Anaphylactic Reactions to Native and Light-Exposed
Sugammadex Suggested by Basophil Activation Test:

A Report of 2 Cases
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We describe 2 patients who developed anaphylactic shock after sugammadex administration
during anesthesia. Both had no history of prior sugammadex administration. The serum tryptase
concentrations were elevated after the allergic reaction. Basophil activation testing 1 month
after the events was positive for sugammadex in 1 patient, and negative in the other. However,
it was positive for light-exposed sugammadex solution in both patients, suggesting a possible
allergic reaction to a denatured compound of sugammadex generated by light exposure of the

sugammadex solution.

molecular structure contains 8 side chains on the main

sugar ring. A number of SGX-induced allergic reac-
tions have been reported.! The fact that all reported patients
reacted on their first exposure to SGX suggests a cross-reac-
tion between SGX and y-cyclodextrin as the primary cause
of SGX allergy.? y-Cyclodextrins present in common daily
necessities, such as cosmetics, pharmaceuticals, and food
additives, are presumed to cause sensitization. We present
2 patients with anaphylactic reaction after SGX administra-
tion, one of whom demonstrated a positive basophil activa-
tion test (BAT) to a denatured compound derived from SGX
after light exposure. The patients provided written permis-
sion for publication of the reports.

Sugammadex (SGX) is a modified cyclodextrin, and its

CASE DESCRIPTION

Patient 1

A 65-year-old man underwent a levator muscle shortening
surgery for ptosis. He had hypertension, diabetes melli-
tus, dyslipidemia, and gout, with no history of allergy and
surgery. General anesthesia was induced with propofol,
fentanyl, and rocuronium bromide (ROC) and maintained
with sevoflurane and remifentanil after tracheal intubation.
Piperacillin was administered before skin incision. After 3
uneventful hours of surgery, the anesthetics were discon-
tinued, and 100mg (1.2mg/kg) of SGX was administered.
Three minutes later, the patient was conscious and breath-
ing regularly, and the trachea was extubated. Five minutes
after extubation, the patient suddenly became unconscious,
cyanotic, and severely hypotensive (systolic blood pressure,
<50 mm Hg). Reintubation was immediately performed
without the administration of any drug, and vasopressors
(36 mg of ephedrine, 0.5mg of phenylephrine, and 0.37mg
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of norepinephrine) were administered. Marked edema
and erythema were observed on the face, lips, tongue, and
trunk. The peak inspiratory pressure increased to 50cm
H,0. Chlorphenamine and methylprednisolone were
administered. Transesophageal echocardiography and
bronchoscopy after resuscitation excluded cardiovascular
and airway abnormalities. Several hours later, the patient’s
hemodynamics stabilized and the edema resolved. Serum
tryptase activity and the plasma histamine concentration
were markedly increased at 3 hours after the event (Table 1).
The patient was discharged on the fourth postoperative day
without any complications.

One month after the event, SGX, ROC, and an SGX-ROC
complex were investigated using the lymphocyte trans-
formation test (LTT) and BAT in accordance with previ-
ous reports.*® Considering the instability of SGX on light
exposure, we exposed an additional SGX preparation to
light. The SGX concentration was adjusted to 8mg/1.9mL
with Roswell Park Memorial Institute medium. Then, the
solution was spread out over a Petri dish and exposed to a
standard hot cathode fluorescence lamp for 2 hours at room
temperature. The light source and the temperature followed
recommendations for the photostability test for new drugs.
The light intensity was approximately 1000 lux, which cor-
responds to the average brightness in the operation room.
ROC was mixed with native SGX or light-exposed SGX at
a ratio of 1:4 on the basis of weight. All preparations tested
negative in the LTT. Light-exposed SGX showed positive
findings in BAT, while native SGX showed negative find-
ings (Table 2).

Patient 2

A 29-year-old woman underwent brain tumor resection.
With the exception of diplopia and a facial nerve disorder
related to the tumor, she was healthy and had no history
of allergy and surgery. After propofol induction and endo-
tracheal intubation facilitated by ROC, general anesthesia
was maintained with continuous intravenous infusions
of propofol and remifentanil. Induction of anesthesia and
patient positioning were uneventful. ROC was reversed
with 100mg (2.4mg/kg) of SGX at 45 minutes after induc-
tion for the purpose of monitoring motor-evoked poten-
tial. Within 5 minutes after SGX administration, severe
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Table 1. Blood Mediator Concentration After

Allergic Reaction

Patient 1 Patient 2
Interval between onset of 3h 24 h 2h 24 h
symptoms and blood
sampling
Serum tryptase (pg/L) 82.6 5.9 4.8 Below the
measurement
limit
Plasma histamine 1.27 0.86 3.44 0.68
(ng/mL)
Patient 1 Patient 2
LTT BAT LTT BAT
SGX Negative Negative Negative Positive
(37.9%)
ROC Negative Negative Negative Negative
SGX + ROC Negative Negative N/P N/P
ex-SGX Negative Positive (17.6%) Negative Positive
(33.2%)
ex-SGX + ROC Negative Positive (4.5%) N/P N/P

A value in parentheses shows proportion of reactive basophils. Samples
were regarded as positive when >4% in BAT.

Abbreviations: BAT, basophil activation test; ex-SGX, light-exposed
sugammadex; LTT, lymphocyte transformation test; N/P; not performed;
ROC, rocuronium bromide; SGX, sugammadex.

hypotension (systolic blood pressure, 35 mm Hg), tachycar-
dia (120 beats/min), and generalized erythema developed.
Cyanosis and bronchospasm were not noticeable. Fluids,
20mg of ephedrine, 1.2mg of phenylephrine, and 0.04 mg of
adrenaline were immediately administered intravenously,
followed by the administration of dexamethasone, famoti-
dine, and chlorphenamine. Hemodynamic instability and
erythema completely resolved within 30 minutes. After a
1-hour observation period, surgery was initiated. Surgery,
emergence from anesthesia, and tracheal extubation were
uneventful.

Serum tryptase activity and plasma histamine concentra-
tion in a blood sample obtained 2 hours after the event were
markedly elevated (Table 1). Similar to patient 1, allergy
tests for SGX, ROC, light-exposed SGX, and propofol were
performed 1 month later. All preparations tested negative in
LTT. Native and light-exposed SGX showed positive find-
ings in BAT, whereas ROC and propofol showed negative
findings (Table 2). The combination of SGX and ROC was
not examined because of an insufficient blood sample.

DISCUSSION

Anaphylaxis caused by SGX is a critical adverse event in
the perioperative period. Timely resuscitation and accu-
rate diagnosis are essential. Table 3 summarizes recent case
reports. In 5 of the 10 patients reported, the tryptase assay
was positive, indicating mastocyte and basophil activation.
SGX is a modified y-cyclodextrin with 8 carboxyl thioether
side chains attached at the sixth carbon position of the cyclic
dextrose units.® The SGX prescribing information states
that the vial should be protected from light, because light
exposure accelerates the deletion of side extensions from
cyclodextrin, resulting in increased contamination of other
compounds. Vials that are not protected from light should
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be used within 5 days. The detached side chain is consid-
ered to be too minimal to develop antigenicity. On the other
hand, once SGX has lost some of its side chains, its structure
resembles that of y-cyclodextrin. It is conceivable that some
patients show positive allergic reactions to y-cyclodextrin
and no reaction to native SGX. It was reported that a patient
exhibited positive intradermal test reactions to SGX and
v-cyclodextrin, but not to a- and B-cyclodextrin, after an
anaphylaxis following SGX administration.” In 3 normal
individuals, an intradermal test for y-cyclodextrin was
negative. The authors speculated that patients may become
sensitized to cyclodextrins contained in foods and other
products used in daily life.

In patient 1, BAT was positive for light-exposed SGX,
and negative for native SGX. These findings suggest that
exposure of SGX to light produces a substance similar to
y-cyclodextrin, which might have been the source antigen
triggering the anaphylactic reaction. The patient might have
possessed immunoglobulin E (IgE) which only reacted to a
v-cyclodextrin-like substance generated by light exposure
of SGX, but not to native SGX. The findings for patient 2
suggested that the patient possessed IgE against SGX,
although they do not indicate whether the patient had IgE
against another compound derived after light exposure. In
any case, the compound that resembles y-cyclodextrin and
triggers a reaction remains unclear. The commercially avail-
able SGX vial may already contain up to 7mg/mL mono-
OH derivative of SGX.® With regard to light exposure, in
our case, SGX was protected from light during storage in
a dedicated black plastic bag, and it was administered 2
hours after preparation in a syringe. The denaturation of
SGX could have been the result of a combination of light
exposure outside the vial and dilution with different pH
solutions.

Two publications reported allergic reactions to an SGX-
ROC complex, but not to SGX or ROC alone.?? The authors
suggested that molecular conformational changes after
encapsulation may modify drug antigenicity. In patient 1,
BAT was negative for the SGX-ROC combination, imply-
ing no relationship between the SGX-ROC complex and an
allergic reaction. In patient 2, an SGX-ROC complex was
not tested.

Skin testing is routinely used for the diagnosis of aller-
gic reactions. Unfortunately, both patients refused such
tests. BAT is increasingly used as an alternative method.
Although a standard protocol for BAT is not completely
established!? to date, several studies have shown a sensitiv-
ity of 54%-92% and a specificity of 93%—-100% for the hyper-
sensitivity testing against neuromuscular blocking drugs
compared to skin testing."" The use of CD203c as a basophil
activation marker and SGX concentrations of 0.1-100 pg/
mL have been reported previously.® We also used CD203c.
The SGX concentration of 0.8-12.8 ng/mL was within the
previously reported range and identical to the blood con-
centrations calculated on the basis of its distribution vol-
ume. Despite the absence of skin testing results, the high
specificity and low false-positive rate of BAT tend to sup-
port our diagnosis. Furthermore, multiple positive results
with different reagents corroborate our interpretation that
solutions of light-exposed SGX with or without ROC will
contain some amounts of denatured and native SGX.
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Table 3. Reported Anaphylactic Reactions After 2015 With Confirmed Sugammadex or Related Compound
as Allergen

Reference Country Age Sex Weight Dose Previous Laboratory Test Antigen Conformation
(y) (kg) (mg) Exposure for Anaphylaxis
ROC SGX ROC SGX Positive Agent Method
Takazawa et al®°  Japan 13 M 40 30 80 N/R Not done SGX Skin prick
BAT
Yamada et al*? Japan 19 F 50 N/R  N/R Not done SGX Intradermal
ROC
Nakanishi et al®  Japan 60 [F 50 N/R 200 N/R - N/R SGX Skin prick
Yoo et al** Korea &5 M 109 90 200 - - Not done SGX Skin prick
Hotta et al” Japan 65 F N/R N/R 200 N/R - N/R SGX Intradermal
y-cyclodextrin
Ho et al® Australia 50 M 95 N/R 200 Tryptase(+) SGX-ROC complex Intradermal
Yamaoka et al° Japan 36 [F 65 70 200 Histamine(-) SGX-ROC complex  Skin prick
Tryptase(+)
Ue et al'® United Kingdom 50 M N/R N/R 200 N/R - Tryptase(+) SGX Skin prick
Intradermal
62 M N/R N/R 400 N/R - Tryptase(+) SGX Skin prick
Intradermal
63 M N/R N/R 100 N/R - Tryptase(+) SGX Intradermal

Abbreviations: BAT, basophil activation test; F, female; M, male; N/R, not reported; ROC, rocuronium bromide; SGX, sugammadex.

To our knowledge, this is the first report examining dena-
tured SGX as a potential trigger of anaphylaxis. Although
we are unable to define the exact role of light-exposed SGX,
our findings suggest that an allergic reaction to SGX is not
necessarily triggered by a single compound, and that a role
of light exposure of SGX should be considered in allergen
identification after an SGX-associated allergic reaction.
Native SGX, denatured SGX, and a SGX-ROC complex
seem to act as potential triggers. A multitude of triggering
substances can be expected to be associated with a relatively
high prevalence of allergic reactions to SGX and false-nega-
tive results when testing is restricted to native SGX. E&
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