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What is already known about this subject

International recommendations stipulate not to perform skin tests to a drug in the
absence of a clinical history consistent with drug allergy

In 2006, two publications showed that a positive history of non-anaesthetic drug
allergy was the only predictive factor for allergy to anaesthetic drugs when the
screening was done in a general surgical population.

They concluded that their data support the international recommendations that a prick
test to NMBAs is indicated only among those patients who have a history to an
adverse reaction to them, but in the same time in the case of 2.8 % patients with no
history of perianaesthetic allergy, the NMBA to which they showed a positive prick
test was avoided !?

What this study adds

The novelty of the study is our approach regarding a selected population (volunteers
from general surgical population with a prior history of immediate type
hypersensitivity reaction to non-anaesthetic drugs) in which we performed
preoperative skin tests and in vitro tests to NMBAs and other anaesthetics.

10% of our selected patients had positive prick test to NMBAs and the results of BAT
agreed with prick tests in 83% of patients. BAT is a test that detects IgE mediated
effector cell activation, overcoming the concerns related to skin reactivity at different
drugs concentration.

Our results could define a special risk group for intraanaesthesia anaphylaxis and it
might lead to the necessity of changing the existing preoperative allergy approach.



Summary

Background: International recommendations stipulate not performing screening skin
tests to a drug in the absence of a clinical history consistent with that specific drug allergy.
Nevertheless, two publications showed that a positive history of non-anaesthetic drug allergy
was the only predictive factor for a positive skin test when screening for allergy to anaesthetic
drugs was done.

Aims: We selected from surgical population 40 volunteers with a prior history of
allergy to non-anaesthetic drugs in order to analyse the prevalence of positive allergy tests to
anaesthetics.

Methods: The selected adult patients were tested for 11 anaesthesia drugs using in vivo
tests: skin prick (SPT) and intradermal (IDT) tests and in vitro tests: the basophil activation
test (BAT) and detection of drug-specific immunoglobulin E (IgE).

Results: The prevalence for the positive SPT and IDT was 1.6 % and 5.8 %
respectively. The result of flow cytometry agreed with the SPT in 5 out of 7 positive SPT
(71%). IgEs confirmed 2 positive SPT with corresponding positive BAT. Ten percent of the
patients had a positive prick test to neuromuscular blocking agents (NMBA). For midazolam
none of the SPT was positive, but 11 patients had positive IDT non-confirmed by BAT.

Conclusion: The prevalence of positive in vivo and in vitro allergy tests to
neuromuscular blocking agents is higher in our study population. This could be an argument
for preoperative SPT to NMBAs for the surgical population with reported non-anaesthetic

drug allergies. A larger prospective study is needed to validate changes in clinical practice.



Introduction

There has been a constant debate in the scientific community concerning the clinical value of
systematic preoperative screening for anaesthetic drug allergy using skin tests in the absence
of clinical history. There has been an agreement that skin tests should only be performed for
patients with a credible history of perianaesthetic hypersensitivity in order to identify the
culprit drug [1], but it has been stated that systematic screening for anaesthetic drugs allergy,
in the absence of credible history, is not recommended [2,3,4]. This is based on the fact that
the low incidence of allergic reactions to anaesthetic drugs in the general population renders
screening unreasonable given the limitations of the currently available tests. Screening tests
for anaesthetic drugs allergy might nevertheless prove valuable when a group of patients with
a defined risk profile is selected. In 2006 Tamayo et al. found that when screening for allergy
to anaesthetic drugs in the surgical population, the only predictive factor for a positive skin
prick tests (SPT) was a positive history of allergy to non-anaesthetic drugs [1,5]. In contrast,
in 1999 Porri et al. found no risk factors (atopy or history of drug allergy) for the positive
SPTs when screening for allergy to neuromuscular blocking agents (NMBA) was done in a

general population [6].

The progression from a positive SPT to clinical allergy is multifactorial but the presence of a
positive test might be a proof of latent sensitization, with possible subclinical, minor or major
clinical expression [7]. The clinical predictive value of the skin tests can not be determined as
performance of challenge tests to anaesthetic drugs is limited by ethical concerns. Performing
additional in vitro allergy tests could provide complementary information on the matter. In
Norway (Florvaag et al.), the prevalence of drug-specific IgEs for suxamethonium in a
population with risk factors (positive allergy history) was 3.7%, higher than in the group
without risk factors, 0.4% (blood donors) [8]. There were no citations in the literature
concerning the use of basophil activation test (BAT) in screening for anaesthetic drug

allergies, in patients without prior history of anaesthetic drug allergy.



For the above-mentioned reasons, we designed the present prospective study in order to
analyse the prevalence of positive in vivo and in vitro complementary allergy tests (the BAT
and IgEs) to anaesthetic agents in a group of surgical patients with history of allergy to non-
anaesthetic drugs. The higher prevalence of positive in vivo and in vitro allergy tests to
anaesthetic agents for this group of patients could define a special risk group of
intraanesthesia anaphylaxis, and it might lead to the necessity of changing the existing

preoperative allergy approach.

Material and methods

After the approval of the Research Ethics Committee of the University Hospital of Cluj-
Napoca and after obtaining patients informed consent, a total of 40 consenting adult
volunteers with previous drug allergies to non-anaesthetic drugs were prospectively included.
The inclusion criterion was history suggestive of an immediate-type hypersensitivity reaction
caused by antibiotics or anti-inflammatory drugs. In the subset of the anti-inflammatory
drugs, metamizol was the culprit agent, knowing that it produces IgE-mediated reactions [9].
This inclusion criterion is essential in the selection of diagnostic tests that correspond to the
underlying mechanism. Immediate type hypersensitivity reactions can be IgE-mediated or non
IgE-mediated. Skin tests and specific IgE measurement unravel IgE-mediated reactions while
BAT can be used for determining both IgE-mediated and non IgE-mediated reactions [10].
The exclusion criterion was a previous history of allergic reactions to anaesthetic drugs. The

patients were not taking steroid medication, H1 or H2 antihistamines or antidepressants.

In vivo tests, skin prick test (SPT) and intradermal test (IDT) were performed using
commercially available solutions of anaesthetic agents Normal saline solution (0.9% NaCl)

was used to dilute the commercial substances, as previously reported [11].

The tested substances included neuromuscular blocking agents: atracurium (Tracrium, Glaxo-

Smith-Kline, Great Britain, pancuronium (Pavulon, Organon, Holland), rocuronium



(Esmeron, Organon, Holland) and suxamethonium (Lysthenon, Nycomed, Austria);
hypnotics: propofol (Propofol Lipuro, B.Braun Mesulgen AG, Germany), etomidate
(Etomidat Lipuro, B.Braun Mesulgen AG, Germany), thiopental (Thiopental Sodium, Epico-
Med SRL, Romania) and midazolam (Dormicum, Roche, Romania); and opioids: meperidine
(Mialgin, Zentiva, Romania), fentanyl (Fentanyl Torrex, Torrex Chiesi Pharma GmbH,
Austria) and remifentanil (Ultiva, Glaxo-Smith-Kline, Great Britain). The maximal non-
reactive concentrations used for the SPT and the IDT were those recommended by current
guidelines of SFAR (Société Francaise d’Anesthésie et de Réanimation), ENDA (European
Network of Drug Allergy) and EAACI (European Academy of Allergy and Clinical

Immunology) [3,12] (Table 1).

Take in Table 1

The SPTs and IDTs were performed in conformity with international recommendations [3,13],
and according to the testing methodology described by authors with experience in skin testing
[14]. We used 1% histamine as positive control and NaCl 0.9% as negative control. The SPT
was considered positive when the wheal diameter was superior to 3mm within 20 minutes.
For IDT the wheal area was marked initially and 20 minutes after testing. An increase in
diameter greater than 3mm or the doubling of the initial injection wheal represented a positive
result [3,15].

For BAT, flow cytometric analysis of in vitro activated basophils was performed with
Flow2Cast technique (Bithlmann Laboratories AG, Switzerland). We used 14 test tubes
containing 50 pl of whole blood. The blood was collected into K-EDTA venipuncture tubes,
up to the dedicated volume, from antecubital vein (no garrot). The first sample was mixed
with 50 pl of stimulation buffer as negative control. The next two samples were mixed with
50 ul solution of anti-FcRI (a highly specific monoclonal antibody for the IgE receptor)
(Buhlmann Laboratory AG Schonenbuch, Switzerland) and 50 pl solution of FMLP (an

unspecific cell activator- the chemotactic peptide N-Formyl- Met-Leu) (Buhlmann Laboratory
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AG Schonenbuch, Switzerland), as positive controls. In the remaining 11 test tubes, 50 ul of
each anaesthetic drug solution was added. The drug concentrations are presented in Table 1.
Subsequently, 20 pl staining reagent with two monoclonal antibodies, anti- CCR3-PE (human
chemokine receptor labeled with phycoerythrin) (Buhlmann Laboratory AG Schonenbuch,
Switzerland), and anti-CD63-FITC (Buhlmann Laboratory AG Schonenbuch, Switzerland),
(or Gp53, a glycoprotein expressed on activated basophils), were added in each tube. The
samples were incubated for 15 min at 37°C in a water bath. A prewarmed lysing solution of 2
ml was added to each tube and incubated for 10 minutes at room temperature. After
centrifuging (500xg, 5 minutes) and washing, the cells were suspended in 300 pl wash
buffer(Buhlmann Laboratory AG Schonenbuch, Switzerland). The up-regulation of CD63
marker on the basophils was measured using Cell Quest programme (FACSCalibur Becton
Dickinson San Jose California USA Analyzer 2001). The result was considered positive when
the percent of activated basophils was 5% or more over spontaneous activation observed for
the negative control or when the stimulation index calculated as the ratio between the

percentage of activated basophils with the allergens and the negative control was >2 [16].

We detected drug-specific IgEs using “sandwich”-type radio-immunoassay (RIA) with
sepharose as solid phase (Pathologie Cellulaire et Moléculaire en Nutrition, Université Henri
Poincare, Nancy, France) and anti-IgEs ['*_labelled antibodies (Immunotech, Prague, Czech
Republic). Radioactivity was determined with LKB gamma-counter (CliniGamma 1272-003,
Wallac Oy, Finland). The result was considered positive when the binding of the patient IgEs
on the solid phase (total y radioactivity) was three times the negative control. For NMBAs,
meperidine and midazolam we used quaternary ammonium-sepharose (QAS) as allergen for
the first step (A= detected radioactivity in the first step). If the QAS antibodies were present,
we performed an inhibition test with specific drugs in the second step (B= detected

radioactivity in the second step). Inhibition (I) was estimated from the radioactivity adsorbed



to the sepharose in the first and the second step as [=A-B/A*100. The test was positive when

the specific IgE binding radioactivity was modified by more than 20%.

All 40 patients were tested for the 11 anaesthetic drugs using SPT, IDT (which were restricted
to those with a negative prick test), BAT and IgEs. From these tests, 440 overlapping

observations were obtained.

The statistical analysis was performed using Excel software (2003, Microsoft Corporation,
Seattle, USA). Chi-square test was used. A p-value <0.05 was considered statistically

significant.

Results

Out of the 40 patients, 34 (85%) were females. Information concerning gender, age, history of

atopic disease, of uneventful general anaesthesia and drug allergy is presented in Table 2.

Take in Table 2

Of the 440 SPT performed (11 substances in 40 patients) 7 surpassed the positivity criterion
(the prevalence of positive SPT is 1.59%). Of these 7 positive SPT, 6 were for NMBAs and
one for meperidine. Of our 40 patients, four presented positive SPT for NMBAs (the
prevalence of patients with positive prick tests to NMBA is 10%), two of them had positive
SPT for two different NMBAs. The positive SPT for NMBAs were confirmed by BAT in 5
out of 6 of positive SPTs(83%). IgEs confirmed only 2 positive SPT with corresponding
positive BAT. The only positive SPT for meperidine was not confirmed by any of the in vitro
tests. For all anaesthetics, the result of BAT agreed with the SPT in 5 out of 7 positive SPT
(71%) and the result of IgEs agreed with the positive SPT in 2 out of 7 positive SPT (28%)

(Table 3).

Take in Table 3



433 IDTs were performed. Of these, 25 were positive (the prevalence of positive IDT is
5.77%). For NMBAs there were 10 positive IDTs. Only two of these were confirmed by BAT
and three by IgEs. There were 4 positive tests for meperidine, one with a corresponding
positive BAT. Of the 11 positive IDTs for midazolam none was confirmed by BAT. Of the 25
positive IDTs(for all anaesthetics), only 3 were confirmed by BAT (12%) and 6 by IgEs

(24%) (Table 3).

There is a significant statistical difference between the concordance of positive BAT and
positive SPT- 71% (5 out of 7 patients), much higher than the concordance of positive BAT
and positive IDT-12% (3 out of 25 patients) (Chi-square tests, p<0.05). There is no significant
statistical difference between the concordance of RIA-IgEs and the positive SPT -28% (2 out
of 7 positive SPT ) and the concordance of RIA IgEs and positive IDT 24% (6 out of 25

positive IDT) (p>0.05).

Discussion

There is constant debate concerning the most valuable allergy test and the gold standard to
diagnose or rule out allergy to a drug [17]. The lack of an infallible gold standard test is one
of the major drawbacks of drug allergy tests. Prick and intradermal tests remain the reference
of diagnosis with acceptable positive and predictive values for suspected drug allergy [18,19],
but their clinical predictive value in a patient without a history of anaesthetic drug allergy has
not been established. The conclusion of many studies was that there were too many positive
skin tests results when screening for allergy to anaesthetic drugs in the general population.
The prevalence of positive skin tests was much higher than the incidence of intra-anaesthetic
anaphylaxis [2,6,20]. The presence of a positive test might not only be a false positive test,
but a proof of latent sensitization, with future possible subclinical or clinical expression
(minor or major) [7]. Such presensitization, if true, should probably not be neglected since it

has been demonstrated that for food or drug allergy, minor signs, often neglected, precede



severe or lethal reactions [21]. Furthermore, in only 28 of the 56 deaths due to anaphylactic
shock (food, wasp venoms and drugs) there was a documented history of allergic reaction
[21]. Taken together, these results suggest that a previous history of allergy to anaesthetic
drugs is either neglected or non-existent and that the dogma of performing allergy tests only
to patients with a “credible history” of allergy to that drug is not solid. On the other hand, the
minor reactions during anaesthesia may not be recognized or reported, thus the total number
of reported reactions may underestimate the real prevalence of the disease. In French studies
the prevalence of latent sensitization to NMBAs (skin and IgEs tests) varies between 1.6%, in

subjects without atopy and drug allergy history to 16% in subjects with these risk factors [4].

Pholcodine an opioid cough suppressant, sharing allergenic epitope with the NMBAs, is
incriminated in latent sensitization [22]. Johansson et al, found higher prevalence of IgE
sensitization to pholcodine, morphine and suxamethonium after exposure to pholcodine-
containing cough mixture [23]. Withdrawal of pholcodine from the market significantly
lowered, within 1-2 years, the levels of IgE antibodies to pholcodine, morphine and
suxamethonium and within 3 years the frequency of NMBA-suspected anaphylaxis [24]. The
quaternary ammonium ion(QAI) is the most likely allergen epitope to which an IgE antibody
would be developed. However, other amines (tertiary structures — like opiod derivates) have
been shown both to function as haptens and to be capable of inhibiting the QAIl-specific
reaction [25,26]. In Romania, the cough suppressant agents also contain dextrometorphan, an
opioid derivate that might lead to production of antibodies against substituted ammonia.
Furthermore, the moment chosen for performing the tests for NMBAs, in relation to exposure
to a substance that might induce the synthesis of anti ammonium antibodies can be important
for the test results. It is known that pholcodine administration, in therapeutic doses, in
subjects with a history of anaphylactic reaction to NMBAs, determined a great rise in
antibody levels to pholcodine, morphine and suxamethonium [27]. Taken together, these

results strongly support the hypothesis that complex mechanisms could underlie to presence
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of IgE to anaesthetic drugs thus explaining either the positive skin tests in previously

unexposed individuals or cross reactions between different classes of drugs.

In our study, in the surgical population with a history of allergy to non-anaesthetic drugs, the

prevalence of positive SPT and IDT to anaesthetics was 1.59% and 5.77% respectively.

Controversy persists as to the most valuable skin test. Prick tests are easy to perform, they are
more suitable for children as they reduce pain and trauma and they have sensitivity and
specificity above 95% [17]. Intradermal tests may be difficult to perform for the infrequent
user and false positive results are more frequent than for SPT [28]. The IDT is more sensitive
than SPT, however it also has a higher risk of inducing an irritative, false positive reaction
when the drug is injected at too high concentrations [18]. There are also difficulties in
interpretation because intrinsic histamine releasing activity is more marked on IDT,

increasing the likelihood of false positive results [29].

Unlike Tamayo et al, we have performed not only SPT for screening but also IDT and in vitro
tests, IgEs and BAT, to enforce the results of skin prick tests [1]. BAT might provide
additional information as the technique closely resembles the in vivo pathway leading to

symptoms [30].

In our series, the prevalence of positive SPT (1.59%) was lower than the prevalence of
positive IDT (5.77%), but skin prick sensitivity was confirmed by BAT in most cases
(71.42%), whereas only a low percent of positive IDT was confirmed (12%). Of the 6 positive
SPTs to NMBAs, 5 had a corresponding positive BAT, two of them with positive IgEs,
suggesting theoretically IgE- mediated hypersensitivity, and 3 of them with negative IgEs,
which might suggest non-IgE mediated hypersensitivity or the presence of drug antibodies
other than those detected by RIA. Four patients of 40 presented positive SPT for NMBAs, 2
of them had positive SPT from 2 different NMBAs confirming the cross reactivity for

NMBAs.
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The low rate of confirmation of positive IDTs (especially for midazolam and meperidine)
both through flow cytometric analysis and IgEs quantification suggests that there is a risk of
false positive results with IDTs. The fact that such false positive reactions are not uncommon
has been previously stated [17], and maximal non-reactive concentration for midazolam was
found to be lower than that considered by SFAR and EAACI [11]. Even though the incidence
of midazolam allergy is low [12], in daily practice midazolam is also tested as an alternative
compound. The high prevalence of positive IDT with negative BAT and IgEs in our series
may be the result of a too high midazolam concentration [11]. Intradermal tests are prone to
false-positive results when too high concentrations are used, on the other hand using too low a
concentration is a source of false-negative results. In the context of anaesthesia allergy a false-
positive result is less dangerous than a false-negative result. The issue is to avoid both false-

positive and false-negative reactions [31].

The maximal non-reactive concentrations for IDTs need to be adequately defined for some

anaesthetic drugs, as long as the NMBAs have been extensively studied [12,32,33].

In our study, the prevalence of patients with positive SPT to NMBAs is higher (10%) than
that reported in general population (2.8%-4.65%) [1,6]. Nevertheless, in our study, a high
percentage of positive SPT with a high rate of confirmation through BAT, suggests that a
prior history of allergy to non-anaesthetic drugs might predict positive prick tests to
anaesthetic drugs. The concordance between positive SPT and positive BAT is the highest.
The reliability of BAT as a predictive tool requires further research as the power of our study

is limited by the number of overlapped tests (no. 440).

Given the known limitations of in vivo and in vitro drug allergy tests, the question is whether
our results are true or false positive. In case our results are false positive, there might be a

need for reconsidering the maximal non-reactive concentrations used for intradermal tests.
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Furthermore, the optimal concentrations for anaesthetic drugs have not yet been fully

validated for BAT [4].

If the results are true, the questions concern the mechanisms and the potential clinical
implications. As for the mechanisms, the pholcodine “story” provides a credible explanation
for cross reactivity and sensitization. Furthermore, it is possible that some patients, through
multiple mechanisms, are at higher risk of developing allergic reactions to multiple antigens.
This is consistent with the above-mentioned publication that showed a much higher
prevalence of positive skin tests to NMBA in patients with atopy [4]. In the latest French
recommendations (2011) for good clinical practice regarding perianaesthetic anaphylaxis it
was shown that in the history of the patients with NMBA-induced anaphylaxis, the allergy to
penicillines was frequently identified [34]. In our allergoanaesthesia center 41% of the
patients with perianaesthetic anaphylaxis had self-reported drug allergy, especially for

antibiotics (data not published yet).

What could be the clinical implications of our study findings? The international
recommendations are to direct to allergy specialists only the patients with a credible history of
allergy to the culprit drug. Routine clinical practice, nevertheless, demonstrates that this is not
the rule and many allergy specialists do “screen” for allergy to anaesthetic drugs. Moreover
the SPTs are not expensive or time consuming and there was no evidence of NMBAs
sensitization produced by skin tests, as evidenced by the lack of histamine release in blood
samples collected at the follow-up visit in the 29 volunteers studied [32]. In this case, the
question is what should one do in a patient with a positive skin test to some NMBA,
confirmed by in vitro tests? Because we cannot exclude the existence of latent sensitization
reactions that might lead to future minor or major clinical expression avoidance of the drug
for which the tests were positive could be recommended. Fortunately none of our patients
presented positive SPT and BAT for all tested NMBAs, thus “the safe” NMBA can always be

chosen for further anaesthesia. Similarly, in clinical practice, when skin testing is carried out
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to a wide range of perianaesthetic drugs, and positive skin tests to NMBAs (not administered
at the time of the anaphylactic reaction) are identified, they should be identified as a potential

risk [28] and avoidance recommended, even though the significance is not known.

In conclusion, in a selected population with a history of allergy to non-anaesthetic drugs the
prevalence of positive NMBA prick tests and of positive NMBA specific IgEs is higher than
that documented in the surgical population. The percent of positive intradermal tests to
midazolam is too high taking into account that this substance is rarely involved in
perianaesthetic anaphylaxis. The results could be explained by latent sensitization for
neuromuscular blocking agents or false positive results for midazolam. These results, whether
reflecting true allergy or test inaccuracies, should be taken into consideration when
interpreting allergy tests to anaesthetic drugs. High prevalence of positive in vivo and in vitro
allergy tests to NMBAs in our study population with a prior history of allergy to non-
anaesthetic drugs could be an argument for preoperative SPT, to NMBAs for this surgical
population. A larger prospective study is needed to validate our results, especially for
NMBAs which have the highest prevalence of positive SPT and BAT and the highest risk for

anaesthesia anaphylaxis.
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Table 1. Maximal non-reactive drugs’ concentrations used for SPT, IDT and BAT. SPT= skin

prick test; IDT= intradermal test; BAT= basophil activation test.

Anaesthetic Maximal non-reactive drug’s concentrations Drug concentration
agents SPT (mg/ml) IDT (pg/ml) BAT (pg/ml)
atracurium 10 10 2500
rocuronium 10 100 500
pancuronium 2 200 500
suxamethonium 50 100 5
propofol 10 1000 500
etomidat 2 200 5
thiopental 25 2500 2000
fentanyl 0.05 5 5
remifentanil 0.05 5 5
meperidine 25 2.5 2000
midazolam 5 500 100




Table 2. Patient personal data. Age is expressed as medium age + standard deviation. AB=

antibiotics;
Previous
History of drug allergy
History uneventful
Female Age )
of atopic general
AB and
(years) ) . AB  metamizol
diseases anaesthesia metamizol
34 45.18+ 10 11 18 14 8
85% 24.80 25% 27.5% 45% 35% 20%
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Table 3. In vivo and in vitro allergy tests results. SPT= skin prick test; IDT= intradermal test;

BAT= basophil activation test; IgEs= specific IgE antibodies.

Skin prick test (SPT) Intradermal test (IDT)
Positive Positive Positive Positive Positive Positive
Anaesthetic SPT | BAT/positive | IgEs/positive | IDT | BAT/positive | IgEs/positive
drug SPT SPT IDT IDT
atracurium 2/40 2/2 02 4/38 0/4 2/4
rocuronium 2/40 2/2 12 4/38 2/4 1/4
pancuronium 0/40 0 0 1/40 0/1 0/1
suxamethonium | 2/40 12 12 1/38 0/1 0/1
propofol 0/40 0 0 0/40 0 0
etomidat 0/40 0 0 0/40 0 0
thiopental 0/40 0 0 0/40 0 0
fentanyl 0/40 0 0 0/40 0 0
remifentanil 0/40 0 0 0/40 0 0
meperidine 1/40 0/1 0/1 4/39 1/4 0/4
midazolam 0/40 0 0 11/40 0/11 3/11
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