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Summary

Sugammadex is a drug used to reverse neuromuscular blockade induced by rocuronium or vecuronium. It has not
yet been approved by the Food and Drug Administration in the USA due to concerns regarding hypersensitivity.
The objective of this review was to identify similarities in the presentation of hypersensitivity reactions to sugamma-
dex. A comprehensive search was performed in PubMed, Scopus and Web of Science for cases reporting hypersensi-
tivity reactions to sugammadex. In addition, we contacted regulatory agencies and the company marketing the drug
for unpublished reports. Reports were included if they were in English, primary investigations, lacked an alternative
probable explanation for the reaction and included a comprehensive description of the hypersensitivity. We identified
15 cases of hypersensitivity following sugammadex administration. All cases that reported exact timing (14/15)
occurred in 4 min or less. Most of the patients (11/15; 73%) met World Anaphylaxis Organization criteria for
anaphylaxis. Awareness must be raised for the possibility of drug-induced hypersensitivity during the critical 5-min
period immediately following sugammadex administration.
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Introduction
Sugammadex is a gamma-cyclodextrin [1] used as the
first selective neuromuscular blocking drug binding
agent [2]. By encapsul-ating aminosteroids [3] such as
rocuronium and vecuronium, it reverses the induced
anaesthetic neuromuscular block in a mean time of
< 2 min. It has rapid renal clearance [4], and the dosage
is independent of age and fat distribution [5], and
dependent only on patient weight and the depth of neu-
romuscular block [6].

It is a safe [7, 8], effective and important drug [9]
that eliminates the need to use the combination of ace-
tylcholinesterase inhibitors with antimuscarinic agents
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[4]. It has been approved for use in over 70 countries
[10]. However, the USA’s Food and Drug Administra-
tion (FDA) has not yet approved sugammadex owing
to concerns about its safety profile, especially the per-
ceived risk of drug-induced, potentially life-threatening,
hypersensitivity reactions. Our objective was to gather
both published and unpublished cases, and to identify
similarities in the presentation of hypersensitivity reac-
tions associated with sugammadex administration.

Methods

PubMed, Scopus and Web of Science were searched for
‘sugammadex AND (anaphylaxis OR hypersensitivity)’
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in March 2014. No filters were applied, to find any
available literature on the topic regardless of the year of
publication, type of publication or journal. Further-
more, this search strategy returned electronic publica-
tions ahead of print, which could be important as
sugammadex has only been recently introduced in most
countries. In addition, we contacted Merck Sharp &
Dohme, which markets sugammadex, the FDA and the
UK Medicines and Healthcare products Regulatory
Agency (MHRA), to seek unpublished reports.

Both authors independently screened the titles and
abstracts, if available, of all results from the search.
Full manuscripts of relevant reports were retrieved.
The same reviewers independently assessed the full
manuscripts using a set of eligibility criteria: (1) the
study was written in English; (2) the study was a pri-
mary investigation/report (e.g. case report, surveillance
study or a controlled trial); (3) the study did not
include an alternative probable explanation for the
reaction; and (4) the study included a comprehensive
description of the dose of sugammadex given,
the hypersensitivity reaction, the time to reaction and
the treatment given. Any disagreement between the
reviewers was discussed and resolved by consensus
after a secondary review of the original article. A figure
describing the selection process has been drawn
according to the PRISMA statement [11].

The references of relevant articles were manually
additional studies.  If
appropriate by title, the authors applied the same

searched  for suitable
screening process using the eligibility criteria outlined
earlier.

One review author (AT) extracted data from each
case using a pre-structured table. The extracted infor-
mation included, but was not limited to, type of publi-
cation, country, year of publication, age, weight, sex,
history of allergies, history of exposure to sugamma-
dex, surgical procedure for which anaesthesia was
needed, induction medications, type and dosage of
neuromuscular blocking drugs, maintenance drugs,
dosage of sugammadex given, description of the hyper-
sensitivity reaction, time to reaction, treatment given
for the reaction, and results of a skin prick test or an
intradermal test. We attempted to contact authors to
complete missing data. We then performed a fre-
quency analysis of relevant data.

Confirmation of the diagnosis using a skin prick
test or an intradermal test were classified as positive,
negative or not done [12]. Dosage of sugammadex was
calculated where possible to match milligrams per kilo-
gram using the given weight of the patient and the
total dosage of sugammadex administered. We defined
anaphylaxis according to the World Allergy Organiza-
tion (WAO) criteria [13].

Results

Figure 1 demonstrates the review process. The data-
base search of sugammadex yielded a total of 157
results. We were able to identify 26 records from
other sources. After removal of duplicates, the remain-
ing 99 records were screened independently. Title/
abstract screening excluded 74 articles, many relating
to the possible use of sugammadex as a treatment in
cases of rocuronium anaphylaxis. Out of the 25
records, 14 failed to meet the inclusion criteria. Four
were in Japanese [14-17]; three were not primary
investigations [18-20]; in the six from the MHRA,
sufficient detail of the hypersensitivity reaction could
not be disclosed owing to concerns over patient confi-
dentiality; and one included a probable alternative
explanation for the reaction [21]. We identified a total
of 11 studies to be included in the qualitative analysis,
including: two case series of three patients each [22,
23]; six case reports [24-29]; an abstract [30]; and
two clinical trials [7, 31]. Table 1 summarises all the
included patients.

Table 2 summarises the key signs and symptoms
associated with sugammadex hypersensitivity as found
in the systematic review. The most frequently shared
signs and symptoms were rash, hypotension and
tachycardia in decreasing order of incidence. The
WAO anaphylaxis criteria were met in more cases
than any single sign or symptom besides rash.
Importantly, all of the individuals recovered eventu-
ally. Out of 15 reports, 14 included an accurate time
to the onset of reaction. The mean time was 1.9 min
(I min and 52 s), with the earliest during administra-
tion and the latest 4 min after receiving a dose of
sugammadex. Of the 15 patients, only 11 underwent
skin prick testing and/or intradermal testing (two
patients refused: in one case the physician advised
against testing; and in another case the reason
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Records identified through database

Web of Science: 32

searching Recqrds identified through other sources:
PubMed: 40 FOA : 0
Scopus: 85 MHRA': 6

MSD+: 20

99 records after
duplicates removed

74 records excluded

by title/abstract

25 records assessed for eligibility:
* Written in English
* Is a primary investigation

* Lacked an alternative probable explanation for the reaction
* Included a comprehensive description of the hypersensitivity

14 records excluded after application of the eligibility
criteria:

* 3 articles in Japanese

* 3 articles not primary investigations
* 1 article included an alternative probable

* 7 reports lacked sufficient description

explanation for the reaction

synthesis

11 records included
in final qualitative

review

15 cases overall
included in the

Figure 1 PRISMA flow diagram. *FDA, Food and Drug Administration; 'MHRA, Medicines and Healthcare prod-

ucts Regulatory Agency; *MSD, Merck Sharp & Dohme.

remains unknown). Out of these 11, 10 had a posi-
tive confirmatory result.

There were two notable findings. First, in two of
the cases, intradermal testing was performed using a
mixture of sugammadex and rocuronium, which pro-
duced an attenuated reaction. Second, in 12 cases, it
was explicitly reported that the patients had no previ-
ous exposure to sugammadex. In the remaining three
cases, there were no data regarding previous exposure.

Discussion

As far as we know, this is the first systematic review
of the
hypersensitivity. It includes all of the available pub-

literature regarding sugammadex-induced
lished literature, literature pending publication and
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unpublished reports written in English. Two reviewers
independently screened, assessed and selected the
reports that were included in the final qualitative
analysis.

Our review identified a few important findings.
Out of 11 patients who underwent confirmatory skin
prick testing, 10 were proven to develop sugammadex-
induced hypersensitivity. This seems to justify the con-
cerns of the FDA regarding hypersensitivity. However,
all of the individuals included in our review survived.
The individual with the negative skin prick test also
presented with a different set of symptoms. It was
suspected that the individual did not suffer from
sugammadex-induced hypersensitivity, yet no alterna-
tive probable explanation was suggested.
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Table 2 Signs and symptoms in hypersensitivity asso-
ciated with sugammadex administration. Values are
number (proportion).

Symptom/sign Cases/total

Rash 12/15 (80%)
WAO anaphylaxis 11/15 (73%)
Positive SPT/IDT 10/11 (91%)
Hypotension 9/15 (60%)
Tachycardia 8/15 (53%)
Decreased S,0, 7/15 (47 %)
Oedema 5/15 (33%)
Abnormal respiratory sounds 5/15 (33%)

WAO, World Allergy Organization; SPT, skin prick testing;
IDT, intradermal testing.

Based on the consistencies in reaction time between
the cases, we conclude that most, if not all, hypersensi-
tivity reactions occur within 5 min of sugammadex
administration. The immediacy and sequence of reac-
tions, as well as the confirmation of the diagnosis using
skin prick testing or intradermal testing, make it highly
likely that they were associated with administration of
sugammadex. Therefore, we suggest vigilance by the
anaesthesia staff during this critical time period, as
hypersensitivity reactions can be life threatening — espe-
cially in the presence of rash, WAO anaphylaxis criteria,
hypotension, tachycardia or decreased S,0, as found in
80%, 73%, 60%, 53% and 47% of our cases, respectively.
This implies that the WAO anaphylaxis criteria may be
a better diagnostic tool than individual signs and symp-
toms excluding rash.

It remains unknown why some of the patients
with first exposure to sugammadex developed a hyper-
sensitivity reaction. One possible explanation is that
those individuals were sensitised by cyclodextrins
found in foods. It has been estimated that the average
person consumes approximately 4 g of gamma-cyclo-
dextrins per day [32].

Our review has several limitations. First, as in any
systematic review of predominantly case reports, we
are limited in our ability to draw quantitative conclu-
sions. This is due to insufficient assessment of valid-
ity, publication bias and selective reporting in case
reports. We tried to mitigate this limitation by being
conservative when drawing conclusions. Because of
the extremely small number of cases reported in the
English literature, it is not possible to base the review

on clinical trials only. Second, there are limited
descriptive data about the patients included in the
studies. For example, five patients were lacking
anthropometric or age data, four individuals did not
undergo skin prick testing and two cases lacked infor-
mation regarding history of allergies. Additional data
regarding co-morbidities and medical history are
incomplete. Third, two reports including several addi-
tional cases were in Japanese, as well as a series of 10
case reports presented in the 31st Annual Meeting of
the Japanese Society for Clinical Anesthesia [25].

In conclusion, sugammadex has been shown to be
a safe [7, 8], effective [4] and an important drug [9]
that can be used for the rapid reversal of neuromuscu-
lar blockade. However, awareness must be raised about
the possibility of drug-induced hypersensitivity during
the critical 5-min period immediately following admin-
istration, which, with prompt treatment, should be eas-
ier to manage and have a better prognosis than with
delayed treatment.
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