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Abstract Perioperative anaphylaxis is a life-threatening con-
dition with an estimated prevalence of 1:3,500 to 1:20,000
procedures and a mortality rate of up to 9 %. Clinical presen-
tation involves signs such as skin rash, urticaria, angioedema,
bronchospasm, tachycardia, bradycardia, and hypotension.
Prompt recognition and treatment is of utmost importance to
the patient’s prognosis, since clinical deterioration can devel-
op rapidly. Epinephrine is the main treatment drug, and its use
should not be postponed, since delayed administration is
associated with increased mortality. Elevated levels of serum
tryptase help to confirm the diagnosis. The main agents in-
volved in IgE-mediated perioperative anaphylaxis are neuro-
muscular blocking agents, latex, antibiotics, hypnotics, opi-
oids, and colloids. Specific investigation should be conducted
4 to 6 weeks after the reaction and relies on skin tests, serum-
specific IgE, and challenge procedures. This review aims to
discuss the main aspects of perioperative anaphylaxis: risk
factors, diagnosis, treatment, culprit agents, specific investi-
gation, and preventive measures.
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Introduction

Perioperative anaphylaxis is an important entity in the context
of surgery-related adverse events. Its estimated incidence
varies from 1: 3,500 to 1: 20,000 surgeries, with a mortality
rate ranging from 3 to 9 % [1, 2••, 3, 4].

Worldwide, perioperative anaphylaxis accounts for 9–19%
of all surgical complications and 5–7 % of all deaths during
anesthesia [5]. The most important morbidity is brain damage
secondary to anoxia and occurs in about 2 % of affected
patients [1, 2••]. In France, cases of perioperative anaphylaxis
have been reported since 1985, providing knowledge about
these reactions and enabling the implementation of effective
interventions to prevent them [5, 6]. After 8 years of monitor-
ing such cases, the incidence of perioperative anaphylaxis was
estimated to range from 0.5 to 2.9:10,000 [5–7].

The fact that several drugs are administered during general
anesthesia makes the identification of the culprit agent more
difficult and requires collaboration between allergists and
anesthesiologists in order to conduct the investigation. The
careful and detailed analysis of anesthetic records provides
essential information regarding the event, such as clinical
manifestations, drugs that might have been involved, and
timing between the administration of each drug and the be-
ginning of the reaction [8].

Anaphylaxis is defined as a serious, life-threatening sys-
temic hypersensitivity reaction that is rapid in onset [9]. It can
be considered a syndrome, and its diagnosis is based primarily
on a detailed clinical history with recognition of patterns [10,
11]. Clinical criteria were developed in an attempt to make the
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diagnosis more reliable, and their accuracy has been demon-
strated [12, 13].

Anaphylaxis may be allergic or nonallergic [9]. Allergic
reactions are those involving specific immunologic mecha-
nisms, which may be IgE- or non-IgE-mediated (IgG and
immune complex complement-related) [8–10]. Nonallergic
anaphylaxis occurs without specific immune response and
includes several mechanisms, such as activation of complement
system with production of anaphylatoxins, dysfunction of ara-
chidonic acidmetabolism, and direct activation ofmast cells [14].

In a study with 789 patients who had experienced an
adverse reaction suspected of being allergic during anesthesia,
an immune basis was confirmed in 66 % of the reactions [15].
It is estimated that around 60 to 70 % of the immediate
hypersensitivity reactions that occur during anesthesia are
IgE mediated [2••].

The main agents involved in IgE-mediated perioperative
anaphylaxis are neuromuscular blocking agents (NMBAs),
latex, and antibiotics, depending on the studied population
[2••, 7, 15–17]. Other agents used during general anesthesia
are also implied as anaphylaxis causatives, such as hypnotic
agents, opioids, colloids, dyes, and antiseptics (chlorhexidine)
[2••, 7, 15]. Nonsteroidal antiinflammatory drugs (NSAIDs)
and iodinated contrast agents are common causes of nonaller-
gic anaphylaxis, although recent evidences show that these
agents can also induce IgE-mediated reactions [18–21].

In procedures under general anesthesia in which NMBAs
were administered, the frequency of anaphylaxis was one in
6,500 and one in 5,200 in studies conducted in France and
Norway, respectively [22, 23]. Data from an American study
in 2011 showed a different proportion of agents involved in
perioperative anaphylaxis. Evaluation of 38 patients revealed
that 47.4 % experienced a likely IgE-mediated anaphylactic
reaction, and the main agents involved were antibiotics.
NMBDs were the causative agents in only two (11.1 %)
IgE-mediated reactions [24, 25•]. The latter findings are sim-
ilar to those obtained in a Spanish study, in which antibiotics
were the most frequent causal drugs, followed by NMBAs
[26]. Latex (22 %) and NMBAs (6 %) were the main agents
accountable for perioperative anaphylaxis in a Brazilian study
that evaluated 51 patients [27]. Table 1 shows the main agents
implied according to different studies.

Drug-induced anaphylaxis was shown to be the leading
cause among 112 anaphylaxis fatalities in an Australian study,
which also showed a rising tendency in drug-induced anaphy-
laxis mortality [28]. If anaphylaxis is not promptly recognized
and treated, cardiac arrest may follow initial symptoms, but it
can also be a sole feature in up to 1.9 % of the cases [15].

The present review will discuss the main aspects of peri-
operative anaphylaxis, including risk factors, main causal
agents, diagnosis, treatment, and preventive measures.

Risk Factors and Special Populations at Risk

Clinical history and previous medical records can reveal im-
portant factors associated with perioperative anaphylaxis. It
was established that patients in the following categories are at
increased risk [2••, 29]:

– Patients who report signs and symptoms of allergic reac-
tions in previous anesthesia

– Patients with a diagnosed allergy to one of the drugs, or
products, likely to be used during the current procedure

– Patients who have undergone several operations, espe-
cially children with spina bifida, due to the high latex
exposure

– Patients reporting signs and symptoms suggestive of latex
allergy, regardless of the exposure

– Patients who experience allergic clinical manifestations
after ingestion of avocado, kiwi, banana, pineapple, pa-
paya, chestnut, passion fruit, or buckwheat, because of
the high frequency of cross-reactivity between those
foods and latex

In one study, 34 % of patients who had experienced latex
anaphylaxis had previous medical records showing evidence
of latex sensitization, such as allergic manifestations after fruit
ingestion (latex-fruit syndrome) and after exposure to rubber
latex [15]. Atopy is a condition associated with increased risk
of latex-induced anaphylaxis, but not to other agents [7, 15,
22, 23, 30].

A special population at risk of anaphylaxis consists of
systemic mastocytosis patients. Recently, two cases of

Table 1 Main agents implied as causatives of IgE-mediated perioperative anaphylaxis, according to different studies

Number of IgE-mediated reactions NMBA (%) Latex (%) Antibiotics (%) Others (%)

Mertes et al. 2011 [7] 1,816 58.08 19.65 12.85 10.19

Harboe et al. 2005 [23] 59 93.2 5 NR NR

Lobera et al. 2008 [26] 27 37 7.4 44 11.1

Gurrieri et al. 2011 [25•] 18 11.1 16.6 50 44.4

The entries in bold are the total number of IgE-mediated reactions and the percentage of the main agent involved

NR not reported
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perioperative cardiovascular collapse were reported, and sub-
sequent investigation identified persistently elevated baseline
tryptase levels. Bone marrow biopsy and genetic testing con-
firmed the diagnosis of mastocytosis [31].

Hereditary angioedema is a rare autosomal dominant con-
dition caused by C1 inhibitor deficiency that mimics anaphy-
laxis, being one of its differential diagnosis. The disease
manifests with angioedema of the face, larynx, oropharynx,
extremities, abdomen, and genitalia, and its common triggers
include surgery, intubation, and anesthesia. A recent study
estimated a risk of perioperative angioedema ranging from
5.7 to 30.5 % in hereditary angioedema types I and II not
undergoing prophylaxis [32]. Since sole angioedema is not a
common feature in perioperative anaphylaxis [15], its obser-
vance should remind the possibility of hereditary angioedema
or angiotensin-converting enzyme inhibitor (or angiotensin
receptor blocker)-induced angioedema.

Clinical Features

Signs and symptoms of perioperative anaphylaxis include
rapid-onset skin rash, urticaria, flushing, erythema, angioede-
ma, gastrointestinal manifestations (nausea, vomiting, diar-
rhea), respiratory manifestations (rhinoconjunctivitis, bron-
chospasm), tachycardia, and hypotension [8, 15]. Skin in-
volvement that is observed in over 90 % of patients with
anaphylaxis may be less frequent in perioperative reactions,
making the diagnosis more difficult. In addition to less fre-
quent, skin manifestations are also not easily recognized be-
cause the patient is covered and sedated, being unable to
report pruritus. Laryngeal angioedema leading to asphyxia
and cardiocirculatory collapse are the main causes of death
in anaphylaxis. Hoarseness, dysphagia, dizziness, and blurred
vision, which are warning signs of severe anaphylactic reac-
tions, will not be present in a sedated patient.

Graduating the severity of anaphylaxis is important and
will guide the treatment [6]. However, there is not a uniform
system for classifying the reactions, which makes it more
difficult to compare data between studies [6, 33, 34].

Clinical presentation and degree of severity of the reaction
do not set apart allergic and nonallergic anaphylaxis, but
studies show that clinical manifestations secondary to IgE-
mediated anaphylaxis tend to be more severe [2••, 7]. A
French study showed that skin manifestations were observed
in 95.34 and 70.24 % of non-IgE-mediated and IgE-mediated
reactions, respectively [7]. Cardiovascular collapse was pres-
ent in 54.90 % of IgE-mediated reactions versus 10.57 % of
non-IgE-mediated reactions.

Perioperative Anaphylaxis: Diagnosis

Quick recognition of anaphylactic signs and symptoms is of
utmost importance to the patient prognosis. Perioperative

anaphylaxis manifestations usually occur within a few mi-
nutes of the exposure of the culprit agent, but it should be
pointed out that some triggers are linked to late reactions, such
as latex, antibiotics, colloids, dyes, and antiseptics
(chlorhexidine) [8, 17]. This could be due to late skin or
mucosal absorption, administration of drugs at the end of the
surgical procedure, or even deflation of a surgical tourniquet
causing allergen circulation [8, 17].

The occurrence of hypotension and bronchospasm during
surgery always has to lead to anaphylaxis suspicion, unless
another cause can be clearly identified. Since decrease in
arterial pressure, difficulty to ventilate, and heart rate varia-
tions also occur as a result of different and more common
factors during anesthesia, the diagnosis of anaphylaxis can
often be delayed, leading to serious clinical outcomes [8].
Patients at risk for late anaphylaxis recognition include beta-
blocker users, who do not present the same heart rate elevation
that is observed in other patients [6].

Although skin manifestations are very frequent both in
IgE- and non-IgE-mediated anaphylaxis, their absence does
not exclude the diagnosis [15]. It is important to recognize that
cutaneous symptoms, bronchospasm, hypotension, cardiovas-
cular collapse, and cardiac arrest can all occur as isolated
features [8].

Surgical drapes can hamper the identification of cutaneous
signs, delaying anaphylaxis treatment. Some mild reactions
restricted to a single system can resolve spontaneously and go
by unnoticed. Under this circumstance, the patient is at greater
risk of anaphylaxis in future reexposure to the involved agent;
therefore, vigilance is of extreme importance.

Tryptase

Although the diagnosis of anaphylaxis is made based on
history and clinical features, measurement of serum tryptase,
a marker of mast cell degranulation, can provide additional
clues and should be performed whenever it is possible.
Tryptase is a mast cell protease released in immediate hyper-
sensitivity reactions, and levels of total serum tryptase above
25μg/L suggest an IgE-related mechanism [2••]. It can also be
elevated in nonimmunological mast cell activation, but its rise
tends to be less pronounced and less frequent in these reac-
tions [35, 36]. Conversely, immediate immunological reac-
tions may present with normal tryptase levels, which can be
attributed to anaphylaxis secondary to the release of basophil
mediators [17, 37, 38].

Tryptase has a half-life of approximately 2 h, returning to
baseline values within 12–14 h [39]. The best time to obtain a
blood sample to test for tryptase is 1 to 2 h after the onset of
reaction [37, 39], with some authors extending this time frame
to 1 to 6 h [40]. If initial levels are elevated, anaphylaxis
diagnosis is likely, but another blood sample should be with-
drawn for comparison at least 2 days after the resolution of the
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reaction [17]. This is justified because normal basal values have
wide ranges, patients may present byphasic anaphylaxis, and
other conditions can elevate baseline tryptase levels, such as
systemic mastocytosis and mast cell activation syndrome [2••,
17, 29, 40, 41]. An increase of serum tryptase of 2 ng/mL or
135 % above baseline levels is suggestive of anaphylaxis [33].

In order to help the investigation of an anaphylactic reac-
tion in a patient with systemic mastocytosis, discrimination
between matureβ tryptase, reflecting mast cell activation, and
total serum tryptase should be attempted. Patients with
mastocytosis tend to have elevated baseline levels of
protryptase, increasing the concentration of total serum
tryptase [17, 42].

Perioperative Anaphylaxis: Treatment

Management must begin immediately after recognition of the
reaction, and one of the first steps involves withdrawing the
possibly offending drug. Initial treatment should be tailored
according to clinical presentation.

Mild nonanaphylatic reactions, with manifestations limited
to the skin, can be managed with H1 antihistamines (diphenhy-
dramine 25–50 mg or 0.5–1 mg/kg IVor dexchlorpheniramine
5 mg IV) together with H2 antihistamines (ranitidine 50 mg IV)
[2, 43]. Treatment of anaphylactic reactions (graded II or more)
should rely on early epinephrine administration and volume
expansion, as well as on securing airway control and providing
oxygen supplementation. Epinephrine can be administered at an
initial dose of 10–20 μg IV for grade II reactions and 100–
200 μg IV for grade III reactions. Additional doses may be
required and should not be delayed [2••].

Isotonic crystalloid solutions are the preferred resuscitation
fluids in this setting to compensate for peripheral vasodilation
and plasma leakage to extravascular space [43, 44]. The total
amount of crystalloids can range from 2 L to up to 10 L IV
[44]. ß2-adrenergic agonists such as salbutamol or nebulized
epinephrine can be used in reactions presenting with broncho-
spasm. Corticosteroids can be used in the context of broncho-
spasm, and their administration also helps to prevent the late
phase of anaphylactic shock [44]. Usually proposed regimen
is hydrocortisone 200 mg IV bolus (or 5 mg/kg) and then
100 mg (2.5 mg/kg) IV every 6 h or methylprednisolone
125 mg IV every 6 h [44]. Finally, in the event of cardiac
arrest, advanced cardiac life support (ACLS) measures should
be applied [2••].

There have been reports of increased anaphylaxis severity
and impaired response to epinephrine among beta-blocker
users [45–47]. However, a study evaluating patients present-
ing peanut allergy and cardiac disease (congestive heart failure
or postmyocardial infarction) observed that beta-blocker use
should not be discouraged in these patients, since heart disease
mortality was markedly reduced and outweighs beta blocker
usage risks [48].

It is important to point out that prompt administration of
epinephrine is one of the major cornerstones of treatment. The
main factor associated with mortality from anaphylaxis in an
Australian study was delayed epinephrine administration [28],
and a report of a series of fatal anaphylactic reactions showed
that epinephrine was used in only 14 % of patients before
cardiac arrest [49].

Preventive Measures

Patients who present with perioperative anaphylaxis should be
thoroughly investigated by an allergist after the event in order
to avoid reexposure to the culprit drug and prevent potentially
fatal outcomes. Perioperative anaphylactic reactions should be
reported by anesthesiologists, and intraoperative charts with
medication names and their time of administration should be
carefully filled out, allowing adequate interpretation. As a
secondary prevention measure, the assessment of the patient’s
previous medical records before any surgical procedure is of
fundamental importance, since reports of past reactions may
be found and are not always known by the patient in detail.

In order to reduce latex sensitization among high-risk indi-
viduals, the substitution of latex materials and the implemen-
tation of latex-safe environments are effective as primary
prevention measures and must be proposed [2••]. When latex
allergy is previously known, surgery should take place in a
latex-safe operating room and be preferably the room’s first
procedure of the day. Proper notification of patient’s latex
allergy should be present, and health staff in all hospital
facilities have to be aware.

Causal Agents and Specific Investigation

Investigation of a drug adverse reaction is challenging. In
allergic reactions, most of drugs or their metabolites act as
haptens, complicating the diagnosis. Specific investigation
should ideally be conducted 4 to 6 weeks after the reaction,
since there can be a depletion in both mast cell/basophil
mediators and in specific IgE antibodies after anaphylaxis
[2••, 43, 50, 51].

Investigation relies on skin tests (prick test (SPT) and
intradermal test (IDT)), serum-specific IgE, but it is rarely
available, and challenge procedures (Fig. 1) [52]. In this
section, we will review the main agents and some of their
particular features.

NMBAs

Anaphylaxis secondary to exposure to NMBAs can be elicited
either by an IgE-dependent mechanism or by direct mast cell
activation. In the first scenario, the main antigenic epitopes are
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tertiary and quaternary ammonium ions (QAI), and previous
contact with NMBAs is not necessary to trigger an immune
response, since cross-reactivity with other substances is pos-
sible. Regarding nonallergic reactions, benzylisoquinolinium
compounds, such as d-tubocurarine, atracurium, and
mivacurium, are most likely to cause direct mast cell
activation.

Pholcodine (PHO) is a morphine analog constituent of
antitussive drugs marketed in several countries and also con-
tains the QAI epitope. The association between its primary
IgE-sensitizing potential and the risk of NMBAs anaphylaxis
remains controversial, since there are no randomized con-
trolled trials assessing. One study reported an increase of
200 to 300 times in the risk of an IgE-mediated anaphylactic
reaction during general anesthesia with suxamethonium
among individuals who had been previously IgE-sensitized
to the QAI epitope through PHO exposure [53]. Additionally,
after withdrawal of one PHO-containing drug from the Nor-
wegian market in 2007, the prevalence of IgE antibodies to
PHO, morphine, and suxamethonium decreased, alongside
NMBA-suspected anaphylaxis [54]. On the other hand, the
USA, a country that does not market PHO-containing medi-
cines nor reports PHO consumption, also observes a signifi-
cant prevalence of IgE sensitization to PHO [55], suggesting
that there might be other environmental sensitizing agents
[56].

NMBAs commonly implicated in anaphylaxis include
suxamethonium, rocuronium, and succinilcoline. Rocuronium
was reported as one of the main inducers of IgE-mediated
anaphylaxis among NMBAs in Norwegian [23], Spanish [26],

and Australian series [57•]. This could be in part explained by
its usage increase [58] and by geographic-determined expo-
sure to PHO. American reports have not confirmed the same
findings towards rocuronium [25•], and controversy has arisen
regarding skin testing to NMBAs and their nonstandardized
methods [59].

Skin testing to NMBAs is the preferred method of investi-
gation of suspected NMBA anaphylaxis. In selected cases,
when clinical suspicion is high and skin tests are negative,
serum-specific IgE to QAI can be performed. Antibodies
prevalence among patients that presented with immediate
hypersensitivity reaction to NMBAs varies between 65 and
88 % [2••]. Detection of specific IgE to NMBAs is restricted
to suxamethonium and has poor sensitivity [17, 23].

Cross-reactivity among NMBAs is approximately 65 % by
skin testing and 80 % by radioimmunoassay inhibition tests
[17], although in vitro cross-reactivity should be interpreted
with caution, since it might not be of clinical relevance. It
should be kept in mind that although skin tests to NMBAs are
reliable and provide important information in conducting the
investigation and in suggesting alternative agents, they also
have limitations, mainly due to lack of standardization.

Latex

Natural rubber latex is derived from the Hevea brasiliensis
tree, and among its allergens of clinical relevance are Hev b 1,
3, 5, 6.02, and 7 [60••]. Latex allergy is still a major cause of
perioperative anaphylaxis worldwide, but this entity currently
presents a downward trend because of the reduction in the use

Fig. 1 Perioperative anaphylaxis evaluation
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of latex gloves and the propagation of latex-safe surgical
environments [2••, 24, 25•].

Individuals at risk of developing latex allergy include atop-
ic patients and those who experience high latex exposure, such
as health-care workers and patients who have undergone
several surgical procedures or medical interventions [2••,
60••]. Symptoms associated with latex allergy in the periop-
erative context include cardiovascular collapse, skin rash, and
bronchospasm [60••], and differently from those originated by
NMBAs, they tend to appear in the maintenance phase of
anesthesia [2••, 59, 61]. Gynecologic, obstetric, abdominal,
and orthopedic surgeries present the greatest association with
the occurrence of latex-related symptoms [60••, 62, 63].

Diagnosis can be made by SPTwith standardized commer-
cial natural rubber extracts, available in Europe, which carry
both high sensitivity and specificity [64]. Prick-to-prick with a
latex glove or SPT with latex glove extracts is not reliable a
method because the amount of latex proteins in these scenar-
ios presents great variations [29].

In countries where standardized extracts for SPT are not
available, investigation relies on the detection of serum-
specific IgE to latex and its allergens (rHev b 1, 3, 5, 6.01,
6.02, 8, 9, and 11). A Brazilian prospective cohort of 400
patients with neural tube defects was able to distinguish pa-
tients presenting latex allergy from those with asymptomatic
sensitization using serum-specific latex IgE (cutoff value of
0.77 kUA/L). Serum-specific IgE to rHev b 1 also presented
great accuracy for the diagnosis of latex allergy in this study
(81.6 % sensitivity and 97.3 % specificity) [65]. Challenge
tests, such as glove use test, should be applied whenever there
is a clinical history highly suggestive of latex allergy but
diagnostic tests are negative or inconclusive [60••].

Antibiotics

Penicillins and cephalosporins are responsible for the majority
of antibiotic-induced perioperative anaphylaxis reactions in
some series [7, 22, 25•, 66]. The incidence of reactions asso-
ciated with these drugs has been increasing due to a wide-
spread use of perioperative antibiotic prophylaxis [25•], which
relies mainly on beta-lactams.

Investigation methods include in vivo tests, such as SPT
and IDT, and in vitro assays. SPT can be performed with the
suspected agent, and there are also available commercial
reagents, such as benzylpenicilloyl poly-L-lysine (PPL) and
minor determinants mixture. Investigation should start with
SPT and then progress to IDT if the former is negative.

Since antibiotic-specific IgE assays show poor sensitivity,
their use should be reserved in cases presenting with negative
skin tests and with a clinical presentation highly suggestive of
an IgE-mediated mechanism [2••]. Available assays include
penicilloyl G, penicilloyl V, amoxycilloyl, ampicilloyl, and
cefaclor [17].

Vancomycin can elicit reactions through an IgE-mediated
mechanism or via mast cell and basophil direct mediator
release, a reaction commonly known as the “red man syn-
drome.” The latter is characterized by flushing, pruritus, and
an erythematous rash typically spreading over the face, neck,
and upper torso, and it is associated with a rapid infusion of
the first dose of the drug [43, 67, 68]. In less frequent cases,
patients can also present dyspnea, angioedema, and hypoten-
sion [17]. Vancomycin IgE-mediated reactions are rare and
should be investigated with IDT [17, 43, 69].

Hypnotics

Propofol is a hypnotic agent that has been associated with
anaphylactic reactions [70–72]. It contains two isopropyl
groups that act as antigenic epitopes, and it is formulated in
a lipid solution containing 10 % soybean oil, 2.25 % glycerol,
and 1.2 % egg lecithin [43].

Some authors speculate the occurrence of propofol-related
anaphylactic reactions is associated with the presence of egg
lecithin and soybean oil in its vehicle, leading to the assump-
tion that patients allergic either to egg or soy should avoid
propofol [70, 71]. It is important to point out that the lecithin
found in propofol is a highly purified egg yolk protein, and
egg-allergic patients tend to show sensitization and react to
egg white proteins [43]. The major allergen in egg yolk is
chicken serum albumin (Gal d 5). Soybean oil used in
propofol formulation is refined, leaving allergenic proteins
out of the final product and therefore making it difficult to
elicit an immediate hypersensitivity reaction.

Currently, there are no consistent reports confirming the
relationship between egg or soy allergy and an increased risk
of anaphylactic reactions due to propofol [2••, 73]. Immediate
reactions involving propofol are most frequently due to iso-
propyl groups and phenol and should be investigated through
skin tests, specific IgE, and histamine-release tests [17].

Benzodiazepines are rarely the cause of immediate hyper-
sensitivity reactions. Among this drug class, midazolam [7,
15, 22, 25•, 30, 74, 75] is the main causative agent in the
perioperative setting, and SPT with the undiluted drug and
IDT can be performed when investigating the reaction [17].

Opioids

Opioids, like morphine and meperidine, typically trigger non-
IgE-mediated reactions caused by nonspecific mast cell acti-
vation [43]. A study evaluating the role of SPT in investigat-
ing morphine, meperidine, and papaveratum hypersensitivity
showed that opiate-sensitive individuals responded similarly
as the control study in the SPT, suggesting that this test should
not be performed and that placebo-controlled challenge
should be considered when possible [76].

452, Page 6 of 10 Curr Allergy Asthma Rep (2014) 14:452



Some anaphylactic reports involving opioids have been
published, including a recent case of anaphylaxis with co-
deine, with a positive investigation that included SPT (with
negative tests in three healthy controls), histamine-release test,
and oral challenge test [77]. However, there is data supporting
the safe use of codeine in patients presenting chronic urticaria
[78].

Fentanyl is a fast-acting narcotic analgesic and sedative
widely used in surgical procedures, which does not tend to
cause nonimmunological histamine release [43, 79]. There are
few case reports describing fentanyl-related anaphylactic re-
actions [80–82], and IDTwas used to investigate the reported
cases.

Colloids

Plasma substitutes account for 1 to 4 % of perioperative
anaphylaxis cases [15, 22, 23]. The main substances used in
surgical procedures include albumin, hydroxyethyl starch
compounds, gelatin, and dextrans. Gelatin and dextran pose
the greatest risk of eliciting an anaphylactic reaction among
colloids [83].

Previous medical history of gelatin allergy points out the
need to avoid gelatin-based colloids, since it is associated with
an IgE-mediated mechanism [83, 84]. Suspected cases can be
investigated with skin tests (SPT and IDT) and also via spe-
cific serum IgE (Phadia c74).

Dextrans can induce the formation of dextran-reactive IgG
antibodies, and these are linked to dextran-induced anaphy-
lactic reactions (DIAR) [85, 86]. Dextran-reactive antibodies
form immune complexes with dextran, and clinical manifes-
tations of the reaction include bronchospasm, severe hypoten-
sion, and cardiorespiratory arrest. Investigation with skin tests
is not helpful, since DIAR does not involve an IgE-mediated
mechanism. The preinfusion of dextran 1 is an effective
preventive measure, since it competitively inhibits dextran
from binding to IgG antibodies. Dextran 1 is a small fraction
of the entire dextran complex that binds antidextran antibod-
ies, but does not create immune complexes.

Hydroxyethyl starch compounds have been reported as
anaphylaxis etiologic agents [87, 88], and investigation should
include skin tests. The role of IgM and IgG in reactions
mediated by these compounds remains uncertain [89]. Re-
garding albumin, egg allergy does not preclude the use of
albumin-based colloids, since the allergenic proteins are dif-
ferent [90].

Chlorhexidine

Chlorhexidine is widely used as an antiseptic agent with
potentially allergenic properties that may cause severe hyper-
sensitivity reactions. Studies showed that immediate hyper-
sensitivity reactions to chlorhexidine appear to be more

common than previously thought and they are underreported
[91, 92]. Centers investigating patients with reactions during
anesthesia and surgery should maintain high index of suspi-
cion and routinely include testing for chlorhexidine allergy.

Conclusions

Perioperative anaphylaxis is a potentially life-threatening syn-
drome that requires prompt recognition and intervention. Ini-
tial clinical signs can be subtle and not infrequently affect only
one system. Fast progression resulting in more serious sys-
temic manifestations can occur, so management has to be
aggressive and epinephrine administration must not be post-
poned. Increased levels of tryptase are often present in imme-
diate hypersensitivity reactions, so a blood sample should be
withdrawn during the event to help further investigation.
Levels of tryptase obtained during the reaction must be com-
pared to the patient’s baseline levels to exclude associated
diseases. Subsequent referral to an allergist is central, since
each potential culprit agent presents particularities and re-
quires specific testing strategies. Reporting of suspected peri-
operative anaphylaxis cases should be encouraged since the
identification of patients at risk and their correct management
could result in the prevention of fatal outcomes.
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