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  Anaphylaxis during general anesthesia is a rare but 
dreaded adverse event reported with increasing frequency 
during the past decades [ 1 , 2 ]. Not only does it challenge 
the responsible anesthetist’s diagnostic and therapeutic 
qualifi cations, but it compromises patient safety and often 
jeopardizes completion of the intended surgical interven-
tion. Successful treatment is based on the early recognition 
and administration of epinephrine (adrenaline), possibly in 
addition to antihistamines, corticosteroids, and measures 
to maintain adequate circulation and ventilation [ 3 ]. Even 
if the reaction occurs under circumstances optimal for 
prompt recognition and treatment, mortality rates between 
3.5% and 4.7% have been reported [ 4 , 5 ]. Future safe use 
of anesthetics requires follow-up examinations to identify 
the causes of the reaction and the operative mechanisms. 
This represents a profound challenge, as the perioperative 
situation is characterized by the parenteral administration 
of many different drugs within a very short time interval. 
Also, the patient may be exposed to other allergen sources 
related to the diagnostic and surgical procedures.

  Several characteristics emerge from the steadily accu-
mulating reports on anaphylaxis during anesthesia. The 
reactions are notoriously unpredictable and generally pres-
ent without warning during the induction phase of general 
anesthesia. Due to the rarity of reactions and the lack of 
documented specifi city, to date, no in vitro screening tests 
have been proposed to identify at-risk individuals. Except 
for a reaction during previous anesthesia, no reliable, pre-
dictive clinical risk factor has been identifi ed.

  Neuromuscular blocking agents (NMBAs) are the 
most frequent causes of reactions, with suxamethonium 
(SUX) as the prominent culprit drug. Most cases are 
mediated by IgE, and more than 20 years ago, the binding 

site for IgE antibodies on the NMBAs was identifi ed as 
the quaternary ammonium ion (QAI). Consequently, as a 
considerable proportion of allergic anaphylaxis occurs in 
patients not previously exposed to anesthetic drugs, IgE 
sensitization must have been initiated by some of the many 
other drugs (eg, morphine [MOR] derivatives) or environ-
mental chemicals known to contain the QAI epitope.

  Another characteristic is the wide difference among 
countries in reported anaphylaxis frequencies (ranging 
from 1 in 3000 to less than 1 in 50,000 anesthetic pro-
cedures) [ 1 , 2 ]. Although Norway and Sweden are two 
otherwise highly comparable countries, anaphylaxis 
related to NMBAs is about 10 times more common in 
Norway. Many chemicals used in daily life that were 
collected from Norwegian and Swedish homes were 
tested, several of which inhibited IgE binding to SUX 
and MOR, thus confi rming a sensitizing potential. 
However, no differences in exposures were found, 
with one decisive exception: the use of cough mixtures 
containing pholcodine (PHO). One such mixture had 
been on the market since 1966 in Norway—and was 
largely purchased over the counter—but had not been 
available in Sweden. As a consequence, IgE antibod-
ies to PHO were found in 6% of blood donors from 
Bergen, Norway, but in none from Stockholm, Sweden. 
Furthermore, in Norway, 0.4% of blood donors, 3.7% 
of allergics, and 38.5% of anaphylactics to NMBAs 
were sensitized to SUX, as were 5%, 10%, and 66.7%, 
respectively, to MOR. Among blood donors and aller-
gics from Stockholm, none with IgE antibodies to SUX 
or MOR were found [ 6 ]. It was recently shown that 
PHO-sensitized individuals with or without previous 
IgE-mediated anaphylaxis to NMBAs responded with 
a dramatic (~ 100-fold) increase in serum IgE and IgE 
antibodies to SUX, MOR, and PHO after a single daily 
dose of PHO-containing cough syrup for 1 week [ 7 , 8 ]. 
Accordingly, the PHO hypothesis was proposed, sug-
gesting that a high consumption of PHO-containing 
cough mixtures could be related to a high prevalence of 
IgE-mediated, NMBA-induced anaphylaxis.

  Based on local in-hospital data, the frequency of peri-
operative anaphylaxis in Norway was estimated to be 1 in 
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5200 anesthetic procedures. The risk of NMBA-induced 
anaphylaxis for patients preoperatively IgE sensitized to 
SUX could be estimated to be about 1 in 20 [ 8 , 9 ].

  Since 1966, an estimated 40% of the population in 
Norway has been exposed to a cough mixture containing 
PHO. The immunologic and clinical consequences of such 
major population exposure probably could go unnoticed 
because PHO and MOR, in contrast to SUX, are monova-
lent for the QAI and one additional, unique epitope, and 
clinical IgE-mediated reactions to PHO or MOR are, as 
a consequence, very rarely reported. In March 2007, the 
cough mixture was withdrawn from the market. Reach-
ing a statistically signifi cant decrease of the low number of 
NMBA-related anaphylaxis after the withdrawal will take 
some time. However, the immunologic and clinical conse-
quences of taking PHO off the market are being studied.

   Reports of NMBA-induced anaphylaxis in countries 
such as Australia, France, the United Kingdom, and lately 
Norway, named by the World Health Organization as high 
consumers/purchasers of PHO, are much more prevalent than 
reports from low-consuming or nonconsuming countries 
such as Germany, the United States, and Finland. Therefore, 
it appears plausible that PHO exposure–induced IgE sensiti-
zation could be relevant. Accordingly, we have undertaken 
an international study on the connection between PHO 
consumption and IgE sensitization in nine countries, and 
preliminary data seem to support the PHO hypothesis.

  The recently accumulating data on the connection 
among PHO consumption, IgE sensitization to PHO and 
SUX (QAI), and the prevalence of IgE-mediated ana-
phylaxis to NMBAs present new options for preventing 
these dramatic events via adequate interventions. Strate-
gies would primarily need to include, as in Norway, the 
removal of PHO-containing drugs from the many national 
markets in which they still prevail. Furthermore, identi-
fying and reducing exposure to other, as-yet-unknown 
sensitizing chemicals in our environment that also seem 
to play a role will be most important.
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