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1 | INTRODUCTION

Sugammadex (Bridion®) is widely used for reversal of neuromuscular
blockade in anesthesia. Sugammadex provides specific and rapid

reversal of rocuronium-induced neuromuscular blockade, and has

Summary

Background: Sugammadex is used as a reversal drug during anesthesia. Although
several case reports have described anaphylaxis following sugammadex infusion, lit-
tle is known about the relationship between sugammadex and anaphylaxis, particu-
larly in pediatric patients.

Aims: The aim of this retrospective study was to investigate the association between
sugammadex and in-hospital anaphylaxis in pediatric patients who underwent general
anesthesia.

Methods: We identified patients who underwent general anesthesia in a Japanese
national inpatient database between July 2010 and March 2016. We conducted 1-4
case-control matching between patients with and without perioperative anaphylaxis.
We calculated the adjusted odds ratio for sugammadex use and occurrence of ana-
phylaxis, using a conditional logistic regression analysis with adjustment for duration
of anesthesia, antibiotics, and blood transfusions.

Results: Among 835 405 patients who underwent general anesthesia, we identified
149 (0.018%) patients with anaphylactic shock and 472 (0.056%) with a combina-
tion of anaphylaxis associated signs/symptoms and skin lesions. Sugammadex use
was not significantly associated with anaphylactic shock (odds ratio, 0.80; 95%
confidence interval, 0.53-1.21; P = .29) or the combination of anaphylaxis associ-
ated signs/symptoms and skin lesions (odds ratio, 1.25; 95% confidence interval,
0.97-1.60; P = .08).

Conclusion: The present study showed no significant association between sugam-
madex and perioperative anaphylaxis in pediatric patients who underwent general

anesthesia.

KEYWORDS
anesthesia, child, claims analysis, gamma-cyclodextrins, hypersensitivity, infant

been used in Japan since 2010. Several studies reported that sugam-
madex exhibited rapid action with predictable recovery in pediatric
and adult patients.}”®

Some reports described sugammadex-induced anaphylactic reac-

tions in adults.*!° A previous study reported that incidence
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proportion of sugammadex-induced anaphylactic reactions was esti-
mated to be 0.003%.” However, the data were obtained from anes-
and may have been

thesiologists on a voluntary basis,

underreported. Regarding pediatric patients, only a few small studies
have reported anaphylaxis after sugammadex administration.>>”

In the present study, we examined the association between sug-
ammadex and anaphylaxis in pediatric patients who underwent gen-
eral anesthesia, using a national inpatient database in Japan. Our
hypothesis was that sugammadex is associated with perioperative
anaphylaxis. We tested this hypothesis using a nested case-control

study design.

2 | MATERIALS AND METHODS

2.1 | Setting and participants

We conducted a nested case-control study using the Japanese
Diagnosis Procedure Combination database. Details of the database
were described previously.* Briefly, the database contains discharge
abstract and administrative data collected from participating hospi-
tals. The database includes data on approximately 7 million inpatients
from more than 1000 hospitals every year. The database includes the
following information: unique hospital identifiers; patient age and
sex; diagnoses, comorbidities at admission, and complications after
admission recorded with International Classification of Disease Tenth
Revision (ICD-10) codes and text data in Japanese language; proce-
dures recorded with original Japanese codes; duration of anesthesia;
body weight and height; and in-hospital deaths.

Attending physicians are responsible for recording diagnoses with
reference to medical charts. A recent validation study on recorded
diagnoses in the database that used diagnoses in medical charts as
the gold standard showed the sensitivity and specificity were 78.9%
and 93.2%, respectively, for primary diagnoses.'?

This study was approved by the Institutional Review Board at
The University of Tokyo. The requirement for informed consent was

waived because of the anonymous nature of the data.

2.2 | Patient selection

We identified patients under 18 years of age who underwent gen-
eral anesthesia between July 2010 and March 2016. We excluded
patients who had undergone general anesthesia more than once dur-
ing hospitalization and those for whom the date of general anesthe-

sia was missing.

2.3 | Outcomes

The outcome was occurrence of perioperative anaphylaxis. We
defined anaphylaxis in 2 ways. First, we considered ICD-10 code
T782 (anaphylactic shock, unspecified) or T886 (anaphylactic shock
as adverse effect of correct drug or medicament properly adminis-
tered) to denote anaphylactic shock. This definition can be regarded

as “probable” anaphylaxis.

What is already known

® Anaphylaxis caused by sugammadex has typically been
reported with only limited data on the basis of small
samples.

What this article adds

® Using a large national database, the present study
showed no significant association between sugammadex

and perioperative anaphylaxis in pediatric patients.

Second, anaphylaxis was defined as a status with at least 1
skin lesion diagnosis along with at least 1 anaphylaxis associated
signs/symptoms. This definition can be regarded as “probable and
possible” anaphylaxis. Skin lesion diagnoses included L27 (localized
skin eruption caused by drugs and medicaments taken internally),
L30 (other and unspecified dermatitis), and L50 (urticaria). Anaphy-
laxis associated signs/symptoms included the respiratory symp-
toms of JO2 (acute pharyngitis, unspecified), J20 (acute bronchitis),
J30 (vasomotor and allergic rhinitis), J40 (bronchitis, not specified
as acute or chronic), J45 (asthma), J46 (status asthmaticus), J96
(respiratory failure, not classified elsewhere), and RO6 (abnormali-
ties of breathing). As well as searching for the ICD-10 codes of
T570 (cardiogenic shock), R571 (hypovolemic shock), R578 (other
shock), R579 (shock, unspecified), T882 (shock due to anesthesia),
and ROO (unspecified abnormalities of heart beat)) we also
searched for the related diagnoses of “hypotension during opera-
tion” and “tachycardia during operation” written in Japanese. The
definitions of anaphylaxis associated signs/symptoms were based
on the anaphylaxis guideline of the Japanese Society of Allergol-
ogy, which was based on the World Allergy Organization Anaphy-
laxis guideline.'® We did not include gastrointestinal symptoms in
our definition of anaphylaxis because all study patients had under-
gone general anesthesia and it is difficult to identify gastrointesti-
nal symptoms such as nausea and vomiting during general

anesthesia.

2.4 | Statistical analysis

We have presented age and duration of anesthesia as medians and
interquartile range. We classified the type of hospital as academic or
other. We determined whether any of the study patients had
asthma or spina bifida or had received preoperative or intraoperative
antibiotics, steroids, antihistamine, neuromuscular blocking agents,
reversal drugs, or blood transfusions because these are all reportedly
potential risk factors for anaphylaxis according to previous stud-
ies.’*1” We identified asthma and spina bifida by ICD-10 codes J45
and QO5, respectively. Neuromuscular blocking agents included
rocuronium, vecuronium, and suxamethonium. Reversal drugs
included neostigmine and sugammadex. We also identified all blood

transfusions.
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Because we collected the patient data from multiple facilities, we
extracted cases and controls from the same facility in a ratio of 1-4
for the same year with the aim of canceling out site effects. That is,
for each patient with anaphylaxis, we selected 4 controls of the
same sex in the same age category, same hospital, and same fiscal
year. If there were more than 4 matched control candidates for a
particular case, we randomly selected 4 control patients. We con-
ducted the case-control matching without replacement. We selected
controls separately for analysis of the “probable” and “probable and
possible” patients with anaphylaxis.

Because the cases and controls were associated in a pairwise
fashion, we performed conditional logistic regression analyses to cal-
culate the odds ratio for sugammadex and occurrence of periopera-
tive anaphylaxis. Because there were too few patients with asthma,
spina bifida, preoperative steroids, preoperative antihistamines,
vecuronium, suxamethonium, or neostigmine, we did not subject
these factors to multivariable regression analyses. We also excluded
rocuronium because use of rocuronium and sugammadex is corre-
lated (sugammadex is generally used to reverse rocuronium-induced
neuromuscular blockade). We also excluded age, sex, fiscal year, and
hospital factors because these were key variables in the case-control
matching. Thus, we included duration of anesthesia, antibiotics,
blood transfusion, and sugammadex as independent variables in the
multivariable regression analyses.

We also have compared the baseline variables between the
groups who did and did not receive sugammadex in the case-control
matched samples. These are attached as Tables S1 and S2.

IBM spss Statistics version 22 (IBM SPSS, Armonk, NY, USA) and
STATA version 14 software (StataCorp, College Station, TX, USA) were
used. The threshold for significance was P < .05.

3 | RESULTS

We identified 846 680 patients who had undergone general anes-
thesia during the study period. We excluded 11 274 patients who
had received general anesthesia more than once and 1 patient for
whom the date of general anesthesia was missing. We thus identi-
fied 835 405 eligible patients.

The total number of deaths was 2111 (0.25%), the median length
of stay was 11 days, and the number of patients who received
rocuronium was 606 410 (72.6%). Of these, 367 724 (60.6%) had
received sugammadex, 51 832 (8.5%) neostigmine, and 188 359
(31.1%) had not received any reversal drug.

We identified 149 (0.018%) patients with “probable” anaphylaxis
(including anaphylactic shock) and 472 (0.056%) with “probable and
possible” anaphylaxis (comprising anaphylaxis associated signs/symp-
toms combined with skin lesions).

Table 1 shows the patient characteristics in the matched case
and control groups for “probable” anaphylaxis. There were no
anaphylaxis cases in the suxamethonium group and only 1 case
in the spina bifida group. Table 2 shows the patient characteris-
tics in the matched case and control groups for “probable and
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TABLE 1 Characteristics of patients in the matched case and
control groups for probable anaphylaxis (anaphylactic shock)

No Probable
anaphylaxis, anaphylaxis, Total,
n =591 n = 149 n =740
Age (y)
Median, 12.8 (8.2-16.1) 13.3(8.4-16.7) 12.9 (8.2-16.2)
IQR (25-75)
Fiscal year, n (%)
2010 4 (9.1) 4 (9.4) 68 (9.2)
2011 4 (10.8) 6 (10.7) 80 (10.8)
2012 6 (16.2) 4 (16.1) 120 (16.2)
2013 148 (25.0) 7 (24.8) 185 (25.0)
2014 117 (19.8) 30 (20.1) 147 (19.9)
2015 112 (19.0) 8(18.8) 140 (18.9)
Male, n (%) 348 (58.9) 7 (58.4) 435 (58.8)
Academic 272 (46.0) 8 (45.6) 340 (46.0)

hospital, n (%)

Duration of anesthesia (min)

Median, 126 (89-188) 140 (104-265) 131 (91-206)
IQR (25-75)
Asthma, n (%) 1(0.2) 4(2.7) 5(0.7)
Spina bifida, n (%) 3 (0.5) 1(0.7) 4 (0.5)
Antibiotics, n (%) 531 (89.9) 137 (92.0) 668 (90.3)
Steroid 1(1.9) 15 (10.1) 26 (3.5)
(preoperative),
n (%)
Antihistamine 5 (0.9) 5 (3.4) 10 (1.4)
(preoperative),
n (%)
Rocuronium, n (%) 497 (84.1) 136 (91.3) 633 (85.5)
Vecuronium, n (%) 9 (1.5) 6 (4.0) 15 (2.0)
Suxamethonium, 9 (1.5) 0 (0.0) 9(1.2)
n (%)
Blood 41 (6.9) 14 (9.4) 55 (7.4)
transfusion, n (%)
Neostigmine, n (%) 37 (6.3) 5(3.4) 42 (5.7)
Sugammadex, 326 (55.2) 75 (50.3) 401 (54.2)
n (%)

IQR, interquartile range.

possible” anaphylaxis. As can be seen in both Tables 1 and 2,
the median duration of anesthesia was longer in the anaphylaxis
groups.

The results of the conditional logistic regression analyses are pre-
sented in Table 3 for patients with “probable” anaphylaxis and
Table 4 for patients with “probable and possible” anaphylaxis. Peri-
operative anaphylaxis was significantly associated with duration of
anesthesia in both sets of patients. In patients with “probable and
possible” anaphylaxis, perioperative anaphylaxis was also associated
with blood transfusion. No significant association was found
between sugammadex use and perioperative anaphylaxis in both sets
of patients.
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No anaphylaxis,

Probable and possible  Total,

TABLE 2 Characteristics of patients in
the matched case and control groups for

n = 1867 anaphylaxis, n = 472 n = 2339
probable and possible anaphylaxis
Age (y) (anaphylaxis associated signs/symptoms
Median, IQR (25-75) 8.2 (2.0-14.1) 8.2 (3.0-14.3) 8.2 (2.9-14.2) combined with skin lesions)
Fiscal year, n (%)
2010 184 (9.9) 7 (10.0) 231 (9.9)
2011 335 (17.9) 4 (17.8) 419 (17.9)
2012 307 (16.4) 8 (16.5) 385 (16.5)
2013 382 (20.5) 6 (20.3) 478 (20.4)
2014 307 (16.4) 8 (16.5) 385 (16.5)
2015 352 (18.9) 9 (18.9) 441 (18.9)
Male, n (%) 1040 (55.7) 262 (55.5) 1302 (55.7)
Duration of anesthesia (min)
Median, IQR (25-75) 118 (82-181) 142 (103-255) 123 (85-195)
Asthma, n (%) 8 (0.4) 67 (14.2) 5(3.2)
Spina bifida, n (%) 13 (0.7) 4 (0.9) 7 (0.7
Antibiotics, n (%) 1590 (85.2) 430 (91.1) 2020 (86.4)
Steroid (preoperative), n (%) 37 (2.0) 33 (7.0) 0 (3.0)
Antihistamine (preoperative), n (%) 20 (1.1) 19 (4.0) 9 (1.7)
Rocuronium bromide, n (%) 1448 (77.6) 409 (86.7) 1857 (79.4)
Vecuronium bromide, n (%) 62 (3.3) 26 (5.5) 8 (3.8)
Suxamethonium, n (%) 22 (1.2) 6 (1.3) 8 (1.2)
Blood transfusion, n (%) 126 (6.8) 62 (13.1) 188 (8.0)
Academic, n (%) 974 (52.2) 244 (51.7) 1218 (52.1)
Neostigmine, n (%) 136 (7.3) 28 (5.9) 164 (7.0)
Sugammadex, n (%) 838 (44.9) 222 (47.0) 1060 (45.3)

IQR, interquartile range.

4 | DISCUSSION

The issue of whether sugammadex increases anaphylaxis during
anesthesia has been under debate. One possible mechanism for sug-
ammadex-induced hypersensitivity or anaphylaxis is that sugam-
madex has gamma-cyclodextrin structures, which are also included in
foods and daily-use goods (flavors, certain sensitive colors, fat-
soluble vitamins, polyunsaturated fatty acids).*®'? Another possible
mechanism is that cyclodextrins may change the immunologic and
allergenic behavior of the sugammadex-rocuronium complex.?° In
contrast, another study reported that sugammadex was useful for
the management of rocuronium-induced anaphylaxis.?2* Thus, the
true mechanism for sugammadex-induced anaphylaxis remains
unknown.

Clinical studies on sugammadex-induced anaphylaxis have been
lacking. There have been only small studies on anaphylaxis after sug-
ammadex infusion in pediatric patients.>* One systematic review
included 5 randomized controlled studies with a total of 253 pedi-
atric patients (129 sugammadex users and 124 controls), but this
sample size was too small to evaluate the relationship between sug-

ammadex infusion and anaphylaxis.®

The reported risk factors for perioperative anaphylaxis include
age and asthma.*22 Several studies have described that blood trans-
fusion and neuromuscular blocking agents can be risk factors during
anesthesia.?”?® Spina bifida may also be a risk factor for latex
allergy.’® In the present study, perioperative anaphylaxis was associ-
ated with blood transfusions. The present study also showed an
association between longer duration of anesthesia and anaphylaxis,
but the causal relationship remains unknown. It was unclear whether
the use of various drugs during prolonged anesthesia resulted in ana-
phylaxis or whether the anaphylaxis events resulted in prolongation
of anesthesia.

To our knowledge, the present study is the first to examine the
association between sugammadex use and anaphylaxis, using a
national inpatient data. The strength of this study was the large sam-
ple size of sugammadex users and anaphylaxis cases.

In Japan, sugammadex is used most frequently, because atracur-
ium is not sold and rocuronium is likely to be selected as a neuro-
muscular blocking agent. Indeed, sugammadex was used frequently
in our study cohort. A previous study has shown that sugammadex
was used 4 times more frequently in Japan in 2010 than in Spain;

Spain has the second most frequent usage worldwide.®
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TABLE 3 Conditional logistic regression in nested case-control
study for probable anaphylaxis (anaphylactic shock)

Odds ratio 95% confidence interval P

Duration of anesthesia (min)

<59 Reference

60-119 4.13 1.17-14.55 .03

120-179 571 1.58-20.73 .01

>180 7.07 1.93-25.96 .003
Antibiotics

No Reference

Yes 0.90 0.45-1.82 .78
Blood transfusion

No Reference

Yes 1.18 0.56-2.46 .66
Sugammadex

No Reference

Yes 0.80 0.53-1.21 .29

TABLE 4 Conditional logistic regression in nested case-control
study for probable and possible anaphylaxis (anaphylaxis associated
signs/symptoms combined with skin lesions)

Odds ratio 95% confidence interval P

Duration of anesthesia (min)

<59 Reference

60-119 1.92 1.16-3.19 .01

120-179 3.15 1.84-5.38 <.001

>180 4.24 2.45-7.34 <.001
Antibiotics

No Reference

Yes 1.17 0.79-1.75 A4
Blood transfusion

No Reference

Yes 201 1.38-2.91 <.001
Sugammadex

No Reference

Yes 1.25 0.97-1.60 .08

We believe our case-control matching approach was the most
appropriate given that there were very few anaphylaxis events and a
very large and heterogeneous group of patients who did not develop
anaphylaxis. The anaphylaxis cases were collected from multiple facili-
ties, and up to 4 controls were extracted for each case from the same
facility. These steps are important in canceling out site clustering effects;
that is, patients at the same hospital are more likely to receive similar
treatments and have similar responses relative to patients in other hos-
pitals. We believe that use of a traditional logistic regression model that
includes all patients would not cancel out such site clustering effects.

The present study has several limitations. First, “probable” ana-

phylaxis may be an underestimation, while “probable and possible”

Pediatric AncsthesisBIBSNER

anaphylaxis may be an overestimation, of true anaphylaxis. However,
the aim of the present study was not to clarify the accurate preva-
lence of anaphylaxis after sugammadex infusion, but to reveal the
association between sugammadex and perioperative anaphylaxis. The
2 conditional logistic regression analyses showed no significant dif-
ferences, suggesting that our results of an insignificant association
between sugammadex and perioperative anaphylaxis are robust.
Second, the database did not include the following information:
American Society of Anesthesiologist Physical Status, severity of
anaphylaxis, previous medical history, previous surgical records,
accurate dosage of sugammadex, interval from sugammadex infusion
to onset of anaphylaxis, and treatments for anaphylaxis. These

unmeasured factors may have affected the results.

5 | CONCLUSIONS

The present study showed no significant association between sug-
ammadex and perioperative anaphylaxis in pediatric patients who

underwent general anesthesia.
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Supplement table 1 Baseline variables of patients in the matched case-control sample
for probable anaphylaxis (anaphylactic shock)

No sugammadex Sugammadex Total Pvaue
n=339 n=401 n=740
Age (years), n (%)
<1 28 (8.3) 22 (5.5) 50 (6.8) 0.059
1t05 24 (7.1) 26 (6.5) 50 (6.8)
6t011 112 (33.0) 108 (26.9) 220 (29.7)
121018 175 (51.6) 245 (61.1) 420 (56.8)
Fisca year,
2010 39 (11.5) 29(7.2) 68 (9.2) 0.059
2011 45 (13.3) 35(8.7) 80 (10.8)
2012 52 (15.3) 68 (17.0) 120 (16.2)
2013 86 (25.4) 99 (24.7) 185 (25.0)
2014 62 (18.3) 85 (21.2) 147 (19.9)
2015 55 (16.2) 85 (21.2) 140 (18.9)
Male, n (%) 195 (57.5) 240 (59.9) 435(58.8)  0.549

Academic, n (%) 149 (45.2) 191 (50.3) 340 (47.9) 0176




Supplement table 2 Baseline variables of patients in the matched case-control sample

for probable and possible anaphylaxis (anaphylaxis associated signs/symptoms

combined with skin lesions)

No sugammadex Sugammadex Tota Pvalue
n=1,279 n=1,060 n=2,339
Age (years), n (%)
< lyear 306 (23.9) 179 (16.9) 485 (20.7) <0.001
1to5 267 (20.9) 176 (16.6) 443 (18.9)
6to 11 313 (24.5) 268 (25.3) 581 (24.8)
12t0 18 393 (30.7) 437 (41.2) 830 (35.5)
Fisca year,
2010 166 (13.0) 65 (6.1) 231 (9.9) <0.001
2011 288 (22.5) 131 (12.4) 419 (17.9)
2012 221 (17.3) 164 (15.5) 385 (16.5)
2013 233 (36.4) 245 (46.2) 478 (40.9)
2014 185 (14.5) 200 (18.9) 385 (16.5)
2015 186 (14.5) 255 (24.1) 441 (18.9)
Male, n (%) 721 (56.4) 581 (54.8) 1,302 (55.7) 0.452
Academic, n (%) 683 (53.4) 535 (50.5) 1,218 (52.1) 0.117
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