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Abstract
Purpose of Review The purpose of this review is to identify and understand the incidence and implications of sugammadex-
induced hypersensitivity and anaphylaxis. This review also focuses on the mechanistic causation of anaphylaxis with regard to
sugammadex administration and the management of anaphylaxis.
Recent Findings The overall incidence of sugammadex-induced anaphylaxis is low, approximately 1:3500, and is comparable
with other medications commonly used during the intraoperative period. Several studies and case reports have demonstrated that
the mechanism of anaphylaxis is likely IgE- or basophil-mediated and that a diagnosis of anaphylaxis to confirm the etiology of
urticaria, hypotension, bronchospasm, and other symptoms is based on positive skin prick testing, elevated tryptase levels, and
dose-dependent activation of basophils during in vitro analysis. Bradycardia is a poorly understood adverse effect of
sugammadex; however, the risk of bradycardia does not appear to be increased when compared with neostigmine.
Summary Sugammadex-induced anaphylaxis is a relatively rare complication but carries a risk of morbidity and mortality if
inadequately identified and treated. Existing severity scales allow anesthesiologists to stratify the severity of an anaphylactic
response and provide appropriate intraoperative treatment.
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Introduction

Naturally occurring paralytics have been used for centuries to
facilitate hunting by South American peoples. The first known
use of a neuromuscular blocking agent (NMBA) to assist in
surgery occurred in 1942 when Harold Griffith administered
curare to a man undergoing an appendectomy. With this, the
fields of surgery and anesthesiology were changed dramatical-
ly. By rendering patients immobile, NMBAs opened new doors
to surgical procedures which were previously impossible [1].
However, as their use became more widespread, unintended
consequences of their administration, such as residual paraly-
sis, became more apparent. With inadequate strength, patients
are at higher risk of postoperative respiratory complications,

including higher rates of pneumonia, reintubation, and
prolonged hospitalization. Traditionally, neuromuscular block-
ade has been reversed with an acetylcholinesterase inhibitor,
such as edrophonium, pyridostigmine, or neostigmine.
Anticholinesterases increase the concentration of acetylcholine
at the neuromuscular junction increasing the binding of acetyl-
choline to the acetylcholine receptor and allowing recovery of
neuromuscular function. Although neostigmine has been used
for many decades, long-standing evidence indicates that many
patients do not fully recover muscle strength following its ad-
ministration. Inadequate recovery occurs for a host of reasons
including administration of an inadequate dose of neostigmine,
attempted reversal of a profound depth of neuromuscular
blockade, and allowing an inadequate amount of time between
administration of the anticholinesterase and tracheal extubation
for the neostigmine to have had its maximal effect.

Sugammadex, first tested in humans in 2005, is a novel
reversal agent that selectively binds aminosteroidal NMBAs
and is effective in the rapid reversal of even profound depths
of neuromuscular blockade induced with vecuronium or
rocuronium. Since initial approval, its use has increased sub-
stantially throughout the world. In Japan alone, over 11
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million vials were sold within 7 years of gaining regulatory
approval [2]. Within the last 5 years, over 1000 articles
referencing sugammadex have become available on PubMed.

Sugammadex is a modified gamma-cyclodextrin which
was initially developed for clinical use in 1999 [3, 4••, 5, 6].
It consists of a negatively charged ring with eight concentric
thioether-linked carboxylated glucopyranoside moieties and a
lipophilic core that attracts the positively charged
aminosteroidal structures of rocuronium and vecuronium in
the plasma [7••, 8, 9]. Once the NMBA is enveloped within
sugammadex, molecular changes occur which render the en-
capsulation essentially irreversible and, as a result of this, the
NMBA is unable to diffuse into the neuromuscular junction.
The decrease in the plasma concentration of rocuronium or
vecuronium allows for the movement of NMBA down its
concentration gradient and away from the neuromuscular
junction, where it is in turn bound by available sugammadex.
The inactivated and water-soluble complex of NMBA and
sugammadex is excreted through the kidneys.

When compared with neostigmine, sugammadex has a few
unique advantages in that, when administered in appropriate
doses, it rapidly and consistently reverses deep neuromuscular
blockade induced by aminosteroid NMBAs. In the first trial of
sugammadex in volunteers, sugammadex, 8 mg/kg, 3 min af-
ter rocuronium, 0.6 mg/kg, resulted in recovery to a train-of-
four ratio of 0.9 in 2 min [10]. A recent review [11] of the
results of 17 trials of more than 1550 patients found that, when
compared with neostigmine, administration of sugammadex
eliminated signs of postoperative residual neuromuscular
blockade. Numerous studies have demonstrated that complete
recovery from even profound levels of vecuronium- or
rocuronium-induced neuromuscular blockade can occur
within minutes of administration of an appropriate dose
of sugammadex and that recovery is both quicker and
more predictable than following administration of neostig-
mine. For example, neostigmine will completely antago-
nize residual neuromuscular block from a train-of-four
count of two to a train-of-four ratio > 0.90 in an average
of 18.6 min compared with 1.5 min following administra-
tion of sugammadex. Moreover, recovery to a train-of-
four ratio > 0.9 after neostigmine required as much as
107 min compared with 5 min in subjects receiving
sugammadex [12]. Importantly, the range of time required
for recovery to a TOFR > 0.9 is smaller after sugammadex
than it is following administration of neostigmine. In one
study of patients receiving sevoflurane anesthesia, neo-
stigmine (50 mcg/kg) or sugammadex (2 mg/kg) was ad-
ministered after spontaneous recovery to a train-of-four
count of 2. Complete recovery to a TOFR of 0.9 occurred
between 0.9 and 3.4 min following administration of
sugammadex, a range of 2.5 min, and between 3.7 and
106.9 min in patients who had received neostigmine, a
range of 103.2 min [12].

While sugammadex was approved for use in the European
Union and Australia in 2008 and Asia in 2010, it was not ap-
proved for use in the USA by the Federal Drug Administration
until 2015 because of concerns of reported hypersensitivity and
anaphylactic reactions in some of the study subjects who had
received it. This review focuses on defining and diagnosing hy-
persensitivity, hypersensitivity related to sugammadex, manage-
ment of anaphylaxis, and its other poorly understood side effect:
bradycardia.

Defining and Diagnosing Hypersensitivity
and Anaphylaxis

While hypersensitivity refers to the constellation of symptoms
related to an immune-type response, prior to 2006 there was
no universally accepted definition of anaphylaxis. Without an
accepted criterion, diagnosing and detecting anaphylaxis often
involved subjective influence, making both research and pa-
tient care more challenging. In 2006, the National Institute of
Allergy and Infectious Disease and Food Allergy and
Anaphylaxis Network met to create an accepted definition of
anaphylaxis. The Sampson criteria were created as a result of
this meeting, providing a description of the distinct criteria to
be used in diagnosing anaphylaxis. Anaphylaxis occurs in any
of the following three scenarios:

1. An acute onset of illness with involvement of the skin
and/or mucosal tissue, and at least one of the following:
Respiratory compromise, reduced blood pressure, or as-
sociated symptoms of end-organ dysfunction;

2. Two or more of the following that occur rapidly after
exposure to a likely allergen: Involvement of the skin-
mucosal tissue, respiratory compromise, reduced blood
pressure or associated symptoms, or persistent gastroin-
testinal symptoms;

3. Reduced blood pressure after exposure to a known aller-
gen defined as greater than a 30% decrease in systolic
blood pressure from baseline or a systolic blood pressure
of less than 90 mmHg in adults [13].

Familiarity with this focused classification allows for better
and more rapid identification of anaphylaxis, treatment of life-
threatening reactions, and adequate documentation of reac-
tions. Additionally, it helps to avoid the unnecessary adminis-
tration of prophylactic medications during future surgical pro-
cedures when anaphylaxis did not occur.

Previously, the classification of anaphylaxis was divided
into anaphylactic and anaphylactoid reactions. Anaphylaxis
was defined as an IgE-mediated reaction, while non-IgE-
mediated reactions were defined as anaphylactoid. Since its
redefinition in 2006, all IgE-mediated and non-IgE-mediated
reactions are considered anaphylactic reactions [14]. As the
definition of anaphylaxis has changed, it is also important to
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note that the severity of anaphylactic reactions varies greatly.
As defined by Brown (Table 1), grade 1 is mild and involves
skin and mucosal tissues, while grade 3 is severe, with symp-
toms involving cardiopulmonary collapse and neurologic
symptoms, such as altered mental status and unresponsiveness
[15]. Many of the severity scales require subjective observa-
tions or patient description and cannot be used in the periop-
erative period [16, 17]. Patients in the operating roommay not
present with cutaneous symptoms, such as itching, which can
affect the interpretation and grading of severity of a reaction
[18]. A more recent three-point grading system is more appli-
cable for intraoperative diagnosis of anaphylaxis and directing
treatment. Familiarity with and use of the severity scale devel-
oped by Rose [19••] (Table 1) is beneficial for the anesthesi-
ologist because it allows for an objective measurement of
symptoms, including blood pressure parameters and peak air-
way pressure cutoffs. In the grading scale described by Rose,
anaphylactic reactions range from moderate, which are non-
life-threatening, to severe, which are described as life-threat-
ening, and complete cardiovascular collapse, requiring ad-
vance life support.

Identifying the Etiology of Anaphylaxis

Recognition of anaphylaxis-inducing mediators is important
to prevent unnecessary avoidance of medications commonly
used in anesthesia. Identification of allergens must be acces-
sible, cost-effective, and precise. Currently, skin prick testing
and intradermal testing (both involving injection of potential
allergens) remain the gold standard for allergen testing [4••].
Current recommendations are to wait at least 4–6 weeks after
hypersensitivity reactions to test potential allergens in order to
avoid false negative reactions [20]. Newer methods of

detecting hypersensitivity reactions are now being utilized
more frequently. The basophil activating test has shown prom-
ise in helping to identify sugammadex as the etiology of an
anaphylactic reaction without exposing a patient to the remote
possibility of anaphylaxis during testing. The process involves
incubating a patient’s basophils with dilutions of sugammadex
and measuring the percentage of activated cell receptors.
Currently, CD-63 and CD-203c markers have shown to
have the most potential in identifying the causal agent
of anaphylaxis with both a sensitivity and specificity
greater than 90% [4••].

Although the ability of the basophil-activating test to detect
allergens has increased greatly, its cost is prohibitive. While
skin prick and intradermal tests can be performed in an office
setting in a relatively cost-effective manner, the basophil-
activating test requires blood sampling, off-site processing,
and laboratory equipment, which significantly increases both
the cost and the time of diagnosis. Additionally, despite hav-
ing a high sensitivity for detection of anaphylaxis, there has
been no consensus on how to standardize interpretation of the
results of the basophil-activating test, allowing varied testing
methodologies [21]. What may amount to a positive basophil
activation test at certain institutions may be deemed inde-
terminate at others. Because of cost, relative inaccessibil-
ity to testing equipment, and varied testing processes of
the basophil-activating test, the skin prick, and intrader-
mal tests remain the first line of testing to determine if a
substance is an allergen.

Tryptase, a marker of mast cell degranulation, and hista-
mine are indicators that can be measured to assist in the diag-
nosis after a presumed anaphylactic reaction [22••, 23]. To be
useful, tryptase levels should be drawn within 2 hours of the
event. It is important to note that although tryptase and

Table 1 Criteria in grading anaphylaxis

Criteria Grade Definition Clinical findings

Generalized
hypersensitivity
reactions

1 Mild Skin and subcutaneous tissues only with generalized erythema, urticaria, periorbital
edema, angioedema

2 Moderate Respiratory, cardiovascular or gastrointestinal involvement such as: dyspnea, stridor,
nausea/vomiting, diaphoresis, abdominal pain, chest tightness, throat tightness

3 Severe Hypoxia, hypotension, neurologic compromise such as: confusion, loss of consciousness
or incontinence

Perioperative
anaphylaxis grading
system

A Moderate Measurable derangements in one of more major organ systems. Non-life threatening.
Cardiovascular: hypotension, tachycardia or bradycardia, arrhythmia
Respiratory: cough, wheeze, difficult ventilation, oxygen desaturation, difficulty

swallowing, rhinorrhea
Other: change in LOC, agitation, GI upset

B Life-threatening Cardiovascular and/or respiratory derangement that is life-threatening.
Cardiovascular: Systolic blood pressure < 60 mmHg, life-threatening tachy- or

bradyarrhythmia
Respiratory: Oxygen saturation < 90%, inspiratory pressures >40 cm H2O, severe

difficulty inflating the lungs, airway angioedema
C Cardiac arrest with or without

respiratory arrest
Cardiac and/or respiratory arrest
Cardiovascular: Cardiac Arrest
Respiratory: Respiratory arrest or complete failure of ventilation
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histamine levels can be helpful in supporting a diagnosis,
levels within normal limits do not rule out anaphylaxis. In fact,
tryptase levels can be normal, while prostaglandins and leu-
kotrienes, other markers of anaphylaxis which are often not
measured, can be elevated [24].

Common Causes of Hypersensitivity and Anaphylaxis
in the Operating Room

Perioperative hypersensitivity-related reactions and anaphy-
laxis are rare but serious events, and aminosteroidal NMBAs
are the most common cause of intraoperative anaphylaxis in
most countries. Antibiotics are the second most common
cause of anaphylaxis in the USA, France, and Western
Australia [25–27]. Anaphylaxis caused by aminosteroidal
NMBAs is likely related to its quaternary ammonium struc-
ture, which is the probable cause of IgE cross-linking and
basophil activation [25, 28••]. Interestingly, women are 2.5
times more likely than men to have an anaphylactic reaction
to aminosteroidal NMBAs [29]. Two theories exist to poten-
tially explain the higher incidence of anaphylaxis in women. It
may be due to either chronic skin sensitization related to beau-
ty products such as hair dye and shampoos, many of which
have allergenic amines, or due to hormonal changes during
puberty. Both theories are supported by what is a relatively
equal rate of anaphylaxis between males and females in the
pediatric population [29, 30]. Overall, anaphylaxis to steroidal
NMBAs occurs in approximately 1 in 2500 individuals re-
ceiving either vecuronium or rocuronium [31].

Sugammadex approval by the US FDA was initially de-
layed due to concern of hypersensitivity and anaphylactic re-
actions; however, recent studies have found that
sugammadex-associated anaphylaxis occurs infrequently. In
fact, it appears that sugammadex has an equal, if not lower
overall incidence of anaphylaxis than aminosteroidal NMBAs
and antibiotics [4••, 18, 31, 32••, 33••]. Additionally, there
seems to be a geographical variation of hypersensitivity and
anaphylactic reactions to sugammadex [25]. In the USA, ana-
phylaxis to sugammadex occurs at a rate of approximately 1 in
3500–10,000, while in Japan, a country with high rates of
sugammadex administration is estimated to be as low as 1 in
35,000 [31]. This reported low incidence may actually be
somewhat higher, as there are likely cases that have either
not been reported or where sugammadex is not recognized
as the anaphylactic agent. The exact reason for this geographic
variability in the incidence of anaphylaxis is unclear; one lead-
ing theory is a difference in diet. Cyclodextrin is used world-
wide as a food preservative and ingestion of cyclodextrin may
lead to sensitization to sugammadex [5, 25]. This theory is
supported by the finding that almost all reported cases of hy-
persensitivity and anaphylaxis to sugammadex have occurred
in patients who have never received the selective-relaxant
binding agent in the past [5]. Individuals living in the USA

generally consume more than 4 g of cyclodextrins per day. In
Japan and other Asian countries where food preservatives are
used less frequently, preoperative exposure to cyclodextrins is
lower, decreasing the potential risk of hypersensitivity and
anaphylaxis when compared with what has been observed in
Western countries [8].

Hypersensitivity-Mechanism and Severity
of Reactions

While there has been mixed evidence on the exact mechanism
of anaphylaxis with regard to sugammadex, most anaphylactic
reactions to intraoperative medications are either IgE- or mast
cell-mediated. De Kam [34] randomized 382 healthy, non-
anesthetized volunteers to receive either sugammadex (4 or
16 mg/kg) or placebo to assess the frequency with which
non-anesthetized individuals developed hypersensitivity. Of
the 298 volunteers who received sugammadex, eight devel-
oped hypersensitivity reactions. One met the criteria for a
grade 3 anaphylactic reaction, the most severe level of ana-
phylaxis on the scale developed by Brown [15]. Those with
hypersensitivity symptoms were assessed with skin testing,
anti-sugammadex antibodies, and tryptase levels to evaluate
for mast cell degranulation. On analysis of the volunteer re-
cords at the conclusion of the study, it appeared that protocol
deviations in treatment of reactions to sugammadex may have
introduced bias. De Kam’s conclusion was that the reaction
was neither IgE- nor basophil/mast cell-mediated. Because of
concern of study bias, a follow-up study, similar in design
[22••] was conducted. In this multicenter study, Min [22••]
looked at the impact of three repeated administrations of
4 mg/kg sugammadex, 16 mg/kg sugammadex, or placebo
in 375 healthy, non-anesthetized individuals at 5-week inter-
vals. Out of 299 volunteers receiving sugammadex, 25 exhib-
ited grade I hypersensitivity reactions, according to Brown’s
classification [15]. One volunteer developed grade III criteria.
Follow-up testing found that no volunteers who experienced
hypersensitivity either tested positive for IgE antibodies or
had elevated tryptase levels immediately after the reactions.
The tests for IgE antibodies were done 4–6 weeks after the
hypersensitivity reactions, which do not allow sufficient time
for antibodies to form, decreasing the possibility of a positive
finding. Similar to De Kam’s study, hypersensitivity occurred
in volunteers who had no prior history of exposure to
sugammadex, the likelihood of developing a hypersensitivity
reaction was not related to the dose of sugammadex, and there
was no sensitization with repeated administration of
sugammadex. In contrast to these two studies, a study by
Horiuchi [4••] analyzed patients who had episodes of con-
firmed sugammadex-induced anaphylaxis and found that all
tested positive for skin pick test or intradermal prick test with
sugammadex. These investigators found that there was a dose-
dependent up-regulation of basophil activity, specifically CD-
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63 and CD-203c when basophils were exposed to varying
dilutions of sugammadex. Other clinical trials have validated
these results, finding positive tryptase levels and skin prick
and intradermal tests in patients who presented with hypersen-
sitivity and anaphylactic reactions. A review of case studies of
intraoperative anaphylactic reactions to sugammadex finds
that almost every patient who has had an anaphylactic reaction
had both a positive skin prick or intradermal test when
assessed postoperatively and elevated tryptase levels [4••,
32••, 33••, 35, 36]. In contrast to the findings of studies in
volunteers, the reported clinical cases of anaphylaxis and re-
sponse to the basophil-activating test indicate that the hyper-
sensitivity reactions to sugammadex are likely IgE- and/or
basophil-mediated.

It is possible that the presence of rocuroniummay also play
a role in immunoglobulin formation and the development of
anaphylaxis. Numerous studies have shown that while a pa-
tient may test negative for sugammadex or rocuronium alone,
some patients who experienced reactions to sugammadexmay
test positive to the rocuronium–sugammadex complex
[37–40]. Additionally, a likely hypersensitivity reaction to
the rocuronium–sugammadex complex has been suggested
as the cause of coronary vasospasm triggered by anaphylaxis,
a phenomenon known as Kounis syndrome. In the case report,
the patient who developed this reaction tested positive for the
rocuronium–sugammadex complex but negative for either
rocuronium or sugammadex alone, further supporting the hy-
pothesis that the sugammadex–rocuronium complex may be
an allergen [41••]. There have also been reports of individuals
testing positive for photo-denatured sugammadex after an ear-
lier negative skin prick or intradermal test for sugammadex.
The denatured complex, without its side chains, shares a clos-
er resemblance to the gamma-cyclodextrin structure used in
food emulsification than non-denatured sugammadex, causing
it to be a more potent allergen [36].

Sugammadex Anaphylaxis Management

Although sugammadex has a favorable safety profile and low
incidence of anaphylaxis compared with other frequently used
intraoperative medications, delayed recognition of anaphylax-
is and inadequate treatment is a cause for significant intraop-
erative morbidity. Intraoperative mortality of patients
experiencing anaphylaxis can be as high as 1–9% and mor-
bidity, including prolonged hospitalization and postoperative
cardiopulmonary complications, can be as great as one third of
patients who have had anaphylaxis [25, 30, 35, 42]. In all case
reports of anaphylaxis after sugammadex, the anaphylaxis
consistently presented within 5–10 min of its administration,
similar to the timeframe of anaphylaxis caused by other med-
ications [43].

While sugammadex-induced anaphylaxis should be rela-
tively rapidly recognized and treated, since it is most often

given upon emergence and within moments of extubation, it
can be difficult to diagnose in the patient emerging from an-
esthesia. Subtle indicators of anaphylaxis are more likely to be
rapidly identified in an awake patient. Emergence from anes-
thesia presents a unique challenge in diagnosing anaphylaxis.
Hypertension and variability in heart rate that are likely to be
present on emergence can confound the diagnosis of anaphy-
laxis. Additionally, increased airway pressures associated with
anaphylaxis can be misidentified as inadequate anesthesia and
coughing. Post-anesthesia, awake patients who have had an
unrecognized hypersensitivity response to sugammadex may
present with wheezing and airway edema requiring medical
management and possibly reintubation.

Bronchospasm has been reported to occur in patients with a
history of pulmonary disease after the administration of
sugammadex [44]. Patients without a history of pulmonary
disease may also develop bronchospasm after the administra-
tion of sugammadex at the conclusion of a desflurane anes-
thetic [45, 46]. While it is possible that irritant properties of
desflurane may exacerbate bronchospasm caused by a hyper-
sensitivity reaction to sugammadex, the cause of this response
has not yet been explored.

As with all other presumed cases of anaphylaxis, treatment
of anaphylaxis after administration of sugammadex is mainly
supportive with the goal of temporizing cardiopulmonary
symptoms and decreasing the progression of symptoms due
to ongoing release of mediators. Epinephrine is the first line of
therapy in suspected anaphylaxis [47], administered in 5–
10 mcg boluses and titrated to effect. Its alpha-adrenergic
activity increases peripheral vascular tone, reverses peripheral
vasodilation, and increases blood pressure. Its beta-1 activity
increases the rate and strength of cardiac contraction, and its
beta-2 adrenergic stimulation inhibits further inflammatory
mediator release from mast cells and basophils [48], in addi-
tion to causing bronchodilation [49]. Beta-2 adrenergic ago-
nists, such as albuterol, may also be administered for treatment
of bronchospasm. In the setting of persistent hypotension,
fluid administration and additional vasopressors are often nec-
essary depending on the clinical picture and severity of the
reaction. While not proven to improve outcomes in placebo-
controlled trials, steroid administration at time of presentation
has been suggested to help prevent delayed recurrence of ana-
phylaxis [13]. A combination of H1 and H2 antagonists may
also have a secondary role in the treatment of anaphylaxis
[50].

Sugammadex-Related Bradycardia
and Cardiopulmonary Collapse

This review would not be complete without mentioning an
additional adverse reaction to sugammadex. Bradycardia
was first noted as a side effect of administration during
pre-market trials. Since receiving drug approval there have
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been continued case reports of patients having both tran-
sient and severe bradycardic episodes, occasionally
resulting in asystole requiring CPR and utilization of a
transient pacemaker [51, 52]. Between 2009 and 2017,
138 adverse cardiac events, including bradycardia and
transient heart block, and nine deaths were reported after
administration of sugammadex [7••, 52]. The majority of
these patients had no prior history of cardiopulmonary
disease that would have rendered them more susceptible
to develop transient heart block. The cause of sugammadex-
induced bradycardia remains unknown. One case report noted
that severe bradycardia occurred after the administration of
sugammadex in a 10-year old boy who previously had an
orthotopic heart transplantation [53••]. Since transplantation
denervates the heart, sugammadex-induced bradycardia is
likely not to be parasympathetic-mediated. Bradycardia may
be induced by complement activation-related cardiac anaphy-
laxis by C5a, a mechanism described by Szebeni [54]; how-
ever, this has not been proven in patients or volunteers or with
sugammadex. The response occurs sporadically and no evi-
dence exists of measures to avoid it, including pretreatment
with antimuscarinics. Bradycardia is typically successfully
treated with the administration of atropine.

Although bradycardia carries a significant risk of
morbidity and mortality if inadequately managed, the
overall incidence of bradycardia after sugammadex is
very low. A review by Hristovska [6••] of the safety
of different methods of reversal of neuromuscular block-
ade found that patients who received sugammadex had
significantly fewer episodes of bradycardia when com-
pared with those who received neostigmine. This is
likely due to the administration of an inadequate dose
of antimuscarinic with the anticholinesterase, mistiming
of its administration, or an exaggerated response to neo-
stigmine. The incidence of critical adverse events asso-
ciated with the administration of sugammadex or neo-
stigmine was similar.

Sugammadex has been used safely in patients with a
history of heart transplantation. Reinnervation of the
heart is known to occur after transplantation; however,
it is dependent on the time since transplantation and
extent of dissection. Sugammadex has been used suc-
cessfully in surgeries after transplantation to assist in
preventing unpredictable responses of hemodynamic
changes which can occur with neostigmine [55, 56].
Kizilay [57] found that the use of sugammadex in car-
diac patients undergoing noncardiac surgery caused less
hemodynamic variability when compared with similar
patients receiving neostigmine. In general, sugammadex
appears to have a more favorable hemodynamic profile
than reversal of neuromuscular blockade with an
anticholinesterase—which can be beneficial in critically
ill patients undergoing complex surgical procedures.

Conclusion

Sugammadex, a gamma-cyclodextrin, provides a novel means
of reversing the action of NMBAs by binding rocuronium and
vecuronium so that they are unable to gain access to the ace-
tylcholine receptors of the neuromuscular junction. Since its
introduction into clinical practice, sugammadex has trans-
formed the anesthesiologist’s approach to reversal of neuro-
muscular blockade. While it allows for quicker and more pre-
dictable reversal of paralysis, its administration, like that of
many other medications, may have unintended consequences
and drug-induced anaphylaxis remains a concern. The inci-
dence of sugammadex-induced anaphylaxis is low, approxi-
mately 1 in 3500 in the USA. Based upon case reports and
post-operative testing, including basophil-activating test, ana-
phylaxis is likely IgE- or basophil-mediated. Skin prick test-
ing remains the gold standard for confirming hypersensitivity
related to sugammadex.

Although the overall risk of anaphylaxis is similar to other
commonly used drugs, failure to diagnose an anaphylactic
reaction can be a cause of increased morbidity. Familiarity
with the Sampson criteria for anaphylaxis and rapid recogni-
tion of the development of an anaphylactic response to
sugammadex is paramount for appropriate and effective treat-
ment of the adverse medication reaction. Understanding the
different anaphylaxis severity scales may aid in selecting ap-
propriate interventions based on symptoms and presentation.
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