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Anaphylaxis is an IgE-mediated allergic reaction [1, 
2], which may lead to life-threatening consequences 

if left untreated. Anaphylaxis allergen must be in contact 
with it beforehand with the patient. The anaphylactoid 
reaction is a non-IgE mediated reaction and does not 
require direct exposure to the allergen before. Although 
sugammadex has been approved by the Food and Drug 
Administration in the US for its use in adult patients [3], 
it is not recommended to be used in patients younger 
than two years old.

Sugammadex is a synthetic γ-dextrin derivative 
(modified gamma-cyclodextrin), used for reversing neu-
romuscular blockade by binding to steroidal neuromus-
cular agents selectively [4–5]. As cyclodextrins are com-
ponents of several types of flavors, vitamins, colorants, 
and unsaturated fats [6], they are ingested commonly. 
Despite the case reports of intraoperative anaphylaxis in 
patients receiving sugammadex [7], which contains cyclo-
dextrin as a drug carrier molecule, there has been a recent 
increase in comparative adult studies with neostigmine 
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OBJECTIVE: This study was designed to show that allergic reactions with gamma cyclodextrin-related caused by sugamma-
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RESULTS: There was not a significant change in the total IgE levels in Group S or Group N (p>0.05); however, the levels 
of ECP significantly decreased in both groups (p<0.001, p=0.01). In the patients in Group S, the preoperative levels of total 
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(p=0.310, p=0.046) levels.
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in patients with morbid obesity.
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in the literature, reporting low rates of hypersensitivity 
and anaphylaxis [8].

Obesity affects several systems in the human body 
negatively, mostly affecting the distal airways in the re-
spiratory system adversely, leading to emerging symp-
toms of bronchial asthma [9]. Bronchospasm can be the 
only symptom of sugammadex-related anaphylaxis [10]. 
However, the pathogenesis of sugammadex-induced 
anaphylaxis has not been clarified yet [7–10]. Studies in 
the literature have demonstrated increases in the levels 
of total IgE and ECP in hypersensitivity reactions [11].

Total IgE levels [11, 12] and eosinophil counts [11–
13] are expected to increase in the blood during bron-
chial asthma attacks. Serum eosinophil cationic protein 
(ECP) [11–14] is an inflammatory marker released 
from eosinophils and is a major finding in attacks of 
bronchial asthma, in which the levels of ECP may in-
crease [14, 15]. 

To our knowledge, there are no studies investigating 
the IgE and ECP levels in the pathogenesis of sugamma-
dex-related hypersensitivity and anaphylaxis in patients 
with morbid obesity. There is no study in the literature 
that sugammadex causes an anaphylactic reaction. In 
this present study, we aimed to examine the effects of 
sugammadex and neostigmine on the eosinophil cation-
ic protein (ECP) and total IgE levels in bronchial asth-
ma-susceptible morbid obesity patients who underwent 
sleeve gastrectomy and who had no known history of 
bronchial asthma or any allergic diseases. This study was 
designed to show that allergic reactions with gamma cy-
clodextrin-related sugammadex are not anaphylaxis but 
an anaphylactoid reaction.

MATERIALS AND METHODS

Study Population
This study was conducted in compliance with the Dec-
larations of Helsinki in the period from the year 2018 
to 2019 after obtaining the approval of the Institution-
al Ethics Committee (Date-Decision no: 04.07.2019–
16/14). There was no patient or public participation in 
this study.

A total of 83 morbidly obese (Body Mass Index 
(BMI) >40 kg/m2) ASA I -II patients (mean±SD 
35.12±12.13 years, 74.7% were females), who under-
went elective laparoscopic sleeve gastrectomy operation 
and who underwent a routine physical examination in 
the preoperative period to detect chest diseases, were 

included in this retrospective study. Patients with the 
morbid obesity with mild obstruction according to spi-
rometry flow-volume curves were included in this study 
(Forced midexpiratory Flow (FEF25–75 <70%). Patient 
data were obtained from patient files and electronic pa-
tient data system (SARUS).

At the end of the operation, the neuromuscular 
blockade was reversed by the intravenous administration 
of 0.05 mg kg-1 neostigmine and 0.02 mg kg-1 atropine to 
the patients in Group N and 2 mg kg-1 sugammadex to 
the patients in Group S after the reappearance of the sec-
ond twitch (T2) on the TOF (Train-of-Four). Patients 
with a T4/T1 (TOF≥0.9) ratio greater than 90% were 
included in this study.

The patients were divided into two groups as sugam-
madex (Group S) and neostigmine (Group N). Patients 
with available data of preoperative and postoperative lev-
els of total IgE and ECP were included in this study. Pa-
tients with a history of allergy (allergic rhinitis, urticaria, 
and atopic eczema) and renal failure were not included 
in this study.

Assessments
Data were recorded, including patient demographics 
(age, gender) and preoperative and postoperative (12 
hours later) total IgE (low: 0–100 IU ml-1, high:>100 
IU ml-1) and ECP levels (low:0–24 µg L-1, high:>24µg 
L-1), to make intragroup and intergroup comparisons.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, Version 22.0 (IBM Corp., Armonk, 
NY). Pearson chi-square and Fisher’s exact tests were per-
formed to analyze the categorical variables. Conformity 
of the data to normal distribution was assessed using the 
Shapiro-Wilk test. Student’s t-test and the Mann-Whit-
ney U test was used for comparing the variables that do 
not follow normal distribution between the groups. Wil-
coxon Signed Ranks Test was used for comparing the 
postoperative and preoperative values of the parameters. 
Spearman correlation coefficient was used for investigat-
ing the correlation between the continuous variables. Data 
were expressed as n (%), mean±standard deviation (SD) 
or median (min-max) when appropriate. P-values of <0.05 
were considered statistically significant. In the literature, to 
our knowledge, there is no study evaluating IgE and ECP 
parameters in sugammadex-induced reactions. Therefore, 
power analysis could not be calculated.
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RESULTS

In this study, 83 patients were included. The mean age 
was 35.12 years (range, 17 to 61 years). Females ac-
counted for 74.7% of the study population. Sugammadex 
(Group S) and Neostigmine (Group N) was adminis-
tered to 50.6% and 49.39% of the patients, respectively. 
No statistical differences were observed in age, gender, 
BMI, total IgE and ECP levels, and the levels of Ringer 
lactate between the groups (p=0.723, p>0.05) (Table 1).

The preoperative and postoperative levels of total 
IgE and ECP were not statistically different between the 
groups (p>0.05). There was not a significant change in 
the total IgE levels in Group S or Group N (p>0.05); 

however, the levels of ECP significantly decreased in 
both groups (p<0.001, p=0.01) (Table 2).

A comparison of the preoperative and postoperative 
values of the patients by the group revealed that total IgE 
and ECP values did not change significantly (p=0.336, 
p=0.303) (Table 3).

There was a positive and weak correlation of the pre-
operative total IgE levels with the preoperative ECP 
(p=0.221, p=0.044) and postoperative ECP (p=0.240, 
p=0.029) levels statistically significantly in all patients. 
The postoperative levels of total IgE and ECP showed 
a positive and weak correlation (p=0.235, p=0.033). In 
Group N, no statistically significant correlations were 

Table 1. Comparison of patients’ demographics and clinical characteristics

Patient characteristics Total Group N Group S p
  (n=83) (n=41) (n=42)

Age 35.12±12.13 36.61±13.02 33.67±11.17 0.272
Gender
 Male 21 (25.3) 9 (22) 12 (28.6)
 Female 62 (74.7) 32 (78) 30 (71.4) 0.488
BMI 45.34±5.74 44.72±5.42 45.94±6.05 0.334
Pre-Total IgE    
 0-100 IU ml-1 62 (74.7) 31 (75.6) 31 (73.8) 0.850
 >100 IU ml-1 21 (25.3) 10 (24.4) 11 (26.2) 
Pre ECP    
 0-24 µg L-1 55 (66.3) 28 (68.3) 27 (64.3) 0.699
 >24 µg L-1 28 (33.7) 13 (31.7) 15 (35.7) 
Ringer lactate 1200 (1000–1600) 1200 (1000–1350) 1200 (1000–1600) 0.723

Data are presented as n (%); mean±SD and median (min-max); SD: standard deviation; Student’s t-test; Mann-Whitney U test; Fisher’s Exact 
test; Pearson chi-square test. BMI: Body mass index; Pre: Preoperative.

Table 2. Comparison of total IgE and ECP values between groups

Eosinophil cationic protein, Total IgE values Group N Group S p
  (n=41) (n=42)

Pre-Total IgE (IU ml-1) 44.8 (17.3–5210) 34.05 (17.3–3170) 0.655
Post Total IgE (IU ml-1) 49.2 (12.5–4990) 39.95 (17.3–3540) 0.844
p  0.327 0.694 
Pre ECP (µg L-1) 15.3 (3.64–71.5) 16.4 (3–49.1) 0.642
Post ECP (µg L-1) 7.81 (1.31–91.3) 9.88 (1.65–142) 0.492
p  <0.001 0.010 

Data are presented as median (min-max); Wilcoxon Signed Ranks test; Mann-Whitney U test; Pre: Preoperative; Post: Postoperative.
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found between the preoperative and postoperative total 
IgE and ECP levels. In Group S, there was a positive, 
weak, and statistically significant correlation of the pre-
operative levels of total IgE with the preoperative levels 
of ECP (p=0.311, p=0.045) and the postoperative ECP 
levels (p=0.310, p=0.046) (Table 4).

DISCUSSION

In this retrospective cohort study on morbidly obese pa-
tients, who underwent sleeve gastrectomy, normal levels 
of total IgE (0–100 IU ml-1) were found in 62 (74.7%) 
patients and IgE levels of >100 IU ml-1 were found in 21 
(25.3%) in the preoperative period. The normal levels of 
ECP (0–24 µg L-1) were found in 55 (66.3%) patients 
and ECP levels of >24 µg L-1 were found in 28 (33.7%) 
patients. Although we did not include allergic and atopic 
patients, in our study, morbid obesity is a factor increas-
ing the patient susceptibility to develop symptoms of 
bronchial asthma [12–15]. Distal airway obstruction 
is quite common in morbidly obese patients. The most 
sensitive indicator of distal airway obstruction in the 
early period is FEF25–75 (FEF25–75 <%70) measured 
by spirometry. Normal adult spirometry and Distal air-
way obstruction spirometry (Morbidly obese patient 

FEF25–75 <%70) [respectively (Figs. 1, 2)]. Although 
elevated levels of serum IgE and ECP can be seen in al-
lergic patients or patients with an atopic constitution [11, 
16], no statistically significant increases were observed in 
the preoperative and postoperative levels of total IgE and 
ECP in this study. Besides, no bronchospasm or urticari-

Figure 1. Normal adult spirometry.

8

6

4

2

0

-2

-4

-6

Fl
ow

Volume
FEF 25-75 >70%
Spirometry flow - volume curves

-1 0 1 2 3 4

Table 3. Comparison of differences in the study parameters between the groups

ECP, Total IgE changes Group N Group S p
  (n=41) (n=42)

Difference in Total IgE levels 0 (-220–109.4) 0 (-65–490) 0.336
Difference in ECP levels -6.34 (-46.5–71.4) -4.83 (-37.49–111.3) 0.303

Data are presented as median (min- max); Mann-Whitney U test.

Table 4. Correlation between the preoperative and postoperative total IgE and ECP levels

ECP, Total IgE changes correlation  Total   Group N   Group S

IgE-ECP Levels ρ  p ρ  p ρ  p

Pre IgE-Pre ECP 0.221  0.044 0.169  0.290 0.311  0.045
Pre IgE-Post ECP 0.240  0.029 0.162  0.313 0.310  0.046
Post IgE-Pre ECP 0.186  0.091 0.197  0.216 0.191  0.227
Post IgE-Post ECP 0.235  0.033 0.214  0.178 0.254  0.105

Spearman correlation test; Pre: Preoperative; Post: Postoperative; (ρ): Spearman's Rank Correlation Coefficient.
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a-like symptoms were observed clinically in none of the 
study groups. The preoperative levels of total IgE and 
ECP were statistically significantly correlated with the 
postoperative ECP levels in all patients. The correlation 
was positive and weak. Despite the absence of a statis-
tically significant correlation between the preoperative 
and postoperative total IgE and ECP values in Group N, 
there was a positive, weak, and a statistically significant 
correlation between the preoperative total IgE levels and 
ECP levels in Group S.

Recent studies in the literature have related sugam-
madex-associated hypersensitivity reactions with γ-
cyclodextrin (γCD) [7]. γ-cyclodextrin (γCD) can be 
ingested with food as it is used as a solvent or stabilizer 
in several types of food and pharmaceutical products. It 
is a cyclic oligosaccharide and it is produced after bac-
terial digestion of starch [17]. γCD has a toxic profile 
compared to natural αCD and βCD [17]. Ingestion of Figure 2. Distal airway obstruction.
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Figure 3. Pathophysiology of anaphylaxis and anaphylactoid reactions.
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cyclodextrin containing agents like flavors, vitamins, col-
orants, and unsaturated fats [6] via food and production 
of γCD by the intestinal flora starting from childhood 
can be considered a type of oral immunotherapy [18]. 
Oral immunotherapy develops natural tolerance [18], 
and consequently, a normal allergic substance may cause 
either a minor allergic reaction or none at all. Although 
γCD is safe to use in foods [19], information about in-
travenous use is insufficient. Recent comparative studies 
with sugammadex and neostigmine appear to support 
our study. It is reported that sugammadex has a favorable 
tolerability profile in adults, excluding rare cases [8, 20]. 
In contrast, hydrophobic molecules formed by gamma-
cyclodextrin may penetrate body tissues may cause the 
release of active molecules. Anaphylaxis reactions with 
sugammadex-rocuronium complex [4, 21, 22] as well as 
anaphylaxis reactions with rocuronium [23] are available 
in the literature, which leads to confusion as to which is 
the real trigger in anaphylaxis. In the literature, the ana-
phylaxis reaction associated with sugammadex is not IgE/
IgG-mediated [24]. Pathophysiology of anaphylaxis and 
anaphylactoid reactions is presented in Figure 3. There 
are also studies reporting the use of sugammadex in the 
treatment of rocuronium-induced anaphylaxis and does 
not trigger mast cell degranulation but causes a slight 
increase in the number [25]. McDonnell, Funnell et al. 
also used sugammadex (respectively 500 mg and 400 mg 
sugammadex doses) to treat rocuronium-induced ana-
phylaxis [25, 26]. In the study of Menendez-Ozcoidi et 
al., erythema, edema, hypotension, tachycardia and de-
saturation were observed after intravenous administra-
tion of 200 mg (3.2 mg/kg) sugammadex in one patient 
[27]. In a retrospective analysis comparing sugammadex 
and neostigmine, 2 mg kg-1 and 4 mg kg-1 doses proved 
to have similar hypersensitivity rates to placebo [8]. In 
contrast, there are studies showing signs of anaphylaxis 
with the administration of 4 mg kg-1 and 16 mg kg-1 (rec-
ommended dose for an immediate reversal in emergency 
situations) sugammadex [24]. In our study, with 2 mg 
kg-1, sugammadex dose did not develop symptoms of 
anaphylaxis, although the mechanism has not been fully 
elucidated, we also found that sugammadex was safely 
administered in obese adult patients. Certain limita-
tions of this study should be noted. First, postoperative 
tryptase enzyme activity [1] and specific IgE levels, com-
monly tested to evaluate acute hypersensitivity and ana-
phylactic reactions, could not be quantified due to the 
retrospective and single-center design of our study. The 

positive aspect of our study is that it enrolled morbidly 
obese patients who were not previously diagnosed with 
bronchial asthma but had an increased susceptibility to 
develop its symptoms due to morbid obesity.

Conclusion
In conclusion, our retrospective cohort study found out 
that the preoperative values of total IgE and ECP were 
positively, weakly, and statistically significantly correlat-
ed with the postoperative ECP values in the Group S 
morbid obesity patients, who underwent sleeve gastrec-
tomy and who were administered sugammadex intra-
venously to reverse the neuromuscular blockade. No 
significant elevations in the total IgE and ECP levels 
were observed after intravenous sugammadex adminis-
tration. Sugammadex is highly safe in patients, desensi-
tizied naturally to gamma-cyclodextrin. Anaphylactoid 
reaction was not observed after administration of 2 mg 
kg-1 sugammadex intravenously in patients with morbid 
obesity. There is a need for experimental animal studies 
or prospective larger studies on humans to better evalu-
ate the sugammadex or γ-cyclodextrin-associated may 
be an anaphylactoid reaction.
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