describe the characteristics of patients with allergy to chlorhexidine

Study 11

e To investigate the effect of surgery and anaesthesia on serum tryptase in patients undergoing
orthopaedic surgery in general anaesthesia, in the absence of allergic reactions

e To examine the effect of age on serum tryptase in the same population

Study I
e To examine the effect of age on basal levels serum tryptase in patients investigated for suspected
allergic reactions during anaesthesia
e To examine the effect of using the intra-individual difference in serum tryptase on the sensitivity

and specificity of serum tryptase as a marker for anaphylaxis during anaesthesia

Study IV
e To describe how often adrenaline is used in the treatment of anaphylaxis during anaesthesia in
Denmark

e To investigate if timing of treatment with adrenaline is important

14



Background
Allergy and anaphylaxis

The earliest documented observation of the phenomenon of anaphylaxis probably goes back to 1839
when the French physiologist Francois Magendie described that injection of ovalbumin into animals
produced no reaction on first injection, but caused sudden death of the animal on a second injection after
an interval of a few days.”” The term “allergy” was first suggested by the Austrian paediatrician
Clemens Von Pirquet in 1906 to describe any form of altered biological reactivity. In 1912 the French
physiologist Charles Richet coined the term ”anaphylaxis” to describe the absence of protection against
foreign substances leading to a heightened sensitivity to such substances.”’ He received the Nobel prize in
1913 in recognition for his work on anaphylaxis. Since then many significant discoveries have been made
in the field of Allergology; one of the most significant was the simultaneous discovery of the IgE class
antibody by Japanese and Scandinavian research groups in 1966-67 laying the foundation for todays

knowledge of the mechanism of IgE mediated allergy.”**

Terminology

Many different terms such as anaphylactic, anaphylactoid, pseudoallergic, histaminoid etc have been used
in the literature, reflecting differences in definition and underlying mechanisms.

In the anaesthesia-allergy literature from France, initially the term anaphylactoid was used about all
reactions referred for investigation, and reactions with a positive test result were re-named anaphylactic
reactions.’® In DAAC Gentofte this terminology was initially adopted and was used in the first
publications.® However, this terminology was later abandoned when attempts at standardising the
definitions of hypersensitivity reactions were made.’'** According to the new definitions the overall term
“hypersensitivity reaction” should be used. Hypersensitivity reactions can be divided into allergic and
non-allergic hypersensitivity reactions and the allergic hypersensitivity reactions can be further divided
into IgE-mediated and non-IgE mediated reactions. Anaphylaxis is used as an overall term for severe,
generalised and lifethreatening reactions, and divides into the same categories as mentioned above.
According to this definition the overall term covering all reactions in patients referred to DAAC should
be "hypersensitivity reactions” as they cover a multitude of different mechanisms, both allergic and non-
allergic. However, the main emphasis in this thesis is on reactions where a cause is found, and in the
majority of these cases the mechanism is allergic (either IgE mediated or non-IgE mediated). The
following terms will therefore be used throughout his thesis: ”Allergic reactions” as an overall term and

”anaphylaxis” in case of severe lifethreatening reactions.
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Allergic reactions during anaesthesia

Incidence

Allergic reactions during anaesthesia are rare, but the true incidence is difficult to estimate due to factors
such as underdiagnosis, underreporting and differences in definitions and investigation protocols. The
estimated incidence of allergic reactions during anaesthesia based on referrals to anaesthesia-allergy
centres range between 1:1250 anaesthetics and 1:13.000 anaesthetics.®® A recent French prospective
study, with systematic allergological follow-up of adverse events/reactions during 70.000 anaesthetics in
a single hospital, over a two-year period, resulted in an incidence of hypersensitivity reactions of 1:3180
anaesthetics.**

In a study from Norway 19 reactions were referred from one hospital over a six-year period where approx
113000 anaesthetics were performed. This gives an incidence of a referred reaction per approx 1:6000
anaesthetics.”® There are no published estimates of incidence in Denmark, but during 1999-2003, when
DAAC was located in Gentofte Hospital, a total of 40 referrals were made from our own hospital and 17
of these (43%) tested positive. A total of 73707 anaesthetics were performed during that period, giving an
incidence of referred reactions of approx 1:2000 anaesthetics and an incidence of reactions with a

suspected IgE mediated allergy of 1:5000 anaesthetics.

Mechanisms

The clinical presentation and management of suspected allergic reactions during anaesthesia is the same
regardless of the underlying mechanism. IgE mediated allergic reactions occur when the allergen causes
crossbridging of the high affinity specific IgE receptors on the surface of mast cells leading to
degranulation and release of vasoactive mediators. Non-IgE mediated allergic reactions and mast cell
degranulation can also be triggered via IgG, C5a and C3a, neuropeptides and certain drugs.*® Non-allergic
reactions can be caused by direct pharmacological or “toxic” stimulation of mast cells or basophils.’’
Determining the mechanism is helpful for giving advice for future anaesthesia. In cases of proven IgE
mediated allergy the identified allergen should always be avoided, but in cases of, usually less severe, non
allergic histamine release, reactions may be prevented by slow injection and/or pretreatment with

antihistamines.®’

Signs and symptoms

Signs and symptoms of allergic reactions during anaesthesia comprise a combination of cardiovascular
symptoms, respiratory symptoms, skin symptoms and gastrointestinal symptoms, but the perioperative
setting hampers the diagnosis by introducing concurrent potential causes of both cardiovascular and
respiratory symptoms. Gastrointestinal and skin symptoms are at risk of being overlooked altogether.

Severity of reactions can depend on the mechanism behind the reaction, the allergen and the route of
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administration of the allergen.'”® IgE mediated reactions to drugs administered/exposed intravenously are
more commonly associated with severe hypotension and cardiovascular collapse/arrest than non-IgE

mediated reactions.'*%*!

Investigation

Systematic investigation of suspected allergic reactions during anaesthesia were initiated in the 1970ies
and early 1980ies in anaesthesia/allergy centres in France, Australia and the UK, and a standardised
investigation procedure was agreed in Nancy in 1983* and followed up 10 years later by the same
group.*™* This investigation procedure was based on detailed clinical history, blood tests (serum tryptase,
specific IgE and Histamine release) and skin testing (skin prick test and intradermal test) and still

provides the basis for the investigation protocols recommended today.'?'4°

Causes

The literature on allergic reactions during anaesthesia goes back to the 1960°es and initial reports were
case reports on allergic reactions to substances used during anaesthesia at that time, such as thiopentone
and suxamethonium.*”** More recently reviews on the subject have emphasised the fact, that not only all
drugs administered, but also other substances used during anaesthesia such as latex, colloids,
disinfectants, contrast materials, blue dyes etc. can cause allergic reactions.'”***>!

The causes of allergic reactions during anaesthesia in Denmark differ from results from countries like
France, Norway and Australia, where neuromuscular blocking agents (NMBA) predominate.””>** In
Denmark the leading cause has proved to be chlorhexidine and NMBA’s cause only few reactions.'® This
difference could be partly explained by the “pholcodine hypothesis”. This hypothesis states that exposure
to pholcodine, a substance with structural similarities to NMBA’s, have caused cross sensitisation of
patients to NMBA’s in countries such as France and Norway, where pholcodine containing antitussive
drugs have been available. Pholcodine is not marketed in Denmark and this is likely to be part of the

explanation for the low incidence of allergic reactions to NMBA’s in Denmark.”***
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Danish Anaesthesia Allergy Centre

The Danish Anesthesia Allergy Centre was established in 1998 at Gentofte Hospital. Prior to this time
investigation of patients with suspected allergic reactions had been sporadic, but as Denmark is a
geographically small country with easy infrastructure and a small population (5.5 million) it has been
possible to make DAAC the main Danish Centre investigating suspected allergic reactions during
anaesthesia. The organisational structure of DAAC is based on close collaboration between
anaesthesiologists and allergologists combining the expertise across the specialties. Also the
centralisation of investigations of these rare reactions has maximised the potential to improve knowledge
and carry out research in the field.
The main purpose of DAAC is to investigate patients with suspected allergic reactions during anaesthesia
from all of Denmark, but other important purposes are
e To advice patients and anaesthestic personnel on all aspects of allergic reactions during
anaesthesia
e To inform and teach anaesthetic personnel about diagnosis, treatment and referral procedures for
patients with suspected allergic reactions during anaesthesia
e To initiate and participate in relevant research and guideline work both locally, nationally and

internationally

Chlorhexidine as an allergen

Chlorhexidine digluconate is a cationic bis-biguanide disinfectant with broad-spectrum anti-microbial
activity and low toxicity when used externally in mammals. Its clinical usefulness was first described in

1954.>° The symmetrical molecular structure is shown in figure 1.

Cl
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Figure 1. Chlorhexidine molecule.
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Chlorhexidine digluconate is used all over the world and also has a wide variety of uses in the Danish

health care system, including skin disinfection prior to surgery and invasive procedures ranging from
simple blood tests to major operations. It is used by health care workers for disinfection of hands between

patient contacts and prior to sterile procedures, and is commonly used in connection with and after dental
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procedures. In addition, it is an ingredient in exploration gel used for vaginal and rectal examinations and
in urethral gel used before inserting catheters. Outside the healthcare system, it is found in simple, over-
the-counter products for disinfecting minor wounds and scratches in the home. It is also an ingredient in a
large number of home care and personal hygiene products such as cleaning fluids, toothpastes, mouth
rinses, plasters and dressings, ointments and suppositories. Chlorhexidine diacetate has been used in some
countries as a commercial disinfectant in connection with food handling (USA Environmental Protection
Agency, 1996), disinfection of udders before milking livestock, and veterinary disinfection. It has also
been used as a preservative in products as diverse as lozenges, antacid preparations and contact lens
cleaning fluids.

A large proportion of the Danish population is therefore exposed to chlorhexidine with varying degrees of

exposure.

The first report of skin hypersensitivity to chlorhexidine was published in The Lancet in 1965 but the
problem was concluded to be rare when taking into account the substance’s widespread use.”’ In the early
1980ies, reports from Denmark described contact dermatitis caused by chlorhexidine in patients with skin
disorders, and an increased incidence was seen in patients who had used chlorhexidine for disinfecting
chronic leg ulcers.” Subsequently the first report of a severe anaphylactic reaction to chlorhexidine in
an anaesthetised patient appeared from Japan.®’ In the period 1967-1984, nine reports of anaphylactic
shock related to the use of chlorhexidine on mucous membranes were collected in Japan, which led to an
official recommendation to avoid using the substance on mucous membranes. It was also recommended

to use the lowest bactericidal concentration (0.05%) for contact with broken skin or mucous membranes.*’

Sporadic case reports from all over the world have since followed. These concern severe anaphylaxis to
chlorhexidine from different modes of exposure during surgery and anaesthesia, e.g. urological

procedures and urinary catheter insertion®, other surgical procedures® and central venous line insertion.**
All patients undergoing anaesthesia and surgery in Denmark are exposed to chlorhexidine and thus skin

testing with chlorhexidine has been included as a standard investigation in the DAAC investigation

protocol since 1999.
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Tryptase

Tryptases are serine peptidases with a tetrameric structure, which share enzymatic, structural and
phylogenetic features with the trypsin family. Tryptases are found in most mast cells in the human body —
regardless of mast cell type and tissue location. Basal level of serum tryptase is made up primarily of pro-
o tryptase and pro-p tryptase®, which are continously spontaneously secreted from resting mast cells, and
serum tryptase in a subject without signs or symptoms of anaphylaxis is likely to reflect mast cells
numbers in the body.*

Mature B-tryptase is retained in secretory granules in the mast cell in its active form, complexed with
proteoglycans, such as heparin or chondroitin sulphate®’, and is only released during mast cell activation
and degranulation. Mast cell degranulation can be triggered by a variety of stimuli such as C5a and C3a,
neuropeptides and certain drugs, but most commonly occurs when a specific antigen causes cross-linking
of specific IgE molecules bound to the high affinity IgE receptor on the surface of mast cells.’® An
increase from basal level serum tryptase is therefore highly suggestive of IgE-mediated mast cell
activation, when seen in connection with signs and symptoms of anaphylaxis.®®

The only other leukocyte that contains tryptase is the basophil, which contains tryptase at levels of only
0.4% of that expressed in lung mast cells® or < 1 % of that expressed in tissue mast cells.”

Tryptase is therefore thought to be quite a specific marker for mast cell activation and has been used in
clinical practice as a marker for anaphylaxis since the first immunoassay became available in 1987.¢
Serum tryptase levels peak at 60-90 minutes after onset of anaphylaxis’' and some studies indicate that

elevated levels can be measured as early as 10 minutes after onset.”

The use of serum tryptase in anaphylaxis during anaesthesia was first described 1991.” It has since been

recognised as a useful marker in suspected allergic reactions during anaesthesia, where the clinical

35,74,75

diagnosis can be difficult to make; it has been recommended by several groups and in international

1 iae 121
guidelines. -

When interpreting serum tryptase values in samples taken at the time of a suspected allergic reaction,

ideally a basal level serum tryptase should be available for comparison.
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Treatment with adrenaline in suspected anaphylaxis during anaesthesia

Due to anaphylaxis being a rare, potentially life threatening condition, which occurs unexpectedly,
carrying out randomised controlled studies on the diagnosis and treatment of anaphylaxis is considered
both impractical and unethical. New knowledge is therefore most likely to be gained from retrospective
studies, case series or prospective cohort studies over a long time period. A recent systematic review of
gaps in the management of anaphylaxis covering a large number of databases over a time period spanning
1966-2008 could only identify 59 relevant studies.’”® Useful information can be gained from post mortem
studies where mortality is the outcome. One post mortem study from the UK identified main reasons for
death from anaphylaxis to be 1) no use of adenaline or 2) late administration of adrenaline.*

There are no studies of mortality and morbidity from anaphylaxis during anaesthesia in Denmark, but a
closed claims study analysing deaths related to anaesthesia in the period 1996-2004 in Denmark did not
identify any cases of suspected perioperative anaphylaxis leading to a claim in the patient insurance
association.”” A study from the UK analysing claims against the NHS related to drug errors and
anaphylaxis during in anaesthesia in England in the period 1995-2007 found five deaths and two cases of
long term neurological damage attributed to anaphylaxis over a 12 year period. They estimated that six
million anaesthetics were carried out every year giving a mortality of 1 death per 14.4 million
anaesthetics.”® However these figures only relate to reactions leading to litigation, and are likely
underestimated, as mortality estimates are prone to error.

When anaphylaxis occurs outside the operating room the allergen is often singular and known eg. an
insect sting or injection of a drug, and the patient is in a pre-hospital setting or in a general hospital ward.
The diagnosis can be made swiftly and reliably in most cases and the recommended first line treatment of
anaphylaxis in this setting is intramuscular adrenaline 0.3 mg. ****"° The rationale behind this is, that it is
a reasonably safe treatment in an unmonitored patient without iv access, and it is also the treatment given
to patients with verified anaphylaxis to eg. insect venom or peanut, for self administration.

The setting of anaphylaxis during anaesthesia is quite different. Several potential allergens are
administered simultanously, at a time when anaesthetic drugs have a potent effect on the circulation and
manipulation of the airways can produce airway irritation. The diagnosis is thus difficult to make and the
potential allergen cannot be identified immediately.” However, the patient is usually fully monitored, has
an iv access and is being managed by anaesthetic personnel specially trained in emergency situations.
This should give optimal conditions for prompt treatment once anaphylaxis is diagnosed. Treatment
recommendations for anaphylaxis during anaesthesia are therefore aimed at anaesthetic personnel and
first line treatment is intravenous adrenaline 0.01-0.05 mg."*'

Research on anaphylaxis during anaesthesia is made difficult by its rare and unexpected occurrence and
only few relevant studies can be found in the literature. One of these was a study of 21 anaesthetist teams

undergoing simulation training at the Danish Institute for Medical Simulation. They were presented with
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a clinical scenario of anaphylaxis, and none of the teams made the diagnosis within 10 minutes. After
hints from the instructor 6/21 teams made the diagnosis, but no teams had a structured plan for treating
anaphylaxis.'® This could indicate a lack of awareness of anaphylaxis as a possible diagnosis in the
anaesthetic community at that time. In the literature we found only one study examining the management
of anaphylaxis during anaesthesia. The main conclusion from this study was, that there was a striking

reluctance to administer adrenaline even when anaphylaxis is suspected.™

22



Methodological considerations

Classification of suspected allergic reactions during anaesthesia

All suspected allergic reactions in referrals made to DAAC are classified according to severity of the
reaction. All classifications have been carried out by one of two anaesthesiologists in DAAC (either by
Dr. Mogens Kreigaard or the author).

8182 and was

The classification used in DAAC is a modification of previously published classifications
first published in 2001.% It is based on a combination of symptom severity and need for treatment. Class 4
has since been added to distinguish the few reactions resulting in cardiac arrest. However, due to the
small number of class 4 reactions, for the purpose of statistical analysis in the studies included in this
thesis, class 3 and 4 have been added together.
Class 1 Mild reactions resolving spontaneously, usually only involving one organsystem,
e.g. urticaria, angioedema, rash
Class 2 More severe reactions resolving within 10-20 min, with or without treatment, usually
involving one or more organsystems, €.g. hypotension, bronchospasm and urticaria
Class 3 Very severe reactions requiring prolonged treatment, e.g. anaphylactic shock, usually, but

not always, involving two or more organsystems

Class 4 Cardiac arrest

Investigation of suspected allergic reactions during anaesthesia in DAAC

Investigations of patients with suspected allergic reactions during anaesthesia in DAAC have followed
standardised protocols based on the best available evidence from the literature. Three groups from France,
Australia and the UK respectively, dominated the literature in the 1980’ies and 1990’ies. The
investigation protocol used in DAAC when testing was started in 1999, was based on a combination of
recommendations from all three centres®. The protocol was based on a step-by step approach using a
combination of in-vitro and in-vivo tests (see appendix 1) Both mild and severe reactions were
investigated and all drugs and substances (incl. premedication, substances used by the surgeon, low
molecular weight heparins, colloids etc) the patient was exposed to prior to the reaction were investigated
in one or more test modalities. If a test was positive in one testmodality it was deemed positive and no
further testing with that drug was carried out. One anaesthesiologist received the referrals and ensured
that full copy of anaesthetic charts; recovery charts and relevant medical notes were retrieved. The
individual investigation protocols were planned on the basis of this information in cooperation with the
dermatologist. One lab technician performed fresh dilutions for skin testing and one nurse carried out skin

testing. If a skin test was thought to be positive it was repeated to ensure reproducability. Due to the
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widespread use of natural rubber latex and chlorhexidine in the health care system, all patients were
investigated for allergy to latex and chlorhexidine.

In 2004 DAAC moved to Rigshospitalet and cooperation with allergologists replaced the cooperation
with dermatologists. A number of changes were made to the organisational structure and to the
investigation protocol (see appendix 2). The investigation protocol was extended to include Histamine
Release Testing and challenge testing with all drugs and substances possible and the latter has extended
the investigation time considerably. Consequently restrictions on the drugs considered for testing were
applied such that drugs administered intravenously > 1 hr before the reaction and drugs administered by
other routes (oral, subcutaneous, spinal/epidural etc) > 2 hrs before the reaction are not considered for
testing. The rationale behind this is that the aim is to diagnose immediate hypersensitivity reactions and
these should feasibly occur within the above time limits. All patients are still investigated for allergy to
latex and chorhexidine and in 2008 Specific IgE testing for ethylene oxide was introduced in all patients
due to widespread exposure to this sterilising agent during anaesthesia and surgery. The step-by-step
approach is still applied and drugs are tested in all available test modalities, but further testing may be
carried out despite a positive result, as false positive tests are not uncommon on skin testing. All skin test
are now carried out in duplicate. Eight nurses take turns to perform skin testing and dilutions are prepared
every morning by two nurses. One allergologist and two anaesthesiologists plan the individual

investigation protocols and five allergologists are involved in overseeing testing.
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Diagnostic methods
Specific IgE
Identifying specific IgE antibodies in serum can prove sensitisation to a small number of drugs.
Bloodsamples for specific IgE analysis are quick and easy to handle and without risk to the patient.
Specific IgE can be especially useful in cases where skin testing and provocation cannot be carried out
(dermographism, patients on immunosuppressants, children) or can be used as an adjunct to skin testing.
However, analyses are relatively expensive and sensitivity and specificity varies with the allergen tested.
For the purpose of investigation of allergic reactions during anaesthesia specific IgE can be detected only
for some of the substances used. In DAAC the ImmunoCAP® specific IgE immunoassay (Phadia,
Uppsala, Sweden) is used, with access not only to the presently commercially available allergens
(suxamethonium, morphine, penicillin G+V, amoxicilloyl, ampicilloyl, chlorhexidine, latex, ethylene
oxide, pholcodine) but also to allergens only used for research purposes where the IgE mediated
mechanism is not proven in all cases (thiopental, rocuronium, penicillin minor determinants, cefuroxime,
ceftriaxone, mepivacain, methylprednisolone, paracetamol). Some groups advocate the use of IgE to the

8384 or morphine™ as a marker for IgE to NMBA’s. However, these are rather

quarternary ammonium ion
unspecific tests with a high rate of false positives™ and are primarly used in countries with a relatively
high prevalence of NMBA reactions (France and Australia). As prevalence of NMBA reactions is low in

Denmark these tests are not used at present.

A cut-off of < 0.35 kUA/1 is used, as recommended by the manufacturer. As shown in study | levels of
IgE to chlorhexidine can be elevated already at the time of the reaction and this has also been shown for
NMBA’s***" and ethylene oxide.***’ Also shown in study I a decline is seen in IgE levels over time in
the absence of exposure to the allergen. Levels may fall below 0.35 kUA/] and this has also been shown
for penicillins®, insect venom®' and chlorhexidine in health care workers.”

All relevant specific IgE analyses are routinely requested depending on which drugs the individual patient
has been exposed to. Blood tests are requested 2-3 months after the reaction and are taken locally and sent
for analysis at the laboratory for Medical Allergology, Rigshospitalet. Sera from all patients have been
routinely analysed for specific IgE to latex since 1999, chlorhexidine (since 2006, when assay was made
available to us) and ethylene oxide (since November 2008 when we became aware of ethylene oxide as a

possible allergen).
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Serum tryptase

Serum tryptase has been included in the investigation protocol since 1999 using the InmunoCAP
immunoassay, measuring total tryptase ie. the sum of pro-p tryptase, pro-a tryptase and mature B-tryptase
(Phadia ImmunoCAP® Tryptase, Phadia, Uppsala, Sweden).

The recommendations have been, that a sample is taken 1-4 hours after the reaction and that a basal level
serum tryptase is requested 4-6 weeks after the reaction, at a time when the patient has no allergic signs or

symptoms. The upper limit of normal < 11.4 pg/l, currently recommended by Phadia, is used.

All analyses in DAAC patients have been carried out on the UniCAP100 system using commercially
available reagents. During statistical analysis of data for study III in November 2009 it became apparent
that median values of serum tryptase in patients investigated in DAAC Gentofte in the period 1999-2003
were significantly higher that median values for patients investigated in DAAC Rigshospitalet 2003-2009
(6.32 ng/l vs 4.65 pg/l) p=0.0033. As procedures for patient selection were unchanged and no differences
could be found in age or gender of the patient population, contact was made to the manufacturer of the
tryptase test. It became evident that in 2001 changes had been made to the antibody content in the
reagent, causing values in the lower range to be markedly lower in the new assay used after 2001
(personal communication Bjarne Kristensen, Phadia, Allerad, November 2009). This had led to the
manufacturers reference values to be changed from median 5.6 pg/l and upper limit 13.5 pg/l, to median
3.8 pg/l and upper limit 11.4 pg/l (ref product info). This discovery led to re-analysis of DAAC samples
analysed before October 2001, using the new reagent to ensure that all samples used for analyses in study
IIT were performed using the same reagent. Re-analysis led to a reduction in median serum tryptase values
for patients analysed in DAAC Gentofte from 6.32 pg/l to 4.25 ug/l, and the significant difference
between hospitals, which could have led to potentially erroneous conclusions in study 111, disappeared

(4.25 ng/l vs 4.65 pg/1) p=0.20.

Skin testing

In skin testing (skin prick testing (SPT) and intradermal testing (IDT)) mast cells in the skin are exposed
to a suspected allergen and positive wheal and flare responses are interpreted as an indication of an IgE
mediated mechanism leading to mast cell degranulation. It is generally recommended that skin tests are
performed minimum six weeks after the suspected reaction.”'

SPT is based on a small volume of high concentration being pricked into the epidermis, which is devoid
of bloodvessels. IDT is based on a larger volume, but lower concentration, being injected into the dermis,
which is vascularised. The small risk of systemic reactions from skin testing is therefore higher from IDT
than from SPT. In addition, the risk of false negative test results is greatest for SPT and IDT carries a

higher risk of false positive test results.”*
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There are many sources of error related to performance and interpretation of skin testing related to:
1. The subject being tested (Skin characteristics; skin reactivity (excess/reduced); test location
(arm/back))”
2. The allergen (some drugs eg opioids and NMBA’s cause unspecific histamine release; decreased
drug reactivity when “out of the bottle”’; wrong dilution used)
3. Materials/methods used’®””*® (different materials lancets/syringes used; different techniques for
both SPT and IDT; different positive controls eg. histamine, codeine, morphine)
4. Tester (Larger inter-tester variation even among experienced testers; IDT more technically
difficult than SPT)
5. Reading and interpretation of tests (timing of reading; differing diagnostic criteria; record
keeping (tracing and documentation))”
Due to this vast number of potential sources of error it is very important that a standardised protocol is
followed when performing skin testing. Ideally testing should be kept on as few hands as possible, but
unfortunately this is rarely practical in a clinical setting. In DAAC the methods, materials and diagnostic
criteria are standardised, and since 2004 all skin tests have been performed in duplicate. (At DAAC

Gentofte only positives were reproduced). Dilutions of relevant drugs are freshly prepared each day.

Diagnostic criteria used in DAAC are based on criteria recommended by the EAACI interest group on
drug hypersensitivity”':
e SPT - wheal >3 mm greater than negative control and > 4 the diameter of the positive control
(histamine 10 mg/ml)
e DT - wheal > 8mm and > double the diameter of negative control/induced wheal (should be 3-4

mm)

When testing NMBAs the dilutions recommended by GERAP in France are used.'® Due to the reported
risk of cross sensitivity in this group of drugs, all available NMBA’s are tested if a positive test is found
to the NMBA used during the suspected reaction.'” Testing for cross reactivity is not carried out if the

NMBA used during the suspected allergic reaction tests negative.

The occurrence of systemic reactions to skin testing in DAAC is very limited. In the ten years prick- and
intradermal testing has been a part of the standard investigation protocol only 2 mild systemic reactions
have occurred in > 320 patients tested with an average of 3-4 substances in three concentrations. Both
reactions were managed with antihistamines only. Systemic reactions to skin testing are reported in the
literature'*"'*, but the risk is decreased if an investigation protocol with titrated doses is followed and

testing is carried out by specially trained personnel.
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Drug provocation
Intravenous/Subcutaneous/Oral
While drug provocation is considered the ultimate ’gold standard” by many allergologists, in the past by
it has been considered hazardous by leading experts in the field of anaesthesia-allergy.”> However as the
other available test modalities have a number of limitations intravenous drug provocation was included in
the standard investigation protocol in 2004. The protocol was made based on the recommendations from
an EAACI position paper on drug provocation testing.'®
The overall principles of the drug provocation protocol are:

e  Written informed consent from patient

e Full resuscitation back-up and intravenous access

e Close monitoring of blood pressure, pulse and peak flow

e Placebo controlled

e Route of administration same as in suspected reaction iv/sc/po (not spinal/epidural)

e Incremental dosage regimen — time interval for observation between doses

e Drugs with powerful pharmacological effect (anaesthetics, opioids, vasoactive drugs) tested to a

maximum dose 1/10 of therapeutic dose
e NMBA’s, chlorhexidine, latex, ethylenoxide not tested as no suitable provocation method

e  Other drugs tested to maximum of normal therapeutic dose

Introducing drug provocation into the standard investigation protocol has shown to have obvious benefits
as it can diagnose reactions of all underlying mechanisms including 1) non allergic mechanisms as is seen
for reactions to eg. oxytocin 2) IgG mediated allergic reactions, which cannot be diagnosed on skin
testing, as is seen for reactions to dextrans 3) other non IgE mediated allergic mechanisms such as
reactions to opioids 4) IgE mediated allergic mechanisms which could not be diagnosed on conventional
testing due to either negative results or inconclusive results and 5) reactions to metabolites.

Also, in several cases drugs that have tested positive on skin test on the highest concentrations of
intradermal testing only, a negative iv provocation has indicated that skin test results may have been false
positive.

Drug provocation testing has already proved to be useful in practice, especially for drug groups such as
opioids where skin test results can be inconclusive and IgG mediated reactions to eg. dextrans where skin

testing is false negative.
Limitations of provocation testing are 1) it is very timeconsuming 2) it cannot diagnose reactions where a

combination of eliciting factors is needed eg. other drugs, proteins, allergens, physical stress, dehydration,

fever etc. 3) criteria for positive provocation are difficult to standardise 4) it cannot, presently, be
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performed for inhalational agents and NMBA’s 5) Maximum doses may be too low to elicit a response in
those drugs only tested with 1/10 of therapeutic dose 6) Theoretical risk of inducing rapid desensitisation

and thereby not eliciting reaction despite prior sensitisation to the allergen.

Basophil Histamine Release test

The basophil histamine release test measures histamine released in response to exposure to a suspected
allergen. The analysis is carried out on fresh heparinised blood and all substances can in theory be tested,
even catheters or other solid substances, which can be incubated with blood. It detects both IgE and non-
IgE mediated reactions. Histamine release can be performed with passive sensitisation (incubation of
donor basophils with patient serum prior to exposure to suspected allergen) and this method detects IgE
mediated reactions.'® The HR-test (Reference Laboratory, Copenhagen, Denmark) has been included as a
supplement to our standard investigations since 2003. The fact that solid substances can be tested, has

proved useful in proving an allergy to a Swan-Ganz catheter.

29



Patients

Study I, III and IV are based on the patients referred to DAAC for investigation of suspected allergic
reactions during anaestesia. Due to the relatively small number of children investigated, only adult
patients > 18 yrs have been included.

One female aged 27 with a basal level serum tryptase of 81.3 pg/l was excluded from the study pending
further investigations for mastocytosis.

Study II was based on a population of elective surgical patients with no signs of an allergic reaction
during anaesthesia. Exclusion criteria for study Il were pregnancy, previous allergic reactions during
anesthesia, corticosteroid treatment of > 2.5 mg daily and known hematological disease including
mastocytosis. If a patient had developed a suspected allergic reaction during anesthesia in the study, that

would also have led to exclusion.

Statistical analysis

Serum tryptase values are not normally distributed and thus all statistical analyses of serum tryptase were
carried out after logarithmic transformation to approximate a normal distribution. Continuous data are
reported as median and interquartile range. In study II pre- and postoperative values were compared using
paired Student t-test. Comparisons were made using unpaired Student t-test or Analysis of Variance after
logarithmic transformation. The relation between age and serum tryptase was assessed using linear
regression after logarithmic transformation in study II and III.

Multiple logistic regression was used to investigate the risk factors for severe reactions in study III. In all
studies p values < 0.05 were considered statistically significant. Data analysis and statistical evaluation

were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC).

Ethical considerations

The regional ethics committee approved study Il and patients were included after giving written informed
consent. The Data Protection Agency also approved storage of data for study II.

As studies I, III and IV were based on retrospective analysis of data gathered during routine clinical
practice in DAAC ethical committee approval was not necessary. All patients had given written informed

consent before skin testing and drug provocation procedures.
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Results and discussion of study I-1V

Results and discussion - Chlorhexidine as an allergen (Study 1)

The diagnosis of allergy to chlorhexidine was initially based on results of skin testing (skin prick test and
intradermal test) combined with clinical features of reactions occuring 20-40 minutes into surgery and, in
some cases, repeated reactions on several occasions. In January 2007 a specific IgE test was made
available and an IgE mediated mechanism behind chlorhexidine allergy was confirmed in a study of
retrospective analysis of sera from 22 patients with clinical reactions suggestive of anaphylaxis to
chlorhexidine (Study ). Patients were divided into a chlorhexidine skin test positive (STP) group (n=12)
and a skin test negative (STN) group (n=10). Stored serum was analysed using the recently developed
specific IgE analysis and Histamine Release test. In the STP group 11 of 12 had elevated specific IgE and
7 of 11 had positive Histamine Release test. None of the patients in the STN group had elevated specific
IgE or positive Histamine Release test (figures 2a and 2b).

Figure 2a. Specific IgE to chlorhexidine in skin test positive (STP) and skin test negative
patients (STN).
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Figure 2b. HR class in skin test positive (STP) and skin test negative patients (STN).
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Since the specific IgE test for chlorhexidine became available it has been included in the standard
investigations in DAAC. In addition sera were analysed retrospectively on patients investigated in 2005-
2006. A total of 205 patients investigated in DAAC, Rigshospitalet has had specific IgE to chlorhexidine
measured and as all have been skin tested with chlorhexidine it is thus possible to examine the sensitivity
and specificity of the specific IgE analysis vs skin test results combined with detailed clinical history

(table 1).

Table 1. Four-by-four table showing results of specific IgE to chlorhexidine vs. skin test result
in 205 patients investigated in DAAC, Rigshospitalet 2005-2009. IgE positive if > 0.35 KUA/I.
(NPV Negative Predictive Value; PPV Positive Predictive Value)

IgE negative IgE positive

Skin test positive 2 19 21 Sensitivity 90.5%
Skin test negative 181 3 184 Specificity 98.4%
183 22 205

NPV 98.9% PPV 86.4%
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Specific IgE to clorhexidine has a very high sensitivity and specificity in this population of patients. The
three patients with false positive IgE tests had IgE values of 0.37, 0.43 and 0.46 kUA/I, respectively ie
just above the cut-off limit. Two patients had false negative IgE. One had a doubtful skin test result on
initial testing but subsequently developed another allergic reaction during anaesthesia and was re-referred
and re-investigated. On the second investigation she had postive IgE and skin testing to chlorhexidine.
This emphasises the question of when sensitisation and IgE formation actually occurs in relation to
exposure, something that could be further explored by serial measurements of IgE.

Chlorhexidine is the single most common agent causing allergic reactions during anaesthesia in Denmark.
A total of 28 of 149 patients (18.8%) testing positive to one or more substances tested positive to
chlorhexidine. Expressed in another way chlorhexidine accounts for 15.5% of all positive tests in patients
referred to DAAC in the period 1999-June 2009. However, considering that all 450.000 patients who
have an anaesthetic each year in Denmark, has been exposed to chlorhexidine, this still makes it a very

rare allergy occuring in approximately 1:170.000 anaesthetics.

As recommended by the manufacturer a cut-off of < 0.35 kUA/I is used in DAAC. It was shown in study
| that levels of IgE to chlorhexidine can be elevated already at the time of the reaction and this has also
been shown for NMBA’s***” and ethylene oxide.***’ Also shown in study | a decline is seen in IgE levels
over time in the absence of exposure to the allergen, which is matched by a decline in HR class (figure 3).
Levels may fall below 0.35 kUA/1 and this has also been shown for penicillins”, insect venom’' and

chlorhexidine in health care workers.”

The first four cases of chlorhexidine allergy diagnosed in DAAC were published in 2001.” Some
interesting common features were observed: 1) All patients were males aged >50 years 2) all had severe
anaphylaxis in connection with anaesthesia and surgery/invasive procedures. One patient even had a
cardiac arrest on two separate occasions. 3) Reactions occurred 20 to 40 minutes into the operation and 4)
all patients had a history of previous milder reactions in connection with exposure to chlorhexidine.

In study | the clinical features of the first 12 chlorhexidine positive patients were further explored. It was
found that chlorhexidine positive patients were predominantly male, had a higher median age than
controls and that the majority of reactions were severe (reaction class 3), nearly half occurring during

urological surgery.
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Figure 3. Decline in specific IgE and HR class over time in a patient sensitised to

chlorhexidine.
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Examining the total of 28 chlorhexidine positive patients found in the period 1999-2009 they are
predominantly male (22M/6F), with a median age of 59 yrs (17-85 yrs) and most cases 10/28 (35.7%)
still occurred during urological surgery, but intestinal surgery now account for 8/28 (28.6%).

The vast majority of reactions 21/28 (75%) are class 3, but four cases are mild class 1 reactions; typically
with a rash or urticaria appearing at the end of surgery or in recovery. As described in an earlier
publication’ and in Study | several of the patients with severe reactions had one or more identifiable
milder cases, such as localised urticaria or generalised rash after previous exposure to chlorhexidine. The
fact that we diagnose IgE-mediated allergy to chlorhexidine in some patients with very mild reactions,
strengthens the argument that even patients with mild reactions after exposure to chlorhexidine should be

investigated to prevent severe reactions on subsequent exposure.

Allergy to chlorhexidine display several features that are comparable to those of latex allergy: 1) The
allergen probably needs to pass through a broken skin or mucosa barrier for a reaction to occur and this
accounts for the reactions occurring 20 to 40 minutes after initial exposure 2) It causes mild non-specific

reactions on some occasions, but has the potential to cause serious life-threatening anaphylaxis 3) As
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chlorhexidine and latex are not drugs, they can be overlooked as the cause of anaphylaxis during
anaesthesia increasing the risk of potentially dangerous re-exposure 4) In some patients, a combined IgE

and lymphocyte-mediated allergy has been noted.

The possible parallels to latex allergy have been explored in a study of chlorhexidine allergy in health
care workers (HCW)'!, who, like patients, are widely exposed to chlorhexidine as well as to latex. A total
of 248 members of staff in the Department of Anaesthesiology at Gentofte Hospital were invited to
participate in the study, which comprised a questionnaire plus testing to determine IgE-mediated allergy
(SPT with 0.5% and IDT with 0.0002% chlorhexidine digluconate), and lymphocyte-mediated allergy
(patch test with chlorhexidine digluconate and chlorhexidine acetate, both 1% in water). A total of 104
individuals were tested and none were positive in any of the test modalities. It was concluded that since
numbers were small, the results could not rule out a statistically significant incidence of allergy to

chlorhexidine in HCW, even at the percent level, and that larger studies were needed."'

In 2008 a British allergologist identified HCW with allergic symptoms and IgE-mediated allergy to
chlorhexidine. In 2009 these British cases were published as the first proven cases of IgE mediated
allergy to chlorhexidine in HCW®? concluding that 1) increasing use of chlorhexidine in health care
workers over the past years may be reflected in an increase in cases of allergy to chlorhexidine 2)
investigation of HCW with allergy symptoms at work should include both latex and chlorhexidine and 3)
on lack of exposure levels of specific IgE to chlorhexidine may fall under the recommended lower limit
of normal of 0.35 kUA/I and thus levels > 0.2 kUA/I may be significant for sensitisation in individuals

who have experienced symptoms.

Presently there is no knowledge of the prevalence of chlorhexidine allergy in the Danish population. Data
of chlorhexidine IgE on sera from 196 atopics from Denmark included in the ISPHO study on
sensitisation to Pholcodine™ showed that 8 out of 196 persons (4.1%) had specific IgE to chlorhexidine >
0.35 kUA/I (personal communication Erik Florvaag/SGO Johansson). No clinical information on allergic
symptoms on contact with chlorhexidine is available and thus the clinical relevance is uncertain. A total
of 130/196 (66.3%) of persons had IgE levels > 0.1 kUA/I (Table 2), perhaps indicating widespread

exposure to chlorhexidine in the Danish population.
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Table 2. Prevalence of IgE to chlorhexidine in 196 atopic patients (defined as positive
specific IgE to at least one inhalational allergen) from Denmark.

IgE to chlorhexidine (kUA/I) n (%)
>0.10 130 (66.3)
>0.20 11 (5.6)
>0.35 8(4.1)

However, there is some indication from studies performed by the manufacturer that high levels of total
IgE (< 800) could cause spurious elevation of the chlorhexidine specific IgE to levels above 0.2 kUA/I
but not above 0.35 kUA/I (personal communication Lennart Venemalm, Phadia, Uppsala). Thus

background from elevated total IgE cannot be ruled out as a cause of specific IgE of > 0.2 kUA/I but <

0.35 kUA/I in some of the atopics mentioned above.
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Results and discussion - Serum tryptase (Study Il and I11)

Serum tryptase has been used routinely in our investigation protocol since 1999 and recommendations
have been for anaesthetists to take a sample at the time of the reaction (Tye.), which was then compared
to a basal level (Tyasa1) taken at the start of investigations in DAAC.

As the serum tryptase test was not marketed for use specifically in allergic reactions during anesthesia not
much literature could be found on a potential effect of surgery and general anaesthesia on serum tryptase.
This was therefore investigated in study 11, which included 120 patients (median age 54 yrs (range 19-
94)) undergoing elective orthopaedic surgery in general anaesthesia. Blood samples for tryptase analysis
were drawn shortly before anaesthesia and after anaesthesia/surgery. Median duration of anaesthesia was
105 min (range 44-263 min); median interval between blood samples was 139 min (range 39-370 min). It
was found that 1) serum tryptase did not increase during surgery and anaesthesia 2) a mean decrease of
0.55 pg/l was observed, most likely due to dilutional effect of intravenous fluid 3) serum tryptase showed
only a small intraindividual variation, even during surgery and anaesthesia; 95% of patients had a change
between pre- and postoperative values of serum tryptase in the interval between a decrease of 3.33 pg/l
and an increase of 2.23 pg/l. It was also hypothesised, that clinically significant increases in serum
tryptase could occur within the upper limit of normal of 11.4 pg/l.

In study 111 it was examined whether using the intraindividual difference could increase the sensitivity of
serum tryptase as a diagnostic marker for allergic reactions during anaesthesia. As study Il had shown
that only 2.5% of patients would be expected to have an increase of > 2.2 ng/l, in the absence of
anaphylaxis, this value was chosen. Sensitivity and specificity using this diagnostic criterion was
compared to cut-off values of 11.4 pg/l, 15 pg/l and 25 pg/l (table 3a and 3b).

These values were chosen as they are the upper limits of normal recommended 1) By the manufacturer in
the Phadia product information (ImmunoCAP® Tryptase in anaphylaxis, 2007) 2) in the American
literature on serum tryptase™ and 3) by some groups in anaesthesia allergy.”'’

When analysing all reaction classes together the highest sensitivity of 66.7 % was found using an intra-
individual difference of > 2.2 pg/l between serum tryptase taken at the time of reaction (Te,) and basal
level serum tryptase (Tpasa). The second highest sensitity of 62.4% was achieved using the currently
recommended upper limit of normal of 11.4 pg/l (table 3a). It has previously been reported that serum
tryptase elevation does not always occur in mild reactions and findings in study 111 supported this as the
sensitivity of serum tryptase increased markedly on only including severe reactions in the analysis
(reaction class 3 and 4) (table 3b). The highest sensitivity of 82.8% was again achieved using (T;esct = Thasal
) > 2.2 ug/l, but a cut-off of 11.4 ug/l gave a very similar sensitivity of 81.0 %. However, using the
approach of comparing Ty, With Tyasa potentially gives some additional benefits compared to using a
single value: 1) an elevated basal level will be detected and 2) clinically relevant increases in serum

tryptase within the upper limit of normal will be detected.
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Table 3a.

Sensitivity, specificity and positive and negative predictive value for serum
tryptase using different criteria for positivity in patients with suspected
allergic reactions during anaesthesia (all four reaction classes, n=180).

Criteria for positive Sensitivity PPV Specificity NPV
serum tryptase % % % %
(Treact = Thasar) > 2.2 pg/l 66.7 76.5 78.2 68.7
Treact > 11.4 ug/L 62.4 82.9 86.2 68.2
Treact > 15.0 ug/L 52.7 83.1 88.5 63.6
Treact > 25.0 ug/L 34.4 88.9 95.4 57.6
Table 3b.

Sensitivity, specificity and positive and negative predictive value for serum
tryptase using different criteria for positivity in patients with suspected
allergic reactions during anaesthesia (reaction class 3 and 4 only, n=102).

Criteria for positive Sensitivity PPV Specificity NPV
serum tryptase % % % %

(Treact = Thasar) > 2.2 pg/l 82.8 76.2 65.9 74.4
Treact > 11.4 ug/L 81.0 82.5 77.3 75.6
Treact > 15.0 ug/L 70.7 82.0 79.6 67.3
Treact > 25.0 ug/L 50.0 87.9 90.9 58.0

PPV positive predictive value

NPV  negative predictive value

Treact serum tryptase taken at time of reaction
Tbasal basal level serum tryptase

In the setting of anaesthesia allergy it is important to avoid false negative tests as this may lead to a
patient being re-exposed to potential allergens during subsequent anaesthesia. Therefore patients with a
clinical suspicion of an allergic reaction during anaesthesia, but negative serum tryptase, should still be
considered for subsequent allergological investigation. In our view, for the safety of the patient, the aim is
therefore to achieve the highest possible sensitivity for serum tryptase, if necessary at the expense of the
specificity of the test. Thus we would recommend using the intra-individual difference (Treact - Toasal ) >
2.2 pg/l for suspected allergic reactions during anaesthesia.

Further studies in patients with suspected anaphylaxis outside the operating room would be required to

determine whether our findings could be extrapolated to that setting.
The increase in serum tryptase in connection with anaphylaxis depends on several factors such as time of

sampling of serum tryptase in relation to reaction, severity of reaction, the allergen and the mechanism of

the reaction.”® In study 111 we found that elevated levels of serum tryptase can be found as early as 25
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Treact (pg/L)

min after the reaction, but also as late as nearly 6 hours after the reaction. We also found a significant
increase in serum tryptase with increasing reaction class in patients testing positive on subsequent
investigation in DAAC. This suggests that the sensitivity of serum tryptase is lower for mild reactions as
is also concluded above.

In study III we also found that serum tryptase values appeared higher in patients testing positive to
allergens with a known IgE mediated mechanism (figure 4), than in patients testing positive to oxytocin,
colloids and opioids where the mechanism is different. Reactions to oxytocin are caused by an
exaggerated physiological response resulting in flushing and hypotension in most cases and these are non-
allergic reactions with no accompanying increase in serum tryptase.'®>'* Reactions to colloids were
predominantly severe reactions (C3) to dextrans. The reaction mechanism is IgG mediated'”’” and
presumably does not stimulate mast cell degranulation, as we saw little or no increase in serum tryptase
despite reactions being severe. Reactions to opioids are mainly caused by direct histamine release,

presumably mainly from basophils as we saw only small elevations in serum tryptase in these patients.

Figure 4. Teact according to allergen found on subsequent investigation.
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A statistically significant increase in serum tryptase with increasing age was found on linear regression in
DAAC patients (r=0.23; p<0.0001) but not in elective patients (r=0.05; p=0.6). Also a higher proportion
of DAAC patients had an elevated basal level serum tryptase (Tpasa > 11.4 pg/l) than elective patients
(8.2% vs 5.8%). This corresponds well to findings in venom allergic patients from a recent multicenter
study which showed that 8.4% of patients had a Ty > 11.4 pg/L.'® This large multicenter study also
concluded, that the risk of severe reactions in patients with venom allergy was increased with Tyue > 11.4
ug/l, increasing age and male sex among other parameters. In study 111 this was investigated in our
population of patients with suspected allergic reactions during anaesthesia using multiple logistic
regression. We found that the risk of severe reactions was increased with Ty, > 11.4 pg/l, increasing age,
male sex and positive result on subsequent investigation (table 4). Thus some parallels can be drawn

between patients with venom allergy and patients with anaesthesia (drug) allergy.

Table 4. Risk factors for severe reactions in patients with suspected allergic reactions

during anaesthesia using multiple logistic regression (n = 299).

Variable p value Odds ratio 95% CI

Tbasal > 11.4 pg/L 0.0079 4.815 1.509 - 15.367
Male sex 0.0328 1.709 1.045 - 2.793
Age (per year) 0.0131 1.022 1.005 - 1.039
Positive investigation result in DAAC 0.0055 1.917 1.211 - 3.036

All variables were included in the model simultaneously.

The clinical implications of these findings are, that patients at higher risk of severe reactions can be

identified and relevant advice and precautions can be taken during future anaesthesia.

The cause of elevated T, in this group of patients is not known, but in a study in venom allergic
patients, where bone marrow biopsy was performed in all patients with Tyasa > 11.4 pg/l, a very high

proportion of patients showed signs of mast cell disorder or mastocytosis.'®”
In study 111 we also found an increase in Ty, With increasing age, especially patients aged > 60

and an alternative explanation for this may be, that the increase is related to the increasing co-morbidity

in older patients (figure 5).
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Figure 5. Tpasar @according to age.
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Animal and human studies have established that mast cells and serum tryptase are involved in numerous
physiological and pathological processes as diverse as angiogenesis, tissue remodelling, bloodclotting,

110-112

inflammation and pathogen defense. However, no studies have correlated these findings with

measuring serum tryptase. On the other hand elevated basal level serum tryptase has been found in

3114 and some patients in

conditions such as mastocytosis and myeloid haematological malignancy
DAAC are likely to fall into these categories. Unfortunately clinical detail about comorbidity were not
analysed in the present study, so we cannot identify patients with known haematological malignancy or
other relevant disease.

Conditions involving 1) angiogenesis, such as malignant tumours, and 2) atherosclerosis, such as
coronary artery disease and aortic aneurysms are all more common in the older population. It could be
speculated, that the higher basal level serum tryptase in some of these patients reflected an increased mast
cell activity. In DAAC the patients undergoing cardiovascular surgery for ischaemic disorders, and
urological and intestinal surgery, mainly for malignant disease, have higher median basal level serum

tryptase than other surgical categories (table 5). Differences in age and gender also play a role, and further

larger studies of these patient populations would be needed to confirm such speculation.
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Table 5. Median basal level serum tryptase according to surgery type.

Patients Serum tryptase pg/L Age
n (%) Median (1Q range) px Median (1Q range) P§
Overall group 318 (100) 4.56 (3.14 - 6.60) 50 (36-62)
Surgery type (n=315)
cardiovascular 36 (11.4) 5.43 (3.37 - 8.93) 0.0301 61.5 (55-66) <0.0001
endocrine 23 (7.3) 4.06 (3.14 -9.18) 56 (50-66)
gut 44 (14) 5.25(3.26 - 8.79) 51.5 (37-62.5)
gynecological 51 (16.2) 3.99 (2.15 - 5.28) 35 (29-429
head and neck 29 (9.2) 4.64 (3.45-5.86) 46 (33-60)
organ 15 (4.8) 3.58 (2.39 - 5.99) 43 (30-55)
orthopedic 50 (15.9) 4.25 (2.92 -6.60) 50 (40-60)
urological 35 (11.1) 5.98 (3.79 - 7.76) 66 (43-72)
other 32 (10.1) 4.99 (3.37 - 6.44) 48 (36.5-57)

a unpaired t-test or ANOVA after logarithmic transformation

§ unpaired t-test or ANOVA
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Results and discussion — treatment with adrenaline in suspected anaphylaxis

during anaesthesia (Study 1V)

It is well known that adrenaline is the first line treatment of anaphylaxis. Numerous guidelines have been
published regarding the dose and route of administration of adrenaline for the treatment of anaphylaxis
both outside and inside the operating room."*'**” However, no studies could be found describing the use
of adrenaline, in practice, in suspected anaphylaxis during anaesthesia. In DAAC detailed information on
the use of adrenaline regarding timing, dose and route of administration has been gathered since 1999.
Study IV is a descriptive study based on information from referral papers and anaesthetic charts from 270
patients (158F/112M) referred to DAAC in the period 1999-2008. Reactions had been graded into four
reaction classes (C1-C4) by one of two anaesthesiologists as described previously under methodological

considerations. Patient characteristics can be seen in table 6.

Table 6. Patient characteristics for 270 patients with suspected anaphylaxis during

anaesthesia.

Patients Age
n (%) Median (range) pr
All patients 270 (100) 49.5 (17-86)
Gender
Female 158 (58.5) 43.0 (17-85) < 0.0001
Male 112 (41.5) 57.5 (17-86)
ASA classification
| 105 (38.9) 38.0 (17-76) < 0.0001
1] 131 (48.5) 56.0 (18-86)
1 34 (12.6) 62.5 (45-78)
v 0 0
Reaction class
1 83 (30.7) 40 (17-78) < 0.0001*
2 65 (24.1) 46 (18-86)
3 113 (41.9) 56 (18-86)
4 9 (3.3) 57 (33-62)

o unpaired t-test or ANOVA
* reaction class 3 and 4 added together for statistical analysis

Severe reactions (C3 and C4) with circulatory symptoms were seen in 122/270 patients (45.2%) and of
these 101 (82.8%) received adrenaline. There was a trend towards increasing total dose with increasing

reaction class (table 7).
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Table 7. Total adrenaline dose in the 123 of 270 patients where adrenaline was
administered. Information on dose available for n=102.

Reaction class Adrenaline given Total adrenaline dose in mg
n (%) n Median (range)
1 4/83 (4.8) 1 0.01
2 18/65 (27.7) 10 0.125 (0.03-1.0)
3 93/113 (82.3) 83 0.2 (0.002-2.0)
4 8/9 (88.9) 8 1.95 (0.6-2.0)
Total 123/270 (45.6) 102

Total doses (total bolus doses only) used in C2 and C3 reactions were high at 0.125 mg (range 0.03-1.0
mg) and 0.2 mg (range 0.002-2.0 mg), respectively, compared with current recommendations to start with
doses of 0.01-0.05 mg and titrate to response.'”' In some cases the relatively high total doses were due to
repeated need for bolus injection, but in many cases only a single injection of 0.1-0.5 mg was
administered.

Route of administration was primarily intravenous for C3 and C4 reactions where 94% of patients
received intravenous adrenaline.

In 33 out of 123 cases (26.8%) across all four reaction classes antihistamine and steroid treatment were
given before treatment with adrenaline. For C3 and C4 reactions only, a total of 17 out of 101 patients
(16.8%) with hypotension were treated with antihistamine and steroid before treatment with adrenaline.
In most C3 reactions other vasoactive drugs such as ephedrine and phenylephrine were first line

treatment, except in 22 cases (23.7%) where adrenaline was the first vasoactive drug administered.

Median time from onset of reported hypotension to treatment with adrenaline was 10 minutes (range 1-70
minutes). Defining adrenaline treatment < 10 minutes as early, and > 10 minutes as late, and using the
need for subsequent infusion of adrenaline as a parameter for a protracted reaction, we found that infusion
was needed in 12 of 60 patients (20%) treated early vs. 12 of 35 patients (34.2%) treated late (OR 2.087;
95% CI1 0.814-5.353). Thus this finding did not reach statistical significance, probably due to the small
number of patients studied or to the chosen cut-off of 10 minutes.

There was no significant difference in distribution of age and gender in groups treated early and late. A
serum tryptase was taken in 70 of 95 cases (73.7%) and median serum tryptase was 16.45 pg/l (IQ range
5.84-32.75) in patients treated early vs 16.1png/l (IQ range 4.83-25.6) in patients treated late (p=0.72).
This may suggest that serum tryptase is related to initial severity of the reaction, but not to the prolonged

inflammatory response associated with prolonged reactions.

As far as we are aware no other studies have looked at the timing of the use of adrenaline in anaphylaxis

during anaesthesia. Some relevant information may be extracted from a recent closed claims study from
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the UK.”® In this study 31 allergic reactions to drugs were reported. In 20/31 cases a drug was given
despite known allergy — and no deaths or sequelae occurred in this group. The remaining 11 cases were
caused by unexpected anaphylaxis from an unknown allergen and in this group 5 deaths and 4 cardiac
arrests occurred, of which two resulted in severe neurological damage. One could speculate that when a
drug is given despite a known allergy it is either an oversight or a conscious decision on part of the
anaesthesiologist. In both cases a rapid diagnosis of anaphylaxis may be made due to a high index of
suspicion and treatment will be initiated promptly. The fact that there were no deaths or long-term
sequelae in that group, supports this notion. On the other hand unexpected anaphylaxis, especially during
anaesthesia, may be difficult to diagnose and the delay in diagnosis and treatment might be speculated to
be the cause of the poorer outcome in this group. The findings of study IV could indicate that delayed
treatment with adrenaline may lead to protracted reactions requiring prolonged treatment with adrenaline.
We chose to allow 10 minutes for the diagnosis to be made and for treatment to be initiated. With a 10
minute cut-off the risk of needing intravenous infusion of adrenaline was doubled in the group treated
later than 10 minutes after circulatory symptoms appeared. However, this did not reach statistical
significance and larger studies would be needed to confirm this finding.

We are aware of only one case of long term neurological damage in patients referred to DAAC. Deaths in
connection with anaphylaxis would not be referred to DAAC for obvious reasons, and we have not
received information on any cases of death from anaphylaxis during anaesthesia in the period 1999-2009.
In addition a closed claims study analysing deaths related to anaesthesia in the period 1996-2004 in
Denmark did not identify any cases of suspected perioperative anaphylaxis leading to a claim in the
patient insurance association.”’

Findings of study IV are generally encouraging as anaphylaxis is diagnosed and treated within 10
minutes in 2/3 of cases and because intravenous adrenaline is used in the vast majority of cases. However,
there is still some room for improvement and continued education, perhaps ideally in a simulated setting,
on the diagnosis and correct treatment of anaphylaxis is an important factor in ensuring continued

improvement.

As the diagnosis of anaphylaxis is difficult to make during anaesthesia, we suggest that anaphylaxis
should be considered in cases of circulatory instability, not responding to the usual maneouvres such as
ephedrine, phenylephrine, fluid administration and elevation of the patients legs within a maximum of 10
minutes. If no other obvious cause is present and anaphylaxis cannot be ruled out, the treatment should be
intravenous adrenaline starting at 0.01 mg and titrating to effect. As adrenaline is a life saving, but also

3113 211 anaesthetists should be trained in the

extremely potent drug with potentially lethal side effects
correct dilution of and administration of adrenaline. It should be the aim to administer the minimum

effective dose to decrease the risk of side effects from overdose. In Denmark the standard strength of
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adrenaline for adults is 1mg/ml and the only time this should be used undiluted is during cardiac arrest or
severe circulatory collapse. In all other cases dilution to a 0.05 mg/ml or 0.01 mg/ml solution should be
performed. However during a stressful emergency situation, and especially in inexperienced hands, this
may be difficult to carry out correctly and the risk of error is present.''® Therefore intravenous
administration of adrenaline should be reserved for treatment of monitored patients by specially trained
personnel such as anaesthesiologist/intensivists and doctors in emergency departments. In some countries
a weaker solution of 0.1 mg/ml adrenaline is available for emergencies other than cardiac arrest and it
could be argued that this would decrease the risk of serious side effects from too high doses of adrenaline

during treatment of anaphylaxis.
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Conclusions and future perspectives

Chlorhexidine as an allergen

Results from this thesis has helped prove that chlorhexidine allergy is IgE mediated and has shown that
chlorhexidine is the single most common cause of allergic reactions during anaesthesia in Denmark.
Many issues remain to be clarified in further studies - among these the potential risk of sensitisation to
chlorhexidine in health care workers. As prevalence is likely to be low the study could be undertaken in a
subpopulation with allergic symptoms.

Also further studies of IgE to chlorhexidine, even at levels below 0.35 kUA/I (keeping in mind the need
for a total IgE measurement), correlated to exposure and clinical symptoms in patients, health care
workers and atopics from other countries would help elucidate potential differences in exposure and
sensitisation in different populations.

Further studies of serial samples of specific IgE to chlorhexidine in patients with verified allergy to
chlorhexidine could further explore the dynamics of variation in IgE with exposure and perhaps
correlation with IgG/IgG4 levels as an indicator for exposure in non-allergic patients.

Lastly, a questionnaire study in patients with verified allergy to chlorhexidine may shed a light on

potential modes of sensitisation.

Serum tryptase

The studies on serum tryptase in this thesis have shown, that the intraindividual variation in serum
tryptase is very small in the absence of allergic signs and symptoms, but that a small dilutional decrease is
seen in connection with surgery and anaesthesia. In the population of patients with suspected allergic
reactions during anaesthesia studied here the sensitivity and specificity for serum tryptase as a marker for
anaphylaxis was highest when using the intraindividual difference between tryptase taken at time of
reaction and patients own basal level. When using an absolute value the recommended 11.4 ug/l yielded
the highest sensitivity and specificity.

We also found a statistically significant increase in basal level serum tryptase with increasing age in
patients with suspected allergic reactions during anaesthesia, but not in patients undergoing elective
orthopaedic surgery.

Lastly, an elevated basal level serum tryptase increased the risk of severe reactions in patients with
suspected allergic reactions during anaesthesia.

These conclusions lead to following ideas for further studies:

The relevance of elevated serum tryptase in DAAC patients could be further explored by a follow-up

study of patients with elevated basal level serum tryptase to monitor development in serum tryptase,
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question about symptoms and signs of mastocytosis’/haematological disease and other relevant co-
morbidity.

Large population studies of serum tryptase could give more precise indications of differences related to
age, gender and different disease categories.

The use of basal level serum tryptase as a potential marker for changed activity in ischaemic heart disease
and aortic aneurysms could be further explored in populations of patients with stable/unstable coronary

artery disease and aortic aneurysms.

Treatment with adrenaline

Data from our records of the use of adrenaline in the treatment of anaphylaxis during anaesthesia in
Denmark has shown, that there is some room for improvement regarding the timing and dosing of
adrenaline. Also, our results indicate that treatment with adrenaline initiated later than 10 minutes after
onset of hypotension seems to increase the risk of needing intravenous infusion of adrenaline to stabilise
the patient.

Larger studies of the timing of treatment with adrenaline would be needed to explore this further and
confirm the findings of our study.

Further and continued education on the diagnosis and treatment of anaphylaxis during anaesthesia is
needed in order to ensure the safe, correct and prompt treatment. Teaching on anaphylaxis is integrated in
the late stages of specialist training in anaesthesiology in Denmark, and it may be interesting to assess the
effect of training in anaphylaxis management in a full-scale simulator before, and at different time
intervals after training. The hypothesis is, that like with other rarely occuring emergencies, only a limited

amount of information is retained over time and therefore regular training may be needed.
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Appendix 1

Fig. 1 Investigation programme
for patients with anaphylactoid
reactions in anaesthesia

(from Garvey LH et. al. Acta
Anaesthesiol Scand 2001;
45:1290-94)
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Appendix 2

Fig. 2 Investigation protocol
for patients with suspected
allergic reactions during
anaesthesia

Suspected allergic reaction

1

Serum tryptase 1-4 hours after reaction

L

DAAC Investigation protocol 2004 -

Detailed referral including history of reaction
previous anaesthetics, known allergies,

drug history and relevant medical history
Written consent to exchange clinical
information and storage of serum
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Close monitoring
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Full resuscitation
back-up available
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-
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IgE-mediated allergy to chlorhexidine

Lene Heise Garvey, MD,? Mogens Kraigaard, MD,? Lars K. Poulsen, DMSc,? Per Stahl
Skov, PhD,° Holger Mosbech, DMSc,*® Lennart Venemalm, PhD,? Fredrik Degerbeck,
MSc,® and Bent Husum, DMSc? Copenhagen, Denmark, and Uppsala, Sweden

Background: Investigations at the Danish Anesthesia Allergy
Centre have included testing for allergy to chlorhexidine since
1999.

Objective: To investigate whether measurement of IgE and
histamine release confirm an IgE-mediated mechanism for
chlorhexidine allergy.

Methods: Twenty-two patients with clinical history suggestive
of chlorhexidine allergy were included. Skin tests with
chlorhexidine and tryptase measurements were performed
during initial investigations. Sera were analyzed retrospectively
for IgE and histamine release (passive sensitization) to
chlorhexidine.

Results: Twelve patients were skin test positive and 10 were
skin test negative. Of the skin test—positive patients, 11 of 12
had IgE to chlorhexidine and 7 of 11 had a positive histamine
release test. None of the skin test-negative patients had specific
IgE or positive histamine release to chlorhexidine. Skin test—
positive patients had higher median age (64 vs 49 y) and were
mainly male (11/12 vs 6/10). In both groups, 8 patients had
hypotension, but bronchospasm mainly appeared in skin test—
negative patients (1/12 vs 6/10). Reactions occurred more often
during urologic surgery in skin test—positive patients (5/12 vs
0/10). Baseline tryptase was higher in skin test—positive patients
(median, 11.5 vs 3.7 ng/L), and 6 of 7 patients had elevated IgE
to chlorhexidine in serum at the time of reaction.

Conclusion: This study confirms that chlorhexidine allergy is
IgE-mediated and that measurement of specific IgE and
histamine release are good adjuncts to skin testing in patients
with clinical history suggesting chlorhexidine allergy.

Clinical implications: IgE and histamine release can be used to
support the diagnosis of allergy to chlorhexidine. (J Allergy
Clin Immunol 2007;120:409-15.)

Key words: Chlorhexidine, anaphylaxis, allergy, specific IgE, skin
prick testing, intradermal testing, histamine release, anesthesia,
drug allergy
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The Danish Anaesthesia Allergy Centre (DAAC) has
systematically investigated patients with suspected ana-
phylaxis during anesthesia since 1999. Patients are referred
from all of Denmark and undergo standardized investiga-
tions with all drugs and substances they were exposed to
during surgery and anaesthesia.' In Denmark, all patients
are in contact with latex and chlorhexidine during surgery
and anesthesia (unless allergy is suspected), and all patients
referred to the DAAC are thus tested with these substances.
Allergy to latex is thoroughly described in the literature,
but allergy to chlorhexidine is less well known. Chlorhex-
idine digluconate is a disinfectant widely used in patients’
homes and during contact with health services in Denmark
and other countries. In the home, it is found in products
such as mouthwash, toothpaste, plasters and dressings,
ointments, and suppositories, and it is available as an
over-the-counter solution for disinfection of minor cuts
and wounds. In the health services, it is used in swabs for
disinfection before venepuncture and intravenous cannula-
tion. Itis the standard skin disinfectant used before invasive
procedures such as epidural/spinal anesthesia and before
surgical incision. It is also found in a number of lubricant
gels used in urinary catheterization and vaginal and rectal
examination. Chlorhexidine diacetate is used as a preserva-
tive in products such as antacid preparations, contact lens
fluid, and cosmetics and has also been used in commercial
food handling. Exposure to chlorhexidine is thus extensive,
but the incidence of allergy to chlorhexidine is largely
unknown. Reactions to chlorhexidine have been reported
in patients from all over the world since 19627 and range
from contact dermatitis to anaphylactic shock with cardiac
arrest.” Our group has previously published 4 cases of chlo-
rhexidine allergy in association with anesthesia.* Skin test-
ing has been the main diagnostic tool in chlorhexidine
allergy,l’5 and positive reactions suggest an IgE-mediated
mechanism. This has been suggested previously, but only
on the basis of single patients® or small groups of pa-
tients.””” In this study, we investigate whether measure-
ment of specific IgE and histamine release (HR) can
confirm an IgE-mediated mechanism for allergy to
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1-[N°-(p-chlorophenyl)biguanido]-6-aminohexane

FIG 1. Molecular structure of chlorhexidine and the monovalent
antigen used for binding IgE antibodies to the chlorhexidine
ImmunoCAP.

chlorhexidine. In addition, we discuss the characteristics of
patients with allergy to chlorhexidine.

METHODS

Patients

From 1999 to 2005, a total of 174 patients were investigated at the
DAAC because of suspected allergic reactions in connection with
anesthesia and surgery. All underwent standardized skin testing with
all drugs and substances to which they had been exposed, including
latex and chlorhexidine digluconate, before the suspected allergic
reaction. Most patients had a serum tryptase sample drawn within the
recommended interval of 1 to 4 hours after the allergic reaction, and
all patients had a baseline tryptase sample drawn at a time when no
allergic symptoms were present, typically 4 to 6 weeks after the
reaction.

Twelve patients had a positive skin test result with chlorhexidine
digluconate, and the remaining 162 patients tested negative. At the
time of referral, allergy to chlorhexidine had been strongly suspected
in the 12 skin test—positive patients and in 10 of the 162 skin test—
negative patients because of the clinical picture at the time of reaction.
These 22 patients were then retrospectively included in this study on
the basis of one or both of the following criteria: (1) history of
repeated allergic reactions in connection with anesthesia and/or
surgical procedures and (2) allergic reaction occurring >10 minutes
after induction of anesthesia, at the end of surgery, or postoperatively.
At the time of skin testing, all patients had consented to storage of
serum samples for future allergologic analysis.

Both measurement of IgE for chlorhexidine (ImmunoCAP;
Phadia AB, Uppsala, Sweden) and HR-test (Reflab, Copenhagen,
Denmark) have since 2005 been part of the standard investigations
performed on all patients in the DAAC. Because IgE for chlorhex-
idine was made available only in early 2005, it was, for the purposes
of this study, measured retrospectively, together with HR, on sera
taken in connection with initial investigations at the DAAC.

For a number of patients, sera from several dates were available,
all were analyzed, and the results from the serum sample drawn
closest to the allergic reaction was used, except when looking at
changes in chlorhexidine IgE over time.

Specific IgE against chlorhexidine

The chlorhexidine ImmunoCAP was prepared by covalent cou-
pling of 1-[N°-(p-chlorophenyl)biguanido]-6-aminohexane'® to the
cyanogen bromide-activated cellulose sponge. 1-[N°~(p-chlorophe-
nyl)biguanido]-6-aminohexane represents %2 of the symmetrical biva-
lent chlorhexidine molecule (Fig 1) and contains a primary amino
group that facilitates immobilization to the solid phase.

IgE antibodies in sera from patients with suspected allergy to
chlorhexidine were measured with InmunoCAP 100 according to the
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directions for use (Phadia AB). A positive result was defined as a
value greater than or equal to 0.35 kUA/L.

The specificity of binding of IgE antibodies to the chlorhexidine
ImmunoCAP was demonstrated by inhibition experiments. Varying
concentrations of chlorhexidine digluconate were added to patient
serum, and a 50% inhibition of the assay response was achieved at a
chlorhexidine concentration of 0.3 wmol/L. An immunologically unre-
lated substance, chloramine T, gave no inhibition even at 44 mmol/L.

Chlorhexidine-induced HR

Histamine release to chlorhexidine was measured after passive
sensitization of IgE stripped basophils with patients’ sera. Buffy coat
blood samples (from the blood bank) were used for the sensitization.
Cells were screened and selected for the capability to elicit an anti-IgE
response (HR > 30%) but with no HR reactivity toward 10 common
inhalant allergens and 10 food allergens and no response to
chlorhexidine. Sensitization of stripped basophils was performed as
described previously.'' Peripheral blood mononuclear cells (PBMCs)
from the selected buffy coat were isolated by Lymphoprep gradient
centrifugation (Nycomed, Oslo, Norway) and contained 1% to 2% ba-
sophils. Cell-bound IgE was removed by washing the PBMCs in a
phosphate buffer (pH 3.55). Stripped basophils were then sensitized
with patient sera and serum from a healthy nonallergic control. The
passively sensitized cells were incubated with chlorhexidine digluco-
nate in the following 6 final concentrations: 0.005%, 0.0014%,
0.0005%, 0.00014%, 0.00005%, and 0.000014%. HR was deter-
mined by the glass fiber method (HR-test) according to the manufac-
turer’s standard procedure.'? Results were expressed in percentage of
total cellular histamine content, and a HR > 10% was considered a
positive response. HR responses were classified according to the low-
est sample dilution inducing > 10% HR. This classification implies
that cells responding to the lowest concentration is a class 6 reaction
and cells only responding to the highest concentration is a class 1 re-
action. No reaction to any dilution is a class 0 reaction. Chlorhexidine
in concentrations above 0.005% induced unspecific HR in healthy
controls, and these concentrations were therefore not applied.

Skin testing

Skin testing was performed during initial investigations in the
DAAC following a standardized investigation program. Skin testing
was performed with chlorhexidine digluconate, because this is more
widely used than chlorhexidine diacetate. A prick test with chlor-
hexidine digluconate was performed in all cases and intradermal test
(IDT) was, in the first patients, only performed if the prick test result
was negative. Prick tests were performed on the forearm with
chlorhexidine digluconate 0.5%, a normal saline negative control,
and a histamine positive control (Soluprick histamine 10 mg/mL;
ALK-Abell6, Hgrsholm, Denmark). Development of a wheal greater
than !4 the diameter of the wheal of the positive control, in the
presence of a negative reaction to the saline control, was considered
positive.'? In practice, this usually meant a wheal diameter of 3 mm
or greater.

Intradermal test with chlorhexidine digluconate 0.0002% was
performed on the back or forearm with a normal saline negative
control. IDT was considered positive if a wheal greater than or equal to
twice the diameter of the induced bleb developed, with surrounding
flare."? In practice, the diameter of the bleb induced was usually 4 mm,
and thus, positive tests usually had a wheal diameter of § mm or greater.

Concentrations used for skin testing are based on a large number of
negative controls. We have > 800 negative controls to prick test with
0.5% chlorhexidine gluconate and > 300 negative controls to IDT
with 0.0002% chlorhexidine gluconate (DAAC, unpublished data,
January 2007).
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Statistics

Data were analyzed for statistical significance using the Student
unpaired 7 test. Probability values of < .05 were considered statisti-
cally significant.

RESULTS
Results of initial investigations at the DAAC

Twenty-two patients were included in this study on the
strong clinical suspicion of allergy to chlorhexidine
because of repeated or delayed reactions, and results of
their initial investigations at the DAAC are shown in Table
L. Skin test results for chlorhexidine (prick test or IDT or
both) were positive in 12 patients (STP) and negative in
10 patients (STN). Ten of 12 in the STP group were pos-
itive in prick test, and 6 of 7 presented a positive IDT. Two
patients who had a negative prick test had a positive IDT.

Five patients in the STN group tested positive to other
substances such as latex, penicillin, mivacurium, and
pancuronium, and 5 tested negative to all substances.
Ten patients in the STP group tested negative to all
substances other than chlorhexidine, and 2 had additional
positive test results to morphine and penicillin (Table II).
Both patients had repeated reactions on exposure to chlo-
rhexidine without exposure to the other allergen.

Serum samples were analyzed for tryptase during initial
investigations at the DAAC (Table I). Samples were taken
at the time of reaction in 8 of 12 in the STP group, median
32.8 pg/L (range, 11.3-155 pg/L), and in 7 of 10 patients
in the STN group, median 33.8 pg/L (range, 3.8-65.1 g/
L; P = .41). All patients had a baseline tryptase sample
taken at a time with no allergic symptoms, and the median
values were 11.5 ng/L (range, 3.79-42.3 pg/L) and 3.7
pg/L (range, 1.57-22.1 wg/L) for the STP group and the
STN group, respectively (P = .07; Fig 2).

Results of specific IgE against chlorhexidine
and HR-test

Specific IgE for chlorhexidine was positive in 11 of 12
in the STP group (Fig 3), and HR-test was positive in 7 of
11 in the STP group (Fig 4). One patient did not have a
HR-test because of lack of serum. Ten of 10 patients in
the STN group had negative specific IgE and HR-test for
chlorhexidine, giving a specificity of 100% for both tests
in this study. A further 80 patients investigated at the
DAAC in 2005 to 2006 with negative skin test results
for chlorhexidine digluconate had negative IgE for chlo-
rhexidine, confirming the high specificity of this tests
(DAAC, unpublished data, January 2007).

When serial samples were drawn, a decline in IgE levels
and HR over time could be demonstrated, and in 1 patient,
the rate of decline was seen to be almost identical in the 2
tests (Fig 5, A). Median time from reaction to IgE sampling
(most distant sample) was 3 months (range, 0.5-7 months)
in the STN group versus 4.75 months (range, 0.4-24.5
months) in the STP group.

Initial level and rate of decline of IgE showed great
variability between patients, and IgE levels were raised in
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TABLE I. Initial investigations at the DAAC

Skin testing Tryptase pg/L
Patient no. SPT IDT At baseline At reaction
STP patients
P1 pos ND 18.8 ND
P2 pos ND 14.1 155
P3 neg pos 18.9 ND
P4 pos pos 29.4 34.1
P5 neg pos 6.51 ND
P6 pos ND 6.26 11.3
P7 pos ND 3.79 ND
P8 pos pos 7.57 58.1
P9 pos pos 4.4 23.5
P10 pos ND 11.6 21.7
P11 pos neg 11.4 52.1
P12 pos pos 423 31.4
STN patients
Cl neg neg 2.93 30.8
C2 neg neg 5.55 46
C3 neg neg 9.25 10.7
C4 neg neg 1.57 33.8
C5 neg neg 4.11 3.8
C6 neg neg 3.34 36.8
C7 neg neg 22.1 65.1
C8 neg neg 1.99 ND
Cc9 neg neg 3.18 ND
C10 neg neg 13.6 ND

ND, Not done; neg, negative; pos, positive; SPT, skin prick test.

the sample taken at the time of the reaction in 6 of 7 cases
with levels varying between 0.39 and 93.9 kU »/L (Fig 5, B).

Patients and clinical features

Details about patients and clinical features of reactions
can be seen in Table II. There appeared to be more males in
the STP group than in the STN group, 11 of 12 versus 6 of
10, but this difference was not statistically significant.
Median age was higher in the STP group (64 vs 49 y;
P = .03), and there was no difference in IgE to inhalant al-
lergens (Phadiatop; Phadia AB) with 3 of 12 patients in the
STP group versus 5 of 9 in the STN group. One patient in
the STN group was not tested because of lack of serum.

The severity of reactions was similar with 9 of 12 and 8
of 10 having severe anaphylaxis in the 2 groups, respec-
tively, but symptoms varied. In both groups, 8 patients had
hypotension during the reaction, whereas bronchospasm
was present in only 1 of 12 in the STP group versus 6 of 10
in the STN group (P = .008). Allergic reactions occurred
during urologic surgery or procedures in 5 of 12 patients in
the STP group versus 0 of 10 in the STN group (P = .02).

DISCUSSION

This study confirms an IgE-mediated mechanism of
allergy to chlorhexidine in 12 patients, the largest group of
patients reported so far. We have retrospectively analyzed
serum samples from patients with allergic reactions during
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TABLE Il. Patients and clinical features
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Reaction Operation Phadiatop
Sex Age (y) Class* Symptoms Type of surgery Class Additional allergen
STP patients
M 85 2 H, T, F/U Prostate resection 0 Other tests negative
M 51 3 H, B Cystectomy 0 Other tests negative
M 70 3+ CA, F/U Cystoscopy 0 Penicillin
M 62 3 H, T, F/U Hemicolectomy 4 Other tests negative
F 54 1 F/U, 1 Hysterectomy 0 Other tests negative
M 39 3 H, D, F/U Melanoma resection 2 Morphine
M 66 3 H, F/U Prostate resection 0 Other tests negative
M 59 3+ B, CA, F/U, E Laparotomy 0 Other tests negative
M 55 3 H, T, F/U Skin cancer resection 0 Other tests negative
M 73 3 H, B Bladder resection 0 Other tests negative
M 78 3 H, BR, I Peripheral bypass 1 Other tests negative
M 72 2 FU,L E Saphenous vein varices 0 Other tests negative
STN patients
F 46 3+ H, B, BR, A Appendectomy 4 Mivacurium, pancuronium
M 56 3 H, F/U Heart surgery 0 Swan Ganz catheter
M 48 3 H, T, F/U, BR Heart surgery 3 Latex, penicillin
M 66 3 H, T, BR Aortic aneurysm repair 4 Latex
F 46 3 H, B Breast reconstruction 3 All tests negative
M 49 3 H, BR Sigmoid resection 0 All tests negative
M 18 3 H, T, F/U, E Laparotomy 2 Latex
M 59 2 A Vascular surgery 0 All tests negative
F 18 1 F/U,LLE Laparoscopy 0 All tests negative
F 76 3 H, B, BR Rectum resection ND All tests negative

*Class 1, mild reactions resolving spontaneously; class 2, moderate reactions; class 3, severe reactions with prolonged treatment; class 3+, cardiac arrest.
A, Angioedema; B, bradycardia; BR, bronchospasm; CA, cardiac arrest; D, desaturation; E, edema; F, female; F/U, flushing/urticaria; H, hypotension; /, itching;

M, male; T, tachycardia.
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FIG 2. Plasma tryptase baseline values for patients with positive
(STP) and negative (STN) skin test results for chlorhexidine.

anesthesia and surgery and examined the quality of the
specific IgE analysis and the HR-test (passive sensitiza-
tion) in 12 patients with chlorhexidine allergy verified by
positive skin test results. We also analyzed serum samples
from 10 patients with similar clinical presentation, but
with negative skin test results to chlorhexidine, disproving
allergy to chlorhexidine. There were no positive IgE or
HR-test results in the STN group, and the specificity in this
study was thus 100% for both tests. The apparently lower
sensitivity of HR compared with IgE may be a result of 2

factors: (1) HR induced by chlorhexidine on passively
sensitized basophils may have a reduced sensitivity com-
pared with HR from the patient’s own basophils, and (2)
because of unspecific HR in concentrations above 0.005%
of chlorhexidine, we were unable to test these higher
concentrations, which might mean that patients with low
sensitivity to chlorhexidine will have negative HR.

IgE values at the time of the reaction showed great
individual variation, and levels showed decline over time
with varying rate, not related to initial IgE level or severity
of reaction. The recommended interval for sampling IgE
is within 6 months of the reaction, and median times for
IgE sampling in our study were within this time interval
for both the STP and the STN group. A recent study of
IgE to chlorhexidine measured by a prototype of the
ImmunoCAP in patients with positive prick test results to
chlorhexidine digluconate had a lower yield of positive
IgE tests, but sera were taken an average of 29 months
after the reaction.'* A decline in the IgE antibody response
to chlorhexidine has previously been measured in 1 pa-
tient,” and the same has been described for other allergens
such as penicillin'® and insect venom.'® In this study, se-
rial analyses for both IgE and HR in 1 patient showed an
almost identical decline over time (Fig 5, A). Another pa-
tient, who was re-exposed to chlorhexidine several times
before referral to the DAAC, maintained an IgE level
above normal, not showing the gradual decline seen in
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Specific IgE (ImmunoCAP) to chlorhexidine

100
10
=
C
2
-
1
g Negative

100 1 A

A

10 A A

e A
=)

2 A

1 A

A

3

Negative A

STP

STN

FIG 3. Results of specific IgE (ImmunoCAP) to chlorhexidine for patients with positive (STP) and negative
(STN) skin test results for chlorhexidine. Values < 0.35 KU4/L are negative.

other patients, presumably because of continued stimula-
tion of IgE production (patient 9; Fig 5, B).

Previous studies have looked at the mechanism of
chlorhexidine allergy, trying to elucidate what consti-
tutes the allergen.®®'"'® Chlorhexidine has a molecular
weight of 505 d and is a symmetrical bis-biguanide with
p-chlorophenyl end-groups, causing some authors to
suggest that the entire chlorhexidine molecule consti-
tutes the allergen.®'® The symmetrical structure of the
chlorhexidine molecule (Fig 1) makes it possible, how-
ever, that the chlorguanide sites on both ends of the
molecule could constitute allergenic sites by themselves,
and inhibition studies suggest this.®> Some authors spec-
ulate that the allergenic determinants could show struc-
tural heterogeneity, as is the case with antibiotics, for
example.6

This could have implications for how sensitization to
chlorhexidine occurs and what degree of exposure is
needed for sensitization to occur. One group looked at
induction of IgG antibodies to chlorhexidine in mice'® and
later found that IgG antibodies were present in both
Japanese and British nurses.” They concluded that these
antibodies had no clinical relevance and that the incidence
of chlorhexidine allergy was decreasing. No work has
been published in this area since.

In Denmark, chlorhexidine allergy constitutes a small
but serious problem, especially in certain patient groups,
and further studies are needed to try to elucidate the
mechanisms of sensitization.

Since 1999 when we first suspected anaphylaxis to
chlorhexidine in a patient, we have noticed, from own
experiences and from the literature, that there are several
features characterizing this patient group. These findings
have become clearer in this study and may help identify
high-risk patients and prevent future reactions to
chlorhexidine.

It appears that most patients with allergy to chlorhexidine
are males, and only few have atopy as defined by positive
IgE to inhalational allergens (Phadiatop), but these findings

HR Class
in response to chlorhexidine
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FIG 4. Results of HR-tests for patients with positive (STP) and neg-
ative (STN) skin test results for chlorhexidine.

were not statistically significant in this study. Median age,
however, was higher in chlorhexidine-positive patients, and
this finding was statistically significant.

On direct questioning, most chlorhexidine-positive pa-
tients have had previous mild reactions on exposure to
chlorhexidine such as rash, swelling, itching, or generalized
exanthema, and this has also been reported previously.zo'23
It has been reported that delayed-type hypersensitivity reac-
tions and immediate-type reactions can be seen in the same
patient.***?° This supports the need for investigation of pa-
tients with mild reactions on exposure to chlorhexidine to
prevent future severe reactions.

In this study, severity of reactions was similar in the 2
groups, but symptoms varied, with hypotension occurring
in most patients in both groups, whereas bronchospasm
mainly occurred in the STN group. This was statistically
significant, and the reasons for this finding are not clear.

Nearly half of reactions occurred during urologic
surgery or procedures in the STP group, whereas this
type of surgery did not feature in the STN group. This
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FIG 5. A, Specific IgE and HR values over time for patient with positive skin test results to chlorhexidine.
B, Specific IgE values over time for patients (Pt) with positive skin test results to chlorhexidine.

finding was also statistically significant. During urologic
procedures, exposure to chlorhexidine is on the urethral
and bladder mucosa, which seems to be a very efficient
way for the allergen to enter the bloodstream. Heinemann
et al’ reviewed the literature on anaphylactic reactions to
chlorhexidine in 2002 and found that 21 out of 66 cases
identified were caused by exposure via the urethral route.
Reactions occurred through several different routes of
exposure, but the urethral route was most common.
Concentration of tryptase at the time of reaction was
similar in the 2 groups, but baseline tryptase values (taken
when there was no allergic activity) appeared higher in the
STP group than in the STN group. However, this differ-
ence was not statistically significant in this study (P = .07).
If a difference did exist, there could be several explana-
tions. In insect venom allergy, it has been suggested that
baseline levels of tryptase may predict severity of the clin-
ical response, especially severe hypotensive episodes.”®
Elevated baseline tryptase levels have also been suggested
to be an indicator of low-grade inflammation as a marker

for coronary artery disease,”’ and finally, our group has
previously noted that baseline tryptase may increase with
increasing age.' In this study, it may be a combination of
all 3 factors, and further studies are needed in this area.

In conclusion, IgE testing and the HR-test are good
adjuncts to skin testing and clinical history when diag-
nosing allergy to chlorhexidine. No single test has 100%
sensitivity, and we therefore recommend a combination of
several test modalities in combination with clinical history
to achieve the highest possible sensitivity. The findings
indicate that sampling time is critical, because IgE levels
decline over time. Samples should probably be taken
within 6 months of the reaction, or even earlier, and
because IgE levels are already increased at the time of
reaction, sampling could take place at this time. Analysis
of IgE to chlorhexidine could thus be performed on the
sample taken for tryptase analysis 1 to 4 hours after the
reaction. Further studies with serial samples from patients
with IgE against chlorhexidine should elucidate the timing
aspect.



J ALLERGY CLIN IMMUNOL
VOLUME 120, NUMBER 2

Allergy to chlorhexidine continues to be rare, but
knowledge about incidence is lacking. Further studies
should be performed to determine incidence and mode of
sensitization of this often overlooked allergy. In addition,
patients and health care workers should be made aware
of chlorhexidine as a potential allergen, and patients who
report reactions, however minor, in connection with
exposure to chlorhexidine should be referred for special-
ized investigation. Last, we recommend that centers
investigating patients with allergic reactions in connection
with surgery and anesthesia routinely include testing with
chlorhexidine because of its widespread use.
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ABSTRACT

Background: Mast cell tryptase is used clinically in the evaluation of
anaphylaxis during anesthesia, because symptoms and signs of
anaphylaxis are often masked by the effect of anesthesia. No larger
studies have examined whether surgery and anesthesia affect serum
tryptase. The aim of this study was to investigate the effect of anes-
thesia and surgery on serum tryptase in the absence of anaphylaxis.
Methods: The study included 120 patients (median age, 54 vyr;
range, 19-94 yr) undergoing elective orthopedic surgery in general
anesthesia. Exclusion criteria were allergic reactions during this or
previous anesthesia, hematologic disease, or high-dose corticoste-
roid treatment. Blood samples for tryptase analysis (ImmunoCAP®;
Phadia, Uppsala, Sweden) were drawn shortly before anesthesia
and after anesthesia and surgery.

Results: Median duration of anesthesia was 105 min (range, 44—
263 min). Median interval between blood samples was 139 min
(range, 39-370 min). Mean tryptase before surgery was 5.01 g/l
with a mean decrease of 0.55 ug/l (P < 0.0001; 95% ClI, 0.3-0.8)
postoperatively. All patients received intravenous fluid (median value
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750 ml; range, 200—-2000 ml) perioperatively. There was no signifi-
cant effect of gender, age, American Society of Anesthesiologist’'s
physical status classification, or self-reported allergy on serum
tryptase.

Conclusions: Serum tryptase shows small intraindividual variation
in the absence of anaphylaxis. A small decrease was observed post-
operatively, likely due to dilution by intravenous fluid. On suspected
anaphylaxis during anesthesia, tryptase values, even within the nor-
mal reference interval, should, when possible, be compared with the
patient’s own basal level taken more than 24 h after the reaction.

What We Already Know about This Topic

0 Serum tryptase concentrations increase during anaphylaxis
and have been used to confirm suspected anaphylaxis during
anesthesia

[0 Whether anesthesia itself alters serum tryptase concentration
is unknown

What This Article Tells Us That Is New

0 In 120 subjects undergoing elective and uneventful surgery,
there was a slight decrease in serum tryptase concentration,
likely reflecting dilution from intravenous fluids

0 Comparison of serum tryptase concentration within 1-4 hr of
the event and at least 24 hr later can help confirm suspected
anaphylaxis during anesthesia

RYPTASE is a serine protease mainly stored in mast cell

granules. Under normal conditions, serum tryptase con-
sists of protryptase o and 3, which are continuously secreted
into the bloodstream, making up the basal level of serum
tryptase, and this level is believed to be an indicator of the total
number of mast cells in the body." Increased number of mast
cells leading to increased basal levels of serum tryptase can be
seen in hemarologic conditions such as mastocytosis.” Mature 3
tryptase is contained in granules in the mast cell and is released
only during activation and degranulation of the mast cell. Mast
cell degranulation can be triggered by a variety of stimuli, such as
C5a and C3a, neuropeptides, and certain drugs, but most com-
monly occurs when a specific antigen causes cross-linking of
specific IgE molecules bound to the high affinity IgE receptor
on the surface of mast cells.” An increase in serum tryptase is,
therefore, highly suggestive of IgE-mediated mast cell activa-
tion, when seen in connection with signs and symptoms of
:;maphylaxis.4 Such a marker of anaphylaxis has proven to be
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particularly useful in cases where the clinical diagnosis is uncer-
tain, for example, during anesthesia, where symptoms and signs
of anaphylaxis are often masked or mimicked by the effect of
anesthetics and patient comorbidity. The use of serum tryptase
has, thus, been recommended when investigating patients with
suspected anaphylactic reactions during anesthesia,”® and the
current recommendations are to take a sample 1—4 h after the
reaction and compare with a basal level serum tryptase taken
minimum 24 h after the reaction.” In the Danish Anaesthesia
Allergy Centre, serum tryptase has been used routinely since
1999, when investigating patients with suspected allergic reac-
tions during anesthesia. However, the possible effect of anesthe-
sia and surgery per se on serum tryptase has only been partially
elucidated in smaller studies. These indicate that there is no
increase in serum tryptase during coronary bypass surgery using
extracorporeal circulation® or during cardiac defibrillation with
the administration of suxamethonium.” The aim of the current
study was, therefore, to investigate the effect of anesthesia and
surgery per seon serum tryptase concentration and to investigate
the characteristics of basal levels of serum tryptase in a popula-
tion of patients undergoing elective orthopedic surgery.

Materials and Methods

Patients

The study was approved by the Ethical Committee for the
Capital Region, Copenhagen, Denmark, and included 120
patients undergoing elective orthopedic surgery in general
anesthesia. Data storage was approved by the Data Protec-
tion Agency, Copenhagen, Denmark. Eligible patients were
identified from operating lists the day before surgery. On the
morning of scheduled surgery, before the administration of
premedication, patients were included in the study, and the
written informed consent was obtained. Inclusion took place
on a total of 27 days at Bispebjerg Hospital, Copenhagen,
Denmark, and a total of 120 patients were included. Inclu-
sion criteria were as follows: patients aged 18 yr or older and
scheduled elective orthopedic surgery in general anesthesia
with a minimum expected duration of approximately 1 h. To
cover the widest possible age range, it was intended to in-
clude 60 patients in the age group of 18—60 yr and 60
patients older than 60 yr, but this proved not to be possible
because of the design with consecutive inclusion. Exclusion
criteria were as follows: pregnancy, previous allergic reactions
during anesthesia, corticosteroid treatment of more than 2.5
mg daily, and known hematologic disease including masto-
cytosis. Patients developing a suspected allergic reaction dur-
ing anesthesia would also be excluded.

Twelve patients declined to participate in the study for
the following reasons: fear of needles (seven patients), did not
wish to participate (three patients), and did not speak Danish
(two patients). After inclusion, two patients withdrew con-
sent, and in three cases, surgery was cancelled. In these five
cases, subsequent patients were included.

Before anesthesia, the following information was recorded:
allergy status (self-reported allergy), type of orthopedic sur-
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gery, and American Society of Anesthesiologist’s physical sta-
tus classification. During anesthesia, a record was kept of the
length of general anesthesia, all drugs administered, use of
regional anesthesia, fluid administration, blood loss, admin-
istered blood products, and use of inotropes.

Postoperatively, patients and anesthetic charts were exam-
ined for signs of anaphylaxis. None of the 120 patients showed
signs of an allergic reaction during or after anesthesia.

Because serum IgE was not measured for inhalant aller-
gens, atopy was defined as self-reported allergy symptoms on
contact with at least one inhalant allergen (tree/grass pollens,
animal dander, house-dustmite, and ambrosia). Self-re-
ported allergy to other allergens, such as drugs, plaster,
nickel, were classified as other known allergen.

Blood Sampling

Preoperative blood samples for tryptase analysis were drawn
shortly before anesthesia, in most cases, during insertion of the
intravenous cannula. The postoperative blood sample was col-
lected approximately at 1-4 h after anesthesia induction, as
mast cell tryptase increase after anaphylaxis is seen in this time
interval. Blood samples were collected, according to the stan-
dard procedure in our laboratory, as whole blood in plain col-
lection tubes and were transported at room temperature. Sam-
ples were sent to the laboratory for analysis the following
weekday.

Tryptase analysis was performed at the Laboratory for Al-
lergy, Copenhagen University Hospital, Rigshospitalet, Den-
mark, using ImmunoCAP® (Phadia, Uppsala, Sweden) mea-
suring total tryptase in serum, that is, all proforms of « tryptase
and f3 tryptase, and mature B-tryptase. According to the man-
ufacturer’s product information (ImmunoCAP®, Tryptase in
anaphylaxis, 2007), a study of 126 healthy individuals with an
age range of 12—61 yr yielded an upper ninety-fifth percentile
for basal levels of serum tryptase of 11.4 pg/l, and a median
value of 3.8 g/l with a lower detection limit of 1 ug/l. This
forms the basis for the currently recommended normal reference
interval.

Statistical Analysis

Analysis of sample size needed (n = 120) was carried out
using the Altman nomogram.lo From 118 measurements of
baseline values of mast cell tryptase in the Danish Anaesthe-
sia Allergy Centre patients, the SD was calculated to be 5
pg/l. Because there were no previous studies examining dif-
ferences in preoperative and postoperative serum tryptase, we
had no knowledge of the correlation between preoperative
and postoperative values, and thus, the power calculation was
based on unpaired analysis (a conservative procedure). The
clinically relevant difference was determined to be more than
or equal to 3 ug/l, that is, standardized difference 0.6 with
power 0.9 and significance level 0.05.

Serum tryptase levels preoperatively and postoperatively
were compared using paired Student ¢ test. Because tryptase
concentrations did not follow a normal distribution, differ-
ences in serum tryptase levels in groups of patients older than
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Table 1. Characteristics and Median Preoperative Serum Tryptase Values for Elective Orthopedic Surgery

Patients (n = 120)

Serum Tryptase
(ng/l), Median

Patients, n (%) (Interquartile Range) P Value
Age group, yr
< 60 75 (62.5) 4.09 (3.08-5.04) 0.9*
= 60 45 (37.5) 4.04 (2.68-5.47)
Sex
Female 60 (50.0) 4.32 (2.47-6.03) 1.0
Male 60 (50.0) 4.00 (38.19-5.11)
ASA classificationt
| 60 (50.0) 4.02 (2.92-4.89) 0.7%
Il 51 (42.5) 4.09 (2.96-6.41)
1] 9 (7.5) 4.91 (3.88-5.34)
1\ 0 N/A
Self-reported allergy
Yes 43 (35.8) 3.85 (2.97-4.91) 0.6*
No 77 (64.2) 4.30 (2.96-5.64)
Atopy
Yes 21 (17.5) 3.98 (3.52-4.72) 0.5*
No 99 (82.5) 4.14 (2.73-5.64)
Other known allergen
Yes 28 (23.3) 3.87 (2.15-5.38) 0.8*
No 92 (76.7) 4.15 (3.10-5.32)

* Unpaired t test after logarithmic transformation. 1 American Society of Anesthesiologists (ASA) physical status classification. 1 Analysis

of variance after logarithmic transformation.

and younger than 60 yr, between males and females, and in
patients with or without self-reported allergy were compared
using unpaired ¢ test after logarithmic transformation. Asso-
ciation between tryptase values and American Society of An-
esthesiologist’s physical status classification was assessed us-
ing ANOVA after logarithmic transformation. Linear
regression was performed looking for a relation between age
and preoperative levels of serum tryptase after logarithmic
transformation. P values of < 0.05 were considered statisti-

cally significant. All analyses were performed using SAS ver-
sion 9.1 (SAS Institute Inc., Cary, NC).

Results

A total of 120 patients (60 men/60 women; median age 54 yr;
range, 19-94 yr) were included. Median preoperative serum

tryptase values can be seen in table 1. There was no significant
effect of gender, age group, or American Society of Anesthesiol-
ogist’s physical status classification on serum tryptase. Linear
regression showed no correlation between age and preoperative
levels of serum tryptase (» = 0.05, P = 0.6).

A total of 43% of patients reported to have one or more
allergies. Atopy was present in 21% of patients, and 28% had
self-reported allergy to drugs, mostly penicillin (12 patients)
or other allergens, mostly plaster (7 patients). There was no
significant effect of overall self-reported allergy status, atopy,
or other known allergen on serum tryptase.

Variations in serum tryptase, both whole population and
intraindividual variation, can be seen in table 2. Preoperative
tryptase samples were used as a measure for the whole pop-
ulation variation with a median value of 4.07 ug/l (range,

Table 2. Variation in Serum Tryptase during Orthopedic Surgery

Serum Tryptase (u.g/l)
Median

n =120 (Interquartile Range) Mean (SD)
Whole population variation
Preoperative sample* (range, 1.0 to 35.8) 4.07 (2.97 10 5.32) 5.01 (4.52)
Postoperative sample* (range, 1.0 to 31.9) 3.45 (2.67 to0 4.74) 4.46 (3.80)
Intraindividual variation
Postoperative—preoperative samples —0.45 (—0.87 to 0.00) —0.55 (1.39)

(range, 6.7 to —8.0)

Whole population variation and intraindividual variation are shown.

* Paired Student t test, P < 0.0001 (95% CI 0.30-0.80).
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1.00-35.80 ug/l) and an upper ninety-fifth percentile of
13.05 ug/l. Mean value for preoperative samples was 5.01
pg/l, and mean value for postoperative samples was 4.46
pgl/l, giving a statistically significant decrease in serum
tryptase during surgery and anesthesia, mean decrease 0.55
pg/l (P < 0.0001, 95% CI 0.30-0.80).

The SD on the change between preoperative and postop-
erative value was 1.39 ug/L, giving a reference interval of
(—3.33 to 2.23 pg/l), meaning that 95% of patients are
expected to have a change in serum tryptase in the interval
between a decrease of 3.33 g/l and an increase of 2.23 ug/l.

Calculating the difference between postoperative and pre-
operative values after logarithmic transformation, a mean
decrease of 9% (95% CI, 6—-13%) was found. The reference
interval for ratios was (0.59-1.39), meaning that 95% of
patients are expected to have a change in serum tryptase in
the interval between a 41% decrease and a 39% increase.

Only two patients had an increase in serum tryptase of
more than 2.23 pg/l (mean + 2SD) with increases of 2.57
and 6.72 pg/l, respectively. Neither of them showed signs or
symptoms of an allergic reaction nor reported any known
allergies or atopy.

Preoperative serum tryptase values were more than the
manufacturers recommended upper limit of 11.4 ug/lin 7 of
120 (5.8%) of patients (table 3). Four of these patients showed
a decrease in tryptase of more than 3.33 ug/l (mean — 2SD).
There was no statistically significant difference in the age
between patients with serum tryptase more than and less
than 11.4 pg/l.

Median duration of anesthesia was 105 min (range, 44—
263 min), and median interval between blood samples before
and after surgery was 139 min (range, 39370 min). Because
of unexpected surgical delay in four cases, the postoperative
sample was taken before surgery was completed. In all cases,
at least 2 h elapsed between presample and postsample, and
mean difference in tryptase for these four patients was 0.57
pg/l, that is, very close to the overall result. In one case, the
presample was taken more than 15 min after induction, and
only 39 min elapsed between tests, but as pretest and posttest

Table 3. Characteristics for Orthopedic Surgery
Patients with Preoperative Serum Tryptase Values
More than and Less than 11.4 ug/I* (n = 120)

Tryptase Tryptase P
= 11.4 pg/l > 11.4 pg/l Value
Patients, n (%) 113 (94.2) 7 (5.8)
Female, n (%) 55 (92) 5(8)
Male, n (%) 58 (97) 23
Age (yr), 51.5+17.6 61.6 = 19.3 0.15%
mean * SD
Median serum 3.98 14.8

tryptase, ug/l

* Manufacturer’s recommended upper limit for normal serum
tryptase. 1 Unpaired t test for means.
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results were identical (less than 1 ug/l), this was not believed to
affect the overall result. All patients were given intravenous flu-
ids (median, 750 ml; range, 2002000 ml) during surgery.

Discussion

The aim of this study was to investigate the potential effect of
anesthesia and surgery on serum tryptase. To minimize the
possible confounding from type of surgery, we chose to in-
vestigate a population of patients undergoing elective ortho-
pedic surgery in general anesthesia. A recent study of intesti-
nal handling during abdominal surgery showed that mast cell
activation and tryptase release were induced locally in peri-
toneal fluid, although this was not accompanied by an in-
crease in serum tryptase.''

Comparing preoperative and postoperative samples of se-
rum tryptase in a population of patients undergoing elective
orthopedic surgery in general anesthesia, we found a mean
decrease of 0.55 ug/l, and the most likely explanation is a
dilutional effect of intravenous fluid therapy. Studies exam-
ining hemoglobin have found a dilutional effect of crystalloid
fluids in healthy volunteers'* and a small dilutional effect of
general anesthesia, in the absence of fluid administration,
during laparoscopic surgery.'® No such studies have been
performed for serum tryptase, and our study was not de-
signed to examine the potential dilutional effect of intrave-
nous fluids on serum tryptase. Thus, further studies would
have to be undertaken to confirm the mechanism behind the
decrease in serum tryptase.

The decrease observed in our study is statistically signifi-
cant, but it is of minimal clinical importance in daily practice
in the absence of suspected anaphylaxis. If intravenous fluids
had not been administered, an even smaller change in serum
tryptase may have been expected, as reported by Brown ez
al.' who found a mean difference in serum tryptase basal
levels of 0.26 pg/l, when comparing samples taken from the
same individual 14 weeks apart. The authors concluded that
in the absence of anaphylaxis, tryptase values do not vary
more than 2 pg/l in the same individual. Our study shows
that during orthopedic surgery in general anesthesia, in the
absence of anaphylaxis, 95% of patients showed a change
between preoperative and postoperative values of serum
tryptase in the interval between a decrease of 3.33 g/l and
an increase of 2.23 ug/l. Because changes were greater for
higher serum tryptase values, calculations giving a percentage
change might be more precise, and 95% of patients had a
change in serum tryptase in the interval between a 41% de-
crease and a 39% increase. Thus, serum tryptase shows only
small intraindividual variation even in the orthopedic surgi-
cal setting. In cases of clinical suspicion of anaphylaxis during
anesthesia, current recommendations are that a serum
tryptase sample should be taken within 1-4 h of the reaction
and a note should be made of the timing of the sample in
relation to the suspected allergic reaction. Also, this tryptase
concentration should be compared with the patient’s own
basal level of serum tryptase taken at least 24 h after suspected
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anaphylaxis.” A preoperative basal level serum tryptase could
also be used for comparison, but it is rarely available in clin-
ical practice. Our data show that the variation in the whole
population as expressed by SD in preoperative levels of serum
tryptase is much greater than the intraindividual variation
SD 4.52 versus 1.39 ug/l, respectively (table 2).

Because of this small intraindividual variation in serum
tryptase level, clinically relevant increases within the normal
reference range have been reported previously, and this
should be kept in mind when interpreting tryptase val-
ues.">'® Also, in the setting of anaphylaxis, several liters of
fluid may be administered, and the possible dilutional effect
could potentially mask a discrete, but clinically significant
increase in serum tryptase.

Our data show slightly higher tryptase concentrations
compared with data in the manufacturers product informa-
tion (ImmunoCAP® Tryptase in anaphylaxis, 2007), partly
because a population of elective orthopedic surgery patients
is not directly comparable with a population of healthy individ-
uals. However, the age range of 19-94 yr (median 54 yr) in our
population is broader than the age range of 12—61 yr (no me-
dian quoted) in the manufacturer’s healthy individuals.

Preliminary results from the Danish Anaesthesia Allergy
Centre previously suggested that in patients referred for in-
vestigation of allergic reactions during anesthesia, an increase
in basal levels of serum tryptase might be seen with an in-
crease in age.'” In the literature, only two studies of patients
with venom allergy has found an association between increas-
ing age and basal levels of serum tryptase#.'® No literature
could be found on a possible age effect on basal levels of
serum tryptase in patients investigated for drug allergy or
anesthesia allergy.

In this study, samples taken preoperatively, before any
intervention on the patient, are used as a measure for basal
levels of serum tryptase in this patient population. Looking at
these samples, there was no significant effect of gender, age
group (less than or more than 60 yr), or American Society of
Anesthesiologist’s group on mean serum tryptase level. In
addition, linear regression showed no correlation between
age and preoperative levels of serum tryptase. A possible re-
lation between age and serum tryptase could, thus, not be
found in this population of elective orthopedic surgery pa-
tients, and studies of patients with suspected allergic reac-
tions during anesthesia would be needed to further elucidate
this.

We found no statistically significant association between
self-reported allergy or atopy and preoperative levels of serum
tryptase. Previous studies have shown no association between
basal levels of serum tryptase and atopy.'® In our study, only
two patients showed an increase in serum tryptase level more

# Guenova E, Herberts T, Hoetzenecker W, Genova S, Burow G,
Mitev V, Biedermann T: Basal serum tryptase and age as crucial risk
factors for severe hymenoptera sting reactions. Abstract from the
XXVII Congress of the European Academy of Allergology and Clin-
ical Immunology. Barcelona, Spain, June 7-11, 2008.
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than 2.23 ug/l (mean + 2SD), and neither reported any
known allergy or atopy. The increase in serum tryptase level
could, therefore, be either an expression of the extremes of
the normal variation in the test or a sign of some other mech-
anism of mast cell degranulation. In clinical practice, this
phenomenon would most likely go unnoticed, as mast cell
tryptase would only be measured in the context of a sus-
pected allergic reaction during anesthesia. It is important,
however, to be aware that increases in tryptase level can be
seen in the absence of allergic symptoms and signs.

A preoperative level of serum tryptase more than the rec-
ommended reference was found in 5.8% of patients in the
absence of signs or symptoms of anaphylaxis or mastocytosis
(table 3). The relevance of this finding is uncertain. In venom
allergic patients with previous severe reactions, studies have
indicated that an increased basal level of serum tryptase could
be an early sign of mast cell disorder,'”* but no such studies
have been carried out in patients without signs or symptoms
of allergic disease or in patients investigated for drug allergy
or anesthesia allergy. Further studies of these groups of pa-
tients will be needed to investigate whether findings in
venom allergic patients can be extrapolated to other groups
of patients.

In conclusion, no increase in serum tryptase concentra-
tion was observed in connection with orthopedic surgery in
general anesthesia. On the contrary, there was a small, but
statistically significant decrease of 0.55 ug/l, most likely due
to the dilutional effect of intravenous fluid administration.

In the absence of anaphylaxis, serum tryptase shows only
small intraindividual variation, and in the setting of anesthe-
sia and orthopedic surgery, 95% of patients showed a change
between preoperative and postoperative values of serum
tryptase in the interval between a decrease of 3.33 g/l and
an increase of 2.23 ug/l. Because the recommended upper
limit of normal for serum tryptase is 11.4 ug/l, it could be
speculated that during suspected anaphylaxis, clinically rele-
vant increases could occur within the normal limits, but this
would have to be further studied in a population of patients
with suspected allergic reactions during anesthesia and sur-
gery. Until such data are available, it would seem prudent to
continue to follow the current recommendations to compare
a serum tryptase level taken 1—4 h after a suspected allergic
reaction, with the patients’ own basal level serum tryptase, in
a sample taken minimum 24 h after the reaction.”
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Abstract:
Background

Serum tryptase is a marker for anaphylaxis during anaesthesia, but no studies have investigated the

characteristics of serum tryptase in these reactions.

Objectives
1) To investigate whether using the difference between serum tryptase taken at the time of a
reaction (T,.) and the patients own basal level (Ty,s,) can improve sensitivity
2) To describe the characteristics of serum tryptase in patients with suspected allergic reactions

during anaesthesia

Methods

A total of 318 patients had Ty,s, measured during investigation at the Danish Anaesthesia Allergy Centre. Of
these 199 had T, measured. Sensitivity and specificity for serum tryptase was investigated for the intra-
individual difference and for different absolute cut-off values. Relation between Ty, and age was explored
using linear regression and the risk factors for severe reactions were investigated using multiple logistic

regression.

Results

Using the intra-individual difference in serum tryptase marginally improved sensitivity of serum tryptase as a
marker for anaphylaxis during anaesthesia, when compared to an upper limit of 11.4 pg/L. Sensitivity
increased when only including severe reactions in the analysis. Linear regression showed a significant
increase in Ty,s, With increasing age (r=0.23; p<0.0001) and 8.2% of patients had a Ty, >11.4 pg/L. The
risk of severe reactions was increased with increasing age, male sex, Tpasa>11.4 pg/L, positive investigation

result and increasing ASA class (American Society of Anesthesiologist’s physical status classification).

Conclusion
Serum tryptase is a widely used marker for anaphylaxis. This study sheds new light on the characteristics of

serum tryptase in patients with suspected allergic reactions during anaesthesia.
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Key Messages

In patients with suspected allergic reactions during anaesthesia basal level serum tryptase increases
with age and levels > 11.4 pg/l are associated with increased risk of severe reactions

e The sensitivity of serum tryptase as a diagnostic marker for allergic reactions during anaesthesia may
be improved by utilising the difference between serum tryptase taken at the time of suspected

anaphylaxis, and the patients own basal level serum tryptase

Keywords

Tryptase; basal levels; sensitivity; specificity; anaesthesia; anaphylaxis; allergy; age; drug allergy

Abbreviations

DAAC Danish Anaesthesia Allergy Centre

ASA American Society of Anesthesiologist’s physical status classification
Thasal Basal level serum tryptase

T eact Serum tryptase taken at time of allergic reaction
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Introduction

Tryptases are serine peptidases sharing enzymatic, structural and phylogenetic features with the trypsin
family. Tryptases are found in most mast cells in the human body — regardless of type and tissue location.
Basal level serum tryptase consists primarily of pro-a tryptase and pro-p tryptase’ with pro-p tryptase
probably predominating, as serum tryptase levels are not significantly lower in the 25% of the population
who lack the gene for o-tryptase.” Protryptases are continously secreted from resting mast cells, and in
subjects without signs or symptoms of anaphylaxis basal level serum tryptase likely reflects mast cell
numbers in the body.

In contrast, mature B-tryptase is stored in secretory granules of mast cells and only released during mast cell
activation and degranulation.’ The only other leukocyte containing tryptase is the basophil, containing levels
of only 0.4% of that expressed in lung mast cells.”

During mast cell activation serum tryptase (mature B-tryptase) can therefore be used as a quite
specific marker for anaphylaxis. A commercially available immunoassay measures total tryptase ie.
the sum of pro-B tryptase, pro-a tryptase and mature B-tryptase (Phadia ImmunoCAP® Tryptase).
Serum tryptase has proven to be useful in the investigation of suspected anaphylaxis during
anaesthesia, where the diagnosis can be difficult to make as signs and symptoms are masked by the
effects of anaesthesia and surgery. The use of serum tryptase has been recommended in suspected
anaphylaxis during anaesthesia by several groups, but there are discrepancies regarding the upper
limit of normal; some groups recommend values of 24-25 pg/1** others 13.5 pg/l.” In the American
literature on anaphylaxis outside the operating room 15 pg/1 is favoured.’ Other groups recommend
comparing with the patients own baseline without exact specifications of a relevant difference.®’
Recently it has been suggested that the difference between serum tryptase at the time of reaction
(Treact) and the patients own basal level (Tpasa1) could be used diagnostically in suspected

10,11

anaphylaxis both outside and inside'” the operating room. No studies have examined how using
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this intraindividual difference in serum tryptase affects the performance of the test as a marker for
allergic reactions during anesthesia.
Also, there are no studies describing T, in patients with suspected allergic reactions during anaesthesia.
Studies in patients with insect venom allergy have shown that elevated Ty, is associated with severe clinical
reactions."” Only few studies in venom allergy have investigated the effect of age on serum tryptase.'*"> A
preliminary study from our group previously suggested that Ty, increased with increasing age in patients
with suspected allergic reactions during anaesthesia'®, but we have recently shown that there is no effect of
age on Ty in patients undergoing surgery and anaesthesia in the absence of allergic signs and symptoms.'?
Thus the aims of this study were
1) to retrospectively apply the intraindividual difference in serum tryptase diagnostically and
investigate sensitivity and specificity of serum tryptase as a marker for anaphylaxis in patients with
suspected allergic reactions during anaesthesia
2) to describe the characteristics of Ty, in the same population especially with regard to effect of

patient age and risk factors for severe reactions
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Materials and methods

Patients

In the period 1999-2009 a total of 319 adult patients (> 18 yrs) were referred to the Danish Anaesthesia
Allergy Centre (DAAC) for investigation of suspected allergic reactions during anaesthesia. One patient with
Thasal = 81.3 pg/l was excluded from the study pending investigations for mastocytosis.

In the period 1999-2003 investigations included serum tryptase, specific IgE, and skin testing. From 2004
Histamine Release testing and challenge tests (intravenous, subcutaneous and oral challenge tests) were
added to the protocol.

Of 318 included patients 102 were investigated before, and 216 in, and after, 2004. Full investigations were
planned for all patients, but for 4/102 and 15/216 respectively, investigations were either not completed yet
or cancelled due to patients declining, not turning up for investigations or dying before testing. Thus full
investigations were carried out in a total of 299 patients. All drugs and substances administered prior to the
reported reaction were considered for investigation in each indvidual case. All patients were investigated for
allergy to latex and chlorhexidine and since 2004 specific IgE for ethylene oxide was added, as all patients
are exposed to these substances during anaesthesia and surgery in Denmark.

Data were obtained from the patients notes on 1) age 2) gender 3) American Society of Anaesthesiologists
physical status classification (ASA) 4) surgery type 5) reaction class of the suspected reaction (C1 mild
reactions resolving spontaneously; C2 moderate reactions; C3 severe reactions requiring treatment; C4
cardiac arrest) 6) result of subsequent allergy investigations in DAAC (positive or negative) and 7) allergen

in case of positive investigation result.

Basal level serum tryptase (Tpasar)

Blood tests for Ty,sa Were taken weeks-months after the suspected allergic reaction, when the patient had no
signs or symptoms of allergic disease. All samples were analysed using the Phadia ImmunoCAP® Tryptase
on the ImmunoCAP 100 analyzer with the manufacturers conjugates. It became evident that the antibody

content of the conjugate was changed in May 2001 resulting in tryptase values analyzed after this time being
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significantly lower than before (personal communication Bjarne Kristensen, Phadia, Allered). This had, at
the time, led Phadia to change the recommended upper limit of normal from 13.5 pg/l to the currently used
upper limit of 11.4 pg/l. Consequently all samples taken before November 2001 were reanalyzed using the

conjugate introduced in 2001 and this led to a significant decrease in serum tryptase values.

Serum tryptase at time of suspected allergic reaction during anaesthesia (T eact)

The recommended sampling interval is 1-4 hours after the suspected reaction and the importance of noting
both time of reaction and time of bloodsampling is emphazised. Samples were taken locally and transported
by surface mail at room temperature. Samples received before November 2001 were re-analysed using the

new conjugate as described above.

Statistics

Serum tryptase values are not normally distributed and all statistical analyses were carried out after
logarithmic transformation to approximate a normal distribution. Due to small numbers reaction class 3 and
4 were combined for statistical analysis. Comparison of age in different groups was performed using
unpaired Student t-test or Analysis Of Variance. Linear regression was performed looking for a relation
between age and Th,s,. Multiple logistic regression was used to determine the risk factors for severe
reactions. P-values of < 0.05 were considered statistically significant. All analyses were performed using

SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
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Results

Serum tryptase at the time of reaction (T.ac)

Samples for T, Were available for 191 (94M/97F) patients. Of those, 180 subsequently underwent full
investigations with 93 (51.7%) testing positive and 87 (48.3%) testing negative. Information on timing of
Treact Samples was available for 89 and 83 patients respectively and timing of T,.,.; sSample in relation to the
reaction is shown in figure 1. Median time to bloodsampling was 105 min (range 30-690 min) for patients
testing positive and 120 min (range 25-1885) for patients testing negative. Only 12 patients in each group
had samples taken later than four hours after the reaction; 11/12 of these were < 11.4 ng/l for patients testing
negative vs. 5/12 < 11.4 pg/l in patients testing positive. The latest recorded elevated (>11.4 pg/l) Tieact Was
taken at 570 minutes and was 30.8 ug/l (Tyasa 2.93 pg/l) in a patient with a cardiac arrest, subsequently
testing positive to a neuromuscular blocking agent. The earliest recorded elevated T,...e was taken at 25
minutes and was 15.8 pg/l (Tpasa 5.41 pg/l) in a patient with a C3 reaction where no allergen was found on
investigation.

T.eact Values by reaction class can be seen in figure 2. There was a statistically significant difference in Tieac
values between patients testing positive and negative for all reaction classes with increasing significance
with increasing reaction class (reaction class 1 p= 0.0468; reaction class 2 p=0.0102, reaction class 3+4
p<0.0001).

Serum tryptase appeared lower in patients testing positive for allergens with a suspected non-IgE mediated
mechanism (colloids, opioids, oxytocin) than in patients testing positive for the remaining allergens (figure
3).

Difference between Tie,er and Tyasa can be seen in figure 4. The median differences in serum tryptase were
significantly higher for patients testing positive at 10.54 pg/l (IQ range 0.92-25.10) versus —0.59 ug/l (1Q
range -1.63 to 0.84) for patients testing negative (p<<0.0001).

A previous study of 120 surgical patients without allergic symptoms showed, that a perioperative serum
tryptase increase of > 2.2 pg/l would only be expected in < 2.5% of patients.'> Sensitivity and specificity for

serum tryptase as a diagnostic marker for allergic reactions during anaesthesia were determined using this
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intraindividual difference (Tieact - Toasal) > 2.2 pg/l and upper limits of normal of 11.4 pg/l, 15.0 pg/l and 25
ug/l, respectively. Results are presented in table 1a for all four reaction classes, and table 1b for reaction
classes 3 and 4 only.

The highest sensitivity was achieved using the intraindividual difference (T eact - Toasal) > 2.2 pg/l, both when
looking at all reaction classes (sensitivity 66.7%) and reaction classes 3 and 4 only (sensitivity 82.8%).
Sensitivity improved markedly for all diagnostic criteria when only including reaction classes 3 and 4 in the
analysis, with only a limited decrease in specificity. As expected, sensitivity decreased with increasing cut-
off value with a corresponding increase in specificity. The currently recommended cut-off value of 11.4 pg/l

gave the highest sensitivity with values very close to those found for the intraindividual difference.

Basal levels of serum tryptase (Tyasa1)

Samples for Ty,s. Were available for 318 patients (139M/179F). There were 56.3% females and 31.8% of
patients were aged 60 years or over. Table 2 shows patient characteristics with Ty,s, and age. Median Tyl
was 4.56 (IQ range 3.14-6.60) for the whole population. Linear regression of Ty,s, vs age showed a highly
statistically significant increase in Ty,s With increasing age (r=0.23; p<0.0001). When dividing patients into
10 year groups significantly higher median values of Ty, Were seen in patients aged 70 or over (figure 5).
Thasal Was significantly higher in males (5.44 ug/l vs 4.06 pg/l), however, males were significantly older than
females. A significant increase in median Ty, With increasing ASA classification was mirrored by a
significant increase in age. Similarly, a significant increase in median Ty, With increasing reaction class,
was mirrored by a significant increase in age. A total of 149 (46.8%) patients had severe C3 and C4
reactions. Multiple logistic regression showed a significantly increased risk of severe reactions with
increasing age, male sex, Tyasa > 11.4 pug/l, higher ASA group and positive result on subsequent allergy
investigation in DAAC (table 3).

A total of 299 patients had undergone subsequent investigations and 142 (47.5%) tested positive. There was
no significant difference in median Ty, or agedistribution between patients testing positive and negative.
An elevated Ty, (>11.4 pg/l) was seen in 26/318 (8.2%) of patients and there was no significant difference

in agedistribution between patients with Ty, above and below 11.4 ug/l. Median Ty, varied with type of
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surgery, and higher values were mirrored by higher age of patients in the individual surgery types. The
highest median Ty, Were seen in urological surgery, cardiovascular surgery and gut surgery. The lowest

median Ty, Were seen in organ surgery (primarily cholecystectomies) and gynaecological surgery (table 2).
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Discussion

Serum tryptase at the time of reaction (T.ac)

At least three factors are thought to influence levels of Tea: 1) timing of bloodsample in relation to reaction
2) severity of reaction and 3) allergen.3 Our results show, that most elevations in Ty, are seen in samples
taken within the recommended 1-4 hour interval®, but elevated values can be found outside this interval.
Other studies have found increases in Ty, as early as 15 minutes after the reaction,!”!®

In our study T, values were significantly higher in patients testing positive on subsequent investigation.
Also, an increase in T, Was seen with increasing reaction class especially in patients testing positive (figure
2). Previous studies have indicated that elevations in serum tryptase are closely related to hypotension'?,
which is often the predominating symptom in severe reactions during anaesthesia.*

The immunological mechanism is important with tryptase release primarily occuring during IgE-mediated
reactions. In our study allergens with a proven IgE-mediated mechanism such as antibiotics, chlorhexidine,
latex, neuromuscular blocking agents, iv anaesthetics and patent blue elicited higher values of Ty, than
drugs with non-IgE mediated mechanisms eg opioids, colloids and oxytocin (figure 3). For opioids the
majority of clinical reactions are caused by direct non-IgE mediated histamine release from basophils and/or
mast cells and thus T, is not always elevated.?! Colloid reactions were mainly caused by dextrans, causing
reactions mediated by IgG containing immune complexes, triggering the complement system and activating
basophils and mast cells.”> The fact that serum tryptase did not increase very much in our dextran positive
patients (despite C3 reactions in 4/6 patients) may suggest, that activation of basophils predominate.” Tyeu
does not increase in reactions to oxytocin as the mechanism is non-allergic and caused by an exaggerated
physiological response to the drug.**

The literature reveals several different recommendations regarding sampling time and cut-off. “* Some
authors suggest more complicated diagnostic criteria of either cut-off > 24 ug/l or a 2hr sample of 3 times the
basal level.’ Several authors suggest that serial samples would increase sensitivity.'”'” However, serial
samples require high motivation from the attending anaesthesiologist. Many centres have problems getting

just one sample taken within the required time. In France where a nationwide collaboration between multiple
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anaesthesia allergy centres have existed for many years T,.,.: Was only taken during suspected reaction in
41% of cases.”>® In our centre advertising and teaching of anaesthetic departments and sending out
anaphylaxis kits containing treatment algorithm and blood taking equipment has led to serum tryptase being
taken in 68.7% of referred reactions. Thus recommendations on serial sampling may be difficult to

implement in practice.

Our group has recently shown that serum tryptase showed minimal intraindividual variation in the absence
of allergic symptoms in elective surgical patients.'> The main advantage of using the intraindividual
difference as a diagnostic criterion is to pick up discrete, but clinically relevant, increases in serum tryptase
within the upper limit of normal, thereby increasing sensitivity. Only few studies have adressed the issue of
sensitivity and specificity of serum tryptase when used during anaesthesia. Larger French multicenter
studies®® have reported high specificity and positive predictive value, but low sensitivity with cut-off of 25
pg/l. A recent smaller French study showed that sensitivity could be increased to 63% by using a ratio Trey
/Toasa > 3.7

In our study using the intraindividual difference (Treact - Thasal) > 2.2 pg/l yielded the highest sensitivity of
66.7% vs. 62.4% for the currently recommended upper limit of normal of 11.4 pg/l. Using cut-off values of
15 pg/l and 25 pg/l gave relatively low sensitivity with a corresponding increase in specificity. For the safety
of the patient during subsequent anaesthesia we suggest that high sensitivity is more important than high
specificity in this patient population.

Sensitivity increased markedly when selectively looking at severe reactions (C3 and C4) but was still highest
for (Treact - Toasa) > 2.2 pg/l.

There are several possible explanations for the sensitivity not exceeding 66.7% when looking at all reaction
classes in our study:

Firstly, nearly 1/3 of investigated reactions were mild (C1), which are less likely to have led to an increased
Treact. . Patients with positive investigation results in this group will thus account for some false negative
tryptase tests. Also, our practice of including challenge testing in our investigation protocol means, that we

have reproduced reactions with non-IgE mediated mechanisms, accounting for other false negative” results.
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Specificity may be affected by the following: 1) Reactions caused by non-immunological or immunological
mast cell degranulation with serum tryptase release, which we cannot diagnose with our investigation
programme 2) Allergens we have overlooked despite careful consideration of each case and 3) Potential
allergy to agents that cannot currently be investigated such as inhalational anaesthetic agents. All these
factors could account for “false positive” serum tryptase results in this study.

Another complicating factor is the administration of intravenous fluids which may cause dilution of T, and
potentially mask clinically relevant increases. This has been reported previously'? and our study supports this
as the median difference (Tyeact - Toasal) 18 actually negative in patients testing negative on subsequent
investigations (figure 4). Thus many factors play a role when evaluating T, results in a population of
patients with suspected anaphylaxis during anaesthesia. The situation is likely to be less complicated in
simple drug allergic reactions after administration of a single drug, and therefore extrapolation of results on

sensitivity and specificity found in our study, to drug allergy in general, should be done with caution.

Basal levels serum tryptase Ty,

This is the first study examining Ty, in patients with suspected allergic reactions during anaesthesia. Males
had significantly higher median T, than females, but were also significantly older. Only few studies have
looked at serum tryptase and gender; one study found slightly higher values in females*® and a study on
children® found higher values in males. Our study showed a statistically significant increase in Tyus, With
increasing age r=0.23; p<0.0001. Interestingly, studies of serum tryptase in children” and in orthopedic
surgery patients12 were not able to find a relation between age and Tyas. To our knowledge only two other

. . . . . 13.15
studies in venom allergic patients has shown a relation between age and Ty

A recent large multicentre study of venom allergic patients found that 8.4% had a Ty, > 11.4 pg/l, and that
male sex, older age and higher Ty, increased the risk of severe reactions to a field sting.13 Our study finds
the same three risk factors, and in addition higher ASA group and positive result on subsequent investigation

are risk factors for severe reactions in our population (table 3).
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Another study of venom allergic patients reported that 11.6% had Ty >11.4 ug/l.°° The same group
recently found an elevated Th,s, in 6.6% of patients in a combination of drug allergic and food allergic
patients.’’ Our study shows that 8.2% of anaesthesia-allergy patients have a Ty >11.4 pg/l. For comparison
only 5.8% of 120 patients undergoing orthopaedic surgery in the absence of allergic symptoms had a Ty,
>11.4 pg/l."”?

This could indicate some similarities between patients with venom allergy and drug/anaesthesia allergy,
which are not seen in patients with food allergy or in a randomly selected population of orthopaedic surgery
patients.

Bonadonna et al found that bone marrow analysis showed signs of a monoclonal mast cell disorder in 30 of
34 venom allergic patients with Ty, >11.4 pg/l. Our patients were referred after suspected allergic reactions
during anaesthesia and it may be speculated, that bone marrow analysis might reveal mast cell abnormalities
in our patients with Tyasy >11.4 pg/l. This could be a target for further studies when the full significance and
consequenses of such findings are known.

The explanation for increasing Ty, With increasing age found in this study is not clear, but it is most
pronounced in patients > 70 years. It is well known, that increasing age leads to co-morbidity and as mast
cells and tryptase are implicated in a large number of disease processes in the body, it may be, that an
elevated Ty,s, reflects an increased number of mast cells due to co-morbidity.

Reported causes of elevated Ty,sq include mastocytosis, AML, myelodysplastic syndromes and end stage
renal disease.’”>* Increased numbers of mast cells have been found in disease states as diverse as
atherosclerotic cardiovascular disease®, cancer’® and autoimmune diseases’’; all characterised by a
combination of inflammatory processes and ischaemia leading to new vessel formation. Mast cells and

3839 and inflammation®’, however, sofar no studies have

tryptase have been implicated in angiogenesis
investigated the possible relation between an increased number of mast cells and increased Ty,s, in these
diseases in humans. A recent study showing an increased number of mast cells in vessel wall inflammation

in aortic aneurysms suggested that serum tryptase may be a possible marker for the active inflammatory

process.41 If Tyasa1 Was increased in diseases with significant inflammation and/or angiogenesis this could in
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part explain the higher Ty, observed with increasing age in our study. We have not examined the incidence
of various co-morbidities in our population and this is a limitation to our study. However, when using the
ASA classification as a crude expression of co-morbidity an increase in age and T, 1S seen with increasing
ASA status (table 2).

Also a higher median Ty,s,; Was seen in patients undergoing cardiovascular surgery, for atherosclerotic
disease, and in gut and urological surgery where cancer predominate, but this is based on small numbers and
remains speculative.

This is the first study examining the characteristics of Ty, and the sensitivity and specificity of the
intraindividual difference in serum tryptase in a population of patients with suspected allergic reactions
during anaesthesia. We found a significant increase in Ty,s, With increasing age and further studies in other
patient populations would be required to see if this finding applies to other groups of allergic patients.

We have also showed that sensitivity of serum tryptase as a marker for allergic reactions during anaesthesia
is increased when applying the intraindividual difference in serum tryptase. Using the intraindividual
difference also allows the determination of discrete elevations within the upper limit of normal, and
identification of patients with elevated Tyasa. If @ Tpasa Sample is not available for comparison an upper limit

of normal of 11.4 ng/l gives the highest sensitivity and specificity.
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Table 1a

Sensitivity, specificity and positive and negative predictive value for serum
tryptase using different criteria for positivity in patients with suspected
allergic reactions during anaesthesia (all four reaction classes, n=180).

Criteria for positive serum  Sensitivity PPV Specificity NPV
tryptase % % % %
(Treact = Thasa) > 2.2 pg/l 66.7 76.5 78.2 68.7
Treact >11.4 pg/L 62.4 82.9 86.2 68.2
Treact > 15.0 pg/L 52.7 83.1 88.5 63.6
Treact > 25.0 pg/L 34.4 88.9 95.4 57.6
Table 1b

Sensitivity, specificity and positive and negative predictive value for serum
tryptase using different criteria for positivity in patients with suspected
allergic reactions during anaesthesia (reaction class 3 and 4 only, n=102).

Criteria for positive serum  Sensitivity PPV Specificity NPV
tryptase % % % %

(Treact = Thasar) > 2.2 pg/l 82.8 76.2 65.9 74.4
Treact >11.4 pg/L 81.0 82.5 77.3 75.6
Treact > 15.0 pg/L 70.7 82.0 79.6 67.3
Treact > 25.0 pg/L 50.0 87.9 90.9 58.0

PPV  positive predictive value

NPV  negative predictive value

Treact serum tryptase taken at time of reaction
Tbasal basal level serum tryptase
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Table 2
Patient characteristics and basal level serum tryptase for patients with suspected allergic reactions
during anesthesia (n=318 unless other specified).

Patients Serum tryptase pg/L Age
n (%) Median (IQ range) pa Median (IQ range) p§
Overall group 318 (100) 4.56 (3.14 - 6.60) 50 (36-62)
Agegroup
<60 yrs 217 (68.2) 4.13 (2.90 - 6.26) 0.0003 41 (32-51) N/A
>60 yrs 101 (31.8) 5.45(3.53 - 8.76) 67 (63-72)
Sex
female 179 (56.3) 4.06 (2.92 - 5.99) 0.0007 43 (33-57) <0.0001
male 139 (43.7) 5.44 (3.49 - 7.64) 58 (45-66)
ASA classification (n=317)
I 127 (40.1) 4.10 (2.62 - 6.18) 0.0093 38 (29-50) <0.0001
II 147 (46.4) 4.68 (3.38 - 7.54) 57 (44-66)
I 42 (13.2) 5.25(3.48 -7.63) 63 (56-69)
v 1 (0.3) 11.8 54
Reaction class
1 90 (28.3) 4.09 (2.64 - 5.95) 0.006 40 (30-56) <0.0001
2 79 (24.9) 4.24 (2.70 -7.71) 46 (34-63)
3 139 (43.7) 5.02(3.51-7.21) 56 (46-66)
4 10 (3.1) 5.70 (2.93-8.82) 55.5 (46-60)
Basal level tryptase
<11.4 ng/L 292 (91.8) 4.23 (2.97 - 6.16) N/A 49 (36-62) 0.12
>11.4 pg/L 26 (8.2) 14.0 (11.9-17.4) 61 (33-70)
Investigation result (n=299)
positive 142 (47.5) 4.64 (3.05 - 6.50) 0.667 50 (37-62) 0.868
negative 157 (52.5) 4.35 (3.38 - 6.48) 50 (37-62)
Surgery type (n=315)
cardiovascular 36 (11.4) 5.43(3.37-8.93) 0.0301 61.5 (55-66) <0.0001
endocrine 23 (7.3) 4.06 (3.14-9.18) 56 (50-66)
gut 44 (14) 5.25(3.26 - 8.79) 51.5(37-62.5)
gynecological 51 (16.2) 3.99 (2.15-5.28) 35 (29-42)
head and neck 29 (9.2) 4.64 (3.45 - 5.86) 46 (33-60)
organ 15 (4.8) 3.58(2.39-5.99) 43 (30-55)
orthopedic 50 (15.9) 4.25(2.92 -6.60) 50 (40-60)
urological 35 (11.1) 5.98 (3.79 - 7.76) 66 (43-72)
other 32 (10.1) 4.99 (3.37 - 6.44) 48 (36.5-57)

o unpaired t-test or ANOVA after logarithmic transformation

§ unpaired t-test or ANOVA

American Society of Anaesthesiologists physical status classification (ASA):
Class I healthy patient, no medical problems;

Class II mild systemic disease;

Class III severe systemic disease, but not incapacitating;

Class IV severe systemic disease that is a constant threat to life
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Table 3
Risk factors for severe reactions in patients with suspected allergic reactions
during anaesthesia using multiple logistic regression (n =299)

Variable p value QOdds ratio 95% CI

Tbasal > 11.4 pg/L 0.0079 4.815 1.509 - 15.367
Male sex 0.0328 1.709 1.045 -2.793
Age (per year) 0.0131 1.022 1.005 - 1.039
Positive investigation result in DAAC 0.0055 1.917 1.211-3.036
ASA (ASA3vsASA1) 0.0194 3.690 1.477 - 9.259
ASA (ASA 3 vs ASA2) 2.513 1.078 - 5.848

All variables were included in the model simultaneously.

Due to small numbers reaction ASA group 3 and 4 were added together.
DAAC Danish Anaesthesia Allergy Centre

ASA  American Society of Anesthesiologist’s physical status classification
Thasal Basal level serum tryptase
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Figure legends

Figure 1. Time between serum tryptase (T...) sample and reaction in patients with suspected allergic

reaction during anaesthesia, testing positive (n=93) and negative on subsequent investigations (n=87).

Figure 2. Serum tryptase at the time of reaction (T ..) by reaction class and result of subsequent

investigations.

Figure 3. Serum tryptase at the time of reaction (T,..) by allergen found on subsequent positive

investigations.

Figure 4. Difference between serum tryptase at the time of reaction and basal level serum tryptase (Tyeact -

Tyasal) by age and result of subsequent investigations.

Figure 5. Basal level serum tryptase (Tyasa1) in 318 patients with suspected allergic reactions during

anaesthesia divided into ten-year age groups.
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Summary statement: Anaphylaxis during anesthesia is difficult to diagnose, potentially delaying

treatment. First line treatment is intravenous epinephrine starting with bolus doses of 0.01mg. Early
treatment (<10 min) seems to reduce the risk of needing prolonged treatment.



Abstract

Background
Literature on the use of epinephrine in the treatment of anaphylaxis during anesthesia is very limited.
The objective of this study was to investigate how often epinephrine is used in the treatment of

anaphylaxis during anesthesia in Denmark and whether timing of treatment is important.

Methods

Retrospective study of 270 patients investigated at the Danish Anaesthesia Allergy Centre after
referral due to suspected anaphylaxis during anesthesia. Reactions had been graded by severity C1
mild reactions; C2 moderate reactions; C3 anaphylactic shock with circulatory instability; C4 cardiac
arrest. Use of epinephrine, dosage, route of administration and time between onset of circulatory

instability and epinephrine administration were noted.

Results

A total of 122 (45.2%) of referred patients had C3 or C4 reactions and of those 101 (82.8%) received
epinephrine. Route of administration was iv in 95 (94%) patients. Median time from onset of reported
hypotension to treatment with epinephrine was 10 minutes (range 1-70 minutes). Defining epinephrine
treatment < 10 minutes after onset of hypotension as early, and > 10 minutes as late, infusion was

needed in 12 of 60 patients (20%) treated early vs. 12 of 35 patients (34.3%) treated late (OR 2.087).

Conclusions

Anaphylaxis is often difficult to diagnose during anesthesia and treatment with epinephrine can be
delayed as a consequence. Early treatment (<10 min) seems to reduce the need for prolonged treatment
with epinephrine. Anaphylaxis should be considered and treated in cases of circulatory instability

during anesthesia of no apparent cause, not responding to the usual treatments.



Introduction

Anaphylaxis has been defined as a “’severe life-threatening generalised or systemic hypersensitivity
reaction” ', however there is no universally agreed definition and several other definitions have been
proposed.”™ It can be triggered by a multitude of factors including foods, venoms and drugs and can
also occur in the setting of surgery and anesthesia caused by drugs, latex, disinfectants or other
substances used perioperatively.’

The incidence of anaphylaxis during anesthesia depends on the definition of anaphylaxis used and has
been reported to be in the range of 1:3180 to 1:20.000 anesthetics.® Anaphylaxis in the perioperative
setting differs from anaphylaxis outside the operating room in several ways. 1) Allergic signs and
symptoms may be masked by the effect of anesthesia and surgery or hidden under surgical drapes 2) A
large number of drugs and substances are administered simultaneously, making it very difficult to
guess which substance caused the reaction’ 3) The patient is usually fully monitored, has an iv access
and is under observation by anesthetic personnel. Thus while the diagnosis of anaphylaxis during
anesthesia is difficult to make and the cause will not be immediately obvious, the conditions for
optimal management should be present once the diagnosis is made.

The recommended treatment guidelines for anaphylaxis, inside and outside the operating room, are all
based on first line treatment with epinephrine.* *'? Not surprisingly, a recent Cochrane review could
find no randomised or quasi-randomised trials of the use of epinephrine in anaphylaxis."> However, in
anaphylaxis outside the operating room delayed injection of epinephrine has been reported to be
associated with mortality.'*'"> Only limited information on the management of anaphylaxis is available
in the literature. A recent systematic review of gaps in the management of anaphylaxis covering a
large number of databases over a time period spanning 1966-2008 could only identify 59 relevant
studies.'® In addition, very little is known of the management of anaphylaxis by anesthetists. One

Danish study from a full-scale anesthesia simulator concluded that in anaphylaxis scenarios the



diagnosis was made late by all teams and that no team had a structured plan for treatment.'” Another
study from the Australian Incident Monitoring Study concluded that there was a striking reluctance to
administer epinephrine.'®

In the Danish Anaesthesia Allergy Centre (DAAC) detailed information on the treatment of suspected
anaphylaxis in patients referred for investigation has been collected since 1999.

The aim of this retrospective study was to describe the use of epinephrine in the treatment of suspected
anaphylaxis during anesthesia in Denmark 1999-2008, with regard to dose, route of administration and

timing of administration.



Materials and methods

Retrospective study of 270 adult patients investigated in DAAC after referral due to suspected
anaphylaxis during anesthesia in the period 1999-2008. On referral, reactions were graded into
reaction classes by one of two anesthesiologists using following classification: C1 - mild reactions,
usually resolving spontaneously, C2 - more severe reactions, resolving within 10-20 min with/without
treatment, C3 - anaphylactic shock usually requiring epinephrine to restore circulatory stability and C4
- cardiac arrest.

Details of treatment including use of epinephrine and other drugs, route of drug administration, dosage
and time between onset of circulatory instability and epinephrine administration, were retrieved from
referral papers filled in by the referring anesthetists, at the time of referral. Total doses of epinephrine
were based on cumulated bolus doses only, as cumulated doses of infused epinephrine were not
reported by referring anesthetists. It was also noted whether serum tryptase had been measured in
connection with the reaction.

The need for epinephrine infusion was used as a surrogate parameter for a severe prolonged reaction.
Epinephrine treatment < 10 minutes after onset of hypotension was defined as early and epinephrine
treatment > 10 minutes after onset of hypotension was defined as late. This definition was made on the
presumption, that it takes up to 10 minutes to realise the lack of effect of the usual treatment
modalities for hypotension during anesthesia such as ephedrine, phenylephrine, fluids, decrease in

anesthetic dose etc and subsequently suspect the diagnosis of anaphylaxis.

Statistical analysis
Continuous data were reported as median and range and statistical analysis of differences in age within

gender, ASA group and reaction class was performed using either unpaired Student t-test or Analysis



of Variance (ANOVA). Analysis of data on serum tryptase was performed after logarithmic
transformation, to approximate a normal distribution.
P-values of < 0.05 were considered statistically significant. All analyses were performed using SAS

version 9.1 (SAS Institute Inc., Cary, NC, USA).



Results

A total of 270 (158F/112M) patients with a median age of 49.5 yrs (range 17-86) were included in the
study and patient characteristics can be seen in table 1. There were more females (58.5%) and median
age was significantly lower in females than in males with a median of 43 yrs (range 17-85) vs 57.5 yrs
(range 17-86).

The majority of patients (87.4%) belonged to American Society of Anesthesiologist’s physical status
classification (ASA) groups 1 and 2 and there was a statistically significant increase in age with
increasing ASA classification.

Severe reactions (C3 and C4) were seen in a total of 122 patients (45.2%) and a statistically significant
increase in age was seen with increasing reaction class.

Across all four reaction classes a total of 123 patients (45.6%) received epinephrine (table 2). There
was an increase in the proportion of patients receiving epinephrine with increasing reaction class with
82.3% and 88.9% receiving epinephrine in C3 and C4 reactions, respectively. Median epinephrine
doses by reaction class showed a trend towards increasing doses with increasing reaction class, but this
did not reach statistical significance.

The preferred route of administration was the intravenous route and table 3 shows an overview of
route of administration by reaction class. The inhalational route was primarily used in milder reaction
classes (for cases of localised oedema of the airways) and the intravenous route was used in cases with
circulatory symptoms C3 and C4 reactions. A total of 95 of 101 C3 and C4 reactions (94%) were
treated with intravenous epinephrine. Median time to treatment with epinephrine for these 95 patients
was 10 minutes (range 1-70 minutes). Treatment with epinephrine was given early ( < 10 minutes after
onset of hypotension) in 60 of 95 patients (63.2%) and late ( > 10 minutes after onset of hypotension)
in 35 of 95 patients (36.8%). Median times to treatment with epinephrine were 5 minutes (range 1-10)

and 20 minutes (range 15-70) for the early and late groups respectively.



Four-by four table of timing of treatment with epinephrine and the need for intravenous infusion of
epinephrine is shown in table 4. An OR=2.087 (95% CI 0.814-5.353) was found for needing
intravenous infusion when treatment with epinephrine was instigated > 10 minutes after onset of
hypotension. There was no significant difference in the distribution of age and gender between groups
treated early and late. A serum tryptase was taken in 70 of 95 cases (73.7%) and median serum
tryptase was 16.5 pg/l (IQ range 5.8-32.8) in patients treated early vs 16.1ug/l (IQ range 4.8-25.6) in
patients treated late (p=0.72), thus no difference was found.

In 33 out of 123 cases (26.8%) across all four reaction classes antihistamine and steroid treatment
were given before treatment with epinephrine (table 5). For C3 and C4 reactions only, a total of 17 out
of 101 patients (16.8%) with hypotension were treated with antihistamine and steroid before treatment
with epinephrine. In most C3 reactions other vasoactive drugs such as ephedrine and phenylephrine
were first line treatment (data not shown), except in 22 cases (23.7%) where epinephrine was the first

vasoactive drug administered.



Discussion:

This is the first descriptive study of the use of epinephrine in the treatment of anaphylaxis during
anesthesia. It is also the first study to include the timing aspect of epinephrine administration in the
treatment of anaphylaxis. Our study indicates, that anaphylaxis is difficult to diagnose during
anesthesia and that treatment with epinephrine can be delayed as a consequence. Late treatment (> 10
min) seems to increase the risk of needing prolonged treatment with epinephrine (OR 2.087), but this
finding did not reach statistical significance (95% CI 0.814-5.353), probably due to the small number
of patients studied. Other factors may contribute to the delay in treatment, such as a reluctance to
administer epinephrine, even when the diagnosis of anaphylaxis has been made and antihistamine and
steroids have been given. Epinephrine was administered in 82.1 % of C3 and C4 reactions and in 94%
of these cases, it was given by the intravenous route. However, median doses used in C3 reactions of
0.2 mg (range 0.002-2.0mg) were high compared to current recommendations of an intravenous start
dose of 0.01-0.05 mg.® In milder C1 and C2 reactions with eg. skin symptoms only or self-limiting
tachycardia or bronchospasm a first line treatment with antihistamine and steroids would be
acceptable. However, the patient should be observed for progression in symptoms and relevant doses
of epinephrine should be made ready for use. Our study showed that in 16 out of 22 (72.7%) C1 and
C2 reactions where epinephrine was needed, it was administered after antihistamines and steroids.

All patients in our study survived. In our study population we are only aware of one incidence of long-
term sequelae in a 47-year old woman who developed hemiplegia following a prolonged resuscitation
attempt. However, we have not looked at other consequences for patients such as prolonged
admissions, unplanned admission to the intensive care unit, cancelled operations or changes to
indications for surgery, which are likely to occur following anaphylaxis during anesthesia.

Post mortem studies of anaphylaxis conclude that severe reactions progress rapidly and are more likely

to have a fatal outcome in older patients with comorbidity such as ischemic heart disease.'* A post



mortem study from the UK reported that in cases where the allergen was administered intravenously
(including anesthetic reactions) presentation was more likely to be as shock with a median time to
cardiac arrest of 5 minutes from administration of the allergen."” The same study looked at treatment
given during reactions and reported that in the 55 reactions to drugs, treatment with epinephrine was
given before the cardiac arrest in only 16% of cases. In 73% of cases epinephrine was administered
after cardiac arrest occurred and in the remaining 11% epinephrine was not administered at all. In
contrast, a few cases of inappropriately high doses of epinephrine (1-2,5 mg given intravenously)
administered for relatively mild reactions also had a fatal outcome, related to side effects of
epinephrine. This has been reported before.'’

The rare and unexpected occurrence of anaphylaxis combined with lack of knowledge of the correct
treatment, especially with regards to dosage and route of administration of epinephrine thus,
unfortunately, still leads to deaths. Only few studies have looked at the knowledge of treatment with
epinephrine among doctors. A questionnaire study of 78 doctors starting in training posts in
emergency medicine showed that 100% would use epinephrine in the treatment of anaphylaxis but
only 5% identified the correct dose and route of administration.*® Conclusions from another, more
recent, questionnaire study of 91 doctors working in acute specialties in an Australian hospital were,
that 92% would give epinephrine as first line treatment but only 20% knew the correct dose and route
of administration. Interestingly, 20% of doctors would administer epinephrine in cardiac arrest doses
to a conscious patient.’

Despite the fact that most doctors know that epinephrine is the first line treatment of anaphylaxis,
retrospective studies of patients with anaphylaxis generally show a reluctance to administer
epinephrine. This has been found in reactions to food*, in emergency departments™, in paediatric
patients>*, in insect venom allergy® and in patients with mastocytosis at high risk of developing

anaphylaxis.*® This reluctance to administer epinephrine is even reflected in our study of the treatment
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of anaphylaxis during anesthesia, where anesthesiologists chose to administer antihistamines and
steroids before epinephrine in 16.8%, and did not administer epinephrine at all in 17.2% of C3 and C4
reactions with cardiovascular instability. As there is no proven benefit of antihistamines and steroids

in anaphylactic shock?’**

the administration of epinephrine should always precede other drug
treatments once the diagnosis of anaphylaxis has been made.®

Only one other study could be found examining the management of anaphylaxis during anesthesia'®
and the authors reported that anesthetists showed a striking reluctance in administering epinephrine as
an appropriate early intervention. This study also showed that antihistamines and steroids conferred no
separate benefit in the acute phase. One of the main conclusions was, that anesthesiologists should
always suspect anaphylaxis in cases of sudden, unexpected or severe hypotension.

Our study indicates, that in cases where the diagnosis is not made or treatment with epinephrine is
delayed for other reasons, the risk of needing prolonged treatment seems to be increased. This is often
mentioned in the literature but very little evidence can be found. The only studies come from
experimental animal models of anaphylaxis, which have shown conflicting results. Some studies

showed that a single bolus dose of epinephrine did not hasten recovery in dogs®~"

and another study
showed that early (< 5 min) bolus doses of epinephrine followed by titrated infusion of epinephrine
provided the best survival in rats.’ It could be speculated that in untreated cases or cases treated late,
the immune response is magnified by the prolonged release of inflammatory mediators. In our study
there was no difference between serum tryptase values in reactions treated early or late. This could
indicate, that tryptase release is related to initiation of the allergic reaction and initial reaction severity,

but not to the prolonged allergic response. However, this has never been reported before and remains

speculative.
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No human studies of timing of treatment of anaphylaxis could be found, but a study of litigations
related to drug errors in anesthesia in the UK in the period 1995-2007 may be interpreted to show a
worse outcome in patients treated late.*” In this study anaphylaxis was reported in 31 cases and in 20
of these a drug was given despite a known allergy; there were no deaths or sequelae in this group.
However, in the remaining 11 cases the cause of the reaction was unknown and thus the reaction was
unexpected. In that group there were 5 deaths and 4 cardiac arrests with 2 resulting in severe
neurological damage. One could speculate, that when a drug is given despite a known allergy it is
either an oversight or a conscious decision on part of the anesthesiologist deciding to give a test dose.
In both cases a rapid diagnosis of anaphylaxis is likely to be made due to a high index of suspicion and
consequently treatment will be instigated promptly. On the other hand unexpected anaphylaxis
occurring during anesthesia is difficult to diagnose and the delay in diagnosis and treatment might be
speculated to be the cause of the poorer outcome in this group. Therefore, as previously suggested'® in
cases of sudden, severe hypotension during anesthesia, not responding to the usual treatment with
ephedrine and fluids, anaphylaxis should be suspected and treatment with epinephrine considered.
Intravenous bolus doses of epinephrine starting at 0.01-0.05 mg (10-50 pg) should be administered.® It
is recommended, that the intravenous route for epinephrine treatment should be reserved for monitored
patients and for specialists with experience in this treatment ie anesthetists/intensivists/physicians in
emergency departments. In all other circumstances the recommendation is to use intramuscular
epinephrine.***

In the UK post-mortem study 56 % of fatal reactions to drugs occurred in an operating theatre ie. with
a fully monitored patient, with iv access and anesthetic personnel within reach.'® There are no recent
similar studies of deaths related to anaphylaxis in Denmark, but we are not aware of any fatalities

caused by anaphylaxis during anesthesia in Denmark in our study period 1999-2008. A closed claims
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study analysing deaths related to anesthesia in the period 1996-2004 in Denmark did not identify any
cases of suspected perioperative anaphylaxis leading to a claim in the patient insurance association.**
In conclusion, anaphylaxis during anesthesia is difficult to diagnose. As prompt and correct treatment
seems a prerequisite for a good outcome it is imperative that anesthetic personnel are trained to
diagnose and treat anaphylaxis in the difficult setting of surgery and anesthesia. As the first line
treatment is epinephrine, which has a narrow therapeutic window, it is important that anesthetic
personnel is familiar with correct dosing and route of administration. Although our study shows, that
anesthetic personnel on the whole manage anaphylaxis satisfactorily there is room for improvement
regarding the early use of titrated doses of intravenous epinephrine in suspected anaphylaxis during

anesthesia.
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Table 1
Characteristics of included patients with suspected anaphylaxis
during anesthesia.

Patients Age
n (%) Median (range) pr
All patients 270 (100) 49.5 (17-86)
Gender
Female 158 (58.5) 43.0 (17-85) < 0.0001
Male 112 (41.5) 57.5 (17-86)
ASA classification
| 105 (38.9) 38.0 (17-76) < 0.0001
1] 131 (48.5) 56.0 (18-86)
1" 34 (12.6) 62.5 (45-78)
v 0 0
Reaction class
1 83 (30.7) 40 (17-78) < 0.0001*
2 65 (24.1) 46 (18-86)
3 113 (41.9) 56 (18-86)
4 9 (3.3) 57 (33-62)

o unpaired t-test or ANOVA
* reaction class 3 and 4 added together for statistical analysis
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Table 2

Number of cases and total dose of epinephrine administered
in patients with anaphylaxis during anesthesia.

Information on dose available for n=102 out of 270.

Reaction class Epinephrine given Total epinephrine dose in mg
n (%) n Median (range)
1 4/83 (4.8) 1 0.01
2 18/65 (27.7) 10 0.125 (0.03-1.0)
3 93/113 (82.3) 83 0.2 (0.002-2.0)
4 8/9 (88.9) 8 1.95 (0.6-2.0)
Total 123/270 (45.6) 102
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Table 3
Route of administration of epinephrine in suspected anaphylaxis
during anesthesia and severity of reaction.

Route of administration Reaction class Total
4 3 2 1
Intravenous 8 87 10 1 106
Intramuscular 0 2 2 0 4
Subcutaneous 0 1 1 0 2
Inhalation 0 2 5 3 10
Not known 0 1 0 0 1
Total 8 93 18 4 123
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Table 4

Timing of epinephrine treatment in relation to hypotension and need for
epinephrine infusion in subgroup of patients with anaphylaxis,

class 3 and 4, during anesthesia, treated with iv epinephrine (n=95).

Need for iv infusion

Yes No Total
Timing of epinephrine
Late (> 10 minutes) 12 23 35
Early (< 10 minutes) 12 48 60
Total 24 71 95

OR =2.087 (95% CI1 0.817 - 5.353)
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Table 5
Sequence of drug administration in the treatment of anaphylaxis
during anesthesia by reaction class (n=123).

Sequence of drug administration Reaction class Total
4 3 2 1

Epinephrine first drug administered* 4 22 5 0 31

Epinephrine administered before AH/S 1 45 0 0 46

Epinephrine administered after AH/S 1 16 12 4 33

AH/S not administered 2 10 1 0 13

Total 8 93 18 4 123

* Epinephrine administered as first vasoactive drug (before efedrine, phenylephrine etc)

AH Antihistamine
S steroid
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