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REVIEW

Allergy during anaesthesia

J. BIRNBAUM, F. PORRI, M. PRADAL, D. CHARPIN and D. VERVLOET

Department of Chest Diseases and Allergy. Hopital Sainte-Marguerite, Marseille, France

The use of anaesthetic agents, drugs and chemicals
during anaesthesia induce a certain number of anaphy-
lactoid reactions. The incidence of anaphylaxis to
intravenous agents used during general anaesthesia is
about I : 6000. Despite appropriate treatment mortality
is about 6%. Different mechanisms are involved. There
are multiple risk factors. The main agents used for
induction of anaesthesia are neuromuscular blocking
agents (muscle relaxants: MR), hypnotics, morphinomi-
metics, neuroiepties and benzodiazepines. However,
other drugs may be used including plasma substitutes
such as fluid gelatins or dextrans, latex, ethylene oxide,
protamine.

each MR used in each country: vecuronium is being
increasingly used in France, whereas alcuronium and
gallamine are no longer administered.

Hypnotics

Since cremophor EL, used as a solvent of some non-
barbiturate hypnotics, was replaced by other lipidic
solutions, many previous reported anaphylactoid
reactions disappeared. The incidence of general adverse
reactions with thiopentone is estimated between 1/23 000
and 1/29 000 administrations. Propofol like thiopentone
can induce a true anaphylactic shock [2.3].

Main substances involved in anaphylactoid shock

Reactions to intravenous agents most often occur within
minutes after the induction of anaesthesia. Studies from
Australia, France and the UK have reported a great
number of cases. All mechanisms included, the incidence
of adverse reactions was evaluated to be 1/1250, 1/3500,
1/3500, respectively. A French epidemiological study has
collected 1585 cases of anaphylactoid shock over a
period of 2 years (1990-1991) [1]. An anaphylactoid
mechanism has been demonstrated in 52% of cases.
The agents involved were: muscle relaxants (70-3%),
latex (12 6%) and at a lower rate the other drugs and
substances used during anaesthesia.

Muscle relaxants

They represent a family of agents such as suxamethonium,
vecuronium, pancuronium and atracurium widely used in
genera! anaesthesia to achieve muscle relaxation. In
France, suxamethonium is the cause of 43% of those
anaphylactic shocks involving MR, followed by vecuro-
nium (37%), pancuronium (13%), alcuronium (7-6%),
atracurium (6 8%), gallamine (5 6%) [I]. Suxamethonium
remains the one most often implicated. The incidence of
shocks involving vecuronium is on the increase. These
figures should be corrected for the relative amounts of
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Morphinomimetics

Although opioid analgesics are among the most com-
monly prescribed drugs in hospitals, anaphylactoid
reactions to these drugs are rare. The incidence of
intraoperative shocks to these drugs was similar in
1989 and 1993 [1]. The use of poor histamine releaser
morphinomimetics as for instance fentanyi decreases the
incidence of anaphylactoid reactions [4]. However, some
IgE dependant anaphylactic reactions have been reported.

Neuroleptics and benzodiazepines

Sedative neuroleptics of the family of butyrophenons as
for instance droperidol are often used in anaesthesia. The
incidence of adverse reactions is exceedingly rare.
Adverse reactions reported with some benzodiazepines
were usually observed when cremophor EL was used as a
solvent.

Plasma substitutes

The most commonly used colloid volume substitutes are
dextran and gelatins. Dextrans are giucose poiymers with
molecular weights ranging from 40000 to 70 000 kDa
used for biood volume expansion. They are produced by
bacterium leuconostoc mesenteroides. The incidence of
anaphyiactoid reactions due to dextran was evaiuated
between 0 008% and 0-069% [5]. Skin tests are rareiy
positive with immediate reaction. Fluid gelatins are used
as fillers in emergency situations. They are produced by
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hydrolysis of collagen and chemical modification. The
frequency of anaphylactoid reactions has been evaluated
to be between 0 03% and 014% [5].

Protamine

Recent advances in medicine, such as cardiac catheter-
ization, phoresis, dialysis and cardiopuimonary bypass
technology, have increased the need for heparin
anticoagulation. To antagonize heparin's efl"ect and
prevent haemorrhagic compiications after the pro-
cedure, protamine has iikewise been used more
frequently. With its increased use have come increasing
reports of adverse reactions to protamine consisting of
rash, urticaria, elevation of pulmonary artery pressure,
systemic hypotension and, at times, death [6].

Latex and ethylene oxide

Immediate hypersenstivity to latex was first described in
1979 by Nutter [7]. Clinical manifestations are various
and result from direct contact between skin or mucosa
and latex, or from inhalation of airborne latex allergens
attached to the cornstarch powder used to lubricate
surgical gloves [8]. Reactions can be local or general
such as urticaria and angioedema, rhinitis, asthma or
even anaphylactic shock. These manifestations, espe-
cially anaphylactic shock, have been described during
surgical procedures [9], gynaecological and obstetric
procedures [10], vaginal examination [11], barium
enema [12], rectal manometry, dental procedures and
also after exposure to balloons, adhesive bandages,
condoms, baby pacifiers [II]. Shocks involving latex
now account for 12 6% of intraoperative anaphylactic
reactions, whereas it was rare in 1989 (0-5%) [1]. They
occur between 30 min and 2h after induction of anaes-
thesia [13,14]. The rationale for the increase of latex
allergy during these last years could be the better know-
ledge of clinical manifestations, the increasing use of iatex
gloves and condoms because of acquired Immune diffi-
ciency syndrome (AIDS), and modification in rubber and
gloves industry or in growing of Hevea brasiliensis.

Ethylene oxide, a gas used for sterilization of medical
material, is involved in severe but non-fatal reactions in
4 2% out of 1 000000 dialysers sold [4]. Association of
latex and ethylene oxide was described especially in some
children with myelodysplasia.

Mecbanisms

IgE-dependent reactions

Muscle relaxants Presence of IgE antibodies was

suggested by passive transfer tests and leucocyte
histamine release [15,16]. However, direct proof of the
presence of IgE antibodies was brought about by an
Australian group [17]. Data to check the specificities of
IgE antibodies were obtained from inhibition studies, in
which patient's sera were preineubated with each of the
muscle relaxants. Quantitative inhibition studies showed
that IgE antibodies from most patients crossreacted with
all muscle relaxants tested and with unrelated agents
containing ammonium ions [18]: many drugs (neo-
stigmine, pentolinium, trimetaphan and morphine) or
substances as well as cell membrane constituents contain
ammonium ions. In this case, inhibition studies revealed
that the binding of IgE to the drug on the drug support
could be diminished or prevented by this wide variety of
compounds containing quaternary or tertiary ammo-
nium ions. Since these compounds are commonly found
in drugs, foods, cosmetics, industrial materials, contact
or inhalation of these compounds could provide an
opportunity to become sensitized. The rigidity of the
chain linking quaternary ammoniums plays a triggering
role in allergic reactions. Flexible molecules with simple
carbon chains like suxamethonium can stimulated
sensitized cells more strongly than rigid molecules as
pancuronium [19].

Thiopentone Two antigenic determinants on the thio-
pentone molecule were demonstrated. The determinants
were the secondary pentyl and ethyl groups attached in
position 5 ofthe pyrimidine ring nucleus and the region
of the ring encompassing and including the attached
hetero atom. Thus, the thiopentone-allergenic deter-
minants so far recognized are on opposite sides of the
molecule. At high pH thiopentone binding of the
immunoabsorbent material can generate substituted
ammonium ions that are normally internalized within
the molecule. Specific IgE against quaternary ammo-
nium ions in subjects sensitive to muscle relaxants can
bind these substituted ammonium ions thus simulating
allergy to thiopentone [2].

Morphine and related opioids IgE antibodies to
morphine and meperidine have been detected [20].
Allergenic determinant identified on morphine encom-
pass the A'-methyl group and the cyclohexenyl ring with
a hydroxyl at C-6. Crossreactivity between morphine,
codeine and other narcotics has been allegated.

Latex and ethylene oxide Radioallergosorbent test
(RAST) to latex and ethylene oxide are commercially
available. Immediate allergic reactions to these sub-
stances are IgE dependent [14]. However, in vitro
determination of IgE antibodies to latex is less sensitive
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than skin tests. One candidate for the major latex
allergen has been identified as the rubber elongation
factor of the rubber tree Hevea brasiliensis. Allergens
adhere to the powder of latex gloves and can be
transported into the respiratory tract [21].

Non-specific histamine release

With hypnotics and morphinomimetics an histamine
release mechanism is possible in some cases. Of the
MR, atracrium induces more non-specific histamine
release than vecuronium. An in vitro study showed that
atracurium released within I min five times more hista-
mine from the skin, lung and heart mast cells than
vecuronium [22]. Other substances injected before or
during anaesthesia may give non-specific release:
prophylactic antibiotics (metronidazoie, cefuroxime),
plasma substitutes (gelatins) and blood products. Simul-
taneous injection of different drugs is likely to increase
the ievel of histamine up to the thresiiold of clinicai
manifestations.

Complement activalion

Complement activation is no longer thought to be
involved in anaphylactoid reactions involving anaes-
thetic agents. This mechanism is involved in reactions
to protamine, dextrans and vascular protheses.

Diagnostic tests

Screening is mainly based on clinical findings but in some
cases skin tests and/or iaboratory tests are avaiiable.

Skin tests

Following intradermic injection of the suspected
allergen, an immediate reaction ciiaracterized by the
appearance of weal-and-flare is liighly predictive of
sensitivity. In experimental studies such reactions were
frequent in allergic subjects whereas they were extremely
uncommon in controls at the same concentrations.

A number of studies have demonstrated the usefulness
of skin tests to retrospectively confirm allergy to muscle
relaxants, barbiturics and latex [2,8,23]. The concen-
trations necessary to conclusively prove allergy to
muscle relaxants have been rigorously defined [23].
Recently, a good correlation was found to exist between
intradermal tests and prick tests [24]. However, it should
be stated that, in a few cases, positive intradermal tests
have been observed for vecuronium and pancuronium
only at 400 and 200//g/mi, respectively. In these cases
prick tests using commerciaily avaiiable soiutions at 4

and 2 mg/ml may be negative. Thus, if only prick tests
were performed, it may be wrongly concluded that the
subject is not allergic to muscle relaxants. Similarly
intradermal tests with tracrium must be perfonned at a
maximal concentration of 10/xg/ml. Prick tests per-
formed using commercially available solution at 10 mg/
ml lead to faise positive reactions.

Debate about the value of systemic preoperative skin
testing for predicting muscle relaxants allergy has been
opened a few years ago. Before accepting to do it the
following questions should be answered: is the test valid?
what is its predictive vaiue, which popuiation shouid be
tested, is screening feasible? In order to be valid, a
screening test must be cheap, reproducibie, sensitive
and specific. Prick tests have been advocated, because
they are easy to perform, safe, sensitive and specific.
However, sensitivity and specificity of prick tests are not
the same whether prick tests are performed by anaes-
thesists or by allergologists, because performing and
reading skin tests is not aiways easy (personal data). In
order to be efficient, a test has to have both a high
positive and negative predictive value. Given a vaiid
test, a high predictive vaiue wiil be obtained if the
prevalence of the disease in the population under study
is high enough. In order to identify such a population at
higher risk, we need to know what are the risk factors. A
good negative predictive vaiue to MR has been demon-
strated when the skin tests were performed by an
allergoiogist [25].

Concerning iatex ailergy, latex extracts for skin tests
are now commercially available in Europe (Laboratories
Stallergenes, France) but they need to be standardized.
To identify iatex allergic subjects, skin test to iatex iias to
be performed because symptoms have a low positive
predictive value for predicting true iatex sensitization
[26]. It shouid be borne in mind that the predicting value
of latex sensitization for the occurrence of peroperative
anaphylactic reactions is unclear.

Measurement of specific serum IgE

Recently, in the field of anaphylactic reactions to MR,
laboratory tests have proven their usefulness both with
regard to the study of the offending epitopes and
molecular structures.

As for ail allergens, a good correlation is usually
observed between skin tests and specific IgE ieveis, but
no generalization should be made in this regard. Since
measurement of specific IgE is iess sensitive than skin
testing in most cases, discordant resuits with positive skin
tests and negative RAST are possible. To solve this
problem, a new test using a structural analogue of
insolubilized choline on sepharose as a solid support
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has been developed in Nancy (France). This support
which is called sepharose-quatemary ammonium
(SQA) is used to detect the presence of specific quatern-
ary ammonium ions in the serum based on the radio-
immunological method of RAST. Inhibition of specific
IgE binding is systematically controlled by placing the
tested serum in the presence of ofTending molecule in
soluble form. The concordance rate with skin tests is
reported to be about 83% [27]. Recently, another solid
phase for detecting antiquaternary ammonium IgE,
using p-aminophenylphosphoryl-choline immobilized
on agarose beads has been proposed [28].

Some patients with IgE against quaternary ammo-
nium ions may have positive RAST and negative skin
tests especially for MR with rigid structures such as
pancuronium or vecuronium [23]. These drugs may not
bridge two specific IgE mo]ecules, thus preventing the
release of mediators.

A radioimmunoassay for the detection of thiopentone-
reactive IgE antibodies is available. In the sera of some
patients allergic to MR, but not allergic to thiopentone,
specific IgE to thiopentone were found [20]. These results
suggest that the IgE antibodies in the sera of MR allergic
subjects recognize determinants on both thiopentone and
MR. Substituted ammonium group in cyclic form are
present in the barbiturate ring of thiopentone.

A latex radioallergosorbent test is commercially
available but, as expected, it is less sensitive than a skin
test, detecting these antibodies in only about 50-70%
of cases [14]. Latex specific IgE is more frequently
found in ragweed, blue grass and ficus-allergic patients
[29].

Measurement of serum tryptase and urinary
methylhistamine

Tryptase is a neutral protein which, like histamine occurs
in mast cells. Unlike histamine which is contained within
other cells, notably basophils tryptase is more than 99%
confined to the mast cells. The long half-Hfe of tryptase
permits the investigation of anaphylactic or anaphylac-
toid reactions and its measurement may be used to
distinguish mast cell dependant adverse reactions from
others. However, this assay does not permit to identify
the agent responsible for the adverse reaction [30],

Risk factors

Despite appropriate treatment, about 6% ofthe patients
who suffered such anaphylactoid reactions die. Thus, it is
ofthe utmost importance to develop a rational approach
to try to minimize the risk by identifying possible risk
factors before surgery: sex, age, genetic background.

previously administered general anaesthesia, history of
drug reaction at large and atopy. Drug reactions in
general, and perioperative drug reactions in particular,
are more frequent in women. The most frequent age for
perioperative drug reactions in large series are the third,
fourth and fifth decades. No data are available concern-
ing the role of genetic factors in immunologicai responses
to anaesthetic drugs. Data concerning the incidence of
atopic disease associated with anaesthetic agent hyper-
sensitivity is contradictory. This disagreement may stem
mainly from the definition of atopy [31,32].

Muscle relaxants

Sex A female predominance has been demonstrated in
perioperative reactions. Anaphylactic reactions to
muscle relaxants occur in females three times out of
four [33,34]. The presence of specific IgE towards natural
constituents containing quaternary ammoniums ions has
been suggested: acetylcholine, membrane phospholipids,
food lecithins from soy or egg. A possible sensitization to
cosmetics and other substances containing ammonium
ions has been put forward.

Age Reactions to muscle relaxants used during general
anaesthesia have rarely been reported in young children.
This could be because of injection of lower doses, a lower
number of general anaesthesias, or a natural loss of
sensitization as it has been described in the field of
hymenoptera allergy.

History of previous general anesthesia using the drug that
has elicited the reaction Previous exposure does not
seem to be a risk factor for reaction to muscle relaxants
since many of patients presenting anaphylactic shock
had never been given the drug before [35]. In Fisher's
study [36] among 46 patients who reacted to muscle
relaxants, only six were previously exposed to this group
of drugs. In our own study [34], 25% of 32 patients who
developed an anaphylactic reaction to muscle relaxants
had no history of surgery. In addition, the mean number
of previous general anaesthesias was comparable in the
case and control groups.

Atopy Atopy has been recognized by some authors as a
risk factor, whereas it has been denied as such by others.
If atopy is only defined on clinical grounds, i.e. history of
perennial or seasonal rhinitis or bronchial asthma, then
in some reports it appears to be a risk factor for
anaphylactic reactions. In contrast, if atopy is defined on
a biological criteria, i.e. positive skin tests to common
aeroallergens or positive Phadiatop® (Kabi Pharmacia,
Uppsala, Sweden) test, then it does not seem to be so [34].
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Thiopental

Sex Anaphylactic reactions have been reported three
times more frequently in females than in males.

Previous general anaesthesia Thiopental anaphylaxis is
frequently associated with previous general anaesthesia
or drug exposure. Baldo found that 29 of 31 patients
(97%) who reacted to thiopentone had received the drug
before. In Dundee's study 13 out of 19 cases (68%) had
been previously exposed [2].

Latex

Sex Most of the patients sensitized to latex are female,
80% ofthe cases reported by Wrangsjo [37] were female,
70% of those reported by Jaeger et al. [38] and 100% of
cases in the study of Beaudouin [39]. However, most of
the published reports concern hospital personnel where
women are over-represented.

Age Latex allergy appears to cluster in young people
who are also over-represented in health care personnel
especially paediatric nurses and children and babies [8].
Anaphylactic shock during surgical procedures in
children are most often related to latex allergy [1].

Atopy Many reports of latex allergy concern atopic
subjects. Lagier et al. [27] showed that 47% of atopic
nurses (history of allergic rhinitis and/or asthma)
exposed to latex had a positive skin-prick test to latex.
This percentage was equal to 10 7% overall. In a recent
study [40], it was shown that atopy multiplies the risk of
latex sensitization by 25 in a group of non-exposed
subjects: 9-44% in the atopic group vs 0-37% in the
non-atopic group. Beaudouin et al. [39] studied 907
subjects working in an hospital. The incidence of
atopy was significantly greater in the group with a
positive test to latex (58 3%) than in the whole group
(29%).

Occupation Health care workers are at risk for latex
allergy. Even if the prevalence of latex sensitization in the
general population is unknown, several studies con-
ducted in hospital personnel have showed a high rate of
sensitization, between 2 5 and 10 7% [27,39,41].

Workers in glove manufacturing plants are also at risk
to develop a latex allergy. Eleven per cent of the workers
skin tested by Tarlo et al. [42] were sensitized to latex and
three had a occupational asthma related to this allergen.
Other occupations at risk include dentists, cleaners
gardeners -.., ail people who were frequently exposed
to latex at work.

The prevalence of latex allergy among workers on
rubber tree farms in latex processing facilities is
unknown. Atopy seems to act synergistically with fre-
quent exposure to latex [40].

Spina bifida (SB) Many anaphylactic shocks to latex in
SB children have been described during the last 10 years
[40,43-47]. The prevalence of latex sensitization in SB
children was found extremely high between 28 and 35%.
Risk factors could be more repeated surgical procedures
than a genetic predisposition (personal data). In these
children, latex allergy is also frequently associated with
allergy to ethylene oxide [47].

Food allergy Food allergy could be associated with
latex allergy. A cross-allergenicity has been demon-
strated for banana [48], chestnut [49], kiwi and avocado.
Wransjo et al. [37] found a food allergy in 75% of cases
among 30 patients with contact urticaria to natural
rubber.

Fluid gelatins and dextrans

Food allergy Cross-allergy between diatery gelatin and
fluid gelatins used for plasma has been observed [50].

Personal pathological conditions Chronic infiammatory
signs such as osteomyelitis, gallstones, arthritis, urinary
infections, gastrointestinal signs and cardiopulmonary
diseases may be risk factors for dextran allergy [4].

Specific IgG The presence of specific IgG antibodies to
dextran is a major risk factor [5].

Prevention

In this area, no recommendation except drug avoidance
can be formulated. No treatment reliably prevents
anaphylactic reactions.

Pretreatment with HI antihistamines before injecting
anesthetic agents does not prevent anaphylactic shock.
Their only action is to decrease the effect of a non-
specific histamine release [51]. The association with H2
antihistamine has been proposed [52], however, the
efficacy of this association compared with HI anti-
histamine given alone was not proven. Infusion of
monovalent hapten dextran (Promit®) was demon-
strated as effective in the prevention of adverse reaction
to dextrans [53].

The possibility to prevent anaphylaxis to MR by
monovalent haptens [54] needs confirmation.

As there is no preventive treatment, particular caution
is necessary to identify the high risk groups for a given
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allergen and eviction of drugs or substances (latex for
instance) to which the patient is allergic remains the best
way of prevention.

Conclusion

Anaphylaxis is frequent during general anaesthesia,
occurring in about 1/6000 procedures. Muscle relaxants.
are by far the worst offenders, followed by latex and
thiopentone. Diagnosis procedure are now efficient at
least for some substances (muscle relaxants, ethyiene
oxide, thiopentone, latex). Evaluation of possible risk
factors needs further work. A systemic preoperative
screening is not justified at this time except screening
for latex allergy in high risk groups.
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