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induced by formation of a

sugammadex-rocuronium complex
-a case report-

Gunn Hee Kim', Won Seop Choi', Ji Eun Kim', Mi Jung Yun',
Min Seok Koo', Miyoung Kwon', and Hyungseok Seo

Department of Anesthesiology and Pain Medicine, 'National Medical Center, °Kyung Hee University Hospital at
Gangdong, Kyung Hee University College of Medicine, Seoul, Korea

Background: Sugammadex is a reversal agent for non-depolarizing neuromuscular blockers and widely used worldwide

on account of its rapid and effective reversal from neuromuscular blockade, despite its advantages, multiple cases of

sugammadex-induced anaphylactic shock have been reported.

Case: A 42-year-old man developed anaphylactic shock in the postanesthesia care unit. Initially, sugammadex was sus-
pected as the causative agent, but an intradermal skin test revealed negative results. A further skin test was performed
with sugammadex-rocuronium complex that yielded positive results.

Conclusions: Anesthesiologists and healthcare providers should be aware of the possibility of anaphylaxis from the
sugammadex-rocuronium complex, as well as from sugammadex or rocuronium alone.
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Sugammadex is the first non-competitive and selective rever-
sal agent for an aminosteroid non-depolarizing neuromuscular
blocker. Despite its rapid and effective reversal from neuromus-
cular blockade, sugammadex was prohibited by the US Food
and Drug Administration due to concerns of life-threatening hy-
persensitivity reactions until late 2015. Multiple cases of sugam-

madex-induced anaphylactic shock have been reported [1].
Furthermore, although the sugammadex-rocuronium complex
has been regarded as biologically inactive, it may cause clinical
anaphylaxis. Herein, we report a case of anaphylactic shock after
sugammadex administration during emergence from anesthesia
that was induced by the sugammadex-rocuronium complex,
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Shock after sugammadex administration

rather than by sugammadex alone.

Case Report

A 42-year-old man (weight: 78 kg, height: 175 cm) under-
went an elective functional endoscopic sinus surgery and revi-
sion of septoplasty under general anesthesia. He had well-con-
trolled diabetes mellitus and reported no allergies except to cat
hair. He had undergone general anesthesia 10 years prior, but it
was uneventful. Preoperative laboratory findings, chest radiog-
raphy, electrocardiography, and pulmonary function tests were
normal. The patient received 1.5 mg/kg of propofol for anesthe-
sia induction and 0.5 mg/kg of rocuronium bromide to facilitate
tracheal intubation. Anesthesia was maintained with 1.5-2.0
vol% sevoflurane and target-controlled infusion of remifentanil.
During the surgery, the patient was breathing over the ventilator
due to surgical stimulation, additional 0.13 mg/kg of rocuroni-
um was administered. One pg/kg of palonosetron and 0.4 mg/
kg of ketorolac were administered intravenously 10 minutes
before the surgery finished. The surgery ended in 55 minutes
and 2.5 mg/kg of sugammadex was administered to reverse the
neuromuscular blockade. The interval time between adminis-
tration of rocuronium and sugammadex was 50 minutes. Five
minutes after sugammadex administration, we confirmed that
the patient could lift his head and sustain hand grasp over 5
seconds with adequate spontaneous breathing over 6 L/min, so
we decided to extubate a tracheal tube. Last blood pressure was
86/48 mmHg and heart rate was 123 beats/min. Then he was
transferred to the postanesthesia care unit (PACU). However, on
arrival at the PACU, the patient exhibited redness in the anterior
chest, swollen eyes, facial edema, and wheezing sounds in both
lungs. Additionally, he complained of anxiety with dyspnea and
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dizziness. His blood pressure checked right after arriving PACU
was 31/19 mmHg and heart rate was 130 beats/min. Under
suspicion of an anaphylactic reaction, the patient was treated
with rapid intravenous crystalloid and colloid fluid-loading
and intravenous phenylephrine (1.3 pg/kg bolus, 500 pg cumu-
lative dose). His blood pressure remained 56/44 mmHg; thus,
we used intravenous epinephrine (0.25 pg/kg bolus, 140 pg
cumulative dose), 60 pg/kg of dexamethasone, and 50 pg/kg of
chlorpheniramine. Immediate laboratory tests showed that his
blood glucose level was 186 mg/dl; arterial blood-gas analysis
revealed PaO, of 81 mmHg and PaCO, of 40.9 mmHg. After 80
minutes of treatment in the PACU, his blood pressure recovered
to 114/76 mmHg. Bilateral wheezing sounds and facial edema
gradually improved; he was then transferred to the general ward
(Fig. 1). Laboratory tests two hours after the event showed that
serum tryptase and total IgE levels were significantly increased
(46.9 ng/ml and 1632 IU/ml; normal ranges < 11.5 ng/ml and
0-100 IU/ml, respectively). On the basis of clinical presentation
and laboratory tests, we diagnosed anaphylactic shock due to an
agent used during the surgery. To identify the causative agent,
intradermal skin tests were performed four days later with all
agents that had been used during the surgery: rocuronium,
propofol, palonosetron, ketorolac, and sugammadex. Howev-
er, all agents showed negative results (Fig. 2). The patient was
discharged without any complications. One month later, he vis-
ited the Department of Allergy Medicine; the allergist strongly
suggested that the anaphylactic shock after the surgery might
have been triggered by sugammadex administration. Howev-
er, sugammadex was not a causative agent of the anaphylactic
shock, according to the previous intradermal skin test results.
Thus, we suspected that the sugammadex-rocuronium complex
might have led the patient to experience anaphylactic shock;
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epinephrine, P: administration of 50 ug/
kg of intravenous chlorpheniramine, W:
transfer to general ward).

Online access in http://ekja.org



KOREAN J ANESTHESIOL

Kim et al.

Fig. 2. Results of intradermal skin tests on volar area of forearm. Two photos on the left side show negative results of tests performed with agents
used during anesthesia, four days after the event. All agents were diluted at a 1 : 1000 ratio. Sugammadex alone was tested in both 1: 1000 and 1 : 100
solutions (Number 1: propofol; number 2: sugammadex; number 2 with red color: 1 : 100 diluted solution of sugammadex; number 3: palonosetron;
number 4: rocuronium; number 5: ketorolac; number 6: saline for negative control). Two photos on the right side show results of tests with
sugammadex-rocuronium complex, one month after the event. 1 : 100 diluted solution shown at the bottom/center (8-mm wheal size, 32 x 30-mm
flare size), 1 : 1000 diluted solution shown at the right upper-center (7-mm wheal size, 28 x 26-mm flare size), and saline for negative control shown

at the left.

we prepared intradermal tests with a sugammadex (100 mg/
ml) and rocuronium (10 mg/ml) mixture at a 1 : 1 volume ratio
to make complexes of sugammadex-encapsulated rocuronium.
The patient underwent intradermal skin tests with 1 : 1000 and
1 : 100 diluted solutions of the sugammadex-rocuronium mix-
ture. He showed a positive reaction to both test solutions: 8-mm
wheal and 32 x 30-mm flare to the 1 : 100 solution; 7-mm wheal
and 28 x 26-mm flare size to the 1 : 1000 solution (Fig. 2). We
concluded that the sugammadex-rocuronium complex was the
causative agent of anaphylaxis for this patient. Authors took an
informed consent from the patient.

Discussion

The reported incidence of sugammadex-induced anaphylaxis
has varied from 1/3,000 to 1/20,000 [2,3]. However, most reports
regarding sugammadex-induced anaphylaxis have indicated
that sugammadex was the causative agent; there have been few
reports of anaphylaxis induced by the sugammadex-rocuronium
complex [4,5]. To our knowledge, this is the first case report
of sugammadex-rocuronium complex-induced anaphylaxis in
South Korea.

Regardless of its causative agent, when anaphylaxis occurs,
prompt acknowledgement and management by an anesthesi-
ologist is essential. A patient experiencing anaphylactic shock
should be treated with rapid and specific management, includ-
ing intravenous fluid replacement and the use of cardiovascular
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drugs. The drug of choice for anaphylactic shock is intravenous
epinephrine [6]. In the present case, phenylephrine was initially
administered, before the usage of epinephrine. Although phen-
ylephrine or ephedrine can be used in cases of anaphylactic
shock [7], it was ineffective at an early point in the present case.
Thus, we administered intravenous epinephrine and the patient
recovered from anaphylactic shock.

According to the 2012 World Allergy Organization criteria
for anaphylaxis, a diagnosis of anaphylactic shock should be
made on the basis of a patient’s clinical presentation [6]. Labora-
tory tests, including elevated serum tryptase and serum IgE lev-
els, are also useful in diagnosis [2]. To determine the causative
agent of drug hypersensitivity, the intradermal skin test (or skin
prick test) is the gold standard, but it poorly reflects procedures
and test concentrations for most drugs [8]. Concerning the op-
timal drug dilution ratio, a solution of 1 : 100 (or more dilute)
sugammadex is acceptable for performing skin tests to avoid a
false-positive reaction [9]. To make a sugammadex-rocuronium
mixture for use in a skin test, there is insufficient information
regarding the appropriate volumetric ratio to mix the two agents
in order to properly form the sugammadex-rocuronium com-
plex. Sadleir et al. [9] and Ho et al. [4] have reported the use of
sugammadex and rocuronium at a 1 : 10 volume ratio, whereas
Nakanishi et al. [10] and Yamaoka et al. [5] used a 1 : 1 volume
ratio. In the present case, we used a solution with a 1 : 1 volume
ratio of sugammadex and rocuronium. Although the solution
with a 1 : 1 volume ratio may include more free sugammadex
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molecules than the solution with a 1 : 10 volume ratio, we sus-
pected that these molecules would exhibit a minimal effect
because of the previous negative skin test reaction to sugamma-
dex alone. The ideal interval between the onset of anaphylaxis
and performing the hypersensitivity skin test is controversial.
However, it is unknown whether reactivity to the test might be
increased or decreased when the test is performed within a few
days after the onset of anaphylaxis. Thus, the test is recommend-
ed after a minimum of three weeks and no more than three
months after anaphylaxis [8]. However, in the present case, the
intradermal skin test was performed four days after anaphylaxis
because the patient requested a confirmatory test before he was
discharged from the hospital.

Quantitative neuromuscular monitoring is essential for all
patients receiving neuromuscular blocking agents, and there is
a guideline for the dosage of sugammadex under train-of-four
(TOF) monitoring, to achieve sufficient reversal of neuromus-
cular functions [11]. However, in the present case, we could not
use the neuromuscular monitor due to a shortage of monitoring
devices and rapid surgical turnover intervals; thus, we assessed
neuromuscular reversal with clinical signs. In the present case,
at the time of sugammadex administration, the patient was able
to breathe on his own, at a rate of > 5 L/min; we assumed that
the patient’s TOF count was approximately 2 to 4, based on the
time of the last dose of rocuronium, as well as his clinical signs.
Under the guideline described above, we administered 2.5 mg/
kg of sugammadex to the patient.

Because the clinical features of the present case were very
similar to anaphylaxis induced by sugammadex alone [12] and
the onset occurred immediately after sugammadex administra-
tion, we suspected that the causative agent might be sugamma-
dex. Thus, we initially regarded the negative result in the post-
operative intradermal test of sugammadex as a false-negative
finding. Later, we were reminded that sugammadex encapsulates
rocuronium at a 1 : 1 molecular ratio, thus inactivating the neu-
romuscular blockade; we investigated whether this sugamma-
dex-rocuronium complex might act as a separate antigen for
the patient. We ultimately concluded that the complex was the
causative agent for anaphylactic shock in this patient.

Sugammadex is a y-cyclodextrin derivative; thus, it is shaped
like a truncated cone with a hydrophobic cavity. The cavity of
sugammadex encapsulates the steroid backbone of rocuronium
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with very high affinity, thereby forming the sugammadex-rocu-
ronium complex. The properties of the sugammadex-rocuroni-
um complex are not yet well-established; however, changes have
been reported in drug solubility, delivery, distribution, or stabil-
ity as a result of the formation of the complex. These suggest po-
tential structural and chemical alterations to both rocuronium
and sugammadex. Notably, such changes may create sugamma-
dex-rocuronium compound antigens and cause allergic reac-
tions, although such reactions may not occur in the presence of
sugammadex or rocuronium alone [13]. Although there have
been few reports of sugammadex-rocuronium complex-induced
anaphylaxis [4,5] and exact mechanisms of hypersensitivity
reactions are not fully known, anesthesiologists and healthcare
providers should be aware of the possibility of anaphylaxis from
the sugammadex-rocuronium complex, as well as from sugam-

madex or rocuronium alone.
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