
Rev Bras Anestesiol. 2020;70(6):642---661

NARRATIVE REVIEW

Update on perioperative hypersensitivity reactions:
joint document from the Brazilian Society of
Anesthesiology (SBA) and Brazilian Association of
Allergy and Immunology (ASBAI) - Part II: etiology
and diagnosis�

Dirceu Solé a,b, Maria Anita Costa Spindola c,d, Marcelo Vivolo Aun a,e,f,
Liana Maria Tôrres de Araújo Azi c,g,∗, Luiz Antonio Guerra Bernd a,h,
Daniela Bianchi Garcia c,i, Albertina Varandas Capelo a,j,
Débora de Oliveira Cumino c,k, Alex Eustáquio Lacerda a,b,
Luciana Cavalcanti Lima c,l, Edelton Flávio Morato d,
Rogean Rodrigues Nunes c,m, Norma de Paula Motta Rubini a,n,
Jane da Silva a,d, Maria Angela Tardelli b,c, Alexandra Sayuri Watanabe a,o,
Erick Freitas Curi c,p, Flavio Sano a,q

a Associação Brasileira de Alergia e Imunologia, São Paulo, SP, Brazil
b Universidade Federal de São Paulo, Escola Paulista de Medicina, São Paulo, SP, Brazil
c Sociedade Brasileira de Anestesiologia, Rio de Janeiro, RJ, Brazil
d Universidade Federal de Santa Catarina, Hospital Universitário Professor Polydoro Ernani de São Thiago, Florianópolis, SC, Brazil
e Faculdade Israelita de Ciências da Saúde Albert Einstein, São Paulo, SP, Brazil
f Universidade de São Paulo, Faculdade de Medicina, Hospital Universitário, São Paulo, SP, Brazil
g Universidade Federal da Bahia, Hospital Universitário Professor Edgard Santos, Salvador, BA, Brasil
h Fundação Faculdade Federal de Ciências Médicas de Porto Alegre, Porto Alegre, RS, Brazil
i Hospital Infantil Pequeno Príncipe, Curitiba, PR, Brasil
j Universidade Federal do Rio de Janeiro, Hospital Universitário Gaffrée e Guinle, Rio de Janeiro, RJ, Brazil
k Hospital Infantil Sabará, São Paulo, SP, Brazil
l Instituto Medicina Integral Prrofessor Fernando Figueira, Recife, PE, Brazil
m Hospital Geral de Fortaleza (HGF), Departamento de Anestesia, Fortaleza, CE, Brazil
n Universidade Federal do Estado do Rio de Janeiro, Rio de Janeiro, RJ, Brazil
o Universidade de São Paulo, Faculdade de Medicina, Hospital das Clínicas, São Paulo, SP, Brazil
p Universidade Federal do Espírito Santo, Vitória, ES, Brasil
q Hospital Nipo Brasileiro, São Paulo, SP, Brasil

Received 9 March 2020; accepted 11 August 2020
Available online 1 November 2020

� This document was published in Arquivos de Asma, Alergia e Imunologia DOI: 10.5935/2526-5393.20200003 with the consent of authors
and editors.

∗ Corresponding author.
E-mail: liana.araujo@ufba.br (L.M. Araújo Azi).

https://doi.org/10.1016/j.bjane.2020.10.005
© 2020 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



KEYWORDS
Allergy and
immunology;
Hypersensitivity;
Anaphylaxis;
Perioperative period;
Anesthesia;
Skin tests

Abstract: This second joint document, written by experts from the Brazilian Association of
Allergy and Immunology (ASBAI) and Brazilian Society of Anesthesiology (SBA) concerned with
perioperative anaphylaxis, aims to review the pathophysiological reaction mechanisms, trigger-
ing agents (in adults and children), and the approach for diagnosis during and after an episode of
anaphylaxis. As anaphylaxis assessment is extensive, the identification of medications, antisep-
tics and other substances used at each setting, the comprehensive data documentation, and the
use of standardized nomenclature are key points for obtaining more consistent epidemiological
information on perioperative anaphylaxis.
© 2020 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Atualização sobre reações de hipersensibilidade perioperatória: documento conjunto
da Sociedade Brasileira de Anestesiologia (SBA) e Associação Brasileira de Alergia e
Imunologia (ASBAI) --- Parte II: etiologia e diagnóstico

Resumo Este segundo documento, escrito por especialistas da Associação Brasileira de Alergia
e Imunologia (ASBAI) e da Sociedade Brasileira de Anestesiologia (SBA) interessados no tema
anafilaxia perioperatória, tem por objetivo revisar os mecanismos fisiopatológicos, agentes des-
encadeantes (em adultos e crianças), assim como a abordagem diagnóstica durante e após o
episódio. Por se tratar de uma avaliação abrangente, a identificação das medicações, anti-
ssépticos e outras substâncias usadas em cada região, registros detalhados e nomenclatura
padronizada são pontos fundamentais para a obtenção de dados epidemiológicos mais fidedignos
sobre a anafilaxia perioperatória.
© 2020 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de Anestesiologia.
Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Perioperative anaphylaxis is more frequent in adults and is
associated with age, presence of cardiovascular diseases,
and history of previous reactions to medications. Signs and
symptoms often start before or during anesthetic induction.1

The major agents triggering perioperative anaphylaxis are:
Neuromuscular Blockers (NMBs), antibiotics, latex, opiates,
analgesics, non-steroidal anti-inflammatory drugs, chlorhex-
idine, contrasts, dyes, ethylene oxide.1,2 The precipitating
agents observed at different locations vary, and there has
been an increase in the number of reactions due to antibi-
otics and a decrease in latex-related reactions.2

Mechanisms of anaphylaxis

The mechanisms involved in drug-related anaphylaxis can
be classified as immunological and non-immunological.
Immunological mechanisms include the IgE-dependent and
IgE-independent pathways, while non-immunological ones
are mediated by direct activation of mast cells (Fig. 1).3,4

Regardless of the underlying mechanism, the signs and symp-
toms of allergy are similar, and caused by degranulation of
mast cells and basophils and result in release of mediators,
such as histamine, tryptase, Platelet Activating Factor (PAF),
cysteinyl leukotrienes and others. The mast cell is the main
cell in IgE-mediated anaphylaxis. Recent investigations sug-
gest the participation of macrophages and neutrophils in

IgE-independent immune anaphylaxis. Basophils are impli-
cated in IgE-dependent and IgE-independent reactions.1

The chief signs and symptoms of anaphylaxis are
mediated by histamine. They include flushing, itching,
hives/angioedema, rhinorrhea, sneezing, stridor, cough,
wheezing, dyspnea, hypoxia, nausea, vomiting, abdominal
pain, diarrhea, tachycardia, hypotension, increased vascu-
lar permeability and syncope. Tryptase activates several
pathways, including the complement cascade, coagula-
tion and the kinin-kallikrein system, and promotes arterial
hypotension and angioedema. Cysteinyl leukotrienes and
PAF enhance the increase in vascular permeability and the
development of hypotension.4,5

It is important to underscore that the same etiological
agent can trigger anaphylactic reactions by more than one
mechanism. For example, radiological contrast media can
trigger anaphylaxis by IgE-dependent and IgE-independent
immune mechanisms, and by direct activation of mast
cells.3,4

Immune anaphylaxis

IgE-dependent reactions

The most frequent anaphylactic reaction mechanism is
the IgE-dependent mechanism, or the classic pathway. It
involves the process of sensitization to the allergen, acti-
vation of Th2 lymphocytes, and production of specific IgE
against the allergen. IgE binds to the high-affinity recep-
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Figure 1 Mechanisms involved in anaphylaxis.

tor --- Fc�RI --- present in mast cells and basophils and, at
a subsequent contact with the allergen, the cross-linking
of two or more of these receptors with the allergen (or
carrier-bound hapten) triggers a complex intracellular sig-
naling cascade. The cascade promotes the degranulation
and release of preformed mediators, such as histamine and
tryptase. Subsequently, there is the release of newly syn-
thetized mediators from the metabolism of arachidonic acid
from phospholipids present in the cell membrane (cysteinyl
leukotrienes and prostaglandins) and the activation of other
inflammatory cells that amplify and potentiate the aller-
gic reaction.3---5 Penicillin and neuromuscular blockers are
considered the main triggers of IgE-mediated anaphylactic
reactions to drugs.4

IgE-independent reactions

IgE-independent mechanisms can be mediated by IgG class
antibodies or by the complement system. Studies in murine
models have shown anaphylactic reactions mediated by the
interaction of drugs with specific IgG bonded to the Fc�RIII
receptor in basophils, macrophages and neutrophils, trig-
gering PAF release.6 Although this model has not yet been
proven in humans, studies with infliximab and adalimimab
showed the occurrence of anaphylactic reactions without
specific IgE and with the detection of high levels of specific
IgG against the culprit agent.7,8

Complement system activation can be induced by IgG-
allergen immune complexes and by drugs solubilized in
therapeutic liposomes, as well as in lipid excipients. Such
mechanism promotes the release of C3a, C5a and C5-b-9,
triggering the activation of mast cells, basophils and other

cells, leading to degranulation and release of mediators.
Among the most common triggers of IgE-independent ana-
phylactic reactions are radiological contrast media, dextran
and heparin contaminated with super-sulfated chondroitin
sulfate.3,4

Non-immunological anaphylaxis

This form of anaphylaxis does not require immune system
activation. It is associated with direct stimulation of mast
cells, promoting degranulation and release of mediators.
Several drugs are related to this mechanism, including radi-
ological contrasts, opioids, NMB, dextran, and vancomycin.
Recently, there have been reports that direct degranulation
of mast cells associated with opioids, NMBs and quinolones
can be mediated by the MAS-Related G Protein-Coupled
Receptor-X2 (MRGPRX2).9 The interaction of these drugs
with the MRGPRX2 receptor can induce the release of his-
tamine, �-hexosamidase, TNF-�, prostaglandin, and other
mediators triggering anaphylaxis.4,10

Risk factors

Potentiating cofactors and factors may explain how an aller-
gen can be tolerated on some occasions in the same patient,
and on others, trigger, from mild reactions to severe ana-
phylaxis. In the presence of cofactors, the reactions may
become more severe and/or occur with smaller amounts of
the triggering agent. Cofactors are present in 30% of ana-
phylaxis cases according to the literature.1,2,11---22
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Three categories of risk factors have been suggested: 1)
Potentiating factors, which impact the immune mechanism,
such as physical exercise, acute infections, drugs (non-
steroidal anti-inflammatory drugs, proton pump inhibitors),
alcohol, and menstrual period; 2) Comorbidities, which are
associated with more severe reactions and increased mor-
tality, such as asthma, mastocytosis, and cardiovascular
disease; 3) Cofactors that have no impact on immunological
mechanisms, such as beta-blockers, Angiotensin-Converting
Enzyme (ACE) inhibitors, and emotional stress.10,23 However,
classifying risk factors is not always easy, as the knowledge
on the mechanisms involved is not necessarily clear for all
the factors identified.

Epidemiological studies indicate higher frequency of ana-
phylactic reactions in women. However, the difference
only occurs during the female reproductive period, hinting
the relationship with sex hormones. In addition, recurrent
episodes of anaphylaxis during the menstrual period are
described, suggesting estrogens or progesterone as potenti-
ating factors.10,23 Female susceptibility observed in clinical
studies was also demonstrated in a murine model.24

Beta-blockers and ACE inhibitors have been reported in
several studies as cofactors in anaphylaxis. The anaphylaxis
odds ratio for beta-blockers and ACE inhibitors was esti-
mated at 6.8 and 13, respectively. However, other studies
have concluded that the risk of developing anaphylaxis with
beta-blockers and ACE inhibitors is only significant when
there is simultaneous use of both drugs. Epidemiological
studies are required to determine the actual impact of these
drugs as risk factors for anaphylaxis.10,23

Statins can be deemed a risk factor for anaphylaxis since
low plasma LDL levels can increase the risk of severe or
fatal anaphylaxis. This class of drugs increases the plasma
concentration of PAF by reducing the activity of the PAF
Acetylhydrolase Enzyme (PAF-HA), which degrades PAF.10,25

Non-hormonal anti-inflammatory drugs are a well-
established factor for anaphylactic reactions, especially in
food anaphylaxis. However, the mechanisms involved are not
fully understood.10,23

A recent study on fatal anaphylaxis underscored an
increasing incidence of drug-related anaphylaxis, while the
food and venoms anaphylaxis rate remained stable. Cardio-
vascular comorbidities and age over 50 years were identified
as risk factors for fatal anaphylaxis, and in these cases, the
most involved drugs were beta-lactam antibiotics, NMBs,
and contrast media.26

Causal agents

The differences in nomenclature, methods used and regional
availability, and preference for certain drugs make the study
of the incidence of Perioperative Hypersensitivity Reactions
(PHR) a strenuous task.

The wide geographic variability reflects numerous issues,
such as anesthesia practice, preparation for diagnosing
hypersensitivity reactions, presence of research centers, in
addition to gene-environment interaction.27

The several agents involved in perioperative hypersensi-
tivity reactions will be discussed below, without obeying an
order of incidence, given we do not have this kind of studies
in Brazil yet.

Neuromuscular blockers and sugammadex

Neuromuscular Blockers (NMBs) are the most common cause
of perioperative hypersensitivity reactions in France, Nor-
way, and Belgium, and rank second in the UK, but are
less common in the US, Sweden, and Denmark.28 In Brazil,
although without further diagnostic confirmation by skin
tests or in vitro, in response to a questionnaire prepared
by allergists on perioperative anaphylaxis, neuromuscular
blockers were pointed out by 37.6% as the culprits of reac-
tions observed by anesthesiologists, ranking first among the
listed agents.29,30

Reactions to NMBs can occur by mechanisms mediated by
IgE or not. Studies focusing on the structure-activity rela-
tionship have established that the IgE recognition site for
the NMB comprises groups of tertiary and quaternary ammo-
nium, and adjacent molecules.30 The substituted groups
of tertiary and quaternary ammonium also present in cos-
metics, disinfectants, and foods and could explain the
sensitization presented by patients who have never been
previously exposed to NMBs.31 The hypothesis of folcodine ---
an antitussive that contains allergenic epitopes that would
cross-react with BNMs32 --- could explain the reaction to the
first exposure to NMBs.33

A prospective, case-control study, initiated in France in
2015 and expected to last 4 years (ALlergie aux curares et
exposition à la PHOlcodine --- ALPHO), may elucidate many
issues.27 NMBs can also activate mast cells, regardless of
the presence of IgE, by activating the MRGPRX234 membrane
receptor. The binding of the MRGPRX2 receptor by several
NMBs could be an alternative explanation for the cross sen-
sitivity among the different NMBs.9

From what was described above, both due to the
structure-activity relationship, as well as the MRGPRX2
receptor discovery, the need for systematic investigation
of cross-reactivity among the available NMBs is justified,
aiming to provide a safe alternative for patients who expe-
rienced PHR and will have to face anesthetic procedures in
the future.35

It is necessary to underscore that when a trigger agent
(NMB) is clearly identified and other NMBs result in negative
skin tests, they are considered to be normally safe options,
but it is impossible to entirely rule out a new reaction.36

Negative immediate hypersensitivity skin tests to NMB,
followed by exposure without a hypersensitivity reaction,
should be recorded on the medical chart.37

Sugammadex, a modified cyclodextrin that selectively
binds to steroidal NMBs, has been suggested as a possi-
ble treatment for anaphylaxis to rocuronium. Experimental
studies have demonstrated, through the expression of CD63,
a marker of basophil activation, that activation could not
be blocked by sugammadex after being initiated.38 Another
study, using a skin model, also concluded that modification
of the clinical response was unlikely if the allergic reaction
had already been established.39 The retrospective analysis
of 13 cases of anaphylaxis (by rocuronium and antibiotics)
has not shown any change in the clinical course by sug-
ammadex itself.40 In addition to these studies, cases of
hypersensitivity to sugammadex have been described.41 For
the moment, the recommendation is that sugammadex has
no role in the treatment of anaphylaxis.42
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Latex

The decrease in reactions to natural rubber latex from
Hevea brasiliensis has been observed as a result of sev-
eral measures, such as identification of risk groups and
use of preventive measures, correct labeling of medical
devices regarding presence of latex,43 and use of powder
free gloves.44

In special groups of children undergoing multiple surg-
eries (with diagnoses of spina bifida, myelomeningocele,
urological conditions), latex ranked first as a cause of peri-
operative anaphylaxis.45 For this group of high-risk patients,
primary prevention is proposed, so early sensitization to
latex should be avoided. Recommendations are to use latex-
free medical materials/devices from birth, perform surgery
in a safe environment regarding presence of latex,46,47 and
schedule surgery as the first case of the day.48,49

Despite the relevance of the subject there is no quest
for primary prevention measures, that is changes in oper-
ating room routine by the Brazilian Society of Pediatrics
(SBP, www.sbp.com.br) and its Neonatology Department, by
the Brazilian Allergy and Immunology Association (ASBAI,
www.asbai.org.br), and by the Brazilian Society of Anesthe-
siology (SBA, www.sbahq.org). In the Brazilian literature,
the only recommendation on primary prophylaxis by exclu-
sion of latex from birth, was found in Soares.50

In Brazil, the National Health Surveillance Agency
(ANVISA) issued the Collegiate Board Resolution, RDC
37/2015, regarding information on presence of latex in
medical supplies.51

Reactions to latex tend to occur later in surgery, after
significant contact with mucous membranes.43,49 Latex
sensitization evaluation by the allergist preoperatively is
indicated for patients presenting an uninvestigated sus-
pected history of hypersensitivity reaction in previous
anesthesia and for:52 patients with manifestations of hyper-
sensitivity to latex, regardless of circumstances; children
submitted to several surgeries, especially those with spina
bifida, myelomenigocele, as they present a high rate of latex
allergy; patients with a history of clinical manifestations
after eating avocado, banana, kiwi, and others, due to the
high incidence of cross reactions with latex.52

Opioids

Natural (morphine and codeine) and semi-synthetic (folco-
dine, hydromorphone and diamorphine) opioids are potent
direct histamine releasing medications. They mainly pro-
mote cutaneous manifestations that include hives, itching
and flushing.53 High doses of morphine used during cardiac
surgery do not cause bronchospasm or angioedema.54

Reactions related to direct histamine release are much
more prevalent than reactions mediated by IgE, with the
former probably resulting more from the occupation of MRG-
PRX29 receptors of mast cells than from binding to the �
receptor.55

Semi-synthetic phenylpiperidine class opioids (alfentanil,
fentanyl, remifentanil) are not histamine releasing medica-
tions, and there seems to be no cross sensitivity between
them and the derivatives of morphine, diphenyl-heptanes
and phenanthrenics.56 Confirmed diagnosis of opioid reac-

tion is difficult due to unreliability of skin tests, the potential
for histamine releasing by some of these medications,57

and the unavailability of specific validated and reliable IgE
assays.58 Still, reactions to these agents are exceptionally
rare, considering their extensive use in anesthesia.27

Hypnotics

Reactions to hypnotics were frequently associated to
thiopental (currently in disuse) and to propofol, when it was
formulated with the solubilizer Cremophor EL.59,60

Propofol has two isopropyl groups that act as antigenic
determinants, in addition to presenting, in its current for-
mulation, a lipid solution with soy oil and egg lecithin.60

Lecithin is derived from egg yolk and is highly purified.
Patients allergic to egg tend to show sensitization and reac-
tion to the egg white protein.54 The soy oil used for the
propofol solution is refined and its allergenic proteins are
removed at the end of the process.60

The safety alert pediatric reference always cited is a
case report of a child with anaphylaxis to egg and who
presented a generalized urticaria reaction after the use of
propofol, with a positive immediate hypersensitivity skin
test.61 A retrospective observational study of children with
eosinophilic esophagitis, a distinct non-IgE mediated phe-
notype, found no difference in the rate of propofol-related
complications.62

The American Academy of Allergy, Asthma and Immunol-
ogy recently decided that patients allergic to egg can
safely receive anesthesia without any precautions, and the
guideline was reaffirmed in a recent review.47 Etomidate,
ketamine, and benzodiazepines are rarely involved; among
the latter, midazolam is the most frequent agent.11

Local anesthetics

Local anesthetics are widely used and rarely promote
anaphylactic reactions regardless of the mechanism.63---65

Despite the rarity, local anesthetic reaction can occur even
when the substance is not suspected.66

Several manifestations considered as local anesthetic
hypersensitivity may have other etiologies, such as vasova-
gal reaction, accidental intravascular overdose, symptoms
related to use of vasopressors or reaction to the concurrent
exposure to another agent (latex, antibiotics, non-steroid
anti-inflammatory drugs, chlorhexidine, additives, and
preservatives).67

According to Kvisselgaard et al.,65 extra knowledge on
how to recognize anaphylaxis is required for health profes-
sionals. The authors draw attention to the use of adrenaline
in cases of vasovagal reaction. These episodes are often
labeled as anaphylaxis, without being the case.65

Evaluation of suspected hypersensitivity reactions to
local anesthetics is performed with immediate-type reaction
skin tests (prick and intradermal tests), followed by subcuta-
neous challenge tests.65---68 Investigating the suspected agent
is important to establish a definitive diagnosis69 in order
to offer at least one alternative37,67 or options for future
anesthetic procedures.67

Skin and intradermal tests should be performed with
preparations without vasoconstrictors due to the high like-
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lihood of a false-negative result.37 Cross-reactivity is more
common among esters (not available in Brazil) than among
amino-amides or amine-esters.68,69

Local anesthetic allergy can be caused by methyl-
paraben, paraben, or metabisulfite used as preservatives.
Although there are preservative-free local anesthetics, they
may not be easy to obtain.69

Obstetric patients represent a particular situation for
testing a history of hypersensitivity to local anesthetics. In
this circumstance, the test should be performed on the day
of delivery, at the maternity center. The allergist performs
the skin tests and, if they are negative, neuraxial anesthesia
is performed with local anesthetic. In case of any reaction,
the obstetric team will be ready to perform the necessary
procedures.68

Ester-type local anesthetics (chloroprocaine, procaine,
tetracaine) are considered more antigenic than the
amide-type (lidocaine, bupivacaine, ropivacaine, levobupi-
vacaine). Para-aminobenzoic acid, resulting from the
metabolism of esters, is thought to be responsible for the
greater antigenic properties of esters.20

Antiseptics, disinfectants and sterilizing
agents

Chlorhexidine

Chlorhexidine is an antiseptic widely used perioperatively
acting as a component of skin preparation solutions,
local anesthetics gels, lubricants, dressing compresses,
ophthalmic solutions, or chlorhexidine-impregnated cen-
tral venous catheters. In the extra-hospital environment
chlorhexidine is present in mouthwashes, dentifrices, make-
up removers, dressings and household antiseptic solutions.43

The patient may have used them previously and shown
no reaction to these products. In the perioperative
period, reactions may occur abruptly, during central venous
catheter placement70 or within 20---40 minutes after initiat-
ing the procedure.71 Absorption through the mucosal surface
or incised skin increases exposure. Skin tests are shown to
be predictive of allergic sensitivity and are correlated with
the levels of specific IgE.72

Chlorhexidine may be hidden in several perioperative
products and should be part of the anaphylaxis investiga-
tion, including reactions in which there is no description of
the agents used.37,71

Povidone

Povidone is also present in soaps and ophthalmic antisep-
tic solutions. Reactions attributed to povidone are rare, but
some have been published describing skin tests associated
with the measurement of the tryptase level.73 It is important
to emphasize that the main antigen identified is povidone,
and not iodine,74 and there is no cross reaction with iod-
inated contrast agents.49 Skin tests are recommended for
diagnosis and dilutions are standardized.28,37

Ethylene oxide

It is a gas used to sterilize a wide range of medical supplies. It
has rarely caused perioperative anaphylaxis.75 Reaction has
been restricted mainly to high-risk groups, such as patients
undergoing dialysis, with myelomeningocele and ventricu-
loperitoneal shunts.76---78 It is described as an agent that is
practically impossible to eliminate completely,28 thus mea-
sures that minimize exposure are recommended.79

The diagnosis is made only with specific IgE,77 and
pretreatment with omalizumab has been reported to be
effective.80,81

Glutaraldehyde and orthophthaldehyde

Glutaraldehyde and Orthophthaldehyde (OPA) are disinfec-
tants used for reprocessing dental, medical, and hospital
supplies that are sensitive to heat. Glutaraldehyde has been
attributed to late hypersensitivity reactions (contact der-
matitis). Immediate-type hypersensitivity reactions during
cystoscopy and laryngoscopy with orthophthaldehyde have
been reported.82---84

The OPA manufacturer, after receiving numerous com-
plaints of reactions, contraindicated its use in cancer
patients undergoing recurrent cystoscopies.85

Colloids

Colloids, or plasma volume expanders, are usually admin-
istered to patients with hypotension, so to correctly
diagnose the hypersensitivity reaction is challenging. Signs
may appear within 20---30 minutes after the infusion has
started.86

Gelatins are responsible for most reactions, followed by
dextrans.49 Reactions to dextran solutions are IgG-mediated
due to the activation of complement.87 Due to the high risk
of reactions to hydroxyethyl starch, it has been withdrawn
from some countries and has not been included in more
recently published studies,27 although it is still marketed
in Brazil.

While gelatins can induce reactions by unspecific
histamine release, IgE-dependent reactions have been
reported. In addition, gelatins can trigger reactions in chil-
dren as ‘‘hidden’’ agents in hemostatic products that are
derivatives of bovine or porcine gelatin.88 In addition to
allergy to gelatin derived from bone protein present in
plasma expanders or in hemostatic topical agents,89,90 there
is allergy to alpha-gal (alpha-gal syndrome). It is described
as an IgE-mediated allergy to red meat. More specifically,
the allergy involves an oligosaccharide present in many foods
from animal origin (mammals), such as meat and jellies.91,92

In summary, patients with alpha-gal syndrome should not
receive gelatin-based colloids, unless they have negative
skin tests.47

Blood and blood products

Hypersensitivity reactions can occur to a heterogeneous
group of blood components, with a wide range of risk levels.
The major challenge in diagnosing perioperative reactions
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to blood and blood components is the absence of confirming
skin tests.27

Urticarial reactions occur in 0.5% of all transfusions of
fresh frozen plasma. As in all blood components there is
always a small amount of plasma, reactions can also occur
with packed red blood cells and platelets.41

To better understand reactions, they can be divided into
those related to the recipient or related to the donor. The
best example of recipient-related reactions is the patient
(recipient) with IgA deficiency, whose anti-IgA antibodies
react to the donor antigen. The assessment of IgA levels
of recipient patients should be part of the investigation of
hypersensitivity reactions in transfused patients.93

When blood and blood components have been adminis-
tered prior to the perioperative hypersensitivity reaction,
the blood bank must be notified. The possibility of obtain-
ing positive tests for blood and/or blood components is
restricted; thus, the patient should be referred to an allergy
specialist assessment. The presence of negative allergic
tests leads to an exclusion diagnosis of reaction to blood
or its products.76

In addition to ABO incompatibility and hypovolemia,
other causes, such as bacterial contamination and accumu-
lation of bradykinin of the transfused blood, may explain
hemodynamic instability during transfusion.94

Regarding tests, they should also include the search for
hidden allergens, that is, substances administered with the
blood, such as methylene blue or hemostatic agents.78

Involving an allergy specialist in the assessment of the
case should be pursued for proper investigation.95

Radiological contrasts

The different iodinated contrast media have a common
structure: an aromatic benzene ring with attached iodine
atoms and whose allergenic sequence has not yet been iden-
tified, although iodine is not involved.74,96

Iodine is a bioelement essential to life and does not con-
stitute an ‘‘antigenic sequence’’. It does not correspond to
any documented clinical entity, therefore, the expression
‘‘allergic to iodine’’ should be abandoned.96,97

Concerning fish, the identified allergenic sequence is par-
valbumin, a muscle tissue protein, as well as the glycolysis
enzymes enolases and aldolases.98 Tropomyosin is consid-
ered the largest pan-allergen from crustaceans, mollusks
and arthropods (for example, mites).99,100

These considerations are necessary to eliminate the mis-
conception of cross-reaction between iodinated contrasts
and fish/seafood.47,74,97,101,102 Similar reasoning applies to
povidone-iodine, where the allergenic determinant is povi-
done, and there is no cross-reactivity with seafood.47,97

Iodinated contrast media can trigger both IgE depen-
dent reactions103 and delayed hypersensitivity reactions.104

Cross-reactivity appears to be low, despite the similar
molecular structure. Skin tests are performed after a hyper-
sensitivity reaction to confirm the suspected agent and to
offer a safe alternative. Alternative contrasts that result in
negative skin tests have been safely used in patients with
previous reactions to iodinated contrasts.105

Treatment prior to exposure remains a controversial
issue. Although it is recommended in protocols in some coun-

tries, such as the US, in Europe it is not recommended. It
is reserved for patients who have suffered previous severe
reactions, not mediated by IgE, mastocytosis.106 Others
restrict the recommendation to patients with mastocyto-
sis and chronic urticaria, who require contrast to which
skin tests have been negative.103 In summary, premedication
does not prevent IgE-mediated reactions, and its effective-
ness in preventing moderate to severe reactions, immediate
or late, has not been proven. The essential is that all those
who administer contrasts know how to properly recognize
and treat anaphylaxis.105---107

Paramagnetic contrasts

Contrast media used in magnetic resonance are called para-
magnetic contrasts. Quite often they are large, complex or
chelating molecules containing gadolinium. The symptoms
described for immediate reactions are remarkably like those
described for iodinated contrast reactions. To date, reports
of late reactions are not known, although they cannot be
ruled out.108

The pathophysiological mechanisms have not been well
established. In some cases, the involvement of specific IgE
is suggested, based on positive skin tests performed on
patients with anaphylaxis to these contrast media.109,110

Dyes

Dyes have often become described as etiologic agents of
hypersensitivity reactions. In a recent study they rank as the
fourth identified cause in the UK, only behind antibiotics,
NMBs and chlorhexidine.64

There are three commonly used blue dyes: patent blue V
and isosulphan blue that are structurally related, and methy-
lene blue not structurally related to the previous two. In
breast cancer surgery and melanomas, they are used for
searching and mapping lymphatic drainage and identifying
the sentinel nodule.27

Anaphylaxis to dyes occurs later in relation to periop-
erative intravenous injection of the antigen, due to the
slow absorption by subcutaneous and lymphatic tissues.111

It is necessary to highlight the prolonged interference with
pulse oximetry readings, causing a misleading drop in oxime-
try values,27 which can be measured by arterial blood gas
analysis.112,113

Hypersensitivity reactions to fluorescein, a dye used
for retina angiography and other procedures, have been
reported.114,115

Other agents

Aprotinin

Aprotinin, a bovine derivative, is an inhibitor of serum
proteases and has anti-fibrinolytic activity. It is used intra-
venously or as a component of topical hemostatic agents, to
reduce bleeding mainly in orthopedic or cardiac surgery.116

There is a higher prevalence of aprotinin reactions in
patients with previous exposure, explaining why intervals
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shorter than 6 months between aprotinin exposures are con-
sidered a relative contraindication.117

In Brazil, the registration of intravenous aprotinin
expired in 2016 and had not been renewed until the pub-
lication of this article. However, aprotinin is a constituent
of products marketed in Brazil, such as topical hemostatic
agents and biological glues.

Protamine

Protamine sulfate is a highly alkaline polypeptide used to
reverse the anticoagulant effects of heparin. It also forms a
complex with insulin (NPH or Neutral Protamine Hagedorn)
delaying absorption and prolonging the pharmacological
effect of insulin. There have been reports of hypersensitiv-
ity reactions mediated by IgG, IgE, complement activation
and non-specific release of histamine.118

Although protamine is produced by recombinant technol-
ogy, initially it was isolated from fish sperm, and protamine
was supposed to promote cross-reaction in patients allergic
to fish. No evidence was found to justify this hypothesis.119

Previous exposure to NPH insulin was also deemed a risk
factor for using protamine. Although the rate of reactions is
higher in diabetic patients using NPH insulin, evidence for
IgE-mediated allergy is extremely low.120

Three cases of allergy to protamine have recently been
reported.121 However, two of these patients receiving NPH
insulin were re-exposed to protamine with no events, show-
ing that other non-IgE mechanisms may be involved.122

Thus, there is no evidence to date to avoid the use of
protamine in patients with allergy to fish and in those using
NPH insulin.47

Tranexamic acid

It is an antifibrinolytic agent recommended in specific
situations,123 although rare hypersensitivity reactions are
reported both in children and adolescents,124 and in adults.
Skin and provocation tests have been suggested.125

Hyaluronidase

It is a bovine or ovine enzyme that degrades hyaluronic
acid and can be used as an adjunct to local anesthet-
ics facilitating tissue penetration. Immediate reactions
to hyaluronidase have been described.126 Even late reac-
tions can have disastrous consequences due to edema
and compression of important anatomical structures as,
for example, in ophthalmic surgery.127,128 The differential
diagnosis with early orbital cellulitis must be made in
cases presenting edema and hyperemia, due to the risk
of compartmental compression and consequent visual loss
associated with delayed diagnosis.129

A previous history of allergy to wasp and bee stings
(for possible cross-reactivity with the hyaluronidase of the
insect venom) and prior use of hyaluronic acid fillers for cos-
metic purposes should be investigated before deciding to use
hyaluronidase to perform regional eye blocks.130

Hidden antigens

Some agents are not among the drugs, substances and
devices described on the anesthesia record or surgery
report. Thus, they go unnoticed and are omitted in
post-crisis investigation. An example, Polyethylene Glycols
(PEGs). PEGs and their derivatives are nonionic polymers
of ethylene oxide, commercially available in a wide range
of molecular weights. PEGs are extensively used in regular
pharmaceutical products, in medications for cancer, gout
and immunotherapies, in cosmetics and food products.131

The lack of nomenclature standardization and the low rate
of hypersensitivity warnings for adjuvants and excipients
can render them even more concealed, making investigation
challenging.132,133

Some examples are listed below, and some alerts are
offered in the reference article:78 ethylene oxide (sterilizing
gas), related to reactions in ventriculoperitoneal shunt surg-
eries; antibiotics in bone cement and eye drops; mannitol
as an adjunct to some intravenous medications; methyl-
cellulose in artificial tears; polyethylene glycol gel, local
anesthetics spray, bone cements.78

Cooperation among allergists, anesthesiologists and all
members of the surgical team is essential to research other
substances that are not always evident upon an initial inves-
tigation.

Non-steroidal anti-inflammatory drugs

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are also
widely used in surgical procedures (pre, intra and postop-
erative). Estimates from Europe, for example, reveal that
almost all anesthesiologists (99.1%) use this class of medi-
cation at some point during perioperative management.134

In most cases of hypersensitivity to NSAIDs, including
anaphylaxis, there is no involvement of an immunological
mechanism. In these situations, NSAIDs’ own mechanism
of action on the Cyclooxygenase (COX) enzyme isoforms
COX1, COX2 and COX3 deviates the arachidonic acid
metabolism toward the lipoxygenase pathway and causes
larger production of leukotriene and lipoxins. Leukotrienes
are potent vasodilators; increase vascular permeability,
inducing edema of nasal and bronchial mucosae, increase
glandular mucous secretion, and act on bronchial smooth
muscle resulting in bronchoconstriction. In addition, there
is also a reduction in the synthesis of Prostaglandin E2
(PGE2). PGE2 has vasodilation and bronchodilation proper-
ties and stabilizes mast cells.135,136 Reactions involving this
mechanism are considered non-selective, since they are not
specific to a certain molecular structure, but are rather
related to the potency with which NSAID inhibits COX-1. In
this way, individuals can react to several NSAIDs (with dis-
tinct structures) and the more potent the drug in inhibiting
COX-1, greater the risk and severity of the reaction.

Conditions presenting an immediate immunological
involvement, such as anaphylaxis, start with type I hyper-
sensitivity mechanism and synthesis of specific IgE against
a particular NSAID or against NSAIDs with a similar chem-
ical structure. These reactions are considered selective
since the patient tolerates anti-inflammatory drugs with
a different chemical structure. About 24% of hypersensi-
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tivity reactions to NSAIDs are selective.137 Derivatives of
pyrazolone (dipyrone, metamizole), diclofenac, and propi-
onic acid derivatives (ibuprofen, ketoprofen, naproxen) are
the agents most frequently implicated in these reactions138

according to patient history, in vivo confirmation after
positive Immediate Hypersensitivity Skin Tests (IHST), and
in vitro confirmation using basophil activation test.

Although NSAIDs are the main cause of drug-related ana-
phylaxis in Brazil, in adults and children139,140 they are
considered a rare cause of perioperative anaphylaxis.27

In Spain, a five-year study showed the presence
of dipyrone-specific IgE (positive IHST) in two cases,
both occurring during anesthesia recovery.141 In Ger-
many, investigation with skin tests in 53 patients showed
five IgE-mediated reactions to metamizole and two to
phenylbutazone.142 One case of ibuprofen anaphylaxis was
revealed from data of the 6th National Audit Project (NAP6),
carried out in 356 hospitals in England, Wales, and Northern
Ireland.2,143

In France, only three cases of perioperative hypersensi-
tivity to immunologically mediated NSAIDs were identified
in a nationwide study over an 8-year period.22

Despite the low frequency of perioperative reactions
to NSAIDs, in cases of previous non-investigated periop-
erative reaction, the use of paracetamol and selective
COX-2 inhibitors has been suggested, as they are recognized
as having a low association with either immunological or
non-immunological mechanism hypersensitivity reactions to
NSAIDs.52

In pediatrics, a review of original articles meeting the
criteria of dipyrone use as analgesics in children up to 17
years of age, identified two, out of four studies, whose
main objective was to determine side effects or serious
adverse reactions related to dipyrone.144 Besides itching,
edema, rash, and vomiting, no serious adverse events were
reported. The study concluded that the odds for serious
adverse reactions related to dipyrone (hemodynamic, ana-
phylactic, or respiratory reactions) is less than 0.3%.145,146

These are the relevant summarized recommendations
from articles and guidelines from expert opinions:147 a)
Increased prevalence of hypersensitivity reactions to NSAIDs
(in children) than previously reported; b) The natural his-
tory of these reactions in children is still unknown, requiring
regular reassessments; c) Provocation test is the gold stan-
dard, and d) COX2 inhibitors, although not yet approved,
have proved to be useful alternatives.147

Antibiotics

Antibiotics are used throughout the perioperative period,
either for prophylaxis or treatment of infections. It is esti-
mated that circa 15% of all antibiotics used in hospitals are
prescribed for surgical antimicrobial prophylaxis.148,149

They are well-known and a common cause of peri-
operative anaphylaxis, and the reactions to this class of
medication have increased markedly in many countries in
recent decades. It is true that the antimicrobial agents
involved in perioperative anaphylaxis vary depending on
local use.150 However, the evidence indicates clear predom-
inance of �-lactam involvement, particularly penicillin and
cephalosporin.141 In these situations, there is a participa-

tion of the mechanism of hypersensitivity type I described
by Gell and Coombs with synthesis of specific IgE and sensi-
tization to the �-lactam ring or to the �-lactam side chains.
It is worth pointing out that sensitization to the ring estab-
lishes the risk of reaction to any antibiotic in the group, for
all �-lactams share the ring structure. Sensitization to side
chains, on the other hand, makes it possible for reactions
by cross-reactivity between �-lactams depicting analogous
side chains (e.g. amoxicillin and cefadroxil).151 Thus, it is
known, for example, that cefazolin, a cephalosporin com-
monly used as surgical prophylaxis, has side chains distinct
from all other �-lactams, so that patients with reactions to
cefazolin tolerate other drugs in the group.152

Evidence also indicates that there may be differences
in the pattern of sensitization depending on the popula-
tion group analyzed. It is known, for example, that most
patients with �-lactam allergy in the US and Europe are
sensitized, respectively, to the �-lactam ring and the side
chains.141,153---156

The spurious labeling of allergy to �-lactams, notably to
penicillin, is an issue worthwhile discussing.

Penicillin allergy is reported in approximately 10% of the
population and in 20% of inpatients. However, this label
could be removed in at least 90% of them, by detailed history
or by evaluation by an allergist.157

In children, allergy to antibiotics is reported in 5% to 10%
of cases, but it seems that roughly 90% of these have been
incorrectly labelled.158

The implications of an incorrect diagnosis are the use
of alternative antibiotics, causing high rates of surgical site
infection, bacterial resistance, hospital infection, prolonged
hospital stay, and increased costs.157,159---161 There is great
need for studies aiming to remove inadequate labeling, min-
imizing its consequences.157,162,163

There are also reports of perioperative reactions to van-
comycin and quinolones. However, confirmation of their role
as the etiological agent using skin tests for specific IgE inves-
tigation is severely impaired, since such drugs cause direct
mast cell granulation and can release histamine, regardless
of specific IgE production.164

How to investigate?

At the operating room

After the clinical diagnosis is established and therapeutic
measures are taken, without waiting for the results of lab-
oratory tests, which will be useful to confirm the diagnosis
of immediate hypersensitivity.

The most recent recommendations suggest obtaining the
first sample within 1 hour after the reaction starts, followed
by collection of a second sample within 2---4 hours after the
first.42 If it is not possible to obtain both samples, with-
drawing a single sample within 1---4 hours is adequate.28,52,64

The baseline sample for comparison should be collected
24 hours after the reaction or, later, when performing the
skin tests.28,52,64

The recently validated algorithm from an international
consensus is also the most effective tool for analyzing the
results. Based on the algorithm, tryptase levels after reac-
tion must be higher than [(1.2 × basal tryptase) + 2] �g.L-1,
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to differentiate, in the perioperative scenario, between
anaphylactic and non-anaphylactic event.165,166

Post-mortem samples can be used due to the high stabil-
ity of tryptase.167 It is noteworthy that now, tryptase level
is the only test to be collected during a crisis, for afterward
quantification. Histamine has a short-lived half-life, declin-
ing rapidly to normal values, and is not part of routine tests.
Its use is restricted to a few specialized centers.52

At the allergist office

The perioperative reaction investigation goal is to identify
the culprit agent and to provide alternatives for a safe
future anesthesia, even when no culprit is identified. This
investigation requires a systematic approach and, ideally,
should be a team effort, combining the expertise of aller-
gists/immunologists together with anesthesiologists with
experience in anesthesia allergy investigation. The anes-
thesiologist understands the perioperative scenario and the
several differential diagnoses, can better analyze the anes-
thesia record, and can help identify possible culprits, even
those not documented in the anesthesia record. On the other
hand, the allergist/immunologist is aware of the available
tests and their limitations.28 Ideally, all patients who present
immediate reactions should be referred to an allergy outpa-
tient clinic for investigation, both patients that presented
only skin reactions (Grade I), and those who had the most
severe manifestations (Grade II to IV). 28,42,168

In Brazil, it is uncommon for patients to seek an allergist
spontaneously, without having been referred, which can lead
to management challenges and greater delay in obtaining
the diagnosis.

For the allergist, a detailed anamnesis of the event is
a crucial tool. All contacts up to 2 hours before the onset
of reaction28 can be relevant and complete documentation,
with chronological order of events, is essential. Documen-
tation must include the anesthetic record, all medical
records (preoperative, operating room and post-anesthetic
recovery), notes by the anesthesiologist, details of any sur-
gical or other perioperative exposures (disinfectants, local
anesthetic spray/gels, dyes, cements), and details of all
procedures (venous and urinary catheters, stents). Planning
the investigation based only on information from a referral
letter is not recommended.28

Latex and antiseptics (mainly chlorhexidine) are on the
list of products to be investigated, but these are often not
recorded in medical records. Other substances less com-
monly associated with reactions are local anesthetics and
ethylene oxide, which should also be listed for investiga-
tion. It should be noted that regarding ethylene oxide, the
currently available diagnosis is a specific IgE.77

Thus, all agents present in the pre-, intra and immediate
postoperative period should be investigated.27,28,49

Conversely, there is no indication for testing agents
whose pharmacological groups have not been used (e.g.,
etomidate should not be tested in patients sedated with
propofol and/or midazolam).28

Another important measure is to check the subsequent
exposure to agents used perioperatively. There is no need
to test agents used at the time of the index reaction, and
which in a subsequent exposure did not cause a new reac-

tion. However, it is worth noting that agents that were
maintained or reused shortly after recovery from reaction
should still be considered for investigation, as the patient
may be in a refractory period or under the effect of medi-
cations that mask a new reaction, such as antihistamines or
corticosteroids.28

In cases of patients for whom access to their medical
record/anesthetic record is impossible, usually due to very
remote previous reactions (over 10 years), the investigation
of latex, chlorhexidine, ethylene oxide, propofol, fentanyl,
remifentanil, and a NMB is recommended to warrant safe
use in future anesthesia.28,52 It is also suggested to inves-
tigate cefazolin, midazolam and include succinylcholine as
an option for NMB. Cefazolin is the most commonly used
antibiotic in the perioperative period and, although it does
not seem to cross-react with other cephalosporins and beta-
lactams, it is not yet appropriate to declare it safe for use
without complete negative investigation (skin tests followed
by provocation).169 Midazolam, although described as a very
rare cause of perioperative reactions,27,28,52 was a frequent
cause of positive skin tests in a Brazilian population study
sample,11 which may suggest a different sensitization profile
for this population.

Once the agents to be investigated in the first consul-
tation with the allergist are defined, skin tests must be
scheduled in a hospital environment, and initial laboratory
tests can help to elucidate the agent and even avoid unnec-
essary in vivo tests. A still controversial issue is the ideal
time and time limit for investigation. Although in vitro and
skin test positivity has a tendency to decrease over time,
there is no maximum time limit for the request, since a
positive result must be valued.27,28,37,49,168 Conversely, the
‘‘ideal time’’ is unknown. Waiting a minimum of 4 to 6 weeks
after the event is suggested but avoiding more than 4 months
apart. Alternatively, UK guidelines suggest the possibility of
investigation right after the event, although the possibility
of some false-negative result in this period cannot be ruled
out.37,52,168,170,171

For skin tests, antihistamines should ideally be suspended
at least 5 days before the procedure. High doses of sys-
temic corticosteroids and drugs with antihistamine action
(antidepressants and antipsychotics) can influence results,37

but should only be suspended if prescribing physicians con-
sider it safe. To this point, as it may increase patient
cardiovascular risk, there is no evidence of benefit in sus-
pending angiotensin-converting enzyme inhibitors, or beta-
blockers. Therefore, they should not be interrupted as a
routine.28

Thus, when scheduling skin tests, the physician must
already adjust oral medications according to the day of the
procedure and request in vitro tests so that they can be
checked before scheduled in vivo tests.

In vitro tests

In vitro tests mainly comprise serum tryptase, specific IgE
(sIgE) and Basophil Activation Tests (BAT). In vitro tests
can add accuracy combined with safety to the investiga-
tion of hypersensitivity reactions. However, they are not
performed in isolation and are part of a diagnostic algo-
rithm, being evaluated according to other additional tests.
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Although there are several in vitro tests, largely they are
only available in research centers, and not in the clinical
routine.172

a) Serum tryptase: Serum tryptase is the best biomarker
for mast cell degranulation, both by IgE and non-IgE medi-
ated mechanisms. Because it is only available in a few
centers, the immediate result of the sample taken in the
acute phase of a perioperative reaction is rarely obtained.
Ideally, collecting two samples is recommended. The first
is collected at the acute phase and the second sample, for
obtaining the baseline value, should be withdrawn 24 hours
after the reaction.28 The recently published British national
study NAP6 showed that collecting a sample immediately
after stabilization of the patient increases the accuracy
for detecting significant increase.2 Tryptase level above 2
mcg.L-1 + 1.2 × basal tryptase value (in mcg.L-1) is consid-
ered a significant increase.165,166

Even when the acute phase sample is not obtained, the
isolated basal tryptase measurement is useful as screening
for cases of conditions presenting mast cell activation, such
as mastocytosis.28

b) Specific serum IgE (sIgE): When combined with other
tests, sIgE measurement is a crucial complementary test to
check an immediate hypersensitivity reaction. The positive
specific IgE result to a particular agent confirms sensitization
to that agent, but not necessarily ‘‘allergy’’ to it.

The availability of the test is restricted to a limited num-
ber of agents and its predictive value is not absolute. For
many agents, trials have not yet been properly validated
because of inadequate number of patients with accurate
phenotyping and exposed or provoked control individuals.173

The available sIgE assays are mainly for NMBs, beta-
lactam antibiotics, latex, chlorhexidine, and ethylene
oxide, but not all are marketed in Brazil.

The sIgE measurement is important in cases requir-
ing early reintervention (surgeries below 4 weeks of the
suspected crisis), when sIgE positivity will alert for the cul-
prit agent. If not, the test must be repeated after 1---2
months.174

c) Basophil Activation Test (BAT): BAT is a flow cytometry
assay that evaluates activation and degranulation mark-
ers present on the basophil membrane surface.174 It has
been compared to in vivo tests, showing high diagnos-
tic accuracy for cases of perioperative hypersensitivity
reactions.175

BAT can potentially be performed for any agent, compris-
ing NMBs, antibiotics, latex, opioids, and opiates.174

For validating BAT use to diagnose suspected periop-
erative hypersensitivity reactions large studies are still
required, with consistent controls and unified diagnosis cri-
teria for the US, Europe and other regions of the world.172

In Brazil, like in many countries, BAT is still unavailable for
clinical routine.

In vivo tests

In vivo drug tests include skin and provocation tests. Skin
tests confirm the IgE-mediated mechanism and provocation
tests are considered the gold standard in the diagnosis of

hypersensitivity reactions to drugs.176,177 However, in the
context of perioperative reactions, the indications and con-
traindications of the tests are particular and should be
thoroughly considered.

a) Skin tests: The skin tests performed in the investiga-
tion of immediate perioperative reactions are the Skin Prick
Test (SPT) and the Intradermal Test (IDT). Both tests provide
immediate reading (15---20 min) to confirm the IgE-mediated
mechanism. It is recommended that the tests be performed
by a qualified allergist.35,52,176

Despite efforts to standardize the concentrations used
for skin testing, the non-irritating concentrations of some
drugs, such as opioids and NMBs, for example, are still
a matter of debate. So far, the dilutions suggested by
the European Academy are used, which are summarized in
Table 1.177

SPT should always be performed first, usually on the volar
surface of the forearm, with negative (saline or diluent) and
positive (histamine) controls. The results are read after 15
to 20 minutes, and a wheal ≥ 3 mm in relation to the nega-
tive control is considered positive. When SPT is negative or
inconclusive, the IDT is performed, preferably also on the
forearm.

The technique and interpretation of immediate reading
IDT has also been subject of debate in recent years. The
2011 international guidelines suggested the administration
of a volume between 0.02 and 0.05 mL, and the initial papule
should be marked with a fine point pen. A positive IDT was
considered when the final size of the papule was at least
twofold the size of the initial papule.52 According to the
most recent guidelines, a test in which a thin papule is
3 mm larger than the initial papule should be considered
positive, and there is no need to double the diameter.28,49

However, the skin injection should have volumes of only 0.02
to 0.03 mL, to initially produce a small 3 to 5-mm diame-
ter papule. Inconclusive test results can be repeated on the
contralateral limb.28,176

Albeit extremely low, it is worth noting that there is a risk
of systemic reaction, even anaphylactic, associated with the
IDT test. Thus, besides the fact that only parenteral presen-
tation drugs can be used, it is recommended to perform the
tests only in a hospital environment, under the supervision
of an allergist with expertise in the procedure and in the
management of serious reactions.176

Concerning which agent to be elected for skin tests,
besides those exposed at the time of the reaction, in cases
presenting positive skin test for one NMB, it is recom-
mended to include all NMB available for investigation of
cross-reactivity.28,37,49 Similar recommendation applies to a
positive investigation for cefazolin. It is suggested to investi-
gate other beta-lactams due to the theoretical possibility for
cross-reactivity (penicillin or ampicillin and another intra-
venous cephalosporin).49 As for latex, a very important
sensitizing agent in Brazil, skin testing should be restricted
to SPT without performing IDT, but when available, it should
be performed with commercial extract and in the prick-to-
prick method with a latex glove. If SPT is negative, in a
controlled environment we can perform the use test, which
although an immediate reading contact test, works as a
provocation for latex.178
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Table 1 Suggested non-irritating concentrations for skin tests with drugs to investigate perioperative reactions.28,179

Drug Skin prick test Intradermal test

Cephalosporins 20 mg.mL-1 20 mg.mL-1 (Cefepime 2 mg.mL-1)
Thiopental 25 mg.mL-1 2.5 mg.mL-1

Propofol 10 mg.mL-1 1 mg.mL-1

Ketamine 10 mg.mL-1 1 mg.mL-1

Etomidate 2 mg.mL-1 0.2 mg.mL-1

Midazolam 5 mg.mL-1 0.05 mg.mL-1

Fentanyl 0.05 mg.mL-1 0.005 mg.mL-1

Alfentanil 0.5 mg.mL-1 0.05 mg.mL-1

Sufentanil 0.005 mg.mL-1 0.0005 mg.mL-1

Remifentanil 0.05 mg.mL-1 0.005 mg.mL-1

Morphine 1 mg.mL-1 0.01 mg.mL-1

Atracurium 1 mg.mL-1 0.01 mg.mL-1

Cisatracurium 2 mg.mL-1 0.02 mg.mL-1

Mivacurium 0.2 mg.mL-1 0.002 mg.mL-1

Rocurorium 10 mg.mL-1 0.05 mg.mL-1

Vecuronium 4 mg.mL-1 0.4 mg.mL-1

Pancuronium 2 mg.mL-1 0.2 mg.mL-1

Suxamethonium 10 mg.mL-1 0.1 mg.mL-1

Pyrazolones 0.1 to 2 mg.mL-1 0.1 to 2 mg.mL-1

Others NSAIDs 0.1 mg.mL-1 0.1 mg.mL-1

Local anesthetics Pure 1/10
Patent blue 25 mg.mL-1 0.25 mg.mL-1

Methylene blue 10 mg.mL-1 0.01 mg.mL-1

Chlorhexidine 5 mg.mL-1 0.002 mg.mL-1 (sterile, colorless, alcohol-free solution)
Povidone 100 mg.mL-1 Not to be performed

b) Drug Provocation Tests (DPT): DPT is the gold standard
in the investigation of immediate hypersensitivity reactions
to drugs.177,180,181 However, in cases of perioperative ana-
phylactic reactions, the use of DPT is restricted by the
major effects of drugs used perioperatively, such as, res-
piratory depression, muscle paralysis and anesthesia.28 In
principle, general indications and contraindications for DPT
in patients with drug hypersensitivity can be respected, so
when skin tests are inconclusive or negative, DPT can be
performed to exclude drug sensitization, or to test a safe
alternative.177,180,181 In addition, for drugs, such as NSAIDs
and opioids, whose majority of reactions are usually not
IgE-mediated, DPT may be the only reliable test.28

Anaphylaxis is a contraindication related to the per-
formance of DPT, and the test is more often used to
find a safe therapeutic alternative than for diagnostic
confirmation.182 This is due to the higher possibility that
DPT could induce new anaphylaxis. Thus, DPT for intraop-
erative anaphylaxis investigation is a high-risk procedure,
and therefore, it should only be performed in prepared
facilities and by allergists with experience in the proce-
dure. In addition, full-dose DPT cannot be performed due to
the potent pharmacological actions of several perioperative
drugs, notably BNMs and hypnotics.51,183 In Europe, DPTs with
BNMs, potent opioids and sedatives have been performed
in prepared environments, such as operating room, post-
anesthesia care unit and intensive care unit in the presence
of the anesthetist.49,184,185

In Brazil, so far, there are no reports of DPT with such
drugs, since the tests are not carried out for safety reasons

and because most centers do not have such well-controlled
environments. Therefore, so far, the recommendation is that
DPT for perioperative reactions should be restricted to latex
(use test), local anesthetics, antibiotics, NSAIDs and others
(antiemetics, proton pump inhibitors, morphine and weak
opioids).

In relation to beta-lactams, it is necessary to underscore
the issue of cefazolin, the drug most used in Brazil for antibi-
otic prophylaxis of surgical site infection in clean surgeries.
In addition, recent data suggest that cefazolin has little or no
cross-reactivity with other antibiotics of the same class.169

Thus, in cases of intraoperative anaphylaxis, in which skin
tests were inconclusive for the culprit agent, the inves-
tigation with provocation using beta-lactams is required.
However, the choice between DPT using either cefazolin
itself or another cephalosporin should be made after risk-
benefit ratio considerations. DPT with the suspected drug
(cefazolin), if negative, allows for the future safe use of
all antibiotics of the class. If the DPT is positive, an addi-
tional challenge with a distinct cephalosporin should be
performed on another occasion, in order to avoid the unnec-
essary exclusion of the whole class. Conversely, if the team
chooses not to provoke with cefazolin, but directly jump
to an alternative antibiotic, the negative DPT will indicate
tolerance to other cephalosporins, but in the final report,
cefazolin should continue being described as suspected or
inconclusive investigation, and it cannot be considered safe
for future use. On the other hand, if the investigation with
skin tests of all agents was conclusive (e.g., positive for
rocuronium, but already with safe NMB options) and the
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IDT with 20 mg.mL-1 cefazolin was negative, the provoca-
tion with cefazolin itself is probably safer and more assertive
(rocuronium was the probable agent).

Preoperative assessment --- indications

There is no scientific basis for submitting the general
population to diagnostic tests for drugs and substances
used in anesthesia (screening tests).28,37,186 Such tests, with
the aim of preventing hypersensitivity reactions, consti-
tute a measure to unlikely reduce the incidence of these
episodes.168,187

For the occurrence of anaphylaxis, in addition to the trig-
gering substances, other elements also contribute (such as
amplifying cofactors),188 and not all these factors may be
present in previous tests, which could explain the discrep-
ancies. In addition, there is not enough knowledge yet on
the positive and negative predictive strength of the tests in
the general population.52

However, there are scenarios in which an assessment may
be necessary and is indicated:53 a) Patients who have expe-
rienced hypersensitivity reactions in a previous surgery; b)
Patients who have suffered a reaction to medications that
can be used in surgery; c) Patients with a history of latex
allergy; d) Patients with a history of reaction to food that is
latex cross-reactive, such as banana, avocado, kiwi, manioc;
e) Pediatric patients undergoing several surgeries, espe-
cially those with spina bifida or myelomeningocele, due to
the high incidence of latex allergy.

In the last three items (c, d, e), the investigation is con-
ducted only for latex.48

The correct investigation when indicated can increase
safety in subsequent surgeries. In a US study, from 2003
to 2012, 73 patients who suffered an anaphylactic reac-
tion were referred for allergy evaluation. An IgE-mediated
mechanism was confirmed in 13 patients and 43 of the
73 patients had to undergo further surgery. In 45% of
these, the procedure occurred without incidents, follow-
ing the guidance based on the evaluation. Two patients
who experienced recurrence of reaction presented mast cell
disease.189

In another retrospective British study190 (70 patients
evaluated between 2002---2015), 67 of them subsequently
underwent anesthesia without complications. Of the three
that presented new episodes, in two the cause was the
lack of data related to the substances used. These were
not anesthetics, but disinfectant and colloid solution, and
the third patient was diagnosed with systemic mastocytosis,
later confirmed by biopsy.191

The relevance of an adequate assessment of patients with
pre-existing conditions, such as mastocytosis, angioedema
by bradykinin, among others, should be emphasized.43

Special situations

Bradykinin angioedema

In addition to histamine-mediated angioedema, often trig-
gered by antibiotics, NMBs, opioids, latex and radiographic
contrast media, there are bradykinin related reactions.
Although reactions by bradykinin are rarer, they also
manifest themselves by angioedema, usually restricted,

particularly to the extremities, face and airways. The reac-
tion can progress to respiratory failure, like anaphylaxis, but
does not respond to adrenaline.192,193

Bradykinergic angioedema can occur due to deficiency or
functional alteration of the C1 esterase inhibitor, Hereditary
(HAE) or Acquired (AAE), and due to angiotensin Converting
Enzyme Inhibitors (ACEI) and angiotensin receptor blocker
medications. Angioedema can compromise the airways dur-
ing the perioperative period, affecting up to two thirds of
patients with HAE and AAE, and can lead to death in 15% to
33% of cases.192,193

Prophylaxis, in this case considered short-term, is always
indicated in surgical or anesthetic procedures, particu-
larly those involving the cervicofacial region, such as
tonsillectomy, tooth extraction, facial surgery, or that
require tracheal intubation. In addition, procedures such
as endoscopy and bronchoscopy must be performed in the
operating room and require short-term prophylaxis.194

To date, there are no controlled studies evaluating the
efficacy of the different drugs used in short-term prophylaxis
in AEH and AAE. Therefore, current recommendations are
based on expert opinion and small, uncontrolled trials.195

The most indicated agents for short-term prophylaxis
are the intravenous C1 esterase inhibitor concentrates that
should be used 1 to 6 hours before the procedure. Currently,
in Brazil, the only C1 esterase inhibitor licensed by ANVISA
is Berinert®, at the dose of 20 U. kg-1.196 In addition, it
may be required to repeat the dose in the case of com-
plex and long surgery and when there is extensive blood
loss. When C1 esterase inhibitor is not available, adminis-
tration of fresh frozen plasma should also be considered, at
a dose of 10 mL.kg-1 (2---4 units for an adult), 1 to 6 hours
before procedure.197 However, in some cases, worsening of
angioedema may supervene, given plasma provides comple-
ment substrate.

Additionally, an alternative is the use of danazol, at a
dose of 10 mg.kg-1.day-1 (maximum 600 mg.day-1, divided
into 3 × 200 mg doses) during 5---7 days preoperatively.
The drug should be maintained for another 3---5 days
after the procedure, and can be used along with the C1
esterase inhibitor.198 Antifibrinolytics showed less docu-
mented efficacy in relation to the three previous agents,
thus tranexamic acid should only be used if the previous
medications are not available. Tranexamic acid should be
used at a dose of 25 mg.kg-1.day-1 (maximum 3---6 g.day-1),
divided into 2 to 3 times a day, 5 days before and maintained
for 2---5 days after procedure.196 Short-term prophylaxis can
be omitted for cases in which risk is considered minimal and
when there is access to drugs indicated in the crisis, such
as icatibant (bradykinin receptor inhibitor) or C1 esterase
inhibitor.

In the case of acquired angioedema types I and II, preven-
tion and treatment are based on management of hereditary
angioedema patients.199 However, patients with acquired
angioedema may not respond to attenuated androgens and
benefit from antifibrinolytic agents. Likewise, in the acute
crisis of acquired angioedema, there seems to be greater
resistance to treatment with C1 esterase inhibitor and bet-
ter response to the bradykinin receptor inhibitor.200

Patients must remain under close observation for 36 hours
and medication be readily available if a crisis develops.201
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Mastocytosis

Mastocytosis is a clonal disease characterized by the prolif-
eration and accumulation of mast cells in several tissues,
most commonly in the skin and bone marrow.202 The excess
number of accumulated mast cells with greater capacity of
degranulation can increase the rate and severity of immedi-
ate hypersensitivity reactions, and 22% to 49% of adults with
mastocytosis can present anaphylaxis.203 The literature on
anesthesia in patients with mastocytosis is very limited, and
no studies have described the incidence of reactions during
general anesthesia in these patients.204 Cases of fatal ana-
phylaxis, particularly after hymenopteran bites, however,
may occasionally occur after intake of drugs such as NSAIDs,
opioids and others drugs used in the perioperative period.205

However, presently there is no evidence of higher preva-
lence of drug mediated IgE or non-IgE reactions in patients
with mastocytosis than in the general population.204,206

In the case of anesthesia, several other factors that are
components of the general care of the patient, such as
proper positioning on the operating table (avoiding undue
pressure zones), room temperature (danger of hypother-
mia) and anxiety control, should be valued in addition to
the choice of drugs, a component that seems to be overes-
timated in some situations.43,206

Nonetheless, the recommendation of caution stands for
NMBs from the benzylisoquinoline group, due to their ability
to release histamine.43 For the same reason, it is also sug-
gested to use fentanyl and analogs instead of morphine.207

Regarding pre-treatment, although there is no evalu-
ation for this measure,208 many centers recommend the
use of antihistamines and systemic corticosteroids before
procedures and/or surgeries,204,206 since there are no
recommendations otherwise.43 Therefore, on the day of
surgery, pre-treatment with intramuscular antihistamine
1 hour before surgery, prednisone 50 mg 13 h, 7 h and 1 hour
before surgery is suggested, in addition to benzodiazepines
to reduce anxiety and psychological symptoms.207

Medications for mast cell stabilization should also be
maintained until surgery.43,206 In case of suspected hyper-
sensitivity perioperative reaction, the modified Ring and
Messner scale for characterizing the condition is used, and
the treatment is carried out according to patient clini-
cal manifestations and existing protocols.206 ENDA/EAACI204

has stated that there is no evidence of a higher risk of
anaphylaxis to beta lactam antibiotics in patients with mas-
tocytosis. In addition, it also suggests that patients who
tolerate NSAIDs do not need to discontinue their use, as
there are no studies showing increased risk of anaphylaxis
to NSAIDs in these patients.204 Parturients and children have
been present in series that report uneventful procedures in
patients with mastocytosis.209,210

IgA deficiency

Patients with IgA deficiency are at risk of anaphylactic reac-
tions after being transfused with blood, plasma or receiving
IV immunoglobulin, since they can produce anti-IgA antibod-
ies, and therefore develop a reaction when they receive
products containing IgA. Recently, a study evaluating 229
severe allergic or anaphylactic reactions reported by the US

and Canada hemovigilance, between 2003 and 2012, showed
that only 3 (1.3%) of the patients with IgA deficiency had
anti-IgA. Whereas anaphylactic reactions associated with
anti-IgA antibodies are rare, there is a possibility that these
reactions may develop after blood produc transfusions,
therefore, clinicians should try to identify the presence
of these antibodies prior to the administration of blood
products.211

Final considerations

Of the NAP6 recommendations,64 it is important to high-
light one that requires every anesthesia department to sign
up one anesthetist as responsible for perioperative anaphy-
laxis, and that the professional should be offered hours and
conditions to carry out that role.

An appropriate communication channel between this
professional and the allergy immunology service is recom-
mended, with the exchange of e-mails and contact phone.

Attempts should be made to establish local, regional,
national and international networks of centers for the inves-
tigation of perioperative anaphylaxis, targeting to increase
the capacity to conduct large studies, share experiences and
offer better quality care to these complex patients.28

Finally, it is desirable to have, in each regional of the
Brazilian Society of Anesthesiology and the Brazilian Associ-
ation of Allergy and Immunology, a specialist responsible for
perioperative anaphylaxis matters.

The combination of anesthesia effects, surgical proce-
dure and differential diagnoses makes it challenging to
assess perioperative events. The multidisciplinary approach
is critical to proceed with the diagnostic investigation and
determination of the etiological agent of the reaction, pro-
vide patient orientation to avoid the inappropriate exclusion
of useful agents, and avert exposure to non-identified harm-
ful agents.

The joint effort will render future procedures safer for
patients.

Glossary

AAE, Acquired Angioedema; HAE, Hereditary Angioedema;
NSAI, Non-steroid Anti-inflammatory; BAT, Basophil Activa-
tion Test; NMB, Neuromuscular Blocker; ACE, Angiotensin
Converting Enzyme; IDT, Intradermal Test; ACEI, Angiotensin
Converting Enzyme Inhibitor; NPH, Neutral Protamine Hage-
dorn; PAF; Platelet Activating Factor; PEG, Polyethylene
Glycol; PHR, Perioperative Hypersensitivity Reaction; sIgE,
specific serum IgE; SPT, Skin Prick Test; DRT, Drug Provoca-
tion Test.
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