
Introduction

Perioperative anaphylaxis is a rare phenomenon, but it is a 
very serious allergic reaction that can lead to life-threatening 
consequences despite proper treatment. Many drugs or sub-

stances used in the perioperative period, such as neuromuscular 
blocking agents (NMBAs), latex, antibiotics, hypnotics, and an-
tiseptic agents, may be causative agents of anaphylaxis. Among 
these agents, antibiotics and NMBAs, one of the anesthetics, are 
known to most commonly elicit anaphylaxis [1–3]. To prevent 
anaphylaxis under subsequent occasions upon which anesthesia 
is performed, it is necessary to identify the causative agents in 
patients who experience allergic reactions, including anaphy-
laxis, during anesthesia. However, because anaphylaxis due to 
anesthetics including NMBAs is very rare, and evidence is lack-
ing to support the predictive value of skin tests, performance of 
systematic screening skin tests to identify reactions to anesthetic 
agents prior to anesthesia to prevent anaphylaxis is not recom-
mended in the general population [4].

Nevertheless, numerous studies have been performed to 
identify risk factors capable of predicting anesthetic-related al-
lergies. Some studies have reported that a history of drug allergy 
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is a predictive factor of positive skin tests for NMBAs, and have 
emphasized the necessity of screening tests for NMBAs prior to 
anesthesia in patients with a history of drug allergic reactions 
[5–7]. 

In the present study, we conducted a retrospective analysis of 
the relationship between intradermal tests (IDTs) for NMBAs 
and allergy history in patients who underwent IDTs for anes-
thetic agents between January 1 and December 31 of 2016.

Materials and Methods

This study was conducted after approval by the committee of 
the Institutional Review Board of our hospital.

Study participants included 480 patients who underwent 
the skin tests to anesthetic drugs prior to anesthesia owing to 
their histories of allergies between January 1 and December 31 
of 2016. Patients who were taking antihistamines or long-term 
steroids were excluded.

Subjects’ allergy histories and results of skin tests for NMBAs 
were retrospectively investigated through medical records. Al-
lergies were classified as food, drug, atopy, and others (metal, 
insect, etc.). Asthma, allergic rhinitis, and atopic dermatitis were 
included under atopy. Drug allergies were subclassified into an-
tibiotic or other drug allergy.

Skin tests for NMBAs were performed as follows: Surgeons 
or anesthesiologists requested the skin tests for anesthetic drugs 
prior to anesthesia after confirming the allergic histories of 
patients (atopy, food, drug and other allergies). IDTs were per-
formed in the allergy unit of our hospital. The NMBAs used in 
the IDT were rocuronium (EsmeronⓇ, Organon, The Nether-
lands) and cisatracurium (NimbexⓇ, GlaxoSmithKline, UK), 

which were commercially available. Rocuronum was used as a 
10 mg/ml solution, and cisatracurium was used as a solution 
of 2 mg/ml. Each drug was diluted to 1 : 100 with 0.9% saline, 
which is a maximum concentration that was normally non-re-
active. Histamine solution was used as a positive control, and 
0.9% saline as a negative control (Table 1). A volume of 0.02 ml 
of prepared drugs were injected to produce wheals that were less 
than 4 mm in diameter on the anterior part of the forearm of the 
patient. Fifteen minutes after the intradermal injection, the two 
largest diameters of the wheal that were perpendicular to each 
other were measured and averaged. The IDT was considered 
positive when the wheal diameter was 8 mm or more [8].

Data are expressed as number (%). Statistical analysis was 
con ducted using SPSS (SPSS Inc., USA), and the chi-square 
test was used to compare the results of IDT. In addition, logistic 
regression analysis was performed to evaluate the correla tion 
between each allergy and positive IDTs for NMBAs. A value of 
P < 0.05 was considered statistically significant. 

Results

In this study, retrospective analysis of 480 patients was con-
ducted. Data for 29 patients with unreliable skin test results were 
excluded because anti-histamine agents or steroid medications 
were used in the performance of the skin test. Among the in-
cluded patients, there were 104 (23.0%) with food allergy; 143 
(31.7%) with drug allergy; 43 (9.5%) with antibiotic allergy; and 
27 (6.0%) with atopy. Only 26 out of 451 patients (5.8%) showed 
positive IDTs for NMBAs. Among patients with food allergy, 
drug allergy, or atopy, there were no significant differences in 
the incidence of positive IDT (P = 0.655). Furthermore, logis-
tic regression analysis conducted to investigate the correlation 
between allergy and IDT for NMBAs revealed no significant 
relationship for any allergy histories (Table 2). In addition, there 
were no patients with allergic reactions during anesthesia.

Discussion

Perioperative anaphylaxis is an immediate immune-mediated 

Table 1. Concentrations of NMBAs Used for Intradermal Tests

NMBA Undiluted 
drug (mg/ml) Dilution Concentration 

(μg/ml)

Rocuronium 10 1 : 100 100
Cisatracurium 2 1 : 100 20

NMBAs: neuromuscular blocking agents.

Table 2. Results of Intradermal Skin Tests to NMBAs and Logistic Regression Analysis

Rocuronium Cisatracurium Both NMBAs Total P value

Food (n = 104) 0 (0.0) 8 (7.6) 0 (0.0) 8 (7.6) 0.194
Drug (n = 143) 0 (0.0) 7 (4.8) 0 (0.0) 7 (4.8) 0.457
   Antibiotic (n = 43) 0 (0.0) 2 (4.6) 0 (0.0) 0.932
   Other (n = 100) 0 (0.0) 5 (5.0) 0 (0.0)
Atopy (n = 27) 1 (3.7) 1 (3.7) 0 (0.0) 2 (7.4) 0.380
Others (n = 194) 3 (1.5) 10 (5.1) 2 (1.0) 11 (5.6) 0.323
Total (n = 451) 4 (0.9) 24 (5.3) 2 (0.4) 26 (5.8)

Data are expressed as number (%). NMBAs: neuromuscular blocking agents.
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allergic reaction. The worldwide reported incidence of periop-
erative anaphylaxis is varies greatly, ranging between 1 : 3,500 
and 1 : 20,000 [1,3,9,10]. Anaphylaxis may present with mild 
symptoms such as erythema and urticaria, and can also cause 
hypotension and tachycardia, as well as severe life-threatening 
bronchospasm and cardiovascular collapse. When anaphylaxis 
occurs during general anesthesia, early signs and symptoms are 
largely unrecognized. Patients cannot report their symptoms 
owing to their unconscious state, and surgical drapes covering 
the patient interfere with the identification of initial skin man-
ifestations. In addition, anesthesiologists may consider signs of 
cardiovascular deterioration such as hypotension or tachycardia 
as a response caused by general or regional anesthesia, thereby 
ignoring the severity. As a result, anaphylaxis is generally iden-
tified when serious cardiovascular and respiratory compromise 
have developed, and appropriate treatment is not performed 
rapidly [11].

Almost all drugs and substances used for anesthesia or sur-
gery in patients during the perioperative period can also cause 
perioperative anaphylaxis. In general, NMBAs, antibiotics, la-
tex, hypnotics, and antiseptic agents are known to be common 
causative agents. Depending on the country or region, NMBAs 
or antibiotics have been reported as a leading cause [1,3]. Iden-
tification of causative agents in patients who have experienced 
an adverse allergic reaction, including anaphylaxis, during an-
esthesia is essential for the prevention of anaphylaxis during the 
subsequent delivery of anesthesia. Anesthesiologists should al-
ways keep in mind that NMBAs are the most common causative 
agents of perioperative anaphylaxis.

Anaphylaxis due to NMBAs has the potential to result in 
mortality even after rapid and appropriate treatment [12]. The 
ideal method to prevent these outcomes is the performance of 
allergy skin tests for NMBAs in all patients scheduled for an-
esthesia to confirm the presence of causative agents. However, 
because anaphylaxis due to NMBAs is a very rare phenomenon, 
and evidence is lacking regarding the predictive value of skin 
tests, the use of systematic preoperative screening skin tests for 
NMBAs is not recommended [4,13,14]. Nevertheless, if risk fac-
tors for allergic reactions to NMBAs can be defined, a selective 
screening test for these risk groups will be important [15].

Recently, studies that focus on the identification of risk fac-
tors that can predict positive skin tests for NMBAs have been 
reported. Tamayo et al. [5,16] reported a study in which skin 
prick tests (SPTs) for anesthetic drugs were performed in a 
general population scheduled for anesthesia, and the relation-
ship between age, sex, a history of drug allergy, a history of 
atopy, a family history of allergy, a history of previous general 
anesthesia, and SPT was analyzed. Only a prior history of drug 
allergy was a predictive factor for a positive SPT. Moreover, 
Hagau et al. [6] reported that preoperative skin tests for NMBAs 

may be necessary in patients with a history of allergy to non-
anesthetic agents. In 2016, Hagau et al. [7] reported skin tests 
(SPT & IDT) for NMBAs in patients with a history of allergy to 
antibiotics and in a control group. The authors found that 46.9% 
of patients with antibiotic hypersensitivity had a positive skin 
test for NMBAs, in comparison to 23.4% of the control group, 
and the difference between two groups was significant. When 
all skin tests performed and skin tests with positive resulst were 
compared, 65 out of 392 skin tests (16.6%) in antibiotic allergy 
group, and 23 out of 288 skin tests (8.0%) in the control group, 
showed positive reactions. A significant difference was found 
between these two groups. Consequently, the authors reported 
that patients with a history of allergy to antibiotics seem to have 
a higher incidence of positive skin tests for NMBAs, and the 
risk of developing intraoperative anaphylaxis may be higher in 
patients with antibiotic hypersensitivity compared to the general 
population [7].

In the present study, 26 out of 451 patients (5.8%) showed 
positive skin test results, with positive results in only 2 out of 
43 patients (4.7%) with antibiotic allergy. In addition, 86 skin 
tests were performed in patients with antibiotic allergy, and only 
2 of those (2.3%) showed positive findings. In our study, IDTs 
for rocuronium and cisatracurium only were performed, while 
Hagau et al. [7] included succinylcholine, atracurium, etc.; thus 
it is difficult to compare these study results directly. However, 
the IDT for rocuronium in patients with antibiotic allergy was 
specifically examined in both studies, and the concentration 
and the amount of rocuronium and the positive criteria used for 
the IDT were similar. However, there were no positive results in 
43 patients with antibiotic allergy in our study, in constrast to 
the study of Hagau et al. [7], which found positive results in 24 
out of 97 patients (24.7%). In addition, drug allergy, especially 
antibiotic allergy, was shown to be a risk factor for a positive 
skin test of NMBAs in two previous studies [7,16]. However, in 
our study, neither allergy was associated with the skin test for 
NMBAs (Table 2).

In patients with a positive IDT for either rocuronium or 
cisatracurium, a muscle relaxant with a negative IDT was used 
for anesthesia. A skin test for vecuronium was additionally per-
formed in two patients with a positive IDT for both NMBAs. In 
these patients, the results were negative, and vecuronium was 
used during anesthesia. Fortunately, there were no allergic reac-
tions in any of the investigated patients.

The limitations of our study include the retrospective nature 
of study, with the use of medical records, and the fact that the 
study was conducted only in patients with an allergy history and 
the IDT was not managed precisely according to the standard. A 
multicenter and large scale prospective study to identify predic-
tive factors of perioperative anaphylaxis due to NMBAs should 
be conducted in the future.
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In conclusion, we found no association between allergy his-
tory and positive skin tests for NMBAs in this study. Therefore, 
a systematic screening test for NMBAs prior to anesthesia is not 
recommended even in patients with an allergy history. It is ad-

visable to perform the skin test to identify the causative agent in 
patients who have experienced a previous adverse allergic reac-
tion to NMBAs or other anesthetic agents.
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