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Sugammadex‑induced anaphylactic reaction: A systematic 
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Introduction

Perioperative anaphylaxis is a rare, but life‑threatening 
hypersensitivity reaction for patients undergoing surgical 
procedures. Incidence of perioperative anaphylaxis varies 
across countries, but studies have shown it ranges from 
1:1250 to 1:18600 during surgeries using anesthesia.[1,2] 
Perioperative anaphylaxis can be lethal due to an acute 
immune response to an offending agent that affects 

multiple organ systems, requiring immediate medical 
attention.[3] The agents most commonly associated with 
these adverse events are usually neuromuscular blocking 
agents  (NMBA), latex, and antibiotics.[4] Over the 
past decade, there has been an increasing number of 
reports of anaphylaxis induced by another anesthetic agent 
sugammadex.[5,6]

Sugammadex is the first selective relaxant binding 
agent (SRBA) approved by the FDA in 2015.[7] It reverses 
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Perioperative anaphylaxis is a rare, but life‑threatening hypersensitivity reaction for patients undergoing surgical procedures. 
Sugammadex is a relatively new drug used to reverse the neuromuscular blockade of specific anesthetics in surgery. Several 
case reports indicate that there may be a risk of anaphylaxis associated with the use of sugammadex This review examines the 
literature in order to evaluate the strength of the association between sugammadex use and anaphylaxis. A query of PubMed, 
EMBASE, and Web of Science was conducted using a combination of terms to identify relevant articles from inception until 
March 9, 2020. We included any primary study that identified sugammadex as a probable causative agent based on the World 
Allergy Organization diagnostic criteria for anaphylaxis. A total of 24 articles were reviewed. Across the three randomized 
controlled trials, there were only four cases of anaphylaxis identified. Incidence of anaphylaxis was reported in only one trial 
at 0.33%. Two retrospective observational studies conducted in Japan identified cases of anaphylaxis, with incidences of 0.02 
and 0.04%. Among 19 case reports and series, 25 patient cases of anaphylaxis were confirmed via allergy testing to be caused 
by sugammadex or sugammadex–rocuronium complex. Commonly reported symptoms included hypotension, erythema, 
and decreased oxygen saturation. Based on the findings of this review, there appears to be a rare, but serious, association of 
sugammadex‑induced perioperative anaphylaxis with an incidence between 0.02 and 0.04% in observational studies. It is 
unclear whether sugammadex on its own or in complex with rocuronium triggers this reaction, but it is clearly involved in 
inducing anaphylaxis. Further population studies are needed to get a more accurate global incidence rate, and more detailed 
allergy testing is required to better describe which step of the sugammadex reversal pathway initiates the anaphylactic attack.

Keywords: Anaphylaxis, hypersensitivity, sugammadex

Abstract

How to cite this article: Zecic F, Smart MH, Abbey TC, Pazhempallil A, 
Korban C. Sugammadex‑induced anaphylactic reaction: A systematic review. 
J Anaesthesiol Clin Pharmacol 2022;38:360-70.

Submitted: 28‑Sep‑2020	 Revised: 03‑Apr‑2021     
Accepted: 14-May-2021	 Published: 08-Feb-2022

Review Article

This is an open access journal, and articles are distributed under the 
terms of the Creative Commons Attribution‑NonCommercial‑ShareAlike 
4.0 License, which allows others to remix, tweak, and build upon the 
work non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com



Zecic, et al.: Sugammadex‑induced anaphylaxis

Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022 361

the neuromuscular blockade caused by NMBAs, such as 
rocuronium and vecuronium, which are used as muscle relaxers 
during surgeries. It acts by encapsulating the NMBA to 
form a stable complex, thus inactivating it.[8] Compared to 
previous agents used to reverse muscle relaxers, sugammadex 
has fewer muscarinic side effects and can reverse deep muscle 
relaxation in a dose‑dependent manner, which makes it an 
appealing agent to use.[9] It has also has been used to attenuate 
anaphylactic reactions caused by rocuronium.[10]

Sugammadex, however, may carry its own risk of drug 
hypersensitivity reactions, defined as the “unintended and 
unwanted stimulation of immune or inflammatory cells by a 
medication,”[11] including the risk of anaphylaxis. Recently, 
there have been safety concerns that sugammadex might induce 
hypersensitivity and potentially fatal outcomes in various 
patient populations.[5,6] Previous systematic reviews have 
looked to identify and characterize cases of hypersensitivity 
associated with sugammadex.[12] However, hypersensitivity 
reactions range from mild cases requiring no treatment, to 
severe potentially fatal cases, such as perioperative anaphylaxis, 
that require immediate medical attention. There are currently 
no reviews that parse out the association of sugammadex with 
the more serious and life‑threatening reaction of perioperative 
anaphylaxis. Therefore, we aimed to evaluate the association 
between sugammadex use and the incidence of anaphylaxis 
by summarizing the incidence rate of anaphylaxis events and 
reporting typical clinical presentation.

Material and Methods

Queries through PubMed, EMBASE, and Web of Science 
were conducted using the terms ‘sugammadex AND (anaphyl* 
OR allerg* OR hypersensitiv*)’ from inception to March 9, 
2020. No filters were applied with regards to text availability, 
article type, publication date, or other customizable options. 
Duplicates were excluded.

Studies were selected if they met the following inclusion criteria: 
(1) the manuscript was available in English; (2) the article 
was a primary study (case report, case series, retrospective 
analysis, prospective/observational study, randomized control 
trial); (3) sugammadex was the most probable cause of the 
anaphylactic reaction;  (4) the dose of sugammadex and 
description of the type of anaphylactic reaction was given; 
and  (5) if the manuscript was a case report or series, the 
patient (s) needed to fit the diagnostic criteria of anaphylaxis 
as defined by the World Allergy Organization, which includes 
signs of any one of the following:  (a) sudden  (minutes to 
hours) onset of an illness with the involvement of the skin or 
mucosal tissue AND sudden respiratory symptoms or reduced 

blood pressure (BP) or signs of end organ dysfunction; (b) 
two of the following occurring suddenly after exposure to a 
likely allergen: skin/mucosal symptoms, respiratory symptoms, 
reduced BP, gastrointestinal symptoms; (c) sudden reduced 
BP after exposure to a known allergen: systolic BP <90 in 
adults or systolic BP <30% of baseline BP in adults/children.

Two independent reviewers were used during the screening, 
selection, and data extraction steps. A third reviewer would 
adjudicate any discrepancies. Unique titles were screened 
based on the title and abstract. The remaining articles were 
then retrieved, and full manuscripts were then screened 
based on the aforementioned inclusion factors. The selected 
publications were then reviewed, and data extraction was done 
using a standardized form. Among case reports, the Naranjo 
scale was used to rate the probability of sugammadex as the 
likely culprit for the anaphylactic reaction.[13]

Results

A total of 537 citations were identified from all sources. There 
were 224 duplicates removed, resulting in 313 unique titles. 
After reviewing the titles and abstracts, there were 73 articles 
remaining that were then evaluated based on the inclusion and 
exclusion criteria. After a full review, 24 articles were included 
in this review for data extraction [Figure 1].

Randomized controlled trials
The results of three randomized, double‑blind, 
placebo‑controlled studies were evaluated  [Table  1].[14‑16] 
Min et al.[14] and de Kam et al.[15] performed phase I clinical 
trial studies aimed to identify incident cases of hypersensitivity, 
including anaphylaxis, due to sugammadex among healthy 
non‑anesthetized subjects. Both studies were multicenter 
randomized clinical trials and divided their subjects into 
one of three groups: Placebo, 4 mg kg‑1, or 16 mg kg‑1 of 
sugammadex. Min et  al.[14] defined anaphylaxis using the 
Sampson criteria 1,[17] while Kam et al.[15] also included the 
Brighton criteria.[18] Both studies utilized an adjudication 
committee to assess anaphylaxis. For Min et al.[14]only one 
patient (from the 16 mg kg‑1 group) was determined to have 
had an anaphylactic reaction, with symptoms that included 
edema, swelling of the uvula, and a decrease in their peak 
expiratory flow. The patient was treated with antihistamines 
and corticosteroids, resulting in a resolution of their symptoms. 
There were no cases of anaphylaxis in the 4 mg kg‑1 group, 
and the authors assumed that there is no dose‑dependent 
occurrence of anaphylaxis. The authors report the incidence 
of sugammadex anaphylaxis as 0.33% (1 in 299). In Kam 
et al.’s study,[15] there were 488 healthy volunteers across four 
different countries, with 148 healthy subjects in the 4 mg kg‑1 
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group and 150 in the 16 mg kg‑1 group. One patient met 
the diagnostic criteria for anaphylaxis according to both the 
Sampson and Brighton criteria, and two patients met the 
diagnostic criteria only according to the Brighton criteria. 
However, the authors reported protocol deviations at multiple 
sites (e.g.  regarding which staff members performed safety 
assessments) which may have introduced bias in the reporting 
of anaphylactic reactions. All three patients were part of the 
16 mg kg‑1 treatment arm. Aside from the positive skin test 
for the first anaphylactic patients who met both the Sampson 
and Brighton criteria, all confirmatory tests for anaphylaxis 
were negative or within normal ranges.

Peeters et  al.[16] evaluated the safety, tolerability, and 
pharmacokinetics of sugammadex using single high doses 
in 13 healthy adult subjects. They received 32, 64, and 
96 mg kg‑1.  One subject was reported as exhibiting more 
serious adverse events attributed to the first experimental 
dosage of sugammadex. Intracutaneous testing was performed 
to evaluate hypersensitivity and it resulted in a positive test 
suggesting a hypersensitivity reaction was probable, but 
it was not reported as anaphylaxis. Symptoms included 
tachycardia, paranesthesia in the skin of hands and face, 
moderate intensity of blurred vision, dysgeusia, nausea, and 
stomach discomfort. All adverse events in this study were 
resolved without implementing a treatment.

Observational studies
Two retrospective observational studies were identified, both 
of which were conducted in Japan [Table 1].[19,20] Miyazaki 
et al.[19] conducted a single‑center retrospective observational 
study to investigate the incidence of sugammadex‑induced 
anaphylaxis. All surgical cases attended by the center’s 
anesthesiologists were evaluated from September 2012 to 
August 2015. Anaphylaxis was defined according to the World 
Allergy Organization guidelines (i.e. Sampson criteria).[21] 

There were 23,608 cases evaluated, with 15,479 patients who 
received sugammadex of which 6 (0.04%) cases of anaphylaxis 
were identified. The authors did not have a comparison group. 
Five of the six patients did not have any previous exposure 
to sugammadex, and only one patient reported any history 
of allergies  (i.e.,  latex). The onset of symptoms ranged 
from <1 minute to 4 min, with all patients requiring treatment 
for symptom resolution. Only one patient received a diagnostic 
test to confirm sugammadex as the causative agent.

Orihara et  al.[20] conducted a multicenter retrospective 
observational study across four Japanese hospitals. The 
study compared the incidence of both hypersensitivity and 
anaphylaxis reactions between sugammadex and neostigmine. 
Anaphylaxis was defined in an unconventional way, which 
included at least two of the following:  (1) a clinical score 
suggesting clinical hypersensitivity,  (2) positive skins or 
basophil activation tests (BATs), and (3) elevated histamine or 
tryptase blood samples. The study evaluated 45,532 surgical 
cases requiring general anesthesia between January 2012 and 
December 2016. There were 29,962 patients who received 
sugammadex, with 6 cases of suspected sugammadex‑induced 
anaphylaxis, resulting in an incidence rate of 0.02%. There 
were no cases of neostigmine‑induced anaphylaxis. Of the 
six cases associated with sugammadex, only one of the six 
had previous exposure to sugammadex, and the onset of the 
reaction occurred in less than 8 min. All patients had a positive 
diagnostic test (i.e., skin tests for sugammadex as the causative 
agent for the anaphylactic reaction). All cases of anaphylaxis 
resolved upon appropriate treatment  (e.g.,  epinephrine, 
antihistamine, steroid) with no fatalities reported.

Case reports

There were 14  case reports and 5  case series of 
sugammadex‑induced anaphylaxis, which allowed for data 
extraction of 28 individual patient cases  [Table  2].[22‑40] 
Because 3  patient cases did not meet the World Allergy 
Organization criteria for anaphylaxis,[21,32,33,39] only results 
from 25 patient cases were included in the final data tables. 
The age of patients ranged from 3 to 89 years old and was 
split between 13 males and 12 females. Japan was the largest 
source of case reports, with 44% (11/25) of all case reports 
coming from Japanese hospital systems.[23,24,26,31,35,38,39] The 
number of reports from Japan may be due to higher usage 
frequency.[41] Concomitant medications were referenced for all 
but two cases.[33] The most common concomitant medications 
were those used for induction and maintenance of anesthesia. 
Medications used for supportive care were also included in 
the following: eight cases included antibiotics[24‑26,30,32,34,36] and 
four cases mentioned benzodiazepine use for pre‑operative 

Figure 1: Consort diagram



Zecic, et al.: Sugammadex‑induced anaphylaxis

Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022 363

Ta
b

le
 1

: 
P
o

p
u

la
ti

o
n

 s
tu

d
ie

s 
(r

a
n

d
o

m
iz

ed
 c

o
n

tr
o

ll
ed

 t
ri

a
ls

 a
n

d
 o

b
se

rv
a
ti

o
n

a
l 

st
u

d
ie

s)

A
rt

ic
le

S
tu

d
y 

D
es

ig
n

C
o

u
n

tr
y

S
tu

d
y 

P
o

p
u

la
ti

o
n

S
tu

d
y 

O
b

je
ct

iv
e

D
ef

in
it

io
n

 o
f 

A
n

a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

Tr
ea

tm
en

t 
D

o
se

O
b

je
ct

iv
e 

co
n

fi
rm

a
ti

o
n

 
u

se
d

N
u

m
b

er
 w

h
o

 
re

ce
iv

ed
 

su
g
a
m

m
a
d

ex

N
u

m
b

er
 o

f 
a
n

a
p

h
yl

a
xi

s 
re

a
ct

io
n

In
ci

d
en

ce
 

(9
5
%

 C
I)

N
o

te
s

M
in

 
et

 a
l.,

 
20

18
[1

4]

R
an

do
m

iz
ed

, 
do

ub
le

‑b
lin

d 
pl

ac
eb

o‑
 

co
nt

ro
lle

d 
(J

an
ua

ry
-J

ul
y 

20
14

)

U
SA

 a
nd

 
B

el
gi

um
H

ea
lt

hy
, n

on
‑ 

an
es

th
et

iz
ed

 
ad

ul
ts

 1
8-

55
 y

ea
rs

 o
ld

 
(n

=
29

9)

A
ss

es
s 

th
e 

po
te

nt
ia

l f
or

 
hy

pe
rs

en
si

ti
vi

ty
 

an
d 

an
ap

hy
la

xi
s 

af
te

r 
in

it
ia

l 
an

d 
re

pe
at

ed
 

ex
po

su
re

 t
o 

SU
G

W
or

ld
 A

lle
rg

y 
O

rg
an

iz
at

io
n 

G
ui

de
lin

es
 

(S
am

ps
on

 c
ri

te
ri

a 
1)

 

Pl
ac

eb
o,

 4
 

m
g/

kg
, a

nd
 

16
 m

g/
kg

an
ti

‑S
U

G
 

an
ti

bo
di

es
 a

nd
 

se
ru

m
 t

ry
pt

as
e

4 
m

g/
kg

: 1
51

16
 m

g/
kg

: 1
48

1
0.

33
%

A
ut

ho
rs

 
as

su
m

ed
 

th
er

e 
th

at
 

in
ci

de
nc

e 
of

 
an

ap
hy

la
xi

s 
w

as
 n

ot
 d

os
e 

re
la

te
d

de
 K

am
 

et
 a

l.,
 

20
18

[1
5]

R
an

do
m

iz
ed

, 
do

ub
le

‑b
lin

d 
pl

ac
eb

o‑
 

co
nt

ro
lle

d 
(A

ug
 

20
09

-A
pr

 2
01

0)

G
er

m
an

y,
 

Th
e 

N
et

he
rl

an
ds

, 
U

K
, a

nd
 

U
SA

H
ea

lt
hy

 
no

n‑
pr

eg
na

nt
, 

no
n‑

 
br

ea
st

fe
ed

in
g,

 
no

n‑
 

an
es

th
et

iz
ed

 
ad

ul
ts

 1
8-

55
 y

ea
rs

 o
ld

 
(n

=
29

8)

B
et

te
r 

un
de

rs
ta

nd
 

si
gn

s 
of

 
hy

pe
rs

en
si

ti
vi

ty
 

du
e 

to
 S

U
G

 a
t 

th
e 

ti
m

e 
of

 in
it

ia
l 

an
d 

re
pe

at
ed

 
ex

po
su

re
 r

el
at

iv
e 

to
 p

la
ce

bo

W
or

ld
 A

lle
rg

y 
O

rg
an

iz
at

io
n 

G
ui

de
lin

es
 

(S
am

ps
on

 c
ri

te
ri

a 
1)

 a
nd

 B
ri

gh
to

n 
C

ri
te

ri
a

Pl
ac

eb
o,

 4
 

m
g/

kg
, a

nd
 

16
 m

g/
kg

an
ti

‑S
U

G
 

an
ti

bo
di

es
, 

se
ru

m
 t

ry
pt

as
e,

 
sk

in
 t

es
t 

(i
.e

., 
sk

in
‑p

ri
ck

 a
nd

 
in

tr
ad

er
m

al
),

 
ba

so
ph

il 
hi

st
am

in
e 

re
le

as
e

4 
m

g/
kg

: 1
48

16
 m

g/
kg

: 1
50

3 
(1

 m
et

 
Sa

m
ps

on
 

an
d 

B
ri

gh
to

n 
cr

it
er

ia
, w

hi
le

 
2 

on
ly

 m
et

 
B

ri
gh

to
n)

no
t 

re
po

rt
ed

A
ss

um
in

g 
no

t 
do

se
 r

el
at

ed
, 

th
e 

in
ci

de
nc

e 
w

ou
ld

 b
e 

3/
29

0=
1.

01
%

Pe
et

er
s 

et
 a

l.,
 

20
10

[1
6]

R
an

do
m

iz
ed

, 
do

ub
le

‑b
lin

d,
 

cr
os

so
ve

r, 
pl

ac
eb

o‑
 

co
nt

ro
lle

d 
(J

ul
y 

20
08

)

Th
e 

N
et

he
rl

an
ds

 
(s

in
gl

e 
ce

nt
er

)

H
ea

lt
hy

 
no

n‑
pr

eg
na

nt
, 

no
n‑

 
an

es
th

et
iz

ed
 

ad
ul

ts
 1

8-
65

 y
ea

rs
 o

ld
 

(n
=

13
)

Ev
al

ua
te

 
th

e 
sa

fe
ty

, 
to

le
ra

bi
lit

y,
 a

nd
 

ph
ar

m
ac

ok
in

et
ic

s 
of

 h
ig

h‑
do

se
 S

U
G

 
(3

2-
96

 m
g/

kg
)

A
na

ph
yl

ac
ti

c 
cr

it
er

ia
 n

ot
 

sp
ec

if
ie

d

32
, 6

4,
 a

nd
 

96
 m

g/
kg

 
bo

lu
s

se
ru

m
 t

ry
pt

as
e 

an
d 

sk
in

 t
es

t 
(n

ot
 s

pe
ci

fi
ed

)

12
 s

ub
je

ct
s 

re
ce

iv
ed

 a
ll;

 1
 

re
ce

iv
ed

 o
nl

y 
32

 m
g/

kg

0
no

t 
ap

pl
ic

ab
le

M
iy

az
ak

i 
et

 a
l.,

 
20

18
[1

9]

R
et

ro
sp

ec
ti

ve
 

si
ng

le
‑c

en
te

r 
ob

se
rv

at
io

na
l 

st
ud

y 
(S

ep
 

20
12

-A
ug

 2
01

5)

Ja
pa

n
A

ll 
su

rg
ic

al
 

ca
se

s 
at

te
nd

ed
 b

y 
an

es
th

es
io

lo
gi

st
s 

(n
=

15
,4

79
)

In
ve

st
ig

at
e 

th
e 

in
ci

de
nc

e 
of

 
an

ap
hy

la
xi

s 
ca

us
ed

 b
y 

SU
G

W
or

ld
 A

lle
rg

y 
O

rg
an

iz
at

io
n 

G
ui

de
lin

es

10
0 

m
g 

‑ 2
00

 
m

g 
(r

ep
or

te
d 

on
ly

 fo
r 

an
ap

hy
la

xi
s 

re
ac

ti
on

)

se
ru

m
 t

ry
pt

as
e

15
,4

79
6

0.
04

%
 

(9
5%

 C
I,

 
0.

01
4‑

0.
08

4%
)

O
ri

ha
ra

 
et

 a
l.,

 
20

20
[2

0]

R
et

ro
sp

ec
ti

ve
 

m
ul

ti
ce

nt
er

 
re

tr
os

pe
ct

iv
e 

st
ud

y 
(J

an
 

20
12

-D
ec

 2
01

6)

Ja
pa

n
R

ev
ie

w
ed

 a
ll 

co
ns

ec
ut

iv
e 

ca
se

s 
of

 g
en

er
al

 
an

es
th

es
ia

 in
 

fo
ur

 J
ap

an
es

e 
ho

sp
it

al
s 

(n
=

49
,5

32
)

C
om

pa
re

d 
th

e 
in

ci
de

nc
e 

of
 

an
ap

hy
la

xi
s 

in
du

ce
d 

by
 S

U
G

 
vs

. n
eo

st
ig

m
in

e

M
et

 2
+

 o
f 

fo
llo

w
in

g 
cr

it
er

ia
:

(i
) 

cl
in

ic
al

 
m

on
it

or
in

g 
sc

or
in

g 
su

gg
es

ti
ng

 
im

m
ed

ia
te

 
hy

pe
rs

en
si

ti
vi

ty
 

re
ac

ti
on

; (
ii)

 
po

si
ti

ve
 s

ki
n 

te
st

s 
or

 b
as

op
hi

le
 

ac
ti

va
ti

on
 t

es
ts

 
to

 d
ru

gs
 d

ur
in

g 
an

es
th

es
ia

; a
nd

 
(i

ii)
 e

le
va

te
d 

se
ru

m
 h

is
ta

m
in

e 
or

 t
ry

pt
as

e

80
 m

g 
‑ 2

00
 

m
g 

(r
ep

or
te

d 
on

ly
 fo

r 
an

ap
hy

la
xi

s 
re

ac
ti

on
)

sk
in

 t
es

t 
(s

ki
n‑

pr
ic

k)
, 

se
ru

m
 t

ry
pt

as
e,

 
se

ru
m

 
hi

st
am

in
e,

 
ba

so
ph

il 
ac

ti
va

ti
on

 t
es

t

29
,9

62
6

0.
02

%
 

(9
5%

 C
I:

 
0.

00
7‑

0.
04

4%
)

co
nc

er
n 

ab
ou

t 
un

de
r‑

 
re

po
rt

in
g 

an
d 

se
le

ct
io

n 
bi

as

SU
G

=
su

ga
m

m
ad

ex



Zecic, et al.: Sugammadex‑induced anaphylaxis

364 Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022

Ta
b

le
 2

: 
C

a
se

 r
ep

o
rt

s 
a
n

d
 c

a
se

 s
er

ie
s

A
rt

ic
le

a
Ty

p
e 

o
f 

p
u

b
li

ca
ti

o
n

C
o

u
n

tr
y

Pa
ti

en
t 

a
g
e 

(y
ea

rs
)

S
ex

W
ei

g
h

t 
(k

g
)

H
is

to
ry

 
o

f 
A

ll
er

g
ie

s

S
u

g
a
m

m
a
d

ex
 

D
o

sa
g
e 

(m
g
/

k
g
) 

o
r 

D
o

se
 

(m
g
)b

T
im

e 
to

 
S
ym

p
to

m
 

O
n

se
t 

(m
in

)

D
es

cr
ip

ti
o

n
 o

f 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

Tr
ea

tm
en

t 
fo

r 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

B
io

lo
g
ic

a
l 

la
b

o
ra

to
ry

 
va

lu
es

 
(n

g
/m

L
)c

A
ll

er
g
y 

Te
st

sd
N

a
ra

n
jo

 
S
co

re

O
’D

on
ne

ll 
et

 a
l.,

 
20

17
[2

2]

C
as

e 
re

po
rt

U
K

62
M

14
0

N
o

0.
7 

m
g/

kg
4

H
yp

ot
en

si
on

, 
er

yt
he

m
at

ou
s 

ra
sh

M
et

ar
am

in
ol

, 
hy

dr
oc

or
ti

so
ne

, 
ep

he
dr

in
e,

 
ch

lo
rp

he
na

m
in

e,
 

ep
in

ep
hr

in
e

Ta :
 4

9.
6

(+
) 

SP
T 

fo
r 

SU
G

 (
+

) 
ID

T 
fo

r 
SU

G

6

Yo
sh

id
a 

et
 a

l.,
 

20
20

[2
3]

C
as

e 
re

po
rt

Ja
pa

n
50

F
79

‑
2.

5 
m

g/
kg

1
H

yp
ot

en
si

on
, 

br
ad

yc
ar

di
a,

 
ST

 d
ep

re
ss

io
n,

 
hy

pe
rc

ap
ni

a,
 

de
cr

ea
se

d 
Sp

O
2

A
tr

op
in

e,
 a

dr
en

al
in

e
‑

‑
6

Ya
m

ao
ka

 
et

 a
l.,

 
20

17
[2

4]

C
as

e 
re

po
rt

Ja
pa

n
36

F
65

N
o

3.
1 

m
g/

kg
Im

m
ed

ia
te

H
yp

ot
en

si
on

, f
lu

sh
in

g
Ep

he
dr

in
e,

 
ep

in
ep

hr
in

e,
 

hy
dr

oc
or

ti
so

ne
, 

fa
m

ot
id

in
e,

 
ch

lo
rp

he
ni

ra
m

in
e

T:
 2

1.
5 

H
: 0

.3
2

(+
) 

SP
T 

fo
r 

SU
G

/R
O

C
 (

‑)
 

SP
T 

fo
r 

SU
G

 
(‑

) 
ID

T 
fo

r 
SU

G

5

M
en

en
de

z‑
 

O
zc

oi
di

 
et

 a
l.,

 
20

11
[2

5]

C
as

e 
re

po
rt

Sp
ai

n
17

M
62

N
o

3.
2 

m
g/

kg
1

Er
yt

he
m

a,
 e

de
m

a,
 

hy
po

te
ns

io
n,

 
ta

ch
yc

ar
di

a,
 d

ec
re

as
ed

 
Sp

O
2,

 w
he

ez
in

g

H
yd

ro
co

rt
is

on
e,

 
m

et
hy

lp
re

dn
is

ol
on

e,
 

de
xc

hl
or

ph
en

ir
am

in
e,

 
sa

lb
ut

am
ol

T:
 7

.9
 

H
: 3

.1
(+

) 
SP

T 
fo

r 
SU

G
8

Ya
m

ad
a 

et
 a

l.,
 

20
18

[2
6]

C
as

e 
se

ri
es

Ja
pa

n
65

M
‑

N
o

1.
5 

m
g/

kg
8

H
yp

ot
en

si
on

, e
de

m
a,

 
er

yt
he

m
a,

 c
ya

no
si

s,
 

in
cr

ea
se

d 
ai

rw
ay

 
pr

es
su

re

Ep
he

dr
in

e,
 

ph
en

yl
ep

hr
in

e,
 

no
re

pi
ne

ph
ri

ne
, 

m
et

hy
lp

re
dn

is
ol

on
e,

 
ch

lo
rp

he
na

m
in

e,

T:
 8

2.
6 

H
: 1

.2
7

(+
) 

B
AT

 fo
r 

SU
G

/R
O

C
 

(+
) 

B
AT

 fo
r 

SU
G

6

29
F

‑
N

o
3.

4 
m

g/
kg

5
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 e
ry

th
em

a
Ep

he
dr

in
e,

 
ph

en
yl

ep
hr

in
e,

 
ad

re
na

lin
e,

 
de

xa
m

et
ha

so
ne

, 
fa

m
ot

id
in

e,
 

ch
lo

rp
he

na
m

in
e

T:
 4

.8
 

H
: 3

.4
4

(+
) 

B
AT

 fo
r 

SU
G

6

K
im

 e
t 

al
., 

20
19

[2
7]

C
as

e 
re

po
rt

So
ut

h 
Ko

re
a

42
M

78
ca

t 
ha

ir
2.

5 
m

g/
kg

>
5

Er
yt

he
m

a,
 h

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 s
w

el
li

ng
 

of
 e

ye
s,

 f
ac

ia
l 

ed
em

a,
 

w
he

ez
in

g

Ph
en

yl
ep

hr
in

e,
 

ep
in

ep
hr

in
e,

 
de

xa
m

et
ha

so
ne

, 
ch

lo
rp

he
ni

ra
m

in
e

T:
 4

6.
9

(+
) 

ID
T 

fo
r 

SU
G

/R
O

C
 (

‑)
 

ID
T 

fo
r 

SU
G

6

C
ho

i e
t 

al
., 

20
19

[2
8]

C
as

e 
re

po
rt

So
ut

h 
Ko

re
a

60
M

64
N

o
3.

3 
m

g/
kg

3
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 u
rt

ic
ar

ia
Ep

he
dr

in
e,

 
ph

en
yl

ep
hr

in
e,

 
ep

in
ep

hr
in

e,
 

no
re

pi
ne

ph
ri

ne
, 

m
et

hy
lp

re
dn

is
ol

on
e,

 
hy

dr
oc

or
ti

so
ne

, 
ph

en
ir

am
in

e

T:
 2

.4
(+

) 
ID

T 
fo

r 
SU

G
/R

O
C

 
(+

) 
ID

T 
fo

r 
SU

G

6

C
on

td
...



Zecic, et al.: Sugammadex‑induced anaphylaxis

Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022 365

Ta
b

le
 2

: 
C

o
n

td
..
.

A
rt

ic
le

a
Ty

p
e 

o
f 

p
u

b
li

ca
ti

o
n

C
o

u
n

tr
y

Pa
ti

en
t 

a
g
e 

(y
ea

rs
)

S
ex

W
ei

g
h

t 
(k

g
)

H
is

to
ry

 
o

f 
A

ll
er

g
ie

s

S
u

g
a
m

m
a
d

ex
 

D
o

sa
g
e 

(m
g
/

k
g
) 

o
r 

D
o

se
 

(m
g
)b

T
im

e 
to

 
S
ym

p
to

m
 

O
n

se
t 

(m
in

)

D
es

cr
ip

ti
o

n
 o

f 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

Tr
ea

tm
en

t 
fo

r 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

B
io

lo
g
ic

a
l 

la
b

o
ra

to
ry

 
va

lu
es

 
(n

g
/m

L
)c

A
ll

er
g
y 

Te
st

sd
N

a
ra

n
jo

 
S
co

re

Es
ch

er
, 

C
oh

en
. 

20
19

[2
9]

C
as

e 
re

po
rt

U
SA

67
F

11
5

B
en

az
ep

ri
l, 

ez
et

im
ib

e,
 

si
m

va
st

at
in

, 
tr

ia
m

te
re

ne

3.
5 

m
g/

kg
1

H
yp

ot
en

si
on

, 
de

cr
ea

se
d 

Sp
O

2,
 

m
ac

ul
op

ap
ul

ar
 r

as
h

Ph
en

yl
ep

hr
in

e,
 

ep
in

ep
hr

in
e,

 
va

so
pr

es
si

n,
 

di
ph

en
hy

dr
am

in
e,

 
fa

m
ot

id
in

e

T:
 6

2
‑

6

B
ed

ir
li 

et
 a

l.,
 

20
18

[3
0]

C
as

e 
re

po
rt

Tu
rk

ey
22

F
85

vi
ta

m
in

 B
4.

0 
m

g/
kg

Im
m

ed
ia

te
H

yp
ot

en
si

on
, 

br
ad

yc
ar

di
a,

 fl
us

hi
ng

, 
w

he
ez

in
g,

 d
ec

re
as

ed
 

Sp
O

2,
 a

rr
hy

th
m

ia
, 

in
cr

ea
se

d 
ai

rw
ay

 
pr

es
su

re

Ep
he

dr
in

e,
 

ep
in

ep
hr

in
e,

 
lid

oc
ai

ne
, 

m
et

hy
lp

re
dn

is
ol

on
e,

 
fa

m
ot

id
in

e,
 

ph
en

ir
am

in
e,

 
no

re
pi

ne
ph

ri
ne

T:
 7

.6
‑

5

A
sa

hi
 e

t 
al

., 
20

12
[3

1]
C

as
e 

re
po

rt
Ja

pa
n

7
M

12
N

o
3.

3 
m

g/
kg

3
Pa

ra
do

xi
ca

l 
re

sp
ir

at
io

n,
 h

ig
h 

pi
tc

he
d 

re
sp

ir
at

or
y 

so
un

ds
, d

ec
re

as
ed

 
Sp

O
2,

 w
he

al
s

A
dr

en
al

in
e,

 
hy

dr
oc

or
ti

so
ne

‑
‑

5

Sa
dl

ei
r 

et
 a

l.,
 

20
14

[3
2]

C
as

e 
se

ri
es

A
us

tr
al

ia
29

F
10

0
N

o
2.

0 
m

g/
kg

3
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 r
ed

uc
ed

 
ca

rd
ia

c 
ou

tp
ut

, e
de

m
a

M
et

ar
am

in
ol

, 
ad

re
na

lin
e,

 
ph

en
yl

ep
hr

in
e

T:
 5

9
(+

) 
ID

T 
fo

r 
SU

G
 (

‑)
 I

D
T 

fo
r 

SU
G

/R
O

C

9

15
F

‑
Pe

an
ut

 
bu

tt
er

10
0 

m
ge

W
it

hi
n 

m
in

R
as

h,
 fa

ci
al

 s
w

el
lin

g,
 

hy
po

te
ns

io
n

A
dr

en
al

in
e,

 
hy

dr
oc

or
ti

so
ne

, 
pr

om
et

ha
zi

ne

T:
 4

.1
(+

) 
ID

T 
fo

r 
SU

G
9

U
e,

 2
01

6[3
3]

C
as

e 
se

ri
es

U
K

50
M

‑
‑

20
0 

m
g

‑
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 d
ec

re
as

ed
 

Sp
O

2,
 u

rt
ic

ar
ia

A
dr

en
al

in
e,

 
ch

lo
rp

he
na

m
in

e,
 

hy
dr

oc
or

ti
so

ne

T:
 8

1
(+

) 
SP

T 
fo

r 
SU

G
 (

+
) 

ID
T 

fo
r 

SU
G

9

63
M

‑
‑

10
0 

m
g

‑
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 d
ec

re
as

ed
 

Sp
O

2,
 u

rt
ic

ar
ia

A
dr

en
al

in
e,

 
ch

lo
rp

he
na

m
in

e,
 

hy
dr

oc
or

ti
so

ne

T:
 3

6
(‑

) 
SP

T 
fo

r 
SU

G
 (

+
) 

ID
T 

fo
r 

SU
G

8

C
ol

ak
 

et
 a

l.,
 

20
18

[4
0]

C
as

e 
re

po
rt

Tu
rk

ey
3

M
15

N
o

2.
0 

m
g/

kg
A

ft
er

 
ad

m
in

is
tr

at
io

n
In

cr
ea

se
d 

ai
rw

ay
 

pr
es

su
re

, d
ec

re
as

ed
 

Sp
O

2,
 w

he
ez

in
g,

 
ta

ch
yc

ar
di

a,
 

hy
po

te
ns

io
n

M
et

hy
lp

re
dn

is
ol

on
e,

 
th

eo
ph

yl
lin

e,
 

ph
en

ir
am

in
e

‑
‑

4

Yo
o 

et
 a

l.,
 

20
16

[3
4]

C
as

e 
re

po
rt

So
ut

h 
Ko

re
a

35
M

10
9

an
im

al
 h

ai
r

1.
8 

m
g/

kg
2

Er
yt

he
m

at
ou

s 
w

he
al

, h
yp

ot
en

si
on

, 
ta

ch
yc

ar
di

a,
 

w
he

ez
in

g,
 d

ec
re

as
ed

 
Sp

O
2

D
ex

am
et

ha
so

ne
, 

de
xc

hl
or

ph
en

ir
am

in
e,

 
sa

lb
ut

am
ol

, 
ep

in
ep

hr
in

e

‑
(+

) 
SP

T 
fo

r 
SU

G
5

Ta
ka

za
w

a 
et

 a
l.,

 
20

14
[3

5]

C
as

e 
se

ri
es

Ja
pa

n
13

M
40

N
o

2.
0 

m
g/

kg
Sh

or
tl

y 
af

te
r 

ad
m

in
is

tr
at

io
n

Fa
ci

al
 s

w
el

lin
g,

 
hy

po
te

ns
io

n,
 

ta
ch

yc
ar

di
a,

 
hy

pe
rc

ap
ni

a

H
yd

ro
co

rt
is

on
e,

 
ad

re
na

lin
e,

 
am

in
op

hy
lli

ne

‑
(+

) 
SP

T 
fo

r 
SU

G
5

C
on

td
...



Zecic, et al.: Sugammadex‑induced anaphylaxis

366 Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022

Ta
b

le
 2

: 
C

o
n

td
..
.

A
rt

ic
le

a
Ty

p
e 

o
f 

p
u

b
li

ca
ti

o
n

C
o

u
n

tr
y

Pa
ti

en
t 

a
g
e 

(y
ea

rs
)

S
ex

W
ei

g
h

t 
(k

g
)

H
is

to
ry

 
o

f 
A

ll
er

g
ie

s

S
u

g
a
m

m
a
d

ex
 

D
o

sa
g
e 

(m
g
/

k
g
) 

o
r 

D
o

se
 

(m
g
)b

T
im

e 
to

 
S
ym

p
to

m
 

O
n

se
t 

(m
in

)

D
es

cr
ip

ti
o

n
 o

f 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

Tr
ea

tm
en

t 
fo

r 
A

n
a
p

h
yl

a
ct

ic
 

R
ea

ct
io

n

B
io

lo
g
ic

a
l 

la
b

o
ra

to
ry

 
va

lu
es

 
(n

g
/m

L
)c

A
ll

er
g
y 

Te
st

sd
N

a
ra

n
jo

 
S
co

re

75
F

71
N

o
2.

8 
m

g/
kg

3
H

yp
ot

en
si

on
, t

ho
ra

ci
c 

er
yt

he
m

a
A

dr
en

al
in

e,
 

ch
lo

rp
he

ni
ra

m
in

e,
 

ra
ni

ti
di

ne
, 

hy
dr

oc
or

ti
so

ne
, 

ph
en

yl
ep

hr
in

e

‑
(+

) 
ID

T 
fo

r 
SU

G
5

H
o 

et
 a

l.,
 

20
16

[3
6]

C
as

e 
re

po
rt

A
us

tr
al

ia
50

M
95

N
o

2.
1 

m
g/

kg
Sh

or
tl

y 
af

te
r 

ad
m

in
is

tr
at

io
n

H
yp

ot
en

si
on

, 
br

ad
yc

ar
di

a,
 

de
cr

ea
se

d 
Sp

O
2,

 
pe

ri
or

bi
ta

l s
w

el
lin

g

M
et

ar
am

in
ol

, 
ad

re
na

lin
e,

 
hy

dr
oc

or
ti

so
ne

T:
 6

0
(+

) 
ID

T 
fo

r 
SU

G
/R

O
C

 (
‑)

 
ID

T 
fo

r 
SU

G

5

34
M

62
N

o
3.

2 
m

g/
kg

1
Er

yt
he

m
a,

 
hy

po
te

ns
io

n
Ep

he
dr

in
e,

 
ch

lo
rp

he
ni

ra
m

in
e,

 
ra

ni
ti

di
ne

‑
(+

) 
ID

T 
fo

r 
SU

G
5

Fr
en

ke
l 

et
 a

l.,
 

20
15

[3
7]

C
as

e 
re

po
rt

Is
ra

el
67

F
‑

2‑
20

0 
m

g
H

yp
ot

en
si

on
, 

ta
ch

yc
ar

di
a,

 
er

yt
he

m
a,

 u
rt

ic
ar

ia
, 

in
cr

ea
se

d 
ai

rw
ay

 
pr

es
su

re
, w

he
ez

in
g

A
dr

en
al

in
e,

 
hy

dr
oc

or
ti

so
ne

, 
al

bu
te

ro
l

‑
‑

4

Ya
na

i e
t 

al
., 

20
20

[3
8]

C
as

e 
re

po
rt

Ja
pa

n
71

F
65

N
o

2.
0 

m
g/

kg
2

H
yp

ot
en

si
on

, 
br

ad
yc

ar
di

a,
 c

ar
di

ac
 

ar
re

st
, S

T 
de

pr
es

si
on

N
or

ad
re

na
lin

e,
 

m
et

hy
lp

re
dn

is
ol

on
e,

 
ni

tr
og

ly
ce

ri
n,

 
ni

co
ra

nd
il

T:
 8

1.
2

(+
) 

SP
T 

fo
r 

SU
G

7

G
od

ai
 

et
 a

l.,
 

20
12

[3
9]

C
as

e 
se

ri
es

Ja
pa

n
52

F
54

N
o

1.
9 

m
g/

kg
3

H
yp

ot
en

si
on

, 
de

cr
ea

se
d 

Sp
O

2,
 

ta
ch

yc
ar

di
a,

 
er

yt
he

m
a,

 in
cr

ea
se

d 
ai

rw
ay

 p
re

ss
ur

e

Ep
in

ep
hr

in
e,

 
no

re
pi

ne
ph

ri
ne

, 
m

et
hy

lp
re

dn
is

ol
on

e

‑
(+

) 
SP

T 
fo

r 
SU

G
5

89
F

45
N

o
2.

2 
m

g/
kg

7
W

he
ez

in
g,

 d
ec

re
as

ed
 

Sp
O

2,
 t

ac
hy

ca
rd

ia
, 

er
yt

he
m

a

M
et

hy
lp

re
dn

is
ol

on
e,

 
am

in
op

hy
lli

ne
, 

pr
oc

at
er

ol

‑
‑

4

BA
T=

ba
so

ph
il 

ac
ti

va
ti

on
 t

es
t,

 F
=

fe
m

al
e,

 H
=

se
ru

m
 h

is
ta

m
in

e,
 ID

T=
in

tr
ad

er
m

al
 t

es
t,

 M
=

m
al

e,
 R

O
C=

ro
cu

ro
ni

um
, S

PT
=

sk
in

‑p
ri

ck
 t

es
t,

 S
pO

2=
pe

ri
ph

er
al

 o
xy

ge
n 

sa
tu

ra
ti

on
, S

U
G

=
su

ga
m

m
ad

ex
, T

=
se

ru
m

 t
ry

pt
as

e.
 a C

as
es

 
w

it
hi

n 
ca

se
 s

er
ie

s 
w

er
e 

on
ly

 in
cl

ud
ed

 if
 t

he
y 

m
et

 t
he

 in
cl

us
io

n 
cr

it
er

ia
. b W

he
n 

th
e 

re
po

rt
 p

ro
vi

de
d 

do
se

 (
m

g)
 a

nd
 p

at
ie

nt
 w

ei
gh

t 
(k

g)
; t

he
 d

os
e 

is
 p

ro
vi

de
d 

as
 m

g/
kg

. c B
io

lo
gi

ca
l l

ab
or

at
or

y 
va

lu
es

 in
cl

ud
ed

 s
er

um
 t

ry
pt

as
e 

(T
) 

an
d 

se
ru

m
 h

is
ta

m
in

e 
(H

) 
re

po
rt

ed
 in

 n
an

og
ra

m
 p

er
 m

ill
ili

te
r 

(n
g/

m
L)

. d A
lle

rg
y 

te
st

s 
in

cl
ud

ed
 b

as
op

hi
l a

ct
iv

at
io

n 
te

st
 (

BA
T,

 s
ki

n‑
pr

ic
k 

te
st

s 
(S

PT
) 

an
d 

in
tr

ad
er

m
al

 t
es

t 
(I

D
T)

. e W
ei

gh
t 

of
 t

hi
s 

sp
ec

ifi
c 

pa
ti

en
t 

w
as

 n
ot

 p
ro

vi
de

d



Zecic, et al.: Sugammadex‑induced anaphylaxis

Journal of Anaesthesiology Clinical Pharmacology | Volume 38 | Issue 3 | July‑September 2022 367

anxiety.[25,28,29,32] The dose of sugammadex administered 
ranged from 0.7 to 4  mg/kg. Time to onset of symptoms 
reported in 23 cases ranged from 0 (immediate) to 8 min,[26] 
with 87%  (20/23) of the reported cases occurring within 
5 min.[22‑25,28‑32,34‑38,40]

The most common symptom reported was hypotension, which 
was present in 92% (23/25) of all cases,[22‑30,32‑38,40] followed 
by some form of erythema in 76% (19/25),[22,24‑31,33,34,37,39] 
decreased oxygen saturation in 44% (11/25),[23,25,29‑31,33,34,36,39,40] 
tachycardia in 40%  (10/25),[25‑28,32‑35,37,39,40] swelling/
edema in 28%  (7/25),[25‑27,32,35,36] and wheezing in 
28%  (7/25).[25,30,34,37,39,40] There were other signs of 
respiratory issues such as hypercapnia in two cases.[23,35] There 
were also two cases of bradycardia, which were associated 
with ST  depression and arrhythmia.[30,36] No patients died 
as a result of anaphylaxis.

Eighteen of the cases incorporated allergy testing. Seven cases 
used intradermal (IDT), five cases used skin‑prick (SPT), 
and four cases tested using IDT and SPT. Additionally, 
two cases conducted allergy testing using a BAT. All cases 
conducted tests to confirm sugammadex as the cause, while 
six cases also tested the sugammadex–rocuronium complex. 
Sugammadex was the causative agent in 83%  (15/18) of 
all positive allergy tests.[22,25,26,28,32‑35,39] Out of the six cases 
that tested for the complex, there were five instances where 
the sugammadex–rocuronium complex was determined as a 
causative agent.[24,26‑28,36] Of these five, three tested negative 
for sugammadex alone. There were no cases where rocuronium 
alone or other concomitant medications produced positive 
allergy results.

Only 48% (12/25) of all the cases included a 
diagnostic laborator y measurement that confirmed 
anaphylaxis.[22,24‑27,29,32,33,36,38] Ten cases did not measure or 
report any biological measurements.[23,31,34,35,37,39,40] Three 
cases reported normal laboratory values, although bloodwork 
was done 12 h post‑event for one of these cases.[28] Serum 
tryptase was the most common laboratory measurement 
used to confirm the diagnosis, accounting for 10 of the 12 
objectively confirmed anaphylactic reactions.[22,24,27,29,32,33,36,38] 
Elevated histamine levels were present for the remaining two 
cases.[25,26] Based on the Naranjo scores, the articles were 
determined as follows: 3 of the cases were possible adverse 
events, 19 were probable, and 3 were definite [Table 2].

Discussion

The aim of this study was to review and elucidate the 
association between sugammadex use and anaphylaxis in 

patients. Our review included randomized controlled trials, 
population‑based studies, and case reports and series.

While randomized controlled trials provide the strongest 
evidence to evaluate signal detection, the primary focus of 
the randomized controlled trials included in this review was 
on identifying hypersensitivity reactions in general and not 
primarily on anaphylaxis. Additionally, these randomized 
controlled trials only included young, healthy volunteers, 
who were not undergoing anesthesia, which does not reflect 
the real‑world application of sugammadex (e.g. non‑healthy 
patients undergoing surgery) and partially weakens the quality 
of evidence. There was also inconsistency in or complete lack 
of anaphylaxis diagnostic definition, which makes determining 
and comparing the anaphylaxis rate difficult. Min et al.[14] 
defined anaphylaxis using Sampson criteria, while Kam 
et  al.[15] used both Sampson and Brighton criteria, which 
were more inclusive leading to a higher incidence rate. Peeters 
et al.[16] did not report an established diagnostic criteria to 
identify and verify anaphylaxis occurrence.

While Min et  al.[14] reports on sugammadex‑induced 
anaphylaxis incidence (0.33%), the authors assumed there 
was no dose‑dependent relationship and therefore pooled all 
recipients of sugammadex (e.g. 4 and 16 mg/kg) in the incidence 
calculation. Kam et al.[15] did not report on the incidence of 
anaphylaxis, which could be due to concerns of biased 
reporting of hypersensitivity reactions. For the purposes of this 
review, the authors calculated the incidence of Kam et al.’s[15]

results using Min et  al.’s[14] dose assumptions and found 
the incidence of anaphylaxis to be 1.01% (3/298 patients). 
However, the interpretation of this value should be done with 
caution given the study limitations. Possible sources of bias and 
areas of concern in these randomized controlled trials  were 
noted using the Cochrane Risk of Bias tool for randomized 
trials (RoB 2) [Table 3].[42]

Two retrospective observational studies included in this review 
were both conducted in Japan and provided a more real‑world 
patient population.[19,20] While the studies were able to include 
over 29,000 and 15,000 sugammadex‑exposed patients in the 
multicenter and single‑center studies, respectively, there may 
be generalizability issues since the studies were conducted 
only in Japan. In the 5‑year multicenter study[19] and 3‑year 
single‑center study,[20] there was a 0.02 and 0.04% incidence 
of anaphylaxis induced by sugammadex, respectively. Orihara 
et al.[20] reported on various confirmatory tests beyond serum 
tryptase and skin tests (i.e. serum histamine and BAT). Since 
the exact mechanism of action by which sugammadex may 
induce anaphylaxis is not well understood, it is useful to test 
different immune mediator responses. The two studies did 
not appear to have an adjudication process for case inclusion, 
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and due to their retrospective design, may have missed certain 
cases of anaphylaxis leading to an underestimation in the true 
incidence of sugammadex‑induced anaphylaxis. There were 
inconsistencies in how the two studies diagnosed anaphylaxis 
which makes it difficult to compare them directly. In addition, 
the Miyazaki study did not perform allergy testing on most 
of its patients to verify sugammadex as the causative agent, 
introducing the unlikely possibility that alternative agents were 
responsible for the reaction. Possible sources of bias and areas 
of concern for these observational studies were noted using 
the Cochrane Risk of Bias in Non‑Randomized Studies – of 
Interventions (ROBINS‑I) tool [Table 4].[43]

There were different anaphylactic diagnostic criteria used 
for the randomized controlled trials and observational 
studies which make it difficult to compare the incidence 
rates across study types. Furthermore, the study population 
may not be comparable as both observational studies were 
conducted in Japan only, and the randomized controlled 
trials were conducted in young non‑anesthetized individuals. 
Therefore, it is difficult to compare the incidence rates 
across the randomized controlled trials and observational 
studies mentioned here. Case reports of anaphylaxis all had 
similar clinical manifestations, with the most common ones 
being hypotension, erythema, decreased oxygen saturation, 
tachycardia, swelling, and wheezing. All cases of anaphylaxis 
to sugammadex were confirmed via allergy tests (i.e., SPT, 
IDT, or BAT), and some also included laboratory values 
indicative of anaphylaxis (i.e., serum tryptase or histamine). 
These methods of confirming and diagnosing anaphylaxis 
match guideline recommendations,[44] assuring that the reports 
included in this review were true anaphylaxis cases. However, 
there was a lack of consistency in skin testing across the 
case reports. While the French Society for Anaesthesia 
and Intensive Care  (SFAR) and the French Society of 
Allergology  (SFA) guidelines recommend waiting until 

4–6 weeks after the anaphylactic event to perform tests, there 
were a few case reports that mentioned testing sooner, possibly 
leading to false negatives[27,38] There were also a few that tested 
3 or more months later, which may have also affected results 
according to skin testing recommendations.[22,39,45]

In addition to evaluating sugammadex as the causative 
agent, some studies also tested the sugammadex–rocuronium 
complex. As expected, sugammadex was the most common 
causative agent for a positive allergy test. However, there 
were instances where the complex also produced a positive 
allergy test result. All other anesthetic agents were ruled out. 
Since not all case reports tested the sugammadex‑rocuronium 
complex, it is difficult to determine whether sugammadex itself 
or the complex was the actual cause of anaphylaxis. There 
are theories that sugammadex binding to the rocuronium 
causes structural and chemical alterations that expose different 
functional groups with more allergenic potential.[27] Perhaps 
studies that incorporate alternative NMBAs like vecuronium 
can shed more light on the influence sugammadex has on 
anaphylaxis. Alternatively, allergy tests may need to start 
incorporating the sugammadex–rocuronium complex in their 
diagnoses in order to better differentiate what the causative 
agent really is.

Another theory to explain the role of sugammadex in the 
anaphylaxis reaction is the storage condition of sugammadex. 
In one of the case studies, light‑exposed sugammadex and its 
complex with rocuronium both produced a positive BAT result 
whereas light‑naïve sugammadex produced a negative result.[26] 
It may be possible that light exposure causes denaturation that 
exposes certain groups of sugammadex with allergenic potential. 
However, further studies are needed to support that theory.

This review included several limitations. As seen previously, 
there are intrinsic limitations to the quality of the studies 

Table 4: Cochrane risk of bias in non‑randomized studies of interventions (ROBINS‑I)

Domain 1: 
Confounding

Domain 2: 
Selection

Domain 3: 
Classification 
of intervention

Domain 4: 
Deviation 
from 
interventions

Domain 
5: Missing 
data

Domain 6: 
Measurement 
of outcomes

Domain 7: 
Selection 
of reported 
results

ROBINS‑I 
overall

Miyazaki et al., 2018[19] Serious Low Low No information Moderate Moderate Low Serious
Orihara et al., 2020[20] Moderate Low Low No information Moderate Low Low Moderate

Table 3: Cochrane Risk of Bias Tool for Randomized Trials (RoB 2)

Domain 1: 
Randomization 
process

Domain 2: Derivations 
from intended 
interventions

Domain 
3: Missing 
outcome data

Domain 4: 
Measurement 
of outcomes

Domain 5: 
Selection of the 
reported result

RoB 2 Overall

Min et al., 2018[14] Low Some concerns Low Some concerns Low Some concerns
De Kam et al., 2018[15] Low Some concerns Low Some concerns Low Some concerns
Peeters et al., 2010[16] Low Low Low Some concerns Low Some concerns
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that were included in this review, namely the retrospective 
observational studies and case reports. Additionally, there 
may have been a bias in our selection methods. Although we 
attempted to remove selection bias using multiple reviewers, the 
third reviewer’s decision had the most weight when adjudicating 
any discrepancies. However, given the multi‑stepped review 
process in selecting, reviewing, and verifying the articles, we 
are assured that the appropriate and relevant articles were 
included.

Conclusion

Based on the findings of this review, there appears to be a rare, 
but serious, association between sugammadex administration 
and anaphylaxis that warrants immediate medical attention. 
Clinical presentation is very similar in most case reports. 
However, the true incidence and cause of the anaphylaxis 
reaction  (i.e.  sugammadex vs. rocuronium–sugammadex 
complex) has yet to be elucidated. There is still a need for 
larger population‑based studies in multiple countries using 
standardized diagnostic criteria to more accurately determine 
the incidence of sugammadex‑induced anaphylaxis.
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