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SugammadexSugammadex

•• First in class First in class –– a selective relaxant binding a selective relaxant binding 
agent that encapsulates rocuronium or agent that encapsulates rocuronium or 
vecuronium preventing its actionvecuronium preventing its action

•• Sugammadex is an innovative drug that Sugammadex is an innovative drug that 
will enable anesthesiologists to rapidly will enable anesthesiologists to rapidly 
reverse shallow reverse shallow andand profound profound 
neuromuscular block (NMB) induced neuromuscular block (NMB) induced 
by rocuronium or vecuronium by rocuronium or vecuronium 
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Regulatory HistoryRegulatory History

•• Key FDA Interactions and SubmissionsKey FDA Interactions and Submissions
–– PrePre--IND meeting (July 2003)IND meeting (July 2003)
–– IND submission (August 2003)IND submission (August 2003)
–– End of Phase 2 meeting (May 2005)End of Phase 2 meeting (May 2005)
–– PrePre--NDA meeting (October 2006)NDA meeting (October 2006)
–– NDA submission (October 2007)NDA submission (October 2007)
–– Acceptance of NDA and Priority Review Acceptance of NDA and Priority Review 

classification (December 2007)classification (December 2007)

•• Other FDA InteractionsOther FDA Interactions
–– Special Protocol Assessment Special Protocol Assessment ––

Pivotal trials (19.4.301 and 19.4.302)Pivotal trials (19.4.301 and 19.4.302)
–– Agreement of QTc protocol designAgreement of QTc protocol design
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SugammadexSugammadex

This NDA was classified as a This NDA was classified as a 
priority review, indicating that priority review, indicating that 
sugammadex has the potential sugammadex has the potential 
to address an unmet medical needto address an unmet medical need
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Sugammadex Is Unique:Sugammadex Is Unique:

•• First product than can reverse a profound First product than can reverse a profound 
neuromuscular blockneuromuscular block

•• Can provide immediate reversal when Can provide immediate reversal when 
requiredrequired

•• Avoids the need to use Avoids the need to use 
acetylcholinesterase inhibitors (AChEIs) acetylcholinesterase inhibitors (AChEIs) 
and muscarinic antagonistsand muscarinic antagonists
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Proposed IndicationProposed Indication

•• Sugammadex is indicated in adults for:Sugammadex is indicated in adults for:
–– Routine reversal of shallow and Routine reversal of shallow and 

profound neuromuscular blockade profound neuromuscular blockade 
induced by rocuronium or vecuroniuminduced by rocuronium or vecuronium

–– Immediate reversal of neuromuscular Immediate reversal of neuromuscular 
blockade at 3 minutes after blockade at 3 minutes after 
administration of rocuroniumadministration of rocuronium
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Dosing RecommendationsDosing Recommendations

The recommended dose of sugammadex depends onThe recommended dose of sugammadex depends on
the level of neuromuscular blockade to be reversedthe level of neuromuscular blockade to be reversed

•• Routine Reversal:Routine Reversal:
–– A dose of 2.0 mg/kg is only recommended A dose of 2.0 mg/kg is only recommended 

if spontaneous recovery has occurred up if spontaneous recovery has occurred up 
to the reappearance of Tto the reappearance of T22 (shallow blockade) (shallow blockade) 
following rocuronium or vecuronium following rocuronium or vecuronium 
induced blockadeinduced blockade

–– A dose of 4.0 mg/kg is recommended if A dose of 4.0 mg/kg is recommended if 
recovery has reached 1recovery has reached 1--2 post2 post--tetanic counts tetanic counts 
(PTC) (profound blockade) following (PTC) (profound blockade) following 
rocuronium or vecuronium induced blockaderocuronium or vecuronium induced blockade
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Dosing Recommendations Dosing Recommendations (cont.)(cont.)

•• Immediate ReversalImmediate Reversal
–– A dose of 16.0 mg/kg is recommended A dose of 16.0 mg/kg is recommended 

3 minutes following the administration 3 minutes following the administration 
of rocuronium*of rocuronium*

** There are no data to support the use of sugammadex for There are no data to support the use of sugammadex for 
immediate reversal following vecuronium induced blockadeimmediate reversal following vecuronium induced blockade
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Unmet Medical NeedUnmet Medical Need
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Presentation OutlinePresentation Outline

•• Role of neuromuscular blocking drugs Role of neuromuscular blocking drugs 
((NMBDsNMBDs) in general anesthesia) in general anesthesia

•• Current pharmacologic (neostigmine) Current pharmacologic (neostigmine) 
reversal of nonreversal of non--depolarizing depolarizing 
neuromuscular blockadeneuromuscular blockade

•• The need for an improved reversal drugThe need for an improved reversal drug
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Role of Neuromuscular Blocking Drugs Role of Neuromuscular Blocking Drugs 
in General Anesthesiain General Anesthesia

•• Use of neuromuscular blocking drugsUse of neuromuscular blocking drugs
–– Facilitate endotracheal intubation Facilitate endotracheal intubation 

(mechanical ventilatory support)(mechanical ventilatory support)
–– To provide skeletal muscle relaxation To provide skeletal muscle relaxation 

(optimal surgical conditions)(optimal surgical conditions)

•• NMBDsNMBDs carry the risk of postoperative carry the risk of postoperative 
residual neuromuscular blockaderesidual neuromuscular blockade

–– Important to reverse NM BlockImportant to reverse NM Block
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The Ideal Reversal DrugThe Ideal Reversal Drug

•• Minimizes risk of residual paralysisMinimizes risk of residual paralysis

•• Eliminate side effects associated with Eliminate side effects associated with 
neostigmine and muscarinic antagonistsneostigmine and muscarinic antagonists

•• Provides rapid reversal in minutesProvides rapid reversal in minutes

•• Enables the reversal of profound NMBEnables the reversal of profound NMB
–– Which will provide the possibilityWhich will provide the possibility

of flexible dosing of the of flexible dosing of the NMBDsNMBDs

•• Alternative to succinylcholine in Alternative to succinylcholine in 
combination with a fast onset NMBDcombination with a fast onset NMBD



15

The Postoperative PeriodThe Postoperative Period

Postoperative Neuromuscular BlockPostoperative Neuromuscular Block
Is It a Real Problem?Is It a Real Problem?
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Critical Respiratory Events in the PACU*Critical Respiratory Events in the PACU*

•• Upper airway obstructionUpper airway obstruction

•• Inadequate ventilationInadequate ventilation

•• HypoxemiaHypoxemia

•• Incidence varies from 0.8 to 6.9%Incidence varies from 0.8 to 6.9%

** Murphy et al: Murphy et al: AnesthAnesth Analgesia 2008 (In press)Analgesia 2008 (In press)
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Causes (Anesthetic Variables) of Causes (Anesthetic Variables) of 
Critical Respiratory Events in PACU*Critical Respiratory Events in PACU*

•• Residual neuromuscular blockadeResidual neuromuscular blockade

•• OpioidsOpioids

•• Emergency surgeryEmergency surgery

•• Long duration of surgeryLong duration of surgery

•• Abdominal surgeryAbdominal surgery

** ArbousArbous et al: Anesthesiology 2005; 102:257et al: Anesthesiology 2005; 102:257--6868
Murphy et al: Murphy et al: AnesthAnesth Analgesia 2008 (In press)Analgesia 2008 (In press)
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Residual ParalysisResidual Paralysis

•• Incidence of residual paralysis remains Incidence of residual paralysis remains 
serious clinical concern despite the serious clinical concern despite the 
use of intermediateuse of intermediate--acting acting NMBDsNMBDs
and administration of neostigmineand administration of neostigmine
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Current Pharmacologic Reversal of NMBCurrent Pharmacologic Reversal of NMB

•• Only available products are AChEIs Only available products are AChEIs 
(e.g., neostigmine)(e.g., neostigmine)

–– Indirect mechanism of actionIndirect mechanism of action
–– Potential for postoperative reappearance Potential for postoperative reappearance 

of NMBof NMB
–– Wide variability in time required for complete Wide variability in time required for complete 

reversal of NMBreversal of NMB

•• To manage the side effects of neostigmineTo manage the side effects of neostigmine
–– CoCo--administration of muscarinic antagonists administration of muscarinic antagonists 

(e.g., glycopyrrolate)(e.g., glycopyrrolate)
•• Side effects of muscarinic antagonistsSide effects of muscarinic antagonists

–– CardiovascularCardiovascular
–– Matching two drugsMatching two drugs
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Problems with Neostigmine/Glycopyrrolate Problems with Neostigmine/Glycopyrrolate 
CombinationsCombinations

•• Ineffective in reversing profound NMBIneffective in reversing profound NMB

•• Cardiac arrhythmias: tachycardia or bradycardiaCardiac arrhythmias: tachycardia or bradycardia

•• Combination of two powerful cardiovascular Combination of two powerful cardiovascular 
drugsdrugs

–– Is the combination correct for each patient?Is the combination correct for each patient?
–– Errors Errors –– how many are reported?how many are reported?

** Van Van VlymenVlymen et al: The effects of reversal of neuromuscular blockade on autet al: The effects of reversal of neuromuscular blockade on autonomic control in the onomic control in the 
perioperative period: perioperative period: AnesthAnesth Analgesia 1997;84:148Analgesia 1997;84:148--154154
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Flexible Dosing of the NMBAFlexible Dosing of the NMBA

•• As current reversal drugs are unable As current reversal drugs are unable 
to reverse profound NMBto reverse profound NMB

–– May prevent flexible NMBD dosingMay prevent flexible NMBD dosing

•• A future drug should allow reversal A future drug should allow reversal 
(in minutes) at any depth of block(in minutes) at any depth of block

•• Provides the possibility to continue Provides the possibility to continue 
the NMBD until the end of the procedure the NMBD until the end of the procedure 
and reverse as neededand reverse as needed
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An Alternative to Succinylcholine?An Alternative to Succinylcholine?
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Problems with SuccinylcholineProblems with Succinylcholine

•• HyperkalemiaHyperkalemia

•• Malignant hyperthermia (trigger)Malignant hyperthermia (trigger)

•• Occasional irreversible prolonged Occasional irreversible prolonged 
neuromuscular blockneuromuscular block

•• Cardiac arrhythmiasCardiac arrhythmias

•• Muscle painMuscle pain

•• Biochemical changesBiochemical changes
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Alternative to SuccinylcholineAlternative to Succinylcholine

•• Despite its side effect profile, Despite its side effect profile, 
succinylcholine is still widely used succinylcholine is still widely used 
because of its fast onset and short durationbecause of its fast onset and short duration

•• Rocuronium, followed by an improved Rocuronium, followed by an improved 
reversal drug, can produce a NMB with reversal drug, can produce a NMB with 
rapid onset and short durationrapid onset and short duration
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The Medical Need for an Improved The Medical Need for an Improved 
Reversal DrugReversal Drug

•• An improved reversal drug should quickly An improved reversal drug should quickly 
and completely reverse NMB, irrespective and completely reverse NMB, irrespective 
of the depth of blockade and without the of the depth of blockade and without the 
need to manage the side effects of currently need to manage the side effects of currently 
available reversal drugsavailable reversal drugs

•• In combination with a fast onset NMBD, In combination with a fast onset NMBD, 
an improved reversal drug may provide an improved reversal drug may provide 
an alternative to succinylcholinean alternative to succinylcholine

•• The properties of an improved reversal drug The properties of an improved reversal drug 
will offer real and important patient benefitswill offer real and important patient benefits
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Mechanism of Action Mechanism of Action 
of Sugammadexof Sugammadex

Anton Bom, M.D., Ph.D.Anton Bom, M.D., Ph.D.
Senior Research Fellow, PharmacologySenior Research Fellow, Pharmacology



27

OverviewOverview

•• Design of sugammadexDesign of sugammadex

•• Mechanism of action of sugammadexMechanism of action of sugammadex

•• SelectivitySelectivity

•• Speed of reversalSpeed of reversal

•• PharmacokineticsPharmacokinetics

•• Assessment of drugAssessment of drug--drug interactionsdrug interactions
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Recovery from Neuromuscular Blockade:Recovery from Neuromuscular Blockade:

•• Decrease in NMBA concentrationDecrease in NMBA concentration
–– MetabolismMetabolism
–– ExcretionExcretion

•• Increase in acetylcholine concentrationIncrease in acetylcholine concentration
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New ConceptNew Concept

•• Inactivation of the NMBAInactivation of the NMBA

•• Rapid chemical interaction between NMBA Rapid chemical interaction between NMBA 
and encapsulating agentand encapsulating agent
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CyclodextrinsCyclodextrins

•• Starting point for encapsulating agentsStarting point for encapsulating agents

•• Used since 1953 as solubilising agentsUsed since 1953 as solubilising agents

•• Low affinity complexes with lipophilic Low affinity complexes with lipophilic 
drugsdrugs
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γγ--cyclodextrin: 8 sugar molecules forming cyclodextrin: 8 sugar molecules forming 
a rigid ring with a central lipophilic cavitya rigid ring with a central lipophilic cavity
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Properties of CyclodextrinsProperties of Cyclodextrins

•• Very waterVery water--solublesoluble

•• Not metabolizedNot metabolized

•• Renally excretedRenally excreted
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Properties of RocuroniumProperties of Rocuronium
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Design of Reversal AgentDesign of Reversal Agent

γ-cyclodextrins can be modified to increase 
affinity for rocuronium
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SugammadexSugammadex
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Rocuronium Rocuronium –– Sugammadex ComplexSugammadex Complex
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10,000,00010,000,00025,000,00025,000,000sugammadexsugammadex

1,1761,17613,20013,200γγ--cyclodextrincyclodextrin

vecuroniumvecuroniumrocuroniumrocuroniumaffinity (Kaffinity (KAA MM--11))

Mechanism of ActionMechanism of Action

Rocuronium Sugammadex Complex
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SelectivitySelectivity

0.0000.000SuccinylcholineSuccinylcholine

0.0050.005CisatracuriumCisatracurium

2.62.6PancuroniumPancuronium

10.010.0VecuroniumVecuronium

25.025.0RocuroniumRocuronium

KKAA value (megaMvalue (megaM--11))NMBANMBA
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Speed of ReversalSpeed of Reversal

rocuroniumrocuronium
extracellularextracellular

volumevolume
bloodblood
vesselvessel
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rocuronium

rocuronium

rocuronium
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Opposite Direction of Flow of MoleculesOpposite Direction of Flow of Molecules

sugammadexsugammadex sugammadexsugammadex

rocuroniumrocuronium
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ConclusionConclusion

•• Sugammadex rapidly encapsulates Sugammadex rapidly encapsulates 
rocuronium and vecuroniumrocuronium and vecuronium

•• Reversal of Reversal of any depthany depth of neuromuscular of neuromuscular 
blockade, including profound blockadeblockade, including profound blockade

•• Sugammadex is inactive against Sugammadex is inactive against 
nonnon--steroidal neuromuscular blocking steroidal neuromuscular blocking 
agents, like succinylcholine and agents, like succinylcholine and 
cisatracuriumcisatracurium
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Pharmacokinetics & Pharmacokinetics & 
DrugDrug--drug Interactionsdrug Interactions

Anton Bom, M.D., Ph.D.Anton Bom, M.D., Ph.D.
Senior Research Fellow, PharmacologySenior Research Fellow, Pharmacology
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Basic PK of SugammadexBasic PK of Sugammadex

•• Volume of distribution: Volume of distribution: ≈≈ 1212--15 L15 L

•• Plasma halfPlasma half--life: life: ≈≈ 2.2 h2.2 h

•• Clearance: Clearance: ≈≈ 91 mL/min (91 mL/min (≈≈ GFR)GFR)

•• No metabolismNo metabolism
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Basic PK of SugammadexBasic PK of Sugammadex

•• Low plasma protein bindingLow plasma protein binding

•• BloodBlood--brain barrier penetration (< 3% in rat)brain barrier penetration (< 3% in rat)

•• Placental transfer (< 2Placental transfer (< 2--6% in rat and rabbit)6% in rat and rabbit)
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Plasma Concentration Plasma Concentration –– Time PlotTime Plot
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Evaluation of Potential DrugEvaluation of Potential Drug--drug Interactiondrug Interaction

•• Sugammadex has been specifically designed Sugammadex has been specifically designed 
to form high affinity complexes with steroidal to form high affinity complexes with steroidal 
NMBAsNMBAs

•• Sugammadex is almost exclusively renally Sugammadex is almost exclusively renally 
excretedexcreted

•• Sugammadex has no potential to cause Sugammadex has no potential to cause 
drugdrug--drug interaction (=DDI) due to inhibition drug interaction (=DDI) due to inhibition 
or induction of drug metabolizing enzymesor induction of drug metabolizing enzymes

•• Mechanism of potential DDI is through binding of Mechanism of potential DDI is through binding of 
sugammadex to other compounds, which cannot sugammadex to other compounds, which cannot 
be assessed via traditional DDI studiesbe assessed via traditional DDI studies
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Two Types of Binding InteractionsTwo Types of Binding Interactions

•• Displacement:Displacement:
–– Another drug binding to sugammadex, Another drug binding to sugammadex, 

displacing NMBA, causing rise in free displacing NMBA, causing rise in free 
NMBA concentrationNMBA concentration
→→ Potential risk of rePotential risk of re--occurrence of NMBoccurrence of NMB

•• Capturing:Capturing:
–– Sugammadex binding another drug, Sugammadex binding another drug, 

decreasing its free concentrationsdecreasing its free concentrations
→→ Potential risk of reduction in efficacyPotential risk of reduction in efficacy
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Interaction Strategy Involving:Interaction Strategy Involving:

•• Isothermal titration microcalorimetry Isothermal titration microcalorimetry 
(determination of binding affinity K(determination of binding affinity KAA))

•• In vitroIn vitro tissue studiestissue studies

•• In vivoIn vivo animal studiesanimal studies

•• PharmacokineticPharmacokinetic--Pharmacodynamic Pharmacodynamic 
interaction modelinteraction model

•• Clinical considerationsClinical considerations
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Drugs Selected for Determination Drugs Selected for Determination 
of Binding Affinity for Sugammadexof Binding Affinity for Sugammadex

•• Drugs used in anesthesiaDrugs used in anesthesia

•• Drugs / hormones with steroidal nucleusDrugs / hormones with steroidal nucleus

•• Drugs acting on steroidal receptorsDrugs acting on steroidal receptors

•• Drugs most commonly prescribedDrugs most commonly prescribed

> 300 compounds tested> 300 compounds tested
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For Most Drugs which Are Used during For Most Drugs which Are Used during 
Anesthesia Anesthesia KKAA Values Were DeterminedValues Were Determined

•• The highest affinity constant was for The highest affinity constant was for 
remifentanil, which was 0.2% of the affinity remifentanil, which was 0.2% of the affinity 
constant of sugammadex with rocuroniumconstant of sugammadex with rocuronium
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Conservative Scenario Applied for Conservative Scenario Applied for 
DrugDrug--drug Interaction Evaluationdrug Interaction Evaluation

•• RECEPTORRECEPTOR
•• PROTEINPROTEIN
•• ALBUMINALBUMIN
•• TRANSCORTINTRANSCORTIN
•• SEX HORMONE BINDING GLOBULINSEX HORMONE BINDING GLOBULIN

DRUGDRUG SUGAMMADEXSUGAMMADEX NMBANMBA
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Drugs with Possible Displacement PotentialDrugs with Possible Displacement Potential

•• Toremifene:Toremifene: An orally administered An orally administered 
nonnon--steroidal Selective Estrogen Receptor steroidal Selective Estrogen Receptor 
Modulator used for the treatment of Modulator used for the treatment of 
metastatic breast cancermetastatic breast cancer

•• Flucloxacillin:Flucloxacillin: Narrow spectrum Narrow spectrum 
betabeta--lactam penicillin (not available in lactam penicillin (not available in 
the US)the US)

•• Fusidic acid:Fusidic acid: A steroidal bacteriostatic A steroidal bacteriostatic 
agent (not available in the US)agent (not available in the US)
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Drugs with Possible Capture PotentialDrugs with Possible Capture Potential

•• For hormonal contraceptives clinically For hormonal contraceptives clinically 
relevant capturing interaction could not relevant capturing interaction could not 
be excludedbe excluded

•• Progestogens and estrogens show some Progestogens and estrogens show some 
affinity for sugammadex (affinity 2affinity for sugammadex (affinity 2--22% of 22% of 
that of rocuronium)that of rocuronium)

•• In preclinical studies no indications In preclinical studies no indications 
suggesting an interaction with steroid suggesting an interaction with steroid 
hormones in doses up to 500 mg/kg/dayhormones in doses up to 500 mg/kg/day
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Hormonal ContraceptivesHormonal Contraceptives

•• A conservative PK simulation predicted a A conservative PK simulation predicted a 
decrease of 34% in unbound progestogen decrease of 34% in unbound progestogen 
exposure (AUC)exposure (AUC)

•• This decreased exposure is similar to This decreased exposure is similar to 
taking an oral contraceptive > 12h too latetaking an oral contraceptive > 12h too late

•• Guidance provided in Package InsertGuidance provided in Package Insert
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ConclusionConclusion

•• The affinity constants for more than 300 The affinity constants for more than 300 
compounds tested confirmed the highest compounds tested confirmed the highest 
affinities for steroid (like) compoundsaffinities for steroid (like) compounds

•• For the compounds discussed the For the compounds discussed the 
available data suggest that an interaction available data suggest that an interaction 
cannot be excluded. This will be cannot be excluded. This will be 
addressed in the Package Insert. addressed in the Package Insert. 

•• No clinical evidence of interactions No clinical evidence of interactions 
was found during clinical trials in was found during clinical trials in 
approximately 2000 patientsapproximately 2000 patients
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NonNon--clinical Safety Overviewclinical Safety Overview

Diels van den Dobbelsteen, Ph.D.Diels van den Dobbelsteen, Ph.D.
Principal ToxicologistPrincipal Toxicologist



62

Summary of NonSummary of Non--clinical Safetyclinical Safety

•• SugammadexSugammadex’’ nonnon--clinical safety profile is clinical safety profile is 
comparable to modern cyclodextrins (CDs) used comparable to modern cyclodextrins (CDs) used 
intravenously as excipients in various productsintravenously as excipients in various products

•• SugammadexSugammadex’’ dose level is considerably lowerdose level is considerably lower
as compared to CDs used as excipients as compared to CDs used as excipients 

1616--32 g/day*32 g/day*99--13.5 g/day*13.5 g/day*0.12, 0.24, 0.96 g/day*0.12, 0.24, 0.96 g/day*

±± 7 daily doses7 daily doses±± 77--10 daily doses10 daily dosesSingle doseSingle dose

HydroxypropylHydroxypropyl-- ββ--CD CD 
in Sporanoxin Sporanox®®

SulfobutyletherSulfobutylether--ββ--CD CD 
in Vfendin Vfend®®SugammadexSugammadex

* Based on 60 kg body weight* Based on 60 kg body weight
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Determination of Safety MarginsDetermination of Safety Margins

Drug concentration Drug concentration 
at No Observed Effect Level in ratat No Observed Effect Level in rat

versusversus
Drug concentration Drug concentration 

at the clinical dose in humansat the clinical dose in humans

•• Bone and teeth: local exposureBone and teeth: local exposure

•• Other: systemic exposureOther: systemic exposure
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Summary of NonSummary of Non--clinical Safetyclinical Safety

•• Sugammadex: Sugammadex: 
–– No intrinsic pharmacological activityNo intrinsic pharmacological activity
–– No genotoxicityNo genotoxicity
–– No relevant reproductive toxicity or No relevant reproductive toxicity or 

teratogenicityteratogenicity
–– At high/repeated doses: kidney, urinary bladder, At high/repeated doses: kidney, urinary bladder, 

alveolar macrophages, hemolysis, however alveolar macrophages, hemolysis, however 
findings show a wide safety margin (> 25)findings show a wide safety margin (> 25)

……1 observation for this cyclodextrin: 1 observation for this cyclodextrin: bbinding to inding to 
mineralized tissues such as bones and teeth in ratmineralized tissues such as bones and teeth in rat

Does not represent a risk for humanDoes not represent a risk for human
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No Anticipated Risk for Human for Effects No Anticipated Risk for Human for Effects 
on Bone and Teethon Bone and Teeth

•• Large ratLarge rat--toto--human safety margin:human safety margin:
–– No effect on bone: No effect on bone: 7070--10001000
–– Effect on juvenile rat molar only after 4 wks Effect on juvenile rat molar only after 4 wks 

of daily dosing (accumulation): of daily dosing (accumulation): 4848--480480

•• No effect on bone No effect on bone devdev’’tt/ossification in embryo/ossification in embryo--
fetal development and juvenile animal studiesfetal development and juvenile animal studies

–– No expected risk from fetal or pediatric No expected risk from fetal or pediatric 
exposureexposure

–– No expected risk for impairment of fracture No expected risk for impairment of fracture 
or post operative bone repairor post operative bone repair
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Extensive Investigations on Bone and TeethExtensive Investigations on Bone and Teeth

•• Studies on young adult and juvenile ratsStudies on young adult and juvenile rats
–– More sensitive model than humansMore sensitive model than humans

•• Embryofetal development studies Embryofetal development studies 
(rats and rabbits)(rats and rabbits)

–– Processes important in skeletal tissue Processes important in skeletal tissue 
formation are very similar to processes formation are very similar to processes 
important in bone healingimportant in bone healing

•• Localization, reversibility and Localization, reversibility and 
quantification of bindingquantification of binding

•• Prevention of binding by rocuroniumPrevention of binding by rocuronium
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NonNon--clinical Safety Studies on Bone and Teethclinical Safety Studies on Bone and Teeth
Parameters and EndpointsParameters and Endpoints

•• Regular and special histopathology of femur, Regular and special histopathology of femur, 
scapula scapula 

•• Bone micro architecture (Bone micro architecture (µµCT) of femurCT) of femur
•• Bone quality (cortical and trabecular strength)Bone quality (cortical and trabecular strength)
•• Biochemical markers of bone turnoverBiochemical markers of bone turnover
•• Skeletal screening in rat and rabbit teratologySkeletal screening in rat and rabbit teratology

Tooth color and developmentTooth color and development
Bone structure, quality and turnover, growth Bone structure, quality and turnover, growth 
and development, modeling and remodelingand development, modeling and remodeling
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Results of Distribution StudiesResults of Distribution Studies

SugammadexSugammadex’’ binding:binding:
–– Reversible (terminal tReversible (terminal t½½ rat bone: 70rat bone: 70--250 days) 250 days) 
–– To rat teeth is 3To rat teeth is 3--5 fold less compared to bone5 fold less compared to bone
–– Extracellular at site of mineralization:Extracellular at site of mineralization:

hydroxy apatitehydroxy apatite
–– Significantly Significantly reducedreduced by presence of NMBAby presence of NMBA
–– NotNot to epiphyseal disc & (joint) cartilageto epiphyseal disc & (joint) cartilage

Bone apposition in femur continues as normalBone apposition in femur continues as normal
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Results of Distribution Studies Results of Distribution Studies (cont.)(cont.)

Extent of binding depends on age/rate of bone turnover:Extent of binding depends on age/rate of bone turnover:
The (juvenile) rat isThe (juvenile) rat is a most sensitive speciesa most sensitive species
Species with lower turnover Species with lower turnover less less sensitivesensitive

Dose not recovered in man = 0-15% estimated concentration 
human bone at max. 4.5 µg per gram bone/teeth
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Young Adult Rat: No Adverse EffectsYoung Adult Rat: No Adverse Effects

•• No effect on bone at single dose No effect on bone at single dose ≤≤ 500 mg/kg500 mg/kg

•• Bone concentration rat : human = 313 : 4.5 Bone concentration rat : human = 313 : 4.5 µµg/gg/g

Safety Margin: 70Safety Margin: 70

•• 44--week rat toxicity study: no effect on bone week rat toxicity study: no effect on bone 
histopathology and bone mineral density with histopathology and bone mineral density with 
sugammadex at > 5000 sugammadex at > 5000 µµg/gg/g

Safety Margin: > 1000Safety Margin: > 1000
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Juvenile Rat: No Adverse Effects on BoneJuvenile Rat: No Adverse Effects on Bone

•• No adverse No adverse effect on bone at effect on bone at ≤≤ 500 mg/kg/day 500 mg/kg/day 
for 4 weeksfor 4 weeks

•• Bone concentration juvenile rat : human Bone concentration juvenile rat : human ≈≈
> 5000 : 4.5 > 5000 : 4.5 µµg/gg/g

Safety Margin: > 1000Safety Margin: > 1000
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Wide Safety Margins for Effects on Tooth Wide Safety Margins for Effects on Tooth 
Color and Enamel FormationColor and Enamel Formation
•• No effect on tooth color young adult rat and dogNo effect on tooth color young adult rat and dog

Juvenile rat: Juvenile rat: 
•• No effect in teeth after single dose of 500 mg/kgNo effect in teeth after single dose of 500 mg/kg

Safety Margin 48Safety Margin 48
•• No effect in molars at No effect in molars at ≤≤ 120 mg/kg/day for 4 weeks120 mg/kg/day for 4 weeks

Safety Margin 480Safety Margin 480
•• Effect dose for rat molars: 500 mg/kg/day for 4 weeksEffect dose for rat molars: 500 mg/kg/day for 4 weeks
•• Effect is reversible (8 weeks)Effect is reversible (8 weeks)
•• Rat molar is most representative for man, rat incisor Rat molar is most representative for man, rat incisor 

is overly sensitive*is overly sensitive*
* Kuijpers MHM et al.* Kuijpers MHM et al. Tox. Path. 24(3): 346Tox. Path. 24(3): 346--360 (1996)360 (1996)
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No Anticipated Risk for the No Anticipated Risk for the 
Pediatric PopulationPediatric Population

•• No adverse effect on bone parameters: No adverse effect on bone parameters: 
safety margin: > 1000safety margin: > 1000

•• Effect on tooth development: Effect on tooth development: 
safety margin: 48safety margin: 48--480480

•• Other target organs: comparable sensitivity Other target organs: comparable sensitivity 
and no developmental toxicity: and no developmental toxicity: 

safety margin: 32safety margin: 32

No specific risks to pediatric population in clinical useNo specific risks to pediatric population in clinical use
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No Anticipated Risk for the Embryo/FetusNo Anticipated Risk for the Embryo/Fetus

•• Embryofetal development study in rat and rabbit Embryofetal development study in rat and rabbit 
no specific effect on skeletal development and no specific effect on skeletal development and 

ossificationossification

•• Estimated skeletal exposure in rat fetus: Estimated skeletal exposure in rat fetus: 450450--600 600 µµg/gg/g

•• Worst case human fetus bone/teeth concentration: Worst case human fetus bone/teeth concentration: 
4.5 4.5 µµg/gg/g (low placental transfer not accounted) (low placental transfer not accounted) 

Safety Margin:Safety Margin: >> 100100--133133

No expected risk for the human fetusNo expected risk for the human fetus
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No Anticipated Risk for Patients with No Anticipated Risk for Patients with 
Fractures or Surgical Injury to BoneFractures or Surgical Injury to Bone

•• Processes important in skeletal tissue formation in utero Processes important in skeletal tissue formation in utero 
are very similar to processes important in bone healing*are very similar to processes important in bone healing*

–– No impact on fetus = no impact on bone healing: No impact on fetus = no impact on bone healing: 
safety margin > 100safety margin > 100--133133

•• No toxicity or functional impairmentNo toxicity or functional impairment to processes to processes 
important in normal bone physiology: important in normal bone physiology: 

safety margins 70safety margins 70--10001000
•• Sugammadex is Sugammadex is notnot pharmacologically activepharmacologically active
•• Sugammadex is administered before mineralization Sugammadex is administered before mineralization 

occurs in callus occurs in callus no binding to early callusno binding to early callus

Fracture healing should not be impairedFracture healing should not be impaired
* Ferrara and Davis* Ferrara and Davis--Smyth, Endocr. Rev. 18: 4Smyth, Endocr. Rev. 18: 4--25 (1997); Ferguson et al. Mech. Dev. 87: 5725 (1997); Ferguson et al. Mech. Dev. 87: 57--66 (1999); 66 (1999); 

Tsiridis et al. Injury 38S1: S11Tsiridis et al. Injury 38S1: S11--S25 (2007); Little et al. J Bone Joint Surg. 89(4):425S25 (2007); Little et al. J Bone Joint Surg. 89(4):425--433 (2007)433 (2007)
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ConclusionsConclusions

•• SugammadexSugammadex’’ nonnon--clinical safety profile clinical safety profile 
shows wide safety margins relative to shows wide safety margins relative to 
human exposurehuman exposure

•• Extensive set of 15 nonExtensive set of 15 non--clinical safety and clinical safety and 
drug disposition studies characterized drug disposition studies characterized 
risks for mineralized tissuesrisks for mineralized tissues

•• The nonThe non--clinical models used are relevant clinical models used are relevant 
and very sensitiveand very sensitive



77

Conclusions Conclusions (cont.)(cont.)

•• Conservative estimates of safety margins Conservative estimates of safety margins 
for effects on bone and teeth are very wide for effects on bone and teeth are very wide 
(> 48(> 48--1000)1000)

•• Presence of NMBA further increases Presence of NMBA further increases 
the safety marginsthe safety margins

•• This addresses the use in sensitive This addresses the use in sensitive 
patients, e.g. healing fractures, unborn patients, e.g. healing fractures, unborn 
child, pediatric, and potential repeated usechild, pediatric, and potential repeated use

At clinical exposure there are no data to At clinical exposure there are no data to 
suggest risk for adverse effects on any suggest risk for adverse effects on any 

target organ for all life stagestarget organ for all life stages
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Efficacy HighlightsEfficacy Highlights

Patrick Boen, M.D.Patrick Boen, M.D.
Senior Director Medical Services, AnesthesiaSenior Director Medical Services, Anesthesia
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Presentation OutlinePresentation Outline

•• Goals of the Clinical Development ProgramGoals of the Clinical Development Program

•• Program standardsProgram standards
–– Inclusion and Exclusion CriteriaInclusion and Exclusion Criteria
–– Neuromuscular MonitoringNeuromuscular Monitoring

•• Dose Finding Trials Dose Finding Trials –– Phase IIPhase II

•• Phase III Clinical Trial ProgramPhase III Clinical Trial Program

•• Efficacy ConclusionsEfficacy Conclusions
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Goals of the Clinical Development ProgramGoals of the Clinical Development Program

Routine ReversalRoutine Reversal

•• Shallow BlockadeShallow Blockade
–– Reversal at reappearance of TReversal at reappearance of T22

•• Profound BlockadeProfound Blockade
–– Reversal at 1Reversal at 1--2 Post Tetanic Counts 2 Post Tetanic Counts 

(PTC)(PTC)

Immediate ReversalImmediate Reversal

•• Reversal at 3 minutesReversal at 3 minutes
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Sugammadex Clinical Development ProgramSugammadex Clinical Development Program
All Clinical Trials

Sugammadex Clinical 
Development Program
(N=30; 1973 subjects)

All Clinical Trials
Sugammadex Clinical 
Development Program
(N=30; 1973 subjects)

Phase I
(N=7)

Phase I
(N=7)

Phase II
(N=12)

Phase II
(N=12)

Phase III
(N=11)

Phase III
(N=11)

Routine Reversal at 
Reappearance of T2

(N=7)

Routine Reversal at 
Reappearance of T2

(N=7)

Routine Reversal at
1-2 PTCs or at 15 mins

(N=1)

Routine Reversal at
1-2 PTCs or at 15 mins

(N=1)

Immediate
Reversal

(N=1)

Immediate
Reversal

(N=1)
Other Efficacy Studies

(N=2)

Other Efficacy Studies
(N=2)

Phase III
(N=2)

Phase III
(N=2)

19.4.301
(Pivotal)
19.4.310

Special 
Populations

(N=5)

Special 
Populations

(N=5)

19.4.304
19.4.305
19.4.306
19.4.308
19.4.309

Phase III
(N=1)

Phase III
(N=1)

19.4.302
(Pivotal)

Phase III
(N=1)

Phase III
(N=1)

19.4.303

Phase III
(N=2)

Phase III
(N=2)

19.4.311
19.4.312
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Inclusion CriteriaInclusion Criteria
Phase II and III TrialsPhase II and III Trials

•• ASA class 1ASA class 1--xx (2, 3 or 4)xx (2, 3 or 4)

•• Adult patients (except for Trial 19.4.306) Adult patients (except for Trial 19.4.306) 
undergoing general anesthesia, requiring undergoing general anesthesia, requiring 
an NMBAan NMBA

•• Surgical procedures in the supine positionSurgical procedures in the supine position

•• Have given written informed consentHave given written informed consent
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Exclusion CriteriaExclusion Criteria
Phase II and III TrialsPhase II and III Trials

•• Neuromuscular disorders, significant renal Neuromuscular disorders, significant renal 
dysfunction (except for Trial 19.4.304), history dysfunction (except for Trial 19.4.304), history 
of malignant hyperthermiaof malignant hyperthermia

•• Allergy to narcotics, muscle relaxants or other Allergy to narcotics, muscle relaxants or other 
medication used during general anesthesiamedication used during general anesthesia

•• Medications known to interfere with the NMBA Medications known to interfere with the NMBA 

•• Contraindications for the comparatorContraindications for the comparator
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Exclusion CriteriaExclusion Criteria
Phase II and III TrialsPhase II and III Trials

•• PregnancyPregnancy
–– Childbearing potential not using Childbearing potential not using 

appropriate methods of birth controlappropriate methods of birth control
–– BreastBreast--feedingfeeding

•• Prior participation in the trialPrior participation in the trial

•• Participation in another clinical trial, Participation in another clinical trial, 
not prenot pre--approved by Organon, part of approved by Organon, part of 
ScheringSchering--Plough CorpPlough Corp
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Neuromuscular MonitoringNeuromuscular Monitoring
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•• Train of FourTrain of Four (TOF) (TOF) –– measurement of more shallow blockademeasurement of more shallow blockade
–– Ratio of Ratio of thethe fourthfourth (T(T44) to ) to thethe firstfirst (T(T11) ) musclemuscle responseresponse

MethodsMethods of Stimulationof Stimulation

T4/T1 = TOF ratio

T1

T4

0.5Hz

T1 T1
T1

T1

T4

T4

50Hz, 5 sec

TOF

Tetanic stimulation

0.1- 1Hz

Single Twitch

PTC = 2

PTC = 4

•• PostPost--Tetanic Count (PTC) Tetanic Count (PTC) –– measurement of deeper blockademeasurement of deeper blockade
–– Tetanic stimulation, followed by single twitchTetanic stimulation, followed by single twitch
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Dose Finding Trials Dose Finding Trials –– Phase IIPhase II
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Dose Selection CriteriaDose Selection Criteria

•• Minimize the risk for inadequate recoveryMinimize the risk for inadequate recovery

•• Clinically significant reduction in Clinically significant reduction in 
recovery time (< 5 min)recovery time (< 5 min)

•• Minimize potential for confusion in dosing; Minimize potential for confusion in dosing; 
i.e. a limited choice of recommended i.e. a limited choice of recommended 
doses should be preferreddoses should be preferred
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Time to Recovery TTime to Recovery T44/T/T11 to 0.9to 0.9
Sugammadex at TSugammadex at T22 after Rocuronium after Rocuronium –– Phase IIPhase II

Shallow Block
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Time to Recovery TTime to Recovery T44/T/T11 to 0.9to 0.9
Sugammadex at TSugammadex at T22 after Vecuronium after Vecuronium –– Phase IIPhase II

Shallow Block
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Time to Recovery TTime to Recovery T44/T/T11 to 0.9to 0.9
Sugammadex at 1Sugammadex at 1--2 PTC after Rocuronium 2 PTC after Rocuronium –– Phase IIPhase II

Profound Block
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Time to Recovery TTime to Recovery T44/T/T11 to 0.9to 0.9
Sugammadex at 1Sugammadex at 1--2 PTC after Vecuronium 2 PTC after Vecuronium –– Phase IIPhase II

Profound Block
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Time to Recovery TTime to Recovery T44/T/T11 to 0.9to 0.9
Sugammadex at 3Sugammadex at 3--5 min after Rocuronium 5 min after Rocuronium –– Phase IIPhase II

Immediate Reversal
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Phase II ConclusionsPhase II Conclusions

•• Doses:Doses:
–– 2 mg/kg at reappearance of T2 mg/kg at reappearance of T22
–– 4 mg/kg at 14 mg/kg at 1--2 PTC / 15 min2 PTC / 15 min
–– 16 mg/kg for immediate reversal after 16 mg/kg for immediate reversal after 

1.2 mg/kg rocuronium1.2 mg/kg rocuronium

•• Dose related speed of recoveryDose related speed of recovery

•• Dose related reversal of depth of NMBDose related reversal of depth of NMB
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Types of Phase III TrialsTypes of Phase III Trials

ComparativeComparative
•• vs. Neostigminevs. Neostigmine

–– Shallow BlockShallow Block Trial 19.4.301Trial 19.4.301
–– Profound BlockProfound Block Trial 19.4.302Trial 19.4.302

•• vs. succinylcholinevs. succinylcholine Trial 19.4.303Trial 19.4.303
•• vs. cisatracuriumvs. cisatracurium Trial 19.4.310Trial 19.4.310

Routine UseRoutine Use
•• 15 min after last dose15 min after last dose

of rocuroniumof rocuronium Trial 19.4.311Trial 19.4.311
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Types of Phase III TrialsTypes of Phase III Trials

Special PopulationsSpecial Populations

•• 19.4.30419.4.304 Renal Renal 

•• 19.4.30519.4.305 ElderlyElderly

•• 19.4.30819.4.308 PulmonaryPulmonary

•• 19.4.30919.4.309 CardiacCardiac
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Pivotal Trials 19.4.301 and 19.4.302Pivotal Trials 19.4.301 and 19.4.302
ObjectivesObjectives

•• Trial 19.4.301Trial 19.4.301
Reversal of Reversal of shallowshallow rocuronium or rocuronium or 
vecuroniumvecuronium--induced neuromuscular induced neuromuscular 
blockade with sugammadex versus blockade with sugammadex versus 
neostigmineneostigmine

•• Trial 19.4.302Trial 19.4.302
Reversal of Reversal of profoundprofound rocuronium and rocuronium and 
vecuroniumvecuronium--induced blockade with induced blockade with 
sugammadex compared with neostigminesugammadex compared with neostigmine
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Recovery of TOF Ratio to 0.9*Recovery of TOF Ratio to 0.9*
Trial 19.4.301Trial 19.4.301

4545
18.918.9

2.92.9--76.276.2

4848
2.12.1**

1.21.2--64.264.2

VecuroniumVecuronium
nn
Median (minutes)Median (minutes)
RangeRange

4848
17.617.6

3.73.7--106.9106.9

4848
1.41.4**

0.90.9--5.45.4

RocuroniumRocuronium
nn
Median (minutes)Median (minutes)
RangeRange

NeostigmineNeostigmine
50 mcg/kg50 mcg/kg

SugammadexSugammadex
2.0 mg/kg2.0 mg/kg

Neuromuscular Neuromuscular 
Blocking AgentBlocking Agent

* P<0.0001 versus neostigmine* P<0.0001 versus neostigmine

Shallow Block
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Recovery after Sugammadex 2.0 mg/kg orRecovery after Sugammadex 2.0 mg/kg or
Neostigmine 50 mcg/kg at Reappearance of TNeostigmine 50 mcg/kg at Reappearance of T22
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Recovery of TOF Ratio to 0.9*Recovery of TOF Ratio to 0.9*
Trial 19.4.302Trial 19.4.302

3636
49.949.9

46.046.0--312.7312.7

4747
3.33.3**

1.41.4--68.468.4

VecuroniumVecuronium
nn
Median (minutes)Median (minutes)
RangeRange

3737
49.049.0

13.313.3--145.7145.7

3737
2.72.7**

1.21.2--16.116.1

RocuroniumRocuronium
nn
Median (minutes)Median (minutes)
RangeRange

NeostigmineNeostigmine
70 mcg/kg70 mcg/kg

SugammadexSugammadex
4.0 mg/kg4.0 mg/kg

Neuromuscular Neuromuscular 
Blocking AgentBlocking Agent

* P<0.0001 versus neostigmine* P<0.0001 versus neostigmine

Profound Block
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Recovery after Sugammadex 4.0 mg/kg orRecovery after Sugammadex 4.0 mg/kg or
Neostigmine 70 mcg/kg at 1Neostigmine 70 mcg/kg at 1--2 PTC2 PTC
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Conclusions Conclusions –– Trials 19.4.301 and 19.4.302Trials 19.4.301 and 19.4.302

•• Faster recovery compared with Faster recovery compared with 
neostigmine neostigmine after rocuronium and after rocuronium and 
vecuronium induced blockvecuronium induced block

•• NNo cases of residual paralysis or o cases of residual paralysis or 
reoccurrence of blockade during the period reoccurrence of blockade during the period 
of neuromuscular monitoring or at recoveryof neuromuscular monitoring or at recovery

•• Unique ability to rapidly reverse both Unique ability to rapidly reverse both 
shallow and profound rocuronium and shallow and profound rocuronium and 
vecuroniumvecuronium--induced NMBinduced NMB
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Trial 19.4.303Trial 19.4.303
Rocuronium/Sugammadex vs. SuccinylcholineRocuronium/Sugammadex vs. Succinylcholine

•• Objective:Objective:
Reversal of profound rocuroniumReversal of profound rocuronium--induced induced 
neuromuscular block with sugammadex is neuromuscular block with sugammadex is 
significantly faster than recovery from significantly faster than recovery from 
succinylcholinesuccinylcholine



104

Efficacy VariablesEfficacy Variables

•• PPrimary efficacy variablerimary efficacy variable
–– Time from the start of administrationTime from the start of administration

of rocuronium or succinylcholine to of rocuronium or succinylcholine to 
recovery of Trecovery of T11 to 10%to 10%

•• Secondary efficacy variablesSecondary efficacy variables
–– Time from the start of administrationTime from the start of administration

of rocuronium or succinylcholine to of rocuronium or succinylcholine to 
recovery of Trecovery of T11 to 90%to 90%

–– Clinical signs of recoveryClinical signs of recovery
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Design ElementsDesign Elements

•• Study in emergency patients impossibleStudy in emergency patients impossible
––Ethical considerationsEthical considerations
––Enrollment (true emergency is very rare)Enrollment (true emergency is very rare)

•• High dose of rocuronium (1.2 mg/kg)High dose of rocuronium (1.2 mg/kg)

•• Primary (TPrimary (T11 to 10%) and secondary efficacy to 10%) and secondary efficacy 
variables (Tvariables (T11 to 90%) allow for comparison of full to 90%) allow for comparison of full 
recovery profilerecovery profile

•• TT11 10% at the thumb corresponds to 10% at the thumb corresponds to ~ 25% ~ 25% 
at the diaphragmat the diaphragm

•• Reversal at 3 minutes includes 60Reversal at 3 minutes includes 60--90 seconds 90 seconds 
onset time, leaving 90onset time, leaving 90--120 seconds for 2 intubation 120 seconds for 2 intubation 
attemptsattempts
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Patient Allocation and Study DesignPatient Allocation and Study Design

Randomized (n=115)

Spontaneous Spontaneous 
recoveryrecovery

Rocuronium 1.2 mg/kg
n=57

Succinylcholine 1.0 mg/kg
n=58

Time to recovery to T1 10%Time to recovery to T1 10%

Time recovery to T1 90%Time recovery to T1 90%

Sugammadex 16 Sugammadex 16 
mg/kg at 3 minmg/kg at 3 min
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Trial 19.4.303, Mean (2xSEM) Times Trial 19.4.303, Mean (2xSEM) Times 
to Tto T11 10% and 90%10% and 90%
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Trial 19.4.303, Time from T1 10% to 90% Trial 19.4.303, Time from T1 10% to 90% 
within Subject (ITT group)within Subject (ITT group)
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Conclusions Conclusions –– Trial 19.4.303Trial 19.4.303

•• Reversal of profound rocuroniumReversal of profound rocuronium--induced induced 
(1.2 mg/kg) neuromuscular block with (1.2 mg/kg) neuromuscular block with 
sugammadex was significantly faster sugammadex was significantly faster 
than spontaneous recovery from than spontaneous recovery from 
succinylcholinesuccinylcholine

•• Sugammadex offers the possibility of Sugammadex offers the possibility of 
immediate reversal of rocuroniumimmediate reversal of rocuronium--induced induced 
block in a possible scenario of failed block in a possible scenario of failed 
intubationintubation
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Recovery of TOF Ratio to 0.9Recovery of TOF Ratio to 0.9
Comparison with Cisatracurium / Neostigmine (Trial 19.4.310)Comparison with Cisatracurium / Neostigmine (Trial 19.4.310)

3939
7.27.2

4.24.2--28.228.2

3434
1.91.9**

0.70.7--6.46.4

nn
Median (minutes)Median (minutes)
RangeRange

Cisatracurium Cisatracurium 
and Neostigmineand Neostigmine

50 mcg/kg50 mcg/kg

Rocuronium and Rocuronium and 
SugammadexSugammadex

2.0 mg/kg2.0 mg/kg
Neuromuscular Neuromuscular 
Blocking AgentBlocking Agent

* P<0.0001 versus cisatracurium / neostigmine* P<0.0001 versus cisatracurium / neostigmine

Objective:Objective:
Faster recovery from neuromuscular blockade with Faster recovery from neuromuscular blockade with 
sugammadex after rocuronium than with neostigmine sugammadex after rocuronium than with neostigmine 
after cisatracuriumafter cisatracurium
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Recovery after Rocuronium / Sugammadex Recovery after Rocuronium / Sugammadex 
2.0 mg/kg and Cisatracurium / Neostigmine 2.0 mg/kg and Cisatracurium / Neostigmine 
50 mcg/kg at Reappearance of T50 mcg/kg at Reappearance of T22
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Recovery of TOF Ratio to 0.9Recovery of TOF Ratio to 0.9
Routine Reversal (Trial 19.4.311)Routine Reversal (Trial 19.4.311)

177177
1.81.8

0.7 0.7 -- 22.322.3

nn
Median (minutes)Median (minutes)
RangeRange

Treatment GroupTreatment Group
4.0 mg/kg Sugammadex4.0 mg/kg Sugammadex

Objective:Objective:
Sugammadex given at least 15 min after last dose of Sugammadex given at least 15 min after last dose of 
rocuronium is effective in reversing neuromuscular rocuronium is effective in reversing neuromuscular 
blockadeblockade
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Conclusions Conclusions ––Trials 19.4.310 and 19.4.311Trials 19.4.310 and 19.4.311

•• Reversal significantly faster than Reversal significantly faster than 
neostigmine reversed cisatracuriumneostigmine reversed cisatracurium--
induced NMB (Trial 19.4.310)induced NMB (Trial 19.4.310)

•• Efficacious also when administered at Efficacious also when administered at 
least 15 min after last dose of rocuroniumleast 15 min after last dose of rocuronium
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Special Population TrialsSpecial Population Trials

•• Efficacy and safety (and PK in some trials) Efficacy and safety (and PK in some trials) 
of rocuroniumof rocuronium--induced neuromuscular induced neuromuscular 
blockade in:blockade in:

–– Renally impaired subjects vs. Renally impaired subjects vs. 
normal renalnormal renal

–– Adult and Geriatric subjectsAdult and Geriatric subjects
–– Subjects with pulmonary and cardiac Subjects with pulmonary and cardiac 

risk factorsrisk factors
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Similar Recovery Times with Sugammadex Similar Recovery Times with Sugammadex 
in Impaired vs. Normal Renal Functionin Impaired vs. Normal Renal Function
Trial 19.4.304Trial 19.4.304

1414
1.41.4

0.90.9--3.13.1

1515
1.61.6

1.21.2--3.73.7

nn
Median (minutes)Median (minutes)
RangeRange

Normal Renal Normal Renal 
FunctionFunction

CRCRCLCL ≥≥ 80 ml/min80 ml/min

Impaired Renal Impaired Renal 
FunctionFunction

CRCRCLCL < 30 ml/min< 30 ml/minGroupGroup
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Recovery of TOF Ratio to 0.9Recovery of TOF Ratio to 0.9
Geriatrics (Trial 19.4.305)Geriatrics (Trial 19.4.305)

Subtotal Subtotal 
≥≥ 65 yrs 65 yrs 
(n=102)(n=102)

≥≥ 75 yrs 75 yrs 
(n=40)(n=40)

6565--74 yrs 74 yrs 
(n=62) (n=62) 

1818--64 yrs 64 yrs 
(n=48)(n=48)

0.9 0.9 -- 9.99.91.0 1.0 -- 9.99.90.9 0.9 -- 8.88.81.2 1.2 -- 7.47.4Range Range 
(min)(min)

2.92.93.63.62.62.62.22.2Median Median 
(min)(min)

GeriatricsGeriatricsAdultAdult
Age GroupAge Group
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Recovery of TOF Ratio to 0.9Recovery of TOF Ratio to 0.9
Pulmonary and Cardiac Risk FactorsPulmonary and Cardiac Risk Factors
(Trials 19.4.308 and 19.4.309)(Trials 19.4.308 and 19.4.309)

3333
1.91.9

0.7 0.7 -- 11.511.5

3333
2.12.1

0.8 0.8 -- 12.012.0

nn
Median (min)Median (min)
RangeRange

SugammadexSugammadex
4.0 mg/kg4.0 mg/kg

SugammadexSugammadex
2.0 mg/kg2.0 mg/kgTrial 19.4.308 Trial 19.4.308 –– PulmonaryPulmonary

3636
1.31.3

0.7 0.7 -- 3.23.2

SugammadexSugammadex
4.0 mg/kg4.0 mg/kg

3737
1.71.7

0.9 0.9 -- 6.96.9

3636
34.734.7

16.9 16.9 -- 66.566.5

nn
Median (min)Median (min)
RangeRange

SugammadexSugammadex
2.0 mg/kg2.0 mg/kgPlaceboPlaceboTrial 19.4.309 Trial 19.4.309 –– CardiacCardiac
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Conclusions Conclusions –– Special Population TrialsSpecial Population Trials

•• Rapid and complete recovery from Rapid and complete recovery from 
rocuroniumrocuronium--induced NMB in normal induced NMB in normal 
and renally impaired patientsand renally impaired patients

•• Both doses (2 and 4 mg/kg ) were Both doses (2 and 4 mg/kg ) were 
efficacious in pulmonary and cardiac efficacious in pulmonary and cardiac 
patientspatients

•• No clinical evidence of residual NMB No clinical evidence of residual NMB 
or reor re--occurrence of blockadeoccurrence of blockade
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Overall Conclusions for EfficacyOverall Conclusions for Efficacy

•• Clear dose responseClear dose response

•• Consistent efficacy results over all trialsConsistent efficacy results over all trials

•• Much faster recovery with sugammadex Much faster recovery with sugammadex 
as compared to neostigmineas compared to neostigmine

•• No dose adjustments necessary in No dose adjustments necessary in 
special patient populationsspecial patient populations
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Safety SummarySafety Summary



121

Safety OverviewSafety Overview

Background InformationBackground Information
•• DemographicsDemographics
•• Exposure to sugammadexExposure to sugammadex
•• Special population studiesSpecial population studies

Safety DataSafety Data
•• AEs and SAEsAEs and SAEs

–– Specific AEsSpecific AEs
–– Other safety parametersOther safety parameters

•• Laboratory changesLaboratory changes
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DemographicsDemographics
Sugammadex + an Sugammadex + an AminosteroidalAminosteroidal NMBANMBA

18451845
966 (52)966 (52)
879 (48)879 (48)

140140
85 (61)85 (61)
55 (39)55 (39)

nn
MaleMale
FemaleFemale

Gender (n[%])Gender (n[%])

18451845
1491 (81)1491 (81)
232 (13)232 (13)
122 (7)122 (7)

140140
113 (81)113 (81)
15 (11)15 (11)
12 (9)12 (9)

nn
18 18 -- 64 yr64 yr
65 65 -- 74 yr74 yr
≥≥ 75 yr75 yr

Age (n [%])Age (n [%])

18451845
50 (16)50 (16)

5050
18 18 -- 9292

140140
51 (16)51 (16)

5252
19 19 -- 8686

nn
Mean (SD)Mean (SD)
MedianMedian
Min. Min. -- max.max.

Age (yrs)Age (yrs)

Total Total 
SugammadexSugammadexPlaceboPlacebo

Statistic/Statistic/
CategoryCategoryParameterParameter
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443 (196)443 (196)TotalTotal
Exposures (subjects)Exposures (subjects)

Sugammadex Only (Volunteer Studies)Sugammadex Only (Volunteer Studies)

39839815091509TotalTotal
VecuroniumVecuroniumRocuroniumRocuronium

SubjectsSubjects
In Association with Rocuronium or VecuroniumIn Association with Rocuronium or Vecuronium

Exposure to SugammadexExposure to Sugammadex
Phase IPhase I--IIIIII

Does not include study 19.4.108Does not include study 19.4.108
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Exposure to SugammadexExposure to Sugammadex
Special PopulationsSpecial Populations

Medical HistoryMedical History 7777Hepatic ImpairedHepatic Impaired

6868Dedicated Study (19.4.308)Dedicated Study (19.4.308)

136136Medical HistoryMedical History
Pulmonary Impaired Pulmonary Impaired 

1515Dedicated Study (19.4.304)Dedicated Study (19.4.304)

226226Baseline Blood Sample Baseline Blood Sample 
GFR acc. CockcroftGFR acc. CockcroftRenal Impaired Renal Impaired 

(GFR < 80 ml/min)(GFR < 80 ml/min)

7676Dedicated Study (19.4.309)Dedicated Study (19.4.309)

188188Medical HistoryMedical History
Cardiac ImpairedCardiac Impaired

SubjectsSubjectsSpecial PopulationSpecial Population
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ASA IV
0.1%

ASA I
44.5%

ASA III
12.4%

ASA II
43.1%

ASA Class AllocationASA Class Allocation
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Exposure to SugammadexExposure to Sugammadex
DatasetsDatasets

All Clinical Trials
Sugammadex Clinical 
Development Program

(N=1973)

All Clinical Trials
Sugammadex Clinical 
Development Program

(N=1973)

Pooled Phase I-III 
Dataset

(N=1845)

Pooled Phase I-III 
Dataset

(N=1845)

Pooled Phase I 
Dataset
(N=196)

Pooled Phase I 
Dataset
(N=196)

Sugammadex vs. 
Neostigmine

Dataset
(N=179 vs 167)

Sugammadex vs. 
Neostigmine

Dataset
(N=179 vs 167)

Sugammadex vs. 
Placebo
Dataset

(N=640 vs 140)

Sugammadex vs. 
Placebo
Dataset

(N=640 vs 140)
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Special PopulationsSpecial Populations

•• Healthy volunteer crossHealthy volunteer cross--over trial over trial 
(19.4.106)(19.4.106)

–– 13 subjects treated, 12 completed 13 subjects treated, 12 completed 
–– Randomized to placebo, sugammadex Randomized to placebo, sugammadex 

32 mg/kg, 64 mg/kg and/or 96 mg/kg32 mg/kg, 64 mg/kg and/or 96 mg/kg

•• Sugammadex up to doses of 96 mg/kg was Sugammadex up to doses of 96 mg/kg was 
safe and well toleratedsafe and well tolerated
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Special Populations Special Populations (cont.)(cont.)

•• Renal impaired (19.4.304)Renal impaired (19.4.304)
–– 15 subjects with creatinine clearance15 subjects with creatinine clearance

of < 30 ml/minof < 30 ml/min
–– 15 subjects with creatinine clearance15 subjects with creatinine clearance

of of ≥≥ 80 ml/min80 ml/min
–– Each received dose of 2.0 mg/kg of sugammadex Each received dose of 2.0 mg/kg of sugammadex 

at reappearance of Tat reappearance of T22
–– The safety profile in renally impaired subjects was The safety profile in renally impaired subjects was 

not appreciably different from control subjectsnot appreciably different from control subjects
–– Clearance 17Clearance 17--fold reduced in severe renal failurefold reduced in severe renal failure
–– Patients were followed up 2Patients were followed up 2--4 weeks4 weeks

•• As measure of caution the use in patients with severe As measure of caution the use in patients with severe 
renal impairment is strongly discouragedrenal impairment is strongly discouraged



129

Special Populations Special Populations (cont.)(cont.)

•• Cardiac impaired (19.4.309)Cardiac impaired (19.4.309)

•• Pulmonary complications (19.4.308)Pulmonary complications (19.4.308)

The use of sugammadex was safe The use of sugammadex was safe 
and effective in these populationsand effective in these populations



130

Special Populations Special Populations (cont.)(cont.)

•• Bronchospasm (study 19.4.308)Bronchospasm (study 19.4.308)
–– Two cases were reported as SAEs in Two cases were reported as SAEs in 

asthmatic patients (considered possibly asthmatic patients (considered possibly 
related by the investigator)related by the investigator)
1.1. Bronchospasm shortly after reversal, Bronchospasm shortly after reversal, 

around the time of extubation, around the time of extubation, 
successfully treated with terbutalinesuccessfully treated with terbutaline

2.2. Bronchospasm approximately one Bronchospasm approximately one 
hour after reversal, close to the time hour after reversal, close to the time 
of extubation, successfully treated of extubation, successfully treated 
with albuterolwith albuterol
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Safety DataSafety Data

AEs and SAEsAEs and SAEs
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Sugammadex vs. Placebo: Sugammadex vs. Placebo: 
Incidence of Subjects with at Least one AEIncidence of Subjects with at Least one AE

83.3%83.3%75.4%75.4%VecuroniumVecuronium

69.8%69.8%66.7%66.7%RocuroniumRocuronium

72.1%72.1%68.3%68.3%TotalTotal

PlaceboPlacebo
(N=140)(N=140)

Sugammadex*Sugammadex*
(N=640)(N=640)

* Followed by administration of rocuronium or vecuronium* Followed by administration of rocuronium or vecuronium
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Sugammadex vs. Placebo: Sugammadex vs. Placebo: 
Most Frequently Reported AEs (at Least 2.0%)Most Frequently Reported AEs (at Least 2.0%)
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Incidence of AEs, Dose ResponseIncidence of AEs, Dose Response
Pooled Phase IPooled Phase I--III (N=1891)III (N=1891)

•• Overall incidence of AEs Overall incidence of AEs 
–– 2 mg/kg group2 mg/kg group 78.9%78.9%
–– 4 mg/kg group 4 mg/kg group 88.7%88.7%
–– 16 mg/kg group 16 mg/kg group 80.8% 80.8% 

•• The overall incidence of AEs does not The overall incidence of AEs does not 
show a doseshow a dose--response relationship with response relationship with 
the exception of Anesthetic Complicationthe exception of Anesthetic Complication
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Serious Adverse Events (SAEs)Serious Adverse Events (SAEs)

•• There were no deaths related to There were no deaths related to 
the administration of sugammadex the administration of sugammadex 

•• Placebo controlled trials: similar Placebo controlled trials: similar 
percentage of sugammadex subjects percentage of sugammadex subjects 
(5.8%) and placebo subjects (4.3%) (5.8%) and placebo subjects (4.3%) 
experienced at least one SAEexperienced at least one SAE
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Serious Adverse Events (SAEs) Serious Adverse Events (SAEs) (cont.)(cont.)

•• Pooled Phase IPooled Phase I--III: III: 
–– 5.1% of all subjects exposed to any 5.1% of all subjects exposed to any 

dose of sugammadex plus an NMBA dose of sugammadex plus an NMBA 
experienced at least one SAEexperienced at least one SAE

–– The overall incidence of SAEs did not The overall incidence of SAEs did not 
show a dose response relationship show a dose response relationship 
•• 2 mg/kg group2 mg/kg group 7.3%7.3%
•• 4 mg/kg group4 mg/kg group 4.8%4.8%
•• 16 mg/kg group16 mg/kg group 5.1%5.1%
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Specific AEsSpecific AEs

•• Anesthetic complicationAnesthetic complication

•• DysgeusiaDysgeusia

•• HypersensitivityHypersensitivity
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Anesthetic ComplicationAnesthetic Complication

Including:Including:

•• Movement (of a limb or the body) Movement (of a limb or the body) 

•• Coughing during the anesthetic procedure Coughing during the anesthetic procedure 
or during surgeryor during surgery

•• Grimacing, sucking on the endotracheal Grimacing, sucking on the endotracheal 
tubetube

•• Light anesthesiaLight anesthesia
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Anesthetic Complication AEs Mostly Anesthetic Complication AEs Mostly 
Related to Trial DesignRelated to Trial Design

Incidence of Anesthetic ComplicationsIncidence of Anesthetic Complications

000.5%0.5%0.7%0.7%Phase 3Phase 3
2.4%2.4%――5.9%5.9%Phase 2Phase 2
1.4%1.4%0.5%0.5%3.0%3.0%All TrialsAll Trials

PlaceboPlaceboNeostigmineNeostigmineSugammadexSugammadex

Phase 2 TrialPhase 2 Trial
Treatment TimelineTreatment Timeline

3, 5 or 15 min.,3, 5 or 15 min.,
11--2 PTC or T2 PTC or T22 variable based on trial designvariable based on trial design

rocuroniumrocuronium sugammadexsugammadex EOPEOP

rocuroniumrocuronium EOP &EOP &
extubationextubation

sugammadexsugammadex

Phase 3 TrialPhase 3 Trial
Treatment TimelineTreatment Timeline

EOP = End of procedureEOP = End of procedure
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DysgeusiaDysgeusia

•• Pooled Phase I trialsPooled Phase I trials
–– Sugammadex group 12.6% versus 1.5% Sugammadex group 12.6% versus 1.5% 

in the placebo groupin the placebo group
–– 100% reported as related100% reported as related
–– 49 of 56 cases occurred at doses 49 of 56 cases occurred at doses 

of 32 mg/kg sugammadex or higher of 32 mg/kg sugammadex or higher 
–– Short lasting and self limitingShort lasting and self limiting

•• Pooled Phase II and III trialsPooled Phase II and III trials
–– 6 cases (only 2 were considered related)6 cases (only 2 were considered related)
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Hypersensitivity: Case DescriptionHypersensitivity: Case Description

•• Subject had a first exposure to sugammadex Subject had a first exposure to sugammadex 
in a volunteer study (Study 19.4.106)in a volunteer study (Study 19.4.106)

•• Infusion stopped after 8.4 mg/kg sugammadex Infusion stopped after 8.4 mg/kg sugammadex 
due to:due to:

–– ParesthesiaParesthesia –– Palpitations Palpitations 
–– Visual disturbanceVisual disturbance –– Nausea Nausea 
–– RashRash –– TachycardiaTachycardia
–– Stomach discomfortStomach discomfort –– FlushingFlushing

•• Reaction was self limiting, no treatment Reaction was self limiting, no treatment 
requiredrequired

•• The subject had no known history of allergyThe subject had no known history of allergy
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Hypersensitivity: Case DescriptionHypersensitivity: Case Description

•• A slight increase in serum tryptase, suggestive A slight increase in serum tryptase, suggestive 
for a possible allergy was foundfor a possible allergy was found

•• FollowFollow--up skin tests:up skin tests:
–– Skin prick tests (SPT): InconclusiveSkin prick tests (SPT): Inconclusive
–– Intradermal skin test (IDT): The subject Intradermal skin test (IDT): The subject 

showed wheals > 50% of the wheal size of showed wheals > 50% of the wheal size of 
histamine (positive control) accompanied histamine (positive control) accompanied 
by flares at 1:1.000 dilutionby flares at 1:1.000 dilution

–– Conclusion skin tests: Subject probably Conclusion skin tests: Subject probably 
hypersensitive to sugammadexhypersensitive to sugammadex

•• Additional skin testing: No evidence for Additional skin testing: No evidence for 
sensitization to betalactam antibiotics sensitization to betalactam antibiotics 
(e.g. penicillin) or breakdown products(e.g. penicillin) or breakdown products
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Skin Test Study 19.4.110Skin Test Study 19.4.110
Study DesignStudy Design

Single center, placeboSingle center, placebo--controlled study,controlled study,
investigating hypersensitivity with sugammadex,investigating hypersensitivity with sugammadex,
via skin prick and intradermal tests.via skin prick and intradermal tests.

•• Primary Objectives:Primary Objectives:
–– To evaluate the skin prick test (SPT) To evaluate the skin prick test (SPT) 

and intradermal skin test (IDT) in healthy and intradermal skin test (IDT) in healthy 
volunteers not previously exposed to volunteers not previously exposed to 
sugammadexsugammadex

–– To investigate the sugammadex To investigate the sugammadex 
hypersensitivity status of exposed alleged hypersensitivity status of exposed alleged 
hypersensitive volunteers of the 19.4.105, hypersensitive volunteers of the 19.4.105, 
19.4.106 and 19.4.109 trials19.4.106 and 19.4.109 trials
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Skin Test Study 19.4.110Skin Test Study 19.4.110
Study DesignStudy Design

•• Phase A:Phase A: open study, subjects not previously exposed open study, subjects not previously exposed 
to sugammadex, n=11to sugammadex, n=11

•• Phase B:Phase B: single blind, previously exposed with alleged single blind, previously exposed with alleged 
hypersensitivity symptoms, n=6hypersensitivity symptoms, n=6

–– Potentially hypersensitive subject from study 19.4.106Potentially hypersensitive subject from study 19.4.106
–– Clinical trial data from 156 healthy volunteers in Clinical trial data from 156 healthy volunteers in 

crosscross--over trial were evaluated, retrospectively, over trial were evaluated, retrospectively, 
possible symptoms of hypersensitivity were identifiedpossible symptoms of hypersensitivity were identified

•• 6 subjects showed some signs of possible 6 subjects showed some signs of possible 
hypersensitivity hypersensitivity 

•• 5 subjects consented in participation in 19.4.1105 subjects consented in participation in 19.4.110

•• Phase B:Phase B: single blind, previously exposed to sugammadex single blind, previously exposed to sugammadex 
without hypersensitivity symptoms, n=6without hypersensitivity symptoms, n=6
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Skin Test Study 19.4.110Skin Test Study 19.4.110
Study ResultsStudy Results

•• Potentially hypersensitive volunteer from 19.4.106 was Potentially hypersensitive volunteer from 19.4.106 was 
confirmed positive in skin testsconfirmed positive in skin tests

–– Participated as a volunteer in over 15 trials; Participated as a volunteer in over 15 trials; 
unknown drug exposureunknown drug exposure

•• No other allegedly hypersensitive subjects were No other allegedly hypersensitive subjects were 
hypersensitive to sugammadex based on the SPT hypersensitive to sugammadex based on the SPT 
and IDT resultsand IDT results

•• One control subject had a positive IDTOne control subject had a positive IDT
–– Previously exposed to sugammadex without Previously exposed to sugammadex without 

previous clinical allergy symptomsprevious clinical allergy symptoms
–– Increased and comparable levels of urine Increased and comparable levels of urine 

methylhistamine both at baseline and post methylhistamine both at baseline and post 
treatment; this may indicate a false positive treatment; this may indicate a false positive 
outcomeoutcome
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Hypersensitivity ConclusionHypersensitivity Conclusion

•• 1 hypersensitive reaction in a healthy 1 hypersensitive reaction in a healthy 
volunteervolunteer

•• No hypersensitivity reactions reported No hypersensitivity reactions reported 
in patients in patients 

•• 182 subjects received more than one dose 182 subjects received more than one dose 
of sugammadex with no suspected of sugammadex with no suspected 
hypersensitivity reportedhypersensitivity reported

•• No reports of hypersensitivity associated No reports of hypersensitivity associated 
with cyclodextrins in literaturewith cyclodextrins in literature
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Other Safety DataOther Safety Data
and Risk Management Planand Risk Management Plan
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No Clinically Important Changes No Clinically Important Changes 
for Other Safety Parametersfor Other Safety Parameters

•• QTcQTc
–– Two thorough QTc trials conductedTwo thorough QTc trials conducted
–– No QTc prolongation of concernNo QTc prolongation of concern

•• No clinically important laboratory changesNo clinically important laboratory changes
–– HematologyHematology
–– BiochemistryBiochemistry
–– UrinalysisUrinalysis
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Risk Management PlanRisk Management Plan

•• Patients with severe renal failure and the Patients with severe renal failure and the 
feasibility of hemodialysis will be studied feasibility of hemodialysis will be studied 
separatelyseparately

•• Pharmacovigilance activities are consideredPharmacovigilance activities are considered
to be sufficient for all important risks withto be sufficient for all important risks with
the exception of use in severe renal impaired the exception of use in severe renal impaired 
patients. These activities include:patients. These activities include:

–– Active followActive follow--up on reports to obtain all up on reports to obtain all 
relevant case informationrelevant case information

–– FollowFollow--up on off label useup on off label use
–– Literature screening (weekly) on case reportsLiterature screening (weekly) on case reports
–– Periodic evaluation of reporting rate for Periodic evaluation of reporting rate for 

selected AEs (e.g. hypersensitivity)selected AEs (e.g. hypersensitivity)
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Conclusion on SafetyConclusion on Safety

Available clinical data demonstrate Available clinical data demonstrate 
that sugammadex is safe and well that sugammadex is safe and well 
toleratedtolerated
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SummarySummary

Ronald D. Miller, M.D.Ronald D. Miller, M.D.
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Are We Meeting an Unmet Need?Are We Meeting an Unmet Need?

•• Minimize or eliminate neostigmineMinimize or eliminate neostigmine

•• Minimize or eliminate succinylcholineMinimize or eliminate succinylcholine

•• Residual Postoperative ParalysisResidual Postoperative Paralysis

•• Increase Intraoperative FlexibilityIncrease Intraoperative Flexibility

•• Increase Perioperative SafetyIncrease Perioperative Safety
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* P<0.0001 versus neostigmine treatment group* P<0.0001 versus neostigmine treatment group

Recovery after Sugammadex 4.0 mg/kg orRecovery after Sugammadex 4.0 mg/kg or
Neostigmine 70 mcg/kg at 1Neostigmine 70 mcg/kg at 1--2 PTC, Median 2 PTC, Median 
Time to Recovery TOF 0.9Time to Recovery TOF 0.9

49.0 49.9
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Percentage Change in Heart Rate after Percentage Change in Heart Rate after 
Administration of Sugammadex or Administration of Sugammadex or 
Neostigmine/GlycopyrrolateNeostigmine/Glycopyrrolate
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Rocuronium/Sugammadex vs. Succinylcholine, Rocuronium/Sugammadex vs. Succinylcholine, 
Mean (2xSEM) Times to TMean (2xSEM) Times to T11 10% and 90%10% and 90%

* P<0.0001 versus succinylcholine treatment group* P<0.0001 versus succinylcholine treatment group
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SummarySummary

•• Sugammadex is one of the most Sugammadex is one of the most 
innovative drugs in anesthesia in innovative drugs in anesthesia in 
many yearsmany years

•• It is the first drug that encapsulates It is the first drug that encapsulates 
the NMBD, taking it away from the NMJ the NMBD, taking it away from the NMJ 
and terminating its actionand terminating its action

•• Allows increased flexibility with Allows increased flexibility with NMBDsNMBDs
intraoperativelyintraoperatively
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SummarySummary

•• Provides complete and rapid reversalProvides complete and rapid reversal
of profound neuromuscular blockadeof profound neuromuscular blockade

•• Minimizes risk of residual postoperative Minimizes risk of residual postoperative 
paralysisparalysis

•• Elimination of managing side effects Elimination of managing side effects 
associated with AChEIs (neostigmine) associated with AChEIs (neostigmine) 
and muscarinic antagonists (atropine/ and muscarinic antagonists (atropine/ 
glycopyrrolate) and the mechanical mixingglycopyrrolate) and the mechanical mixing
of two drugsof two drugs

•• In combination with rocuronium, may provide In combination with rocuronium, may provide 
an alternative to succinylcholinean alternative to succinylcholine
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ConclusionConclusion

•• Sugammadex has been shown to be safe Sugammadex has been shown to be safe 
and efficacious in more than 2000 and efficacious in more than 2000 
administrations in patients and volunteersadministrations in patients and volunteers

•• Its properties are expected to lead to Its properties are expected to lead to 
safety benefits for patientssafety benefits for patients

•• Sugammadex will become a valuable new Sugammadex will become a valuable new 
drug in the management of neuromuscular drug in the management of neuromuscular 
blockade specifically and general blockade specifically and general 
anesthesia, overallanesthesia, overall


