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Learning objectives

1. Discuss the pharmacological features of sugammadex.

2. Review common uses and posology of sugammadex.

3. Compare the cost and availability of sugammadex 

with traditional non-depolarizing muscle relaxant 

reversal agents.



Each year, more than 100,000,000 medical 

procedures are performed in the United States.1,2

Approximately 40,000,000 general anesthetics are 

administered annually.3

Commercial estimates indicate that in excess of 

17,000,000 intubations with a laryngoscope are 

performed in the United States every year.4



Neostigmine is an acetylcholinesterase inhibitor that reverses 

paralyzing effects of non-depolarizing muscle relaxants.5

 Most often administered during the course of a general 

anesthetic to facilitate the removal of the endotracheal tube

 Multiple undesired effects: bradycardia, bronchospasm, 

increased airway secretions, and hypotension

 Proper use still leads to postoperative muscle weakness

“We analyzed data 

from 24 trials (3375 

patients) that were 

published between 

1979 and 2005.”6

• 40% had TOF < 0.9



40% of patients that 

arrive in PACU have 

significant weakness5

Patients with a TOF ration of 

< 0.9 have up to a 500% 

increase in risk of aspiration5

Most practitioners do not 

know what constitutes 

adequate recovery.5
CRE

Even with proper use of 

acetylcholinesterase inhibitors and 

neuromuscular monitors by an 

expert CRNA, 0.8% of patients 

experience a critical respiratory 

event in PACU5



Clinical shortcomings of 

acetylcholinesterase inhibitors

Dangerous undesired effects that accompany 

the use of acetylcholinesterase inhibitors

The need for “non-classic” non-

depolarizing muscle relaxant reversal 

agents



Non-classic reversal agents

 Purified human plasma cholinesterase

 Used successfully for reversal of intense mivacurium block in patients with atypical 

plasma cholinesterase7

 One twitch appeared 11min following administration 

 If given concomitantly with neostigmine, PHPC was found to result in recovery times 

similar to those of patients with normal plasma cholinesterase

 Cysteine – non-essential amino acid which has a role in protein structure

 Used to reverse block from gantacurium, an intermediate-acting 

benzylisoquinolone NDMR not commonly used in anesthetic practice in the US8

 Sugammadex – designed specifically for the reversal of steroidal NDMRs



FDA history of sugammadex

 2003: discovered by Organon

 2007: Organon acquired by Schering-Plough

 2008: FDA first rejected sugammadex over concerns 
related to incidence of allergic reactions and potential 
to increase bleeding

 2009: Schering-Plough merged with Merck

 2013: FDA rejected again, citing “operational 
concerns” with a study related to hypersensitivity 
submitted as supporting documentation for approval

 2015: FDA approved to “reverse the effects of 
neuromuscular blockade induced by rocuronium 
bromide and vecuronium bromide, which are used 
during certain types of surgery in adults.
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Deconstructing the Holy Grail

 Skeleton of sugammadex is g-cyclodextrin, an oligosaccharide5

 Contains 3-10 monosaccharide chains

 Causes arrangement of molecule into a truncated cone, or “donut” shape

 Exterior = hydrophilic

 Interior = hydrophobic

 Hydrophobic side chain – 8 are added to accommodate binding the steroidal NDMR when bound

 Carboxyl group – negatively charged functional group added to each hydrophobic side chain

 Negative charge provides two functions:

1. Repels partial positive charges found in the molecule to prevent it from folding upon itself  thus 

carboxyl groups keep the central cavity open and ready for binding

2. Enhances electrostatic binding of sugammadex to positively charged quaternary nitrogen found in 

rocuronium



Why is g-cyclodextrin used?

 There are three naturally occurring, unmodified oligosaccharides that could have been 

selected: 

 a-cyclodextrin

 b-cyclodextrin

 g-cyclodextrin

 g-cyclodextrin is favored because the size of the central canal is more favorable for the 

encapsulization/binding of steroidal NDMRs

Oligosaccharide Diametercentral canal

a-cyclodextrin < 6.5 Å

b-cyclodextrin < 6.5 Å

g-cyclodextrin 7.5-8.3 Å



a-cyclodextrin b-cyclodextrin g-cyclodextrin

4.7 Å 6.0 Å > 7.5 Å

The diameter of rocuronium and vecuronium is 

approximately 7.5Å



G-cyclodextrin rotated to 

show 3-dimensional shape



Sugammadex

 Highly water-soluble molecule (pH = 7.5) that possesses a hydrophobic central 

canal large enough to encapsulate steroidal NDMRs, particularly 

rocuronium5,9

 Reliable and complete

 Sugammadex-rocuronium is an extremely tight complex  provides for efficacy of reversal

 For every 30,000,000 complexes, only one dissociates9

 Encapsulization of rocuronium by sugammadex occurs independent of depth of 

neuromuscular blockade5,9

 Allows reversal even when muscle relaxation is profound

 Possible decreased risk of recurarization and aspiration when sugammadex is used

 Administration may prove to be economically advantageous5,9



Pharmacokinetics

 Biologically inactive

 No significant protein or hemoglobin binding

 No effect on acetylcholinesterase or any other receptor system5

 Renal elimination5,9

 75% of sugammadex given to the patient that has not received NDMR is eliminated in the urine

 Dose-dependent increases in clearance and decreases in elimination half-life between 0.15mg/kg and 

1mg/kg

 Sugammadex-rocuronium complexes are eliminated renally (65-97%)

 70% within 6 hours

 > 90% in 24 hours Proper function of what system is necessary in order 

to avoid unwanted effects of sugammadex?



Pharmacodynamics

 With appropriate dose, sugammadex reverses TOF > 0.9 in 3 minutes5,9

 Forms complexes rapidly, so circulating NDMR is removed from circulation

 Creates a concentration gradient that favors dissociation of NDMR from the nicotinic acetylcholine 

receptor and redistribution into the circulating volume, where dissociated molecules encounter 

sugammadex

 Sugammadex also has the capability to enter tissues, including the neuromuscular junction, and bind 

NDMR locally

 Zero cases of recurarization following administration of sugammadex in the history of the drug9

 Even following 1.2mg/kg rocuronium, full reversal is possible within 3 minutes5,9



Adverse effects of sugammadex

 These common side effects persist up to 

96mg/kg sugammadex9

 When incidence of adverse reaction is 

compared to incidence among the placebo 

group, there are some significant findings:5,9

 Injection pain – 32% increase

 Incisional pain – 493% increase

 Hypotension – 24% increase

 Cough – 27.5% increase

 Tachycardia – 110% increase

Adverse Effect

Percent reported (N=2914)

Sugammadex
Total % 

reported

Placebo
2mg/kg 4mg/kg 16mg/kg

N=895 N=1921 N=98 N=544

Injection pain 48 52 36 50.23 38

Nausea 23 26 23 24.98 23

Emesis 11 12 15 11.79 10

Incisional site pain 6 6 4 5.93 1

Headache 7 5 10 5.78 8

Hypotension 4 5 13 4.96 4

Cough 1 3 8 2.55 2

Tachycardia 2 2 5 2.1 1

Airway complication 1 1 9 1.27 0

Anesthetic complication 1 1 9 1.27 <1

Increased QTi 1 1 6 1.17 1

Bradycardia 1 1 5 1.13 1



Hypersensitivity & anaphylaxis

Sugammadex 
dose

% Hypersensitivity % Anaphylaxis

0mg/kg 1% 0%

4mg/kg 7% 0%

16mg/kg 9% 0.70%

Total 6.57% 0.26%

 Hypersensitivity and anaphylaxis were used 

as justification by FDA for withholding 

approval9

 When more evidence was submitted, it 

was shown in a random, double-blind 

study, that 1 patient of 299 that received 

sugammadex experienced anaphylaxis 9

 Occurred at highest dose stratification 

(16mg/kg)



Sugammadex posology

 Met-analysis and manufacture recommendations show the following, regarding sugammadex 

dose:

 2mg/kg given after return of T2 allows rapid recovery of TOF > 0.9 

 4mg/kg can be given for deeper block, like seen with a post-tetanic count of 1-2.

 8-16mg/kg can be given for even more profound block, as seen following an intubating dose of 

steroidal NDMR when intubation was not possible



Acceleromyographic recording of recovery of twitch height and TOF after 

administration of sugammadex 2mg/kg at 15% recovery from a roc-induced 

blockade

 Roc 0.6mg/kg given 

initially

 43 minutes pass until 

15% recovery occurs 

 Coincides with T1

 Approximately 45 

seconds later the 

TOF ratio (indicated 

by red dots) returns 

to 100%10

Sugammadex effects following rocuronium-induced block



Sugammadex vs spontaneous recovery from succinylcholine

A. Recovery following rocuronium 1.2mg/kg, waiting 3 minutes, 
then sugammadex 16mg/kg

B. Spontaneous recovery following succinylcholine 1mg/kg

 Rocuronium 1.2mg/kg is approved for 

rapid sequence induction and 

intubation

 Rescue dose of sugammadex 16mg/kg 

can be given to reverse even profound 

blockade5

 Recovery to > 90% of T1 and TOF = 0.94 

occurs after 110 seconds

 Total time lapsed 4 minutes 47 seconds

 Spontaneous recovery of the 

intubating dose of succinylcholine to > 

90% of T1 occurs at 9 minutes 23 

seconds5,17

 Rocuronium-sugammadex may prove 

to be more appropriate for rapid 

sequence induction and intubation17

 Affords the ability to reverse when 

ventilation is not possible



Comparison of the course of recovery between sugammadex 2mg/kg and 

neostigmine 0.05mg/kg following a  rocuronium-induced neuromuscular 

blockade.

 Sugammadex

recovery is 

complete and 

occurs within 2 

minutes5,10,16

 Neostigmine 

recovery takes more 

than 12 minutes5

Sugammadex vs neostigmine for reversal of rocuronium-

induced block



Effects on clinical practice

 Allows anesthetists a safe and effective means to reverse profound blockade with minimal side effects, so its 

potential to affect change in practice is robust

 Sugammadex should not be used when creatinine clearance is < 30ml/min5, 9
 allows for accumulation of 

both sugammadex (17X) and the steroidal NDMR (4X)

 Although unlikely, recurarization is possible, but is the result of the activity of other drugs that can displace the 

steroidal NDMR from sugammadex9

 Toremifene – estrogen receptor modulator  used for breast cancer

 Fusidic acid – antibiotic used for MRSA infections and acne

 Flucloxacillin – beta-lactam antibiotic 

 Sugammadex can increase aPTT, PT, and INR at 16mg/kg 9

 Sugammadex can reduce the amount of circulating hormonal contraceptive. 5,9

 When sugammadex is given, the patient should approach their oral contraceptive like they have missed the day’s dose5



Special populations: Pediatrics

 Pediatric use

 NOT supported by Merck in product information

 NOT approved for use by FDA  issue is lack of study on this population 

 Liu et al (2017): metanalysis of 10 studies that reports “compared to neostigmine 

or placebo, sugammadex may reverse rocuronium-induced neuromuscular 

block in pediatric patients rapidly and safely.”

 Controlled trials are needed to confirm the safety of sugammadex in pediatric 

patients



After reviewing the literature and practice updates, I 

discovered that I no longer will be required to use a 

peripheral nerve stimulator.

 This is absolutely false

 Refusing to perform twitch monitoring leads to an increase 

cost of care as well as a loss of knowledge and expertise by 

the practitioner5

 NDMR will likely be overdosed in this scenario, which will result in an 

ambiguous anesthetic depth, insulting the CRNA’s ability to identify 

light anesthetics5

 Recall/awareness may become an issue with the absence of TOF 

monitoring5



A new graduate told me that we can use sugammadex for 

all non-depolarizers and even with succinylcholine.

 This is also false

 Sugammadex is ineffective for succinylcholine and for 

benzylisoquinolones5

 These molecules are not the appropriate dimensions or chemical makeup to be 

encapsulated by the sugammadex molecule



I’ve reversed the patient with sugammadex and the surgical 

count showed that a lap pad was inadvertently left inside the 

patient.  The surgeon has asked met to relax the patient 

again for re-entry.  What do I do?

 Since sugammadex specifically binds steroidal NDMRs, if re-block is 

needed, it is recommended to administer either succinylcholine or a 

benzylisoquinolone NDMR, which cannot bind5

 A significant amount of sugammadex remains around after reversal, so if 

a benzylisoquinolone is given following sugammadex reversal, the result is 

similar to the “priming effect” prior to intubation5

 Succinylcholine will have delayed effects, since some NDMR remains bound to the 

nAchR

 Benzylisoquinolones will exhibit faster onset and an increase in duration of action 

may necessitate the use of smaller/less frequent maintenance doses



Is sugammadex cost effective?

 Surgical costs are constantly ballooning and healthcare finance is a growing problem, so it is 

important that clinical benefit of new therapies at least be examined from an economic 

standpoint

 Sugammadex is approximately $1/mg9

 70kg patient needs 140mg = $140

 Neostigmine/glycopyrrolate costs approximately $2 total

 Costs, however, extend far beyond the physical price of medications and supplies 

 OR and PACU time is extremely expensive 

 Operating room time is estimated at around $20/min18

 Sugammadex provides reversal 10 minutes sooner than neostigmine, so while 

neostigmine/glycopyrrolate is a cheaper medication, the time savings gained from sugammadex more 

than pays for the medication


