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Abstract

Although anaphylaxis during anaesthesia is a rare event, neuromuscular blocking drugs are

responsible for 62% of anaesthesia-related anaphylaxis. However, sugammadex, a modified

gamma-cyclodextrin, can encapsulate rocuronium molecules and cause the rapid reversal of

the neuromuscular blockade. A 68-year-old man who presented for a radical prostatectomy

was induced with IV fentanyl/propofol/rocuronium. He had not received rocuronium previously

but had received cisatracurium. Shortly after anaesthesia, the patient’s heart rate abruptly

increased, and systolic blood pressure (SBP) dropped to 40mmHg. Despite cardiopulmonary

resuscitation and intensive management, his haemodynamic stability did not improve until he

received IV sugammadex, 200mg. Intradermal skin tests showed he was positive for cisatracu-

rium, rocuronium and succinylcholine. The patient was suspected to have cross-reactivity of

rocuronium with cisatracurium. This case highlights the potential benefit of sugammadex as an

adjunct to conventional measures during rocuronium-induced anaphylaxis.
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Introduction

Anaphylaxis during anaesthesia is a rare
event that has been estimated to occur in
1 in 10,000–20,000 cases.1 Importantly,
neuromuscular blocking drugs (NMBDs)
are responsible for 62% of anaesthesia-
related anaphylaxis cases.2 In a recent
study, the incidence of intraoperative ana-
phylaxis was 1:2499 for rocuronium and
1:2080 for succinylcholine whereas for atra-
curium it was 1:22,451.3

Anaphylaxis is associated with increased
perioperative morbidity and accounts for
nearly 1500 deaths every year in the
United States.4–6 Sugammadex is a modi-
fied gamma-cyclodextrin that has a high
affinity for the steroidal NMBDs rocuro-
nium and vecuronium.7,8 It can form a
tight inclusion complex with rocuronium
or vecuronium, thereby inactivating the
effects of these steroidal NMBDs and caus-
ing rapid reversal of neuromuscular block-
ade.9 We report here, a case of severe
rocuronium-induced anaphylaxis that was
successfully treated with sugammadex in a
patient with possible cross-reactivity to
cisatracurium.

Case Report

A 68-year-old man with a history of type 2
diabetes mellitus, hypertension, obstructive
sleep apnoea syndrome, benign prostatic
hyperplasia and prostate adenocarcinoma
presented for robotic-assisted radical pros-
tatectomy. His height and weight were
153 cm and 60kg, respectively. He had under-
gone uvulopalatopharyngoplasty 13 years
previously and microlaryngeal surgery
12 years previously. The NMBD used for
induction and maintenance during those
two procedures was cisatracurium. No peri-
operative complications were observed

during those two operations or hospital

stays.
On the day of the prostatectomy, general

anaesthesia was induced by intravenous

(IV) administration of glycopyrrolate
(0.2mg), fentanyl (100mcg), lidocaine

(40mg), propofol (100mg) and rocuronium

(60mg). Bilateral clear breath sounds were
noted on chest auscultation. After confirm-

ing correct endotracheal tube position, gen-

eral anaesthesia was maintained with 2%
sevoflurane in 40% oxygen and 60% air.

The patient was ventilated with a tidal
volume of 500ml at a respiratory rate of

12 breaths/min. Peak inspiratory pressure

was 15 cm H2O and the end-tidal CO2 was
32mmHg. A central venous catheter was

inserted into the right internal jugular

under ultrasound guidance. Arterial cathe-
terization was performed at the right radial

artery and was connected to a FloTrac/

VigileoTM system (Edwards Lifesciences,
Irvine, CA, USA).

Unexpectedly, 20 minutes after induc-

tion, the patient’s heart rate abruptly
increased from 75 to 120 beats/per/min, and

his systolic blood pressure (SBP) dropped
from 100 to 80mmHg. The patient’s cardiac

output was 4.0 l/min, and stroke volume var-

iation was 23%. The sevoflurane concentra-
tion was reduced to 1%. Although fluid

challenge with lactated Ringer’s solution

(250ml) and isotonic saline (250ml) as well
as deep Trendelenburg position were applied,

the patient’s SBP dropped to 40mmHg. Peak

inspiratory pressure increased to 34 cm H2O
and end-tidal CO2 decreased to 19mmHg.

Meanwhile, chest auscultation showed left
side expiratory wheezing and bilateral

coarse breath sounds. However, there was

no cutaneous reaction over the patient’s
face, trunk or extremities. Increasing doses

of ephedrine (8, 12 and 16mg) followed by
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norepinephrine (20 mcg) were administered
intravenously but had minimal effect.
Because of profound hypotension and
presence of pulseless electrical activity
25 minutes after induction, two doses of
epinephrine were administered (0.2 and
0.8mg) followed by cardiac massage.

After one minute of cardiac massage and
the administration of an additional dose of
epinephrine (1mg), the patient’s heart rate
reached 150 bpm and SBP was approxi-
mately 50–60 mm Hg. Hydrocortisone
(200mg) was administered intravenously as
an adjunct and epinephrine was adminis-
tered intermittently, but the SBP could
only be maintained at approximately
60mmHg. The patient’s cardiac output

was 4.0 l/min, and the stroke volume vari-
ation was 30%. Repeated chest ausculta-
tion revealed bilateral expiratory wheezing
in all lung fields with a peak inspiratory
pressure of 44 cm H2O.

A mixture of fenoterol (200 mcg) and

terbutaline (5mg) were administered by
inhalation via the endotracheal tube and
peak inspiratory pressure decreased to
23 cm H2O. The arterial blood gas data
showed respiratory acidosis (pH, 7.22;
partial pressure of carbon dioxide
(PaCO2), 58mmHg; bicarbonate (HCO3

�),
23.7mmol/l) and an increased gap between
PaCO2 and end-tidal CO2 (22mmHg)
which could have been attributed to bron-
chospasm. Serum glucose, sodium (Naþ),
potassium (Kþ), calcium (Ca2þ) and partial
pressure of arterial oxygen (PaO2) were
within normal limits (glucose, 153mg/dl;
Naþ, 137mmol/l; Kþ: 4.3mmol/l; Ca2þ,
1.18mmol/l; PaO2, 238mmHg). The venti-
lator settings were adjusted to a tidal
volume of 600ml and a respiratory rate of
14 breaths/min. Ultrasonography of the
thorax showed bilateral normal pleural slid-
ing without evidence of pneumothorax. In
addition, transoesophageal

echocardiography revealed normal left and
right ventricular contractility and trivial
mitral regurgitation. Left ventricular ejec-
tion fraction was 78.8% and SBP was main-
tained at approximately 60–70mmHg
during epinephrine (0.20 mcg/kg/min) and
norepinephrine infusions (0.20 mcg/kg/
min). No urticaria or angioedema was
noted throughout the episode.

Because optimal blood pressure could
not be achieved, at 80 minutes after induc-
tion we administered IV sugammadex
(200mg). Shortly thereafter, the patient’s
SBP increased to 100mmHg and remained
consistently stable. The epinephrine infu-
sion was tapered down, and the patient’s
SBP was maintained at approximately

90mmHg with the existing norepinephrine
infusion. As a result of this adverse reaction
to anaesthesia, the operation was cancelled
and the endotracheal tube was removed in
the operating room following a negative
cuff-leak test. The norepinephrine infusion
was tapered down in the post-anaesthesia
care unit. The patient was sent to surgical
intensive care unit for one day followed by
transfer to a hospital ward. The timeline of
the patient’s clinical course is depicted in
Figure 1.

Following discharge, the patient was
referred to a dermatologist for a survey of
drug allergies. His serum immunoglobulin
(Ig) E antibody levels were elevated
(1600 IU/ml on Day 11 after the anaphylac-
tic episode). Histamine release test showed
a positive reaction for cisatracurium, but
the basophil activation test was negative.
Although a skin prick test was negative, a

drug allergy intradermal test showed posi-
tive reactions for cisatracurium (0.5 cm
infiltration after 15 minutes at a 0.1 dilu-
tion), rocuronium (0.3 cm infiltration after
15 minutes at a 0.1 dilution) and succinyl-
choline (0.5 cm infiltration after 15 minutes
at a 0.1 dilution). The patient’s prostate
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cancer was treated conservatively at the
urology outpatient department.

Written informed consent for the publi-
cation of this report was obtained from the
patient and this report adheres to CARE
guidelines.10

Discussion

Perioperative anaphylactic reactions are
critical and potentially life-threatening
events that affect multiple organ sys-
tems.11,12 They are the result of the
response to a pre-sensitized allergen, and
result in the massive release of mediators
from mast cells or circulating basophils
mediated by the cross-linking of IgE anti-
bodies.11,13 The activation of mediators

such as complement and/or bradykinin cas-
cade directly activates mast cells and/or
basophils and thus causes anaphylactoid
reactions. The clinical features of anaphy-
lactic and anaphylactoid reactions are sim-
ilar and indistinguishable.11 The clinical
manifestation of perioperative anaphylaxis
is diverse and ranges from mild to severe
symptoms which can include cutaneous,
respiratory, circulatory and central nervous
changes, including cardiac arrest.8,14 A four-
grade severity scale has been used to catego-
rise the degree of the anaphylactic reaction:
grade 1, anaphylaxis with cutaneous signs;
grade 2, anaphylaxis with measurable but
not life-threatening symptoms, including car-
diovascular reaction (tachycardia, hypoten-
sion), gastrointestinal disturbance (nausea)

Figure 1. Timeline of the patient’s clinical course including medications, clinical events and vital signs.
Abbreviations: BPM, beats per minute; CPCR, cardiopulmonary cerebral resuscitation; EPI, epinephrine;
FEN, fentanyl; GA, general anaesthesia; GLY, glycopyrrolate; HC, hydrocortisone; HR, heart rate; Lido,
lidocaine; NE, norepinephrine; OP, operation; PACU, post anaesthesia care unit; PEA, pulseless electrical
activity; PPF, propofol; ROC, rocuronium; SBP, systolic blood pressure; SEVO, sevoflurane; SUG,
sugammadex.
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and respiratory disturbance (cough or
mechanical ventilation difficulty); grade 3,
anaphylaxis with life-threatening reactions,
including severe bronchospasm or cardiovas-
cular collapse; grade 4, anaphylaxis with car-
diac and/or respiratory arrest.15–21

In this present case, the patient devel-
oped grade 4 anaphylaxis following rocuro-
nium administration. The patient had no
previous exposure to rocuronium and cisa-
tracurium was the only NMBD used previ-
ously, so the tentative diagnosis was either
anaphylactoid reaction to rocuronium, or,
anaphylactic reaction to rocuronium with
cross-reactivity to cisatracurium. This
notion was supported by the subsequent
drug allergy intradermal test showing a pos-
itive reaction to rocuronium and cisatracu-
rium. The patent’s profound hypotension
was maintained despite the administration
of epinephrine and adjuncts but was
promptly reversed by sugammadex.

IgE plays a crucial role in bestowing
immunological specificity to immune effec-
tor cell activation in anaphylaxis as well as
other allergic diseases.22–26 Among all the
antibody isotypes, most IgE remains in
the tissue, and free serum IgE has the
lowest concentration (50 ng/ml in healthy
subjects vs. 3mg/ml for IgA1 and 9mg/ml
for IgG1).

23 Serum IgE levels increase
during allergic reactions.24,27 In this present
case, the patient’s IgE level (1600 IU/ml)
was much higher than the reference value,
which suggests that he had an allergic reac-
tion to rocuronium. Basophil activation
tests using flow cytometry are often used
in the investigation of IgE-mediated allergy
to drugs as well as non-IgE-mediated ana-
phylactoid reactions.28 We suggest that the
negative results for the basophil activation
test in this case may have been due to non-
responding or false-negative results. For
example, recent exposure to the allergen
may result in a temporary refractory
period of the cells and/or transiently
reduced allergen-specific IgE (circulating

and membrane-bound) which can cause
false-negative results.28Based on the
patient’s intradermal test results, he may
have had an anaphylactic reaction due to
cross-reactivity between rocuronium and
cisatracurium. Indeed, patients allergic to
rocuronium have been reported to have
cross-reactivity to succinylcholine and cisa-
tracurium at rates of 44% and 5%,
respectively.29

The usefulness of sugammadex in
improving rocuronium-induced anaphylax-
is is still controversial. Similar to the results
of our study, several previous case reports
have found positive results.30–33In addition,
a review of 11 cases from seven different
countries showed that sugammadex
improved recovery from rocuronium-
induced anaphylaxis.34However, other case
studies have reported that sugammadex
does not modify the clinical course of a
suspected rocuronium-induced hypersensi-
tivity.35–37 By encapsulating rocuronium in
the plasma, it is reasonable to suggest that
sugammadex may be beneficial in the rever-
sal of anaphylaxis caused by the steroidal
NMBD.38–40 In addition to the rapid block-
ade of the free form of rocuronium, it has
been speculated that the affinity of sugam-
madex for rocuronium could exceed the
affinity of the NMBD for cell-bound IgE
antibodies.32 However, in vivo or in vitro
studies to support this speculation are lack-
ing. Further investigations that address the
competition between sugammadex and IgE
antibodies for rocuronium may be helpful
in clarifying underlying mechanisms.
Moreover, sugammadex alone has been
reported to be associated with allergic
reactions.8

In conclusion, we report here a rare case
of severe rocuronium-induced anaphylaxis
that was successfully treated with sugam-
madex in a patient with possible cross-
reactivity to cisatracurium. This case
highlights the potential beneficial effect of
sugammadex as an adjunct to conventional
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measures during rocuronium-induced ana-

phylaxis. New, prospective, well controlled

studies are required to establish the exact

usefulness of sugammadex in the treatment

of anaphylaxis caused by NMBDs.
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