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Hypersensitivity reactions during perioperative period are increasing and may be potentially life-threatening.
Therefore, major emphasis is given to prevention. We perform a review to examine which measures should be taken
to prevent reactions to products used in elective and emergency surgery. Any patient with a history of previous
anaphylaxis or severe reaction during anaesthesia should be referred to allergist for detection of the offending
compound. However, the identification of the triggering agent is not always feasible because of the low accuracy
of diagnostic tests. In these cases and when emergency surgery is required, it should be considered to replace all
drugs administered before the onset of the reaction with alternatives. Furthermore, any cross-reacting agent and
latex, especially in patients belonging to populations at-risk for latex allergy should be avoided. In susceptible
patients, premedication with antihistamines and corticosteroids might reduce the severity of reaction to drugs or
contrast material while it is unclear whether pre-treatment decreases incidence of anaphylactic reactions. There
is no evidence that premedication prevents allergic reactions to latex. Overall, physicians should not rely on the

efficacy of premedication.

Immediate allergic and pseudo-allergic reactions
during anesthesia are of great concern because they
may be severe and life-threatening. Strategies focusing
on identification of patients at risk are needed for
preventing perioperative reactions. Clinical history is
the most important tool for screening these subjects.
Patients who are at high risk are those who have allergy
to latex or to other products used during anesthesia, and
those who experienced previous anaphylaxis or severe
reactions during anesthesia (1, 2). Therefore, patients
with a positive or unclear clinical history of perioperative
allergic reactions should be referred by the anesthetist to
an allergist with drug testing competence for a thorough
investigation, including interpretation of skin tests and
drug challenge, and recognition of the offending product
before the surgical procedure (Figure 1).

When this is unavailable an appropriate documentation

on the products used, including time of onset of
reaction or type of symptoms, and laboratory tests for
muscle relaxants and latex that are common causes of
perioperative reactions should be performed.

When record of previous reaction exists, patients
should undergo IgE tests for suspected agents (Figure
1). IgE-mediated reactions usually occur after previous
administration of the allergen. The causative role of the
agent is associated with positive IgE tests in about 60%
of cases. Skin prick testing permits to investigate more
types of drugs than blood tests for specific IgE antibodies.
Hypersensitivity tests have low diagnostic value which
is also a consequence of different pathophysiologic
mechanisms (often unknown) involved in the reactions.
Some agents may induce reactions through a direct non
IgE-mediated activation of mast cells or complement
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activation that occurs without previous exposure. These
reactions are generally not predictable and skin test results
can be falsely positive or negative (Figure 1).

PATIENTS WITH REACTIONS
TO SPECIFIC PRODUCTS

The only effective secondary preventive measure for
patients with allergy to known products is obviously the
complete avoidance of the triggering allergen and the
replacement with alternatives. In this way, further allergic
reactions are likely to be avoided.

When an alternative drug is not available, patients
with anaphylaxis can be desensitized (3-9).

The induction of tolerance is achieved through
incremental exposure to the relevant drug to the
therapeutic dose. The desensitization allows a temporary
tolerance through immune modulation and persists only
with a daily maintenance dose of the drug (9).

Neuromuscular blocking agents (NMBA)

The tertiary or quaternary ammonium group, common
to all muscle relaxants, is likely to be responsible of the
cross-reactivity between NMBAs that occurs in up to
60% of patients (10-12). Therefore, patients who react to
an NMBA should avoid all NMBAs when it is feasible.
After assessing the cost-benefit ratio, local anesthetics,
local regional anesthesia and inhaled anesthetics may be
valuable alternatives.

When it is mandatory to administer an NMBA, an
incremental challenge with an NMBA different from that
which elicited the reaction and to which skin test result is
negative should be given (2). However, on one hand it is
unclear whether an NMBA with a positive skin prick test
result elicits allergic reactions. On the other hand, there
is no warranty against a repeated reaction since serious
reactions to these agents can occur at the first known
exposure. Fisher MM and coworkers described a patient
who had perioperative anaphylaxis from pancuronium.
During subsequent anesthesia, the same patient had an
anaphylactoid reaction to alcuronium to which skin tests
were negative (13). For this reason the prevention of
primary sensitization to muscle relaxants is not possible.
Furthermore, screening of the general population for
NMBA sensitivity is not helpful since the positive
predictive value of the test is poor (14, 15).

Antibiotics

Patients with allergy to a particular antibiotic should
be given drugs with a different chemical structure. When
the antibiotic to which the patient is allergic is substituted
with another that belongs to a cross-reacting class, a
change of agent does not ensure that a renewed reaction
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may occur. The predictive value of IgE tests is useful for
IgE-mediated allergic reactions induced by a small group
of antibiotics. Therefore, controlled challenges may be
required to determine whether the alternative antibiotic
is clinically safe.

Allergic reactions to B-lactam drugs are the most
frequent and more studied. In patients with a high
documented probability of clinical history of immediate
reaction to penicillin a positive skin prick test result was
found in 70% of cases (16). However, it should be taken
into account that patients with negative penicillin skin
tests can often have positive challenge test to penicillin
(17). Therefore, patients with positive clinical history and
negative skin tests should undergo provocation test to
ascertain the diagnosis. The safest therapeutic approach
to patients who are allergic to penicillin is to administer
antibiotics that do not contain a B-lactam ring, however
this can reduce the efficacy of the treatment and increase
costs. From a practical viewpoint, patients with immediate
reactions and positive skin tests to penicillin should avoid
cephalosporins to which skin test result is positive while
cephalosporins to which skin test is negative seem to be
safe given in a graded challenge (18). Only about 3%
of patients with delayed non IgE-mediated reactions to
penicillin reacted to cephalosporin (19).

Anesthetic induction drugs

The clinical meaning of laboratory tests showing
cross-reactivity among barbiturates is unclear. It has been
suggested to avoid other barbiturates in patients with
allergy to thiopental since immunologic cross-reactivity
may occur (20). Cross-reactivity does not occur between
drugs used for anesthetic induction belonging to different
pharmaceutical classes. Therefore, propofol can be
helpful in patients with sensitivity to barbiturates. A lipid
vehicle containing soybean oil and egg lecithin is used
in the preparation of propofol. There is no convincing
evidence that patients with egg allergy or soy allergy are
at risk of developing reactions to propofol (2).

Desmetyldiazepam seems to be responsible for the
cross reactivity of diazepam with other benzodiazepines.
It is noteworthy that patients with a history of allergy to
products such as medications, vaccines, cosmetics, and
foods containing propylene glycol solvent should avoid
diazepam that also contains this solvent.

Opioids

Morphine may commonly induce a cutaneous rash,
urticaria, and rarely hypotension or bronchospasm
through a non IgE-mediated mechanism (21).

When analgesia is required in patients who
experienced an adverse reaction, a non opioid alternative
drug should be given. When this drug does not control
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pain, it is recommended to perform a graded challenge
with a drug belonging to a different class of opioids
(phenanthrenes (morphine, codeine), phenylpiperidines
(alfetanyl, fentanyl, remifentanyl, sufentanyl, meperidine),
or andiheylheptanes (methadone, propoxyphene). They
have distinct chemical structures and clinical cross-
reactivity has not been reported. However, this is not
firmly established since the mechanism of the reaction is
usually non IgE- mediated (22, 23).

Non-steroidal anti-inflammatory drugs (NSAID)

Blood or skin allergy tests are not useful for ascertaining
sensitivity to NSAID. The diagnosis can be established
only by a graded challenge under medical supervision.
Clinical reactions to inhibitors of the cyclo-oxygenase-1
enzyme (COX 1) are a risk factor for developing reactions
to COX 2 inhibitors.

Cross-reactivity occurs among members of COX
1 inhibitor class as well as among COX 2 inhibitor
class, while it is uncommon between COX 1 and COX
2 inhibitors. IgE tests to NSAID are almost always not
reliable (24). This implies that a diagnostic challenge test
for the suspected drug is needed when the history is not
convincing.

Furthermore, in patients with previous reactions to
NSAID, tolerance to any other drug belonging to this
group must be ascertained by a challenge test in order to
prevent further reactions.

Local anesthetics

Local anesthetics are classified as amides or esters.
Cross-reactivity (25, 26) may take place among members
of the ester class and rarely among drugs belonging to
the amide class. Esters generally do not cross-react with
amides.

In the rare cases of children with positive skin
test result to the responsible amide, it is generally not
recommended to perform a challenge test. A reasonable
approach would be to perform skin test to another amide
and when the result is negative, proceed to the graded
challenge test, in order to establish whether the drug is safe
(27). Alternatively, skin testing and incremental challenge
with the other class of local anesthetics can be performed
(27). In children with allergy to local anesthetics, general
anesthesia is a possible option.

Dyes

Blue dyes are used particularly in lymphangiography
and lymphatic mapping in sentinel lymph node biopsy.
There is an immunologic cross reactivity between Patent
Blue V (also called E131, Acid Blue 3, and disulfine
blue) and isosulfan blue (also called Patent Blue violet or
Lymphazurin), which share the same formula (28).
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Methylene blue is structurally unrelated with Patent
Blue V and has been recommended as a safe alternative
(29).

However, immunologic cross-reactivity between these
dyes has been reported. Thus in patients who react to
Patent Blue V, skin testing with methylene blue should be
routinely performed. It has been suggested that methylene
blue should be given when skin test result is negative
(30).

Reactions to blue dyes can be both IgE-mediated
and non IgE-mediated. Patients can react to dyes at first
known exposure. Therefore, IgE tests are not helpful in
predicting clinical reaction (30, 31).

Radiographic contrast material (RCM)

After a severe allergic reaction to RCM, the patient
should not be exposed to a RCM again. Safe alternative
procedures such as magnetic resonance imaging or
ultrasound imaging should be performed. When patients
who have previously experienced a reaction to high
osmolarity RCM, require a new RCM administration, a
low osmolarity RCM should be given. Low osmolarity
RCMs are associated with a decreased incidence of
severe repeated reaction up to 10-fold in comparison with
high osmolarity RCM (32-34). However, this option does
not guarantee that allergic reactions will not occur. For
the above reason, patients with risk factors for having a
reaction after RCM administration are usually given a
low osmolarity RCM (32). Such risk factors include food
allergy, bronchial asthma (35), cardiac diseases, B-blockers
(36), serum creatinine > 2 mg/ml, history of allergy
(37) and therapy with Interleukin-2 (38). Mastocytosis,
viral infection at the time of RCM administration and
autoimmune diseases, such as LES have been reported
to influence the severity but not the onset of the reactions
to RCM (39, 40). Further larger studies are required to
clarify whether allergy tests are useful in identifying safe
alternative RCM in patients with RCM reactions (32). A
previous allergic reaction to iodinated contrast agent is a
risk factor for having an adverse reaction to gadolinium.

Latex

The main purpose in the management of latex allergy
is the primary prevention of sensitization. In children
with spina bifida, the prevalence of latex allergy is
significantly reduced by the elimination of contact with
latex from the first surgical operation (41). Therefore,
a latex-free environment is recommended for each
procedure performed on children at risk. These children
include those requiring multiple surgeries especially
because of spina bifida and genitourinary malformations
and those with allergy to fruit, particularly banana, kiwi,
or avocado, that cross-react with latex allergens (42). In
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workers with occupational exposure to latex, primary
prevention is achieved by reducing contact with latex
products. Health-care workers should avoid exposure to
aerosolization of latex antigens adherent to the cornstarch
powder of latex glove by using non-powered latex gloves
or latex-free gloves.

In patients with latex allergy, secondary prevention
has been shown to be effective for avoiding anaphylactic
reactions. Patients with asymptomatic sensitization to
latex (43), such as those suffering from pollinosis (42)
or those monosensitised to latex profilin (Hev b 8) (44),
even if they safely undergo surgery, they should follow
a prophylaxis program because of the possible risk of
developing clinical hypersensitive reactions following
multiple intra-operative exposures to latex.

A secondary prevention strategy must include a latex-
safe environment, that should be established not only in
the room or surgical suite but also in the pediatric ward
and in all clinical settings. In a latex-safe environment
the use of latex gloves and latex accessories (catheters,
adhesives, tourniquets, and anesthesia equipment or
devices) should be banned. It is recommended to have a
“check-list” providing information on latex free products
and a supply of them. The list of latex-free medical
and surgical material should be updated regularly by
anesthetists, allergists and pharmacists. The anesthetic
and surgical areas should be prepared the day before to
avoid the release of latex particles and the patient should
be the first on the list (45).

Others products

Washed red blood cells should be given to subjects
with IgA deficiency who rarely develop IgE or IgG
antibodies against IgA and react to blood transfusions.

Antiseptics. In patients with reactions to clorhexidine,
povidone iodine should be used.

Colloids. Clinical cross-reactions between colloids
[gelatin, albumin, hydroxyethyl starch (HES), dextrans]
have not been reported. Therefore, one class can be
substituted with another if necessary. Among colloids,
there is increasing awareness of the frequency of allergic
reactions to gelatin solutions. Intravenous gelatin
solutions should be avoided in patients with a positive
history of allergic reactions to products containing gelatin
such as foods, vaccines, pharmaceuticals and cosmetics
(2). Dextran may provoke serious allergic reactions. The
apten inhibition with dextran 1 before exposure to dextran
has been found to be useful in dramatically reducing the
risk of potentially life-threatening reactions. When 3 g of
dextran 1 are preinjected dextran-induced anaphylactoid
reactions rarely occur in patients with extremely high
titers of antibodies to dextran. Pre-treatment with dextran
1 does not prevent occasional mild, anaphylactoid, non
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antibody-dependent reactions (46).

PATIENTS WITH SEVERE REACTIONS DURING
ANESTHESIA TO AN UNKNOWN AGENT

Any patient with a convincing history of previous
anaphylaxis or severe reaction (i.e. cardio-respiratory
collapse) during anaesthesia in which the causative agent
was investigated but not identified is matter of concern
during surgery (Figure 1).

When emergency surgery is required, if previous
record is available, it should be considered to avoid
all drugs administered before the onset of the reaction.
Furthermore any cross-reacting agent, especially when
the skin test result is positive should be avoided (2).

It would be advisable to avoid triggers that
epidemiological studies have shown to commonly cause
reactions during operation. If it is unclear from history
whether the patient is allergic to latex or if he belongs to a
risk group for latex allergy, all surgical procedures should
be conducted in a latex-free environment. It is appropriate
to avoid NMBAs, if feasible (2). Alternatively, drugs used
in local and regional anaesthesia should be used since
they rarely cause allergic reactions. Inhalational agents
are also generally safe. The fast injection of histamine-
releasing drugs (e.g., morphine, d-tubocurarine,
vancomycin, muscle relaxants) particularly in subjects
with asthma or cardiopulmonary disease may enhance
the rate of histamine release and may favor the onset
of the reaction. A slow administration usually reduces
the rate of histamine release and prevents the severity
of the reactions. If allergy tests to drugs are performed
with negative results, it may be hypothesized that the
previous reaction may have been the result of non-allergic
mechanisms. Therefore, it is better to avoid releasing-
histamine drugs, such as morphine (2). It is better to use
povidone iodine as a disinfectant.

PREMEDICATION

A prophylactic treatment with corticosteroids alone
or in combination with HI antihistamines and/or H2
antihistamines is largely used in clinical practice even
if the benefit remains a matter of debate. Administering
premedication in patients who need surgery or in patients
who previously had perioperative reactions to an unknown
substance should be considered. Moreover, in patients
with allergy to a product used during the perioperative
period, pre-treatment may be an option when a cross-
reacting agent is given (Figure 1).

Generally, premedication does not prevent an
anaphylactic reaction but in some instances has been
useful in reducing the severity of hypersensitivity
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Table 1. Prevention of intra-operative reactions to offending agents

Offending agents

Prevention

NMBA

-Local anesthetics, local regional anesthesia or inhaled anesthetics
should be used after assessing the cost-benefit ratio.

-When a NMBA must be administered, patients should be given a
graded challenge with a NMBA different from that which elicited the
reaction and to which skin test result is negative for ascertaining the
tolerance.

Latex

-A latex-safe environment is recommended for each procedure
performed on children at high risk for latex allergy or allergic to latex.

Local anesthetics

- Patients with allergy to local anesthetics should be given an incremental
challenge with a different drug belonging to the same class or with a
drug belonging to another class of local anesthetics to which skin test
result was negative.

Radiographic contrast material

-In patients with allergic immediate reactions to contrast media,

safe alternative procedures such as magnetic resonance imaging or
ultrasound imaging should be used. When this is not feasible, a low
osmolarity contrast media should be given and premedication should be
administered.

Aantibiotics, NSAIDs, anesthetic induction drugs,
narcotics or other agents

- An alternative product should be administered.

-When a cross reacting agent is given, an incremental challenge is
advisable.

events. However, this may depend on clinical conditions
and on the pathogenic mechanism of the reaction.
Therefore, physicians should not rely on the efficacy of
premedication.

There is no evidence that pre-treatment (2, 47) can
effectively prevent the onset or reduce the severity of
anaphylaxis to latex (47). Moreover, pre-treatment could
delay the reaction and make it more difficult to recognize
early signs of latex anaphylaxis. Therefore, anaphylaxis is
treated only when systemic manifestation occurs (47, 48).

Regarding anesthetics, it is unclear whether the
prophylactic administration of steroids is beneficial. In
patients with anaphylaxis to NMBA, Moneret-Vautrin
and coworkers (49) demonstrated that pretreatment
with H1 and H2 receptor antagonists could decrease
skin reactivity. This may suggest that premedication
may reduce non specific histamine release but not the
incidence of anaphylaxis or its severity. Pre-treatment

with combined H1 and H2 antagonists has been found
to reduce histamine-mediated adverse effects such as
hypotension or rash related to high doses of mivacurium
(50, 51) or high doses of atracurium (52, 53). However,
despite of pretreatment with corticosteroids, anti HI
and anti H2 anaphylactic reactions to NMBA have been
reported (54).

Morphine administered during the perioperative
period can produce cardiovascular effects attributed to
non IgE mediated histamine release. The use of anti
HI1 (diphenhydramine) and anti H2 (cimetidine) may
have hemodynamic protection (blood pressure, systemic
vascular resistant and cardiac index). The combination of
these drugs might give better protection than one given
alone (55). Anti H1 plus anti H2 (promethazine/pethidine)
administration reduces the histamine release due to
fentanyl or nalbuphine (56). The infusion of polygeline
(Haemaccel) can provoke cutaneous anaphylactoid
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reactions; it has been proved that these effects can be
abolished by premedication with diphenhydramine and
cimetidine (57). The rapid vancomycin administration can
induce the onset of the “red man syndrome”. Pretreatment
with intravenous H1 and H2 antihistamines has been
found to prevent hypotension and to reduce skin rash.
Antihistamine prophylaxis permits rapid vancomycin
infusion (58). There is some evidence that in patients at
risk, life-threatening events but not incidence of first-time
anaphylactoid reactions to blue dyes may be reduced by
pre-treatment with corticosteroids and anti H1 (59).

Pretreatment regimens may reduce incidence and
severity of non IgE mediated reactions to RCM. The
administration of steroids may reduce the incidence and
severity of respiratory symptoms and the combination of
respiratory and hemodynamic symptoms (bronchospasm,
laryngeal edema, and hypotension). Anti H1 with/
without anti H2 may reduce the risk of urticaria, flushing
and pruritus (60). However, it has been reported that
premedication does not prevent recurrence of anaphylaxis
due to RCM (61).

A recommended pre-treatment for RCM reactions
in patients at risk (3) consists of 1 mg/kg up to 50 mg
of prednisone given orally 13, 7, and | hour before
administration of RCM and 50 mg of diphenhydramine
given orally or intramuscularly 1 hour before the
administration of RCM. Modifications to this regimen
have included addition of 25 mg of ephedrine given orally
1 hour before RCM and of H2 antihistamines, 4 mg/kg
of cimetidine (62). Lower doses of glucocorticosteroids,
oral diphenhydramine, and the use of new oral HI
antihistamines have also been suggested.

In emergency conditions, a regimen of 200 mg of
hydrocortisone administered intravenously immediately
and every 4 hours until the RCM is administered, and
50 mg of diphenhydramine given intramuscularly 1 hour
before RCM is used (62).

In high risk subjects a longer treatment with
higher doses, and an intravenous administration of a
methylprednisolone bolus one hour before the induction
of anesthesia has been proposed (63). For delayed
reactions to RCM an effective pretreatment consists in 40
mg per day of 6-methyl-prednisolone and 100 mg bid of
oral cyclosporine given 1 week before and 2 weeks after
RCM (64).

Another issue of debate is whether pretreatment
should be routinely used in the absence of risk factors
for perioperative reactions. In the general population
premedication does not completely prevent a severe
intraoperative reaction, but it may be useful in reducing
the severity of unpredictable reactions (63). There are
also some data that prophylaxis reduces both the severity
and the incidence of reactions to RCM in subjects not at
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risk (65). However, cost, delay in diagnosis of adverse
events, risk of adverse effect caused by steroids or anti-
histamines, delay in performing radiologic or surgical
procedures, and possible lack of attention for the necessity
of a prompt treatment of reactions may limit the use of
premedication (60).

PREOPERATIVE IGE SCREENING

When clinical history is negative, even in patients with
drug allergy and in those that are atopic, IgE tests have
not been reported to be helpful in predicting anaphylactic
reactions to substances used in the perioperative period.
Moreover, the predictive assessments of [gE-mediated
reactions may not estimate the risk of reaction due to
nonspecific release of anaphylactic mediators in response
to future exposure to anesthetics. Therefore, it is not
recommended to perform screening IgE tests in patients
undergoing operations.

CONCLUSIONS

Acareful clinical history has a critical role in identifying
patients at increased risk of developing reactions during
anesthesia. Prevention of perioperative allergic reactions
relies on the identification of the offending agent by
allergist. This is of paramount importance in order to
avoid further hypersensitivity reactions since they cannot
effectively be prevented by premedication. Furthermore,
patients should be provided with drugs likely to be safe
for future anesthesia. However, a complete prevention
is not possible to achieve, due to the relatively high
rate of sensitization to anesthetics in the absence of
prior exposure or risk factors and to the low diagnostic
accuracy of IgE tests.
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