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Abstract

Purpose of the review Perioperative anaphylaxis is a severe, systemic hypersensitivity
reaction of rapid onset, that is generally unpredictable, may be life-threatening, and
occurs after the use of different drugs, substances, or stimuli during an anesthetic or
surgical procedure.
Recent findings The potential causes of reactions during procedures depend on the
moment it occurs. In the induction phase, neuromuscular blockers, intravenous antibi-
otics, and opioids should be considered. During the procedure, along with antibiotics and
opioids, other causes include local anesthetics, nonsteroidal anti-inflammatory agents
(NSAIDs), contrast media, clorhexidin, and latex. In the recovery phase, the most common
agents are latex and medications which reverse anesthesia effects. Recently, sugammadex
has been discovered to be an important causal agent.
Summary Early onset of treatment is essential in anaphylaxis and could prevent compli-
cations or death. The management is the same in all ages following the accepted protocols
for the management of anaphylaxis. Adrenaline is the treatment of choice. A complete
review of the clinical and perioperative history is essential before any procedure in
patients with prior anaphylaxis. It is recommended that surgeons and anesthesiologists
communicate each other their concerns and ask the allergist if there is a doubt about an
allergic reaction.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40521-020-00250-2&domain=pdf


Introduction

Perioperative anaphylaxis is a severe, systemic hypersen-
sitivity reaction of rapid onset, that is generally unpre-
dictable, may be life-threatening, and occurs after the
use of different drugs, substances, or stimuli during an
anesthetic or surgical procedure [1]. Perioperative ana-
phylaxis has a higher mortality rate than anaphylaxis in

other settings. This is mostly due to impairment of early
recognition factors of anaphylaxis. The known etiology
may be difficult to acknowledge because the patient
receives multiple medications during the same period
of time [2••].

Epidemiology

The estimated incidence of perioperative anaphylaxis varies from 1:25,00 to
1:20,000 surgeries, with a mortality rate ranging from 3 to 9% [3]. Around the
world, it accounts for 9–19%of all surgical complications and 5–7%of all deaths
during anesthesia, occuring equally in girls and boys. It ismore common in adult
women than men. The proportion of IgE-mediated allergic reactions is around
60% of all reactions, and it appears to be similar between countries [2••].

Types of reactions
Immunoglobulin E-mediated anaphylaxis

During immediate IgE-mediated hypersensitivity systemic reactions, proinflam-
matory mediators are released from mast cells and basophils. Histamine,
triptase, cytokines, mediators derived from phospholipids such as prostaglan-
din D2, leukotrienes, thromboxane A2, and platelet-activating factor are other
mediators released. Affected organs include skin, mucous membranes, respira-
tory, cardiovascular, and gastrointestinal systems [4, 5].

Non-IgE-mediated-anaphylaxis
Nonallergic anaphylaxis occurs without specific immune response and includes
several mechanisms, such as activation of the complement system with pro-
duction of anaphylatoxins, dysfunction of arachidonic acid metabolism, and
direct activation of mast cells [3].

Causal agents of perioperative anaphylaxis
Thepotentialcausesof reactionsduringproceduresdependonthemomentitocurrs.
Intheinductionphase,neuromuscularblockers, intavenousantibiotics,andopioids
should be considered. During the procedure, along with antibiotics and opioids,
other causes include local anesthetics, nonsteroidal anti-inflammatory agents
(NSAIDs), contrast media, clorhexidin, and latex. In the recovery phase, the most
common agents are latex andmedications which reverse anestesia effects [6•].

The risk of anaphylaxis increases with frequency, intravenous route of admin-
istration, and the specific antigen exposure time. Chronic lung disease, recent
intracranial surgery, and hyperthyroidism are comorbidities that enhance the
severity of the symptoms and decrease the response to treatment.

There are numerous variables that can impact the most common causes of
intraoperative anaphylaxis (Fig. 1) from country to country. These variables
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include the ability to identify intraoperative anaphylaxis and initiate referral,
the severity of the reactions that are included, the type of neuromuscular
blockers, the understanding of the evaluation, sensitizing substances available,
specific testing to medications used, and whether or not skin prick or intrader-
mal tests are used for diagnosis [7].

Antibiotics or dyes are reported to cause allergic reactions. Reactions from
neuromuscular blocking agents (NMBAs) remain an important cause in various
countries but are not always reported. Other causal agents are chlorhexidine and
recently sugammadex [8]. On the other hand, reactions to local anesthetics are
uncommon [9].

Population with higher risk factors

& Patients with history of allergic reacton in previous procedures or
anesthesia.

& Patients with drug allergy which has been diagnosed previously and may
be used in the procedure.

& Patients with high latex exposure due to multiple procedures (children
with spina bifida).

& Patients with suspicion of latex allergy due to symptoms or those who
present oral or generalized symptoms when in contact with banana, kiwi,
avocado, pineapple, papaya, or chestnut mainly because of cross-reactivity
between latex and mentioned foods [3].

Local anesthetics

Local anesthetics stabilize neuronal membranes by inhibiting the ionic move-
ment required for the trasmission of neural impulses. They are used in dentistry,
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Fig. 1. Adapted from Mertes PM, et al. Epidemiology of perioperative anaphylaxis. Presse Med. 2016.
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ophthalmology, minor surgery, endoscopies, and obstetrics.
Local anesthetics are available in multiple forms including sprays,

ointments, gels, solutions, and injectable forms. The topical anesthetics seem
to be safe. Allergic contact dermatitis can occur. True allergy to local anesthetics
represents less than 1% of all reactions.

Types of local anesthetics

Local anesthetics may be classified into two groups (Table 1), i.e., benzoic acid
esters (group 1) or primary amides (group 2) based on the linking chain
between the hydrophilic amine group and the lipophilic aromatic ring.

The commonly used benzoid acid ester is procaine (Novocain). The benzoid
acid esters often cross-react with each other but do not cross-react with primary
amides [9].

Lidocaine is the prototype for amide local anesthetics, and it is characterized
by a rapid onset and intermediate duration of action. Mepivacaine has a rapid
onset and medium duration of efficacy. Bupivacaine is 4 times more potent
than lidocaine andmepivacaine, and has longer duration and action. This agent
has potential higher cardiotoxicity and should be used with caution in patients
taking B-blockers or digoxin [10].

The para-amino group (procaine, tetracaine) has a greater ability to cause
allergic reactions than the amide group (lidocaine, bupivacaine,mepivacaine) [11].

Neuromuscular blockers
Neuromuscular blockers (NMBs) have a major role in causing perioperative
anaphylaxis (POP). Both depolarizing (suxamethonium) and nondepolarizing
NMBs (benzylisoquinolines and aminosteroids) are capable of triggering POP
via IgE-mediated or nonIgE mediated pathways [12]. According to various
studies, the most common cause of anaphylaxis during anesthesia was

Table 1. Commonly used local anesthetics

Group 1 - Esters Benzocaine
Butamben picrate
Cocaine
Procaine (Novocain)
Tetracaine (Pontocaine)

Group 2 - Amides Short acting
Lidocaine (Xylocaine)

Medium acting
Mepivacaine (carbocaine, polocaine)
Prilocaine (Citanest)
Articaine (also contains ester group)
Lidocaine with epinephrine

Long acting
Bupivacaine (Marcaine)

Adapted from Volcheck GW, and Mertes PM. Local and general anesthetics immediate hypersensitivity reactions. [9]
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reportedly NMBs (50–70%). Succinylcholine (60.6%) and atracurium (19.6%)
were the major causative drugs, whereas anaphylaxis to cisatracurium (5.9%),
vecuronium (4.6%), rocuronium (4.3%), pancuronium (2.7%), and
mivacurium (1.9%) was also reported [13].

Due to ammonium structures, sensitization may occur to these agents after
exposure to materials containing tertiary and quaternary ammonium groups
including over-the-counter drugs, cosmetics, disinfectants, and products found
in food.

Women have a 3-fold risk of developing anaphylaxis than males do. Hair-
dressers through exposure from their work products have been found to have a
higher rate of sensitization to NMBs. Because there is no sex difference in the
incidence of anaphylaxis before puberty, another hypothesis supports hormon-
al involvement [14••].

Cross-sensitivity is approximately 60 to 70% among the neuromuscular
blockers. In general, succinylcholine and rocuronium are thought to be associ-
ated with increased allergic risk, and atracurium, cisatracurium, and
pancuronium with less risk. However, atracurium is associated with histamine
release, which may lead to bronchospasm and hypotension [15].

Sugammadex
Sugammadex is a reversal agent for neuromuscular blockers and a newest cause
of perioperative anaphylaxis (POP). Japan has been considered the highest user
of sugammadex, being used in 10% of anesthetic cases, and the incidence of
perioperative reactions is 1 in 2500 cases [16].

Reactions to sugammadex occur late in the surgery because they are given to
reverse neuromuscular blockade [13]. The sensitizing trigger is not definitively
known. Cyclodextrin is found in food additives and cosmetics, and this poten-
tially could be the causal agent [17••].

Antibiotics
Penicillins and cephalosporins are responsible for the majority of antibiotic-
induced perioperative anaphylactic reactions. The incidence has been increasing
due to a widespread use of perioperative antibiotic prophylaxis with beta-
lactams [3].

Amoxicillin or amoxicillin/clavulanic acid are the leading antibiotic trigger
for perioperative anaphylaxis, but has recently been substituted in some regions
by teicoplanin [9].

Confirmation of teicoplanin allergy is challenging because of the limited
sensitivity and lack of standardization of skin test [18].

The common practice of administering antibiotics after induction of anes-
thesia runs the risk of antibiotic-induced anaphylaxis being aggravated by
general or neuraxial anesthesia [19].

Latex
Latex allergy is a major cause of perioperative anaphylaxis worldwide. Latex is
derived from theHevea brasiliensis tree. Among its allergens of clinical relevance
are Hev b 1, Hev b 3, Hev b 5, Hev b 6.01, and Hev b 7.

Patients at risk of developing latex allergy include atopic patients who
experience high latex exposure, medical interventions, and several surgical
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procedures. Symptoms associated include skin rash, bronchospasm, and car-
diovascular collapse. They tend to appear in the maintenance phase of
anesthesia.

Diagnosis is clinically supported by skin prick test (SPT) or serum-specific
IgE toHev b 1. Challenge test, such as glove use test, should be applied if there is
a highly suggestive history of latex allergy, but the diagnostic tests are negative
[3].

Chlorhexidine
Chlorhexidine is now well-recognized as a cause of perioperative anaphylaxis
occurring between 9.3 and 9.6% [20].While intravascular (via coated central
venous catheters) or intramucosal exposure (via lubricating gel for urethral
catheters) remains the predominant route of exposure, pure cutaneous contact
may also trigger anaphylaxis [21, 22]. Skin prick test and specific IgE are reliable
tools exhibiting high levels of sensitivity and specificity, exceeding 90% [23].

Dyes
Blue dye, used for sentinel node biopsy during cancer surgery, was identified in
6% of cases of perioperative anaphylaxis. It can be potentially missed as a
culprit since it is administered intradermally by surgeons and not routinely
listed on drug charts by anesthetists [24].

Morphinomimetics
Anaphylaxis during the perioperative period due to opioids is very rare [25].
Direct activation of dermal mast cells by narcotics stimulates histamine release
[26, 27]. Codeine, morphine, and hydrocodone are the opioids that most
frequently cause allergic reactions [28]. Morphine is a tertiary amine that causes
nonimmunological histamine release, and meperidine is the opioid that most
frequently causes nonimmunological histamine release rather than other opi-
oids. Besides, IgE-mediated anaphylaxis related to fentanyl has been reported.
IgE-mediated reactions have been described [29]. Mostly, these reactions in-
clude redness, urticaria, pruritus, andmild hipotension [25]. Several risk factors
have been described to present morphinomimetics reactions, such as previous
drug sensitization, history of opioid allergy, drug addiction (heroine), advanced
age (9 65 years), obesity, obstructive pulmonary disease, sleep apnea, and
anaphylaxis history. CYP2D6*41 polymorphism increases the risk of present-
ing adverse events to oxycodone and hydrocodone, and 1846G 9 A and 2549 9
A variants to codeine. Anaphylaxis can be mortal during anesthesia in 9% [28].

For the diagnosis, prick tests and intradermal tests can be performed, in
which phenylpiperidines are used (Table 2), cross-reactivity is uncommon
between phenylpiperidines.

Hypnotics
Thiopental anaphylaxis is the most frequent among barbiturates. Its incidence is
estimated in 1 in every 30,000 administrations, followed by nonbarbiturates.
Propofol has an incidence of 1 in every 60,000 [30]. The mechanism of action in
these types of reactions is by direct histamine release. In addition, IgE-mediated
hypersensitivity has been described. Reactions are more frequent in women [25].
Patients allergic to egg and soy have not been shown to present more risk to
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propofol anaphylaxis. Due to its formulation characteristics, 10% soy, 2.25%
glicerol, and 1.2% egg lectin, reactions that involve propofol aremostly related to
aliphenol that carries two isopropyl groups that act as antigen epitopes, which are
found in dermatological products and can explain anaphylaxis on the first
exposition to propofol. Histamine release can be directly stimulated and this
effect can be greater when it is administrated with muscle relaxants [26].

Allergic reactions to benzodiazepines are rare. The solvent Cremophor has
been described as the responsible of the majority of the reactions. Drugs related
to anaphylaxis to benzodiazepines are diazepam and midazolam. Allergic
reactions to intravenous diazepam are caused by propylene glycol and can be
found in cosmetic drugs, vaccines, and occasionally in foods, and can present
cross-reactivity with other benzodiazepines caused by the metabolite
demethyldiazepam. Midazolam is a safe drug, since it does not contain metab-
olites. Also, it has been used safely to induce anesthesia in patients with food
allergy. [25, 29, 30].

Hypnotics, including barbiturates (thiopental) and no barbiturates
(propofol) can induce IgE-mediated hypersensitivity reactions, as well as
nonIgE-mediated reactions [31].

In order to diagnose allergy to hypnotics, skin tests can be done with the
concentrations shown in Table 3.

Neuroleptics
Neuroleptics are drugs that act on the dopaminergic system. Several classes exist
according to their biochemical structure. Reactions to haloperidol are rare and
are caused by an IgE-mediated hypersensitivity. Droperidol, commonly used as
antiemetic and sedative on postoperative period, is very unusual to unleash
reactions, but the risk is greater if phenotiazin hypersensitivity is present.
Symptoms more frequently present in allergic reactions are pruritus, urticaria,
bronchospasm and angioedema, as well as anaphylaxis. Prick tests can be
performed to establish a diagnosis [28].

Table 2. Diagnosis skin tests for phenylpiperidines

Drug Prick test Intradermal test
Opioid Concentration

mg/dl
Dilution Maximum

concentration
(mg/dl)

Dilution Maximal
concentration
(mg/dl)

Alfentanil 0.5 Pure
solution

0.5 1/10 50

Fentanyl 0.05 Pure
solution

0.005 1/10 5

Morphine 10 1/10 1 1/1000 10

Remifentanil 0.05 Pure
solution

0.05 1/10 5

Sufentanil 0.005 Pure
solution

0.005 1/10 0.5

From the French Society of Anesthesiology and Intensive Care Medicine. Reducing the risk of anaphylaxis during anaesthesia: Abbreviated text:
Ann Fr Anesth Reanin 2002; 21 (suppl 1); 7–23
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The neuroleptic malignant syndrome has been described as a rare and
sometimes fatal adverse reaction, which is produced by the administration of
antipsychotics and dopamine antagonists or by the rapid withdrawal of
antiparksonian drugs. It is characterized by presenting hyperthermia and mus-
cular stiffness, as well as autonomous instability, diaphoresis, alteration of the
state of consciousness, CPK elevation, and leukocytosis. [32].

Colloids
Plasma-derivated products or colloids can produce immunological and
nonimmunological reactions during anesthesia [33]. Albumin, dextran,
hydroxyethylamidon, and gelatin are colloids that are frequently used in the
operating room and cause around 4% of perioperatory anaphylaxis [25]. They
can cause severe allergic reactions occurring during the first 20 min of the
infusion in 20% of patients [34].

It has been described that people with a history of allergy to multiple drugs
and men are more at risk to develop an allergic reaction to these agents. Egg
allergy is not a contraindication to use albumin since it is different to human
albumin [29]. For the diagnosis, pure undiluted solution can be used to
perform prick tests using a 1/10 pure solution, and in case that those result
negative, intradermal tests can be done (1/1000 to 1/10) [30, 35].

Diagnosis
The diagnosis of anaphylaxis is mainly clinical and is based on the appearance
and severity of symptoms, as well as the time elapsed between exposure to the
medication used in surgery and the onset of the condition. The lack of experi-
ence, not having the patient’s body in sight and the varied use of medications
during anesthesia makes it difficult to establish a timely diagnosis [36].

The time elapsed between the administration of the suspect medication and
the clinical signs and symptoms is very useful. In general, when symptoms
occur within the first 30 min of anesthesia, themain culprits are neuromuscular
blockers, antibiotics, and hypnotics. When symptoms begin after 30 min of

Table 3. Skin tests with hypnotic agents

Drug Prick test Intradermal test
Hypnotics Concentration

(mg/dl)
Dilution Maximum

concentration
(mg/dl)

Dilution Maximal
concentration
(mg/dl)

Etomidate 2 Pure
solution

2 1/10 200

Midazolam 5 Pure
solution

5 1/10 500

Propofol 10 Pure
solution

10 1/10 1000

Thiopental 25 Pure
solution

25 1/10 2500

From French Society of Anesthesiology and Intensive Care Medicine. Reducing the risk of anaphylaxis during : Abbreviated text: Ann Fr Anesth
Reanin 2002; 21 (suppl 1); 7–2
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anesthesia, the causes include chlorhexidine, latex, dyes, plasma expanders, and
blood products [14••].

In the perioperative environment, classic anaphylaxis symptoms such as
dyspnea or pruritus are not regularly present, and it is common to find alter-
ations in patient ventilation, oxygen saturation, heart rate, and blood pressure.
The absence of skin symptoms does not exclude the diagnosis of anaphylaxis. It
is common that, given these symptoms, an incorrect diagnosis is made due to
the various factors associated in a surgery and the previousmedical condition of
the patient; frequently, an evaluation by the allergist is not possible, and this
fact can lead to a potentially fatal future reexposure [37].

Anaphylaxis can occur at any time during anesthesia. The reactions associ-
ated with neural plaque blockers or antibiotics commonly occur in up to 90%
of cases in the induction phase, while those related to latex appear in later stages
of anesthesia [38].

Histamine and tryptase are two mediators released by basophils and mast
cells during allergic reactions. Both can bemeasured in the patient’s serum, and
their utility has been demonstrated in the diagnosis of perioperative anaphy-
laxis. However, they should be taken in the first hours of the reactions since the
half-lives of histamine and tryptase are 20 and 120 min, respectively.

For tryptase, a sensitivity of 64% and specificity of 89% is reported with a
positive predictive value of 92% and a negative predictive value of 54%. In
relation to histamine, sensitivity is reported at 75%, specificity at 51% [39].

Skin tests can identify the causative agent but are usually performed after the
month of presentation of anaphylaxis, so its usefulness lies in avoiding subse-
quent cases. Serum detection of medications related to perioperative anaphy-
laxis is a useful tool to complement the patient’s approach. Tests for specific IgE
of neuromuscular plaque blockers, thiopental, morphine, propofol, and latex
are also available.

Skin tests along with themedical history remain the basis of diagnosis for an
IgE-mediated reaction. Skin tests are usually performed 4 to 6 weeks after the
reaction. The tests should be performed by a professional with experience in
performing and interpreting tests with medications used in anesthesia. Howev-
er, asymptomatic sensitization is common. A positive skin test or an elevated
level of agent-specific IgE only indicates that the patient is sensitized to that
agent, but does not verify that it is the cause of anaphylaxis [14••].

Prick and intradermal skin tests with dilutions of commercially available
medications are recommended. Standardized procedures and dilutionsmust be
precisely defined for each medication used to avoid false positive results [40].

The indications for the challenge tests are limited. They should be performed
only when obtaining a negative skin test and the evidence recommend those for
local anesthetics, beta-lactam antibiotics, and latex [41].

Treatment
Early onset of treatment is essential in anaphylaxis and could prevent hypoxic
complications or death. The management is basically the same in all ages
following the accepted protocols for the management of anaphylaxis. Adrena-
line is the treatment of choice in anaphylaxis due to its alpha and beta-agonist
properties, which result in vasoconstriction, increased peripheral vascular resis-
tance, decreased mucosal edema, inotropism, chronotropism, and
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bronchodilation. Other recommended actions are the suspension of the ad-
ministration of the drug. The administration of anesthetic drugs and the surgical
intervention should be suspended when the reaction occurs in the anesthetic
induction. Other than the administration of adrenaline, 100% oxygen, fluid
replacement, and place the patient in Trendelenburg position are recommend-
ed [5, 42].

Prevention
Evidence has shown that a complete review of the clinical and perioperative
history is essential before any procedure in patients with prior anaphylaxis
because they have a higher risk of recurrence during subsequent anesthetics.

It is highly recommended that surgeons and anesthesiologists communicate
each other their concerns and ask the allergist if there is a doubt about an
allergic reaction. An allergy evaluation should then be performed based on the
clinical and surgical history to identify the drug or substance responsible [14••].
Allergy tests should be performed on all high-risk patients before any future
anesthesia. Recently, recommendations have been proposed to identify the
population at risk of perioperative anaphylaxis that could benefit from a more
precise preoperative evaluation to investigate sensitization to drugs and anes-
thetic agents, provided that the opportunity for surgery permits. There are some
risk factors that predispose to anaphylaxis during the perioperative period,
which are the following: patients allergic to any of the drugs that can be
administered during anesthesia; patients who have presented symptoms that
suggest an allergic reaction in previous anesthesia; patients who presented an
allergy-suggestive clinic after exposure to latex; children who have undergone
multiple surgical interventions, especially those suffering from spina bifida;
patients who had an allergy to avocado, kiwi, banana, chestnut; and patients
who report clinical symptoms before exposure to the cold [43].

It is very important to completely avoid contact with latex from the first
surgical procedure in children with spina bifida or who will undergo multiple
interventions. Latex particles can be dispersed in the air with the use of powder
gloves, assuming a risk factor for sensitization by inhalation. The incidence of
sensitization in healthcare professionals can be reduced by wearing gloves
without powder [44]. In patients where there is no available alternative to the
one that triggered anaphylaxis, desensitization could be proposed considering
factors such as type of immunological reaction, risk benefit of the procedure,
and availability of personnel and facilities necessary to perform desensitization.

Premedication schemes have shown that they do not effectively prevent
perioperative anaphylaxis. The only prevention is to avoid contact with the
medication responsible for the reaction [14••].

Conclusions

Perioperative anaphylaxis is a severe, systemic hypersensitivity reaction that
occurs of rapid onset. Inmost patients, it is generally unpredictable and presents
after exposure to different drugs, substances, or stimuli during an anesthetic or
surgical procedure. Early onset of treatment is essential in anaphylaxis and
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could prevent complications or death. The management is established accord-
ing to anaphylaxis protocols, being adrenaline the treatment of choice. A
complete review of the clinical and perioperative history is essential before
any procedure in patients with prior anaphylaxis. It is recommended that
surgeons and anesthesiologists communicate each other their concerns and
request a patient evaluation by an allergist when needed.
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