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Disclosures

	
•Michael	R.	England,	M.D.,	declares	that	he	serves	on	a	speaker’s	bureau	for	Merck.

•This	is	a	CME	sponsored	event
•No	industry	support	or	involvement



  

  

Learning	Objec-ves

• Review	commonly	administered	neuromuscular
blocking	(NMB)	agents,		their,	history,	purpose,	and
poten?al	side	effects.

• Examine	current	monitoring	prac?ce	for
administra?on	and		reversal	of	NMB	agents

• Recommend	pathways	to	minimize	safety	risks
associated	with	residual	paralysis.

• Discuss	the	ways	to	make	Rapid	Sequence	Induc?on
(RSI)	“Safer”

	
	



  

  

Are	you	involved	in	opera/ng	room
(OR)	medica/on	decisions?

A. Yes
B. No



  

  

In	current	clinical	prac-ce,	how	o2en
is	a	train-of-four	(TOF)	monitor	used
rou-nely?

A. 5%
B. 10%
C. 50%
D. 100%



  

  

Is	there	any	clinical	difference
between	a	Peripheral	Nerve
S7mulator	(PNS)	and	an
Accelerometer?
(Qualita've	vs		Quan'ta've
monitoring)
A. No
B. Yes



  

  

When	is	a	pa*ent	considered	“fully
reversed”	a7er	use	of	a	NMB	agent?

A. When	they	can	squeeze	your	hand
B. When	pa5ents	can	sustain	a	head	li8	for	5	sec.
C. When	you	can	feel	four	twitches	on	the	TOF

monitor
D. When	the	TOF	ra5o	is	>0.9%
	



  

  

What	percentage	of	pa.ents	are
inadequately	reversed	upon	entry	to
the	post-anesthesia	care	unit	(PACU)
a>er	ge?ng	NMB	agents?
A. 0%
B. 5%
C. 30-40%
D. >50%
	



  

  

Should	all	pa*ents	given	a	NMB	be
reversed	in	the	opera*ng	room	prior
to	extuba*on?

A. Yes
B. No



  

  

Succinylcholine	(SDC)	is	the	“safest”
agent	for	a	rapid	sequence	induc;on
(RSI)	for	a	“full	stomach”?	
Rather	than	1.2	mg/kg	rocuronium
A. Yes
B. No



  

  

Boston,	Massachuse.s
October	19,	1846

“Boston	Medical	Library	in	the	Francis	A.	Countway	Library	of	medicine.”
Used	by	permission.



  

  

What	is	“anesthesia”?

	



  

  

From	The	New	Yorker	1/14/08

Used	by	permission.



  

  

What	do	we	use	to	produce
“anesthesia”?

• Amnesia
– Seda,ves/Hypno,cs

• Midazolam,	propofol,	inhala,onal	agents

• Analgesia
– Narco,cs	or	“non-narco,cs”

• Neuromuscular	blocking	(NMB)	agents
– Depolarizing	–	Succinylcholine	(SDC)

• Two	acetylcholine	(ACH)	molecules
– Non-depolarizing	agents	–	large	steroid	moie,es

• Rocuronium,	vecuronium
– Non-depolarizing	agents	–	benzylisoquinolines

• Atracurium/cisatracurium,	mivacurium	(eliminated	by	Hoffman	elimina,on)

	 	



  

  

History	of	Neuromuscular	Blockade
(NMB)

The	first	known	use	was	by	Amazon	Na5ves	using	poison	5pped
arrows
Ac5ve	agent	recognized	as	d-	tubocurarine

First	published	use	by	Griffith	in	ANES.		In	1942
Wide	spread	in	clinical	prac5ce	1943

Surgical	death	rates	described	thereaKer	by	Beecher/Todd	in	1954
1:2100	w/o	NMB	vs	1:370	with
	

Wikipedia			Brull	et	al.	ANES.	1/17



  

  

Muscle	Relaxants
A	major	part	of	our	anesthesia

quiver

	

• Either	depolarizing	or	non-depolarizing



  

  

Structures

	



  

  

Rocuronium
a	Quaternary	Aminosteroid

•Vecuronium	analog
•Fast	onset	–	intermediate	ac4ng	to	compete	with	ACH
•ED90	of	0.3	mg/kg

• ED90	is	the	dose	required	to	produce	90%	depression	of	the	twitch	response



  

  
 

Train-of	Four	(TOF)

Monitoring	the	Neuromuscular	
Junc3on	(NMJ)

Only	used	by	10%	of
caregivers!	In	US,	Aus,
New	Zealand
20%	Europe
	

Brull	ANES	2017



  

  

NMJ	Receptor	Blockade

	





  

  
 

Monitoring	of	the	NMJ
Accelerometer



  

  

How	do	we	“reverse”	the	effects	of
	neuromuscular	blocking	agents?

• If	we	are	using	a	depolarizing	agent
– Depends	on	enzyma6c	elimina6on-first	twitch

appears-	7-9	mins
• Or	6ncture	of	6me	if	there	is	an	enzyme	deficiency

• If	we	are	using	a	non-depolarizing	agent
– We	have	to	wait	un6l	there	is	evidence	of	two

twitches	if	we	are	using	a	TOF	monitor	(or	an
accelerometer)

• Tac6le	quan6fica6on	is	lost	at	TOF	>0.4%
• Accelerometers	will	display	the	ra6o	of	twitch	heights

• Then	we	usually	administer	an



  

  
 

	

Should	this	con-nue	to	be	the
standard	of	care?By	reversing	NMB	to	create	a

state	of	organophosphate
poisoning? Signs	and	symptoms



  

  

Neos%gmine



  

  
 

	

New	FDA	Regula-ons



  

  
 

Generic	Neos+gmine



  

  

Should	this	con-nue	to	be	the
standard	of	care?

• Are	we	really	adequately	monitoring	the
pharmacodynamics	of	our	NMB	agents?

– Using	the	TOF	correctly?
– Are	we	keeping	the	pa@ents	too	paralyzed	in	fear

of	appearing	to	let	them	move	(signs	of	life)
• Is	this	really	a	sign	of	a	bad	anesthe@c?
– What	happens	if	surgery	is	stopped	suddenly?
• Can	we	adequately/predictably	reverse	our	paralysis?
– What	if	we	can’t	intubate/ven@late	aKer	RSI?



  

  
 

Anesthesia	Pa+ent	Safety	Founda+on	Newsle6er.	2016;	30:45-76.

Enter	Sugammadex
A	γ-cyclodextrin

-Rigid	ring	shaped	sugars
-Outside	is	hydrophilic
water	soluble
-The	hole	in	the	middle	of
the	ring	is	hydrophobic
that	permits	lipophilic
moieEes	to	enter	and
become	encapsulated
	
No	affinity	for
benzoisoquinolinium	NMB



  

  

Sugammadex

Anesthesia	Pa+ent	Safety	Founda+on	Newsle6er.	2016;	30:45-76.

• It	was	developed	to	selec:vely	bind	rocuronium
(fast,	short	ac:ng,	non-depolarizing	steroid
NMB	agent)

– It	binds	to	vecuronium	with	much	lower	affinity
• It	has	no	affinity	for	other	NMB	agents
– SDC,	mivacurium,	atracurium,	or	cisatracurium
• First	human	studies	in	2005
• Has	been	given	to	6000	pa:ents	in	trials
	



  

  

Sugammadex

Anesthesia	Pa+ent	Safety	Founda+on	Newsle6er.	2016;	30:45-76.

• European	Union	approval	in	2008

• FDA	new	drug	applicaBon	(NDA)	in	2007

– Concerns	centered	around	safety

• Re-exposure	(hypersensiBvity,	anaphylaxis)-	very	low

• Bleeding

• Cardiac	arrhythmias,	prolonged	QT	interval

• In	2013,	bleeding	and	cardiac	issues	resolved

• In	2014,	reports	demonstrated	1	paBent	met

the	anaphylaxis	criteria	aVer	16	mg/kg

– Mechanism	unclear	–	no	tryptase	or	IgE,	IgG

• FDA	approval	December	2015



  

  
 Anesthesia	Pa+ent	Safety	Founda+on	Newsle6er.	2016;	30:45-76.

Sugammadex	for	Reversal	of	
Neuromuscular	Blockade

• Can	reverse	neuromuscular	blockade

– Moderate	block	2	mg/kg	(one	or	two	twitches)

• Mean	Fme	to	recovery	1.5	minutes		–	TOF	0.9

• 19	minutes	for	neosFgmine

– Deep	blockade	–	4	mg/kg	(PTC	of	1-2)	in	3	minutes

– NeosFgmine	is	not	able	to	do	this

• Can	reverse	rocuronium	dose	1.2	mg/kg

– 16	mg/kg	faster	than	spontaneous	recovery	from

SDC

	PTC=post-tetanic	counts



  

  
 

Jones	RK	et	al.	Anesthesiology.	2008;	109:816-24.

Recovery	Times
Sugammadex	vs.	Neos5gmine



  

  

Pa#ent	Case

25	year-old	male	scheduled	for	laparoscopic
appendectomy

Past	Medical	History	(PMH)	not	an	issue
Body	Mass	Index	(BMI)	45	kg/m2

MallampaB	3	(uvula	not	well	visualized)



  

  

Case	Raises	Issues

• The	pa'ent	needs	their	airway	secured	as
quickly	as	possible	to	minimize	aspira'on	risk

• What	is	the	best	agent	to	accomplish	this?
– For	many	succinylcholine,	but	there	are	issues
• Myalgia,		hyperkalemia
– Now	rocuronium	1.2	mg/kg	provides	intuba'ng

condi'ons	as	fast	as	succinylcholine
• What	to	do	if	we	can’t	intubate/ven'late?
– Now	which	is	beGer?

	



  

  

Time	for	a	Decision
Which	drug	would	you	suggest?

A. Succinylcholine
B. Rocuronium	(1.2	mg/kg)

How	many	people	would	reach	for?



  

  
 Lee	C	et	al.	Anesthesiology.	2009;	110:1020-5.

Time	to	Recovery	for	First	Twitch
10%	of	Baseline

	 Treatment	Regimen 	

	 Rocuronium	1.2	mg/kg	and
sugammadex	16	mg/kg

Succinylcholine	1	mg/kg

Number	of	paGents 55 55

Mean	Gme	in	minutes	(SD) 4.4	(0.7) 7.1	(1.6)

Median	Gme	in	minutes
(Range)

4.2	(3.5-7.7) 7.1	(3.8-10.5)



  

  
 Anesthesia	Pa+ent	Safety	Founda+on	Newsle6er.	2016;	30:45-76.

Brueckmann	B	et	al.	Br	J	Anaesth.	2015;	115:743-51.

Advantages	of	Sugammadex	vs.	
Neos3gmine/Glycopyrrolate

• It	will	permit	flexible	administraBon	of	NMB
agent

– Maintaining	deep	blockade	unBl	end	of	surgery
• Reverse	quickly	(with	one	PTC)	4	mg/kg
• Reliably	(not	possible	with	neosBgmine)

• Risk	of	postoperaBve	residual	neuromuscular
blockade	(RNMB)	in	PACU	using
sugammmadex

– Has	been	shown	to	be	reduced
• From	43%	to	0%



  

  
 

Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

Adverse	Reac+ons	to	Sugammadex

Body	system 2	mg/kg
(n=895)

4	mg/kg
(n=1921)

16	mg/kg
(n=98)

Placebo
(n=544)

Incision	site
pain

6% 6% 4% 1%

Procedural
complica5on

1% 1% 8% 1%

Airway	issues 1% 1% 9% 1%

Anesthesia
complica5ons

1% 1% 9% <1%

RNMB	(PACU) 0% <1% 2% 0

	 	 	 	 	



  

  
 

Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

Adverse	Reac+ons	to	Sugammadex

Body	system 2	mg/kg 4	mg/kg 16	mg/kg Placebo

Nausea 23% 26% 23% 23%

Vomi5ng 11% 12% 15% 10%

Abdominal	Pain 5% 4% 6% 3%

Flatulence 2% 3% 1% 2%

Dry	mouth 1% <1% 2% 0

Pain 48% 52% 36% 38%

Pyrexia 9% 6% 5% 3%



  

  

Concerns	with	Sugammadex

Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

• Is	incompa5ble	with

– Verapamil

– Ondansetron

– Rani5dine

• Most	common	(dose-related)	hypersensi5vity

reac5ons

– Nausea

– Pruritus

– Ur5caria

	



  

  

Pharmacokine,cs	of	Sugammadex

Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

• No	metabolism

• Renal	clearance	=	glomerular	filtra5on	rate
(GFR)(88	mL/min)

• Plasma	half-life	=	2	hours	(>90%	gone	in	24	hr)

• Linear	pharmacokine5cs	(PK)(dose	range	0.1-
96	mg/kg)

• Low	poten5al	for	drug-drug	interac5ons

• Similar	PK	for	surgical/non-surgical	pa5ents

• No	dose	adjustment	for	age,	gender,	weight

• Not	recommended	for	pa5ents	in	renal	failure



  

  
 Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

Re-dosing	of	Sugammadex
Normal	GFR

Minimal	Wai8ng	8me NMB	agent	to	be	administered

Five	minutes 1.2	mg/kg	rocuronium

Four	hours 0.6	mg/kg	rocuronium
0.1	mg/kg	vecuronium

• When	1.2	mg/kg	of	rocuronium	is	given	within	30	minutes	sugammadex
• Onset	of	NMB	may	be	delayed	up	to	4	minutes	and	dura5on	shortened	by	15

minutes
• If	16	mg/kg	used,	wait	24	hours!



  

  

Progesterone	Levels	a.er
Sugammadex

Bridion	(sugammadex)	prescribing	informa5on.	Merck	and	Co.,	Inc.	2016	Sept.

• In	vitro	binding	studies	indicate	that

sugammadex	may	bind	to	progesterone

• It	may	be	equivalent	to	missing	a	dose	of	birth

control	pills	(BCP)

• It	is	suggested	that	if	a	BCP	is	taken	on	the	day

sugammadex	is	given,	a	back-up	method	of

birth	control	be	used	for	up	to	7	days

• In	the	case	of	non-oral	hormonal

contracep5ves,	use	addi5onal	methods	to

prevent	pregnancy	for	7	days!



  

  

To	Prevent	Unwanted	Pregnancy

Tu#s	Medical	Center	Pa2ent	Informa2on.



  

  

Answers	to	Ques,ons

• In	current	prac+ce	only	10%	of	caregivers	use
the	TOF

• A	pa+ent	is	fully	“reversed”	when	TOF	ra+o	is
>0.9%

• 30-40%	pa+ents	entering	the	PACU	have
evidence	of	residual	blockade

• Probably	1.2	mg/kg	is	“SAFER”	because	it	is
possible	to	reverse	using	16	mg/kg
sugammadex

– No	reversal	possible	using	SDC	1	mg/kg	–	must
wait	9	minutes	for	one	twitch	to	appear!



  

  

Should all patients be reversed?

Glenn Murphy ANESTHESIOLOGY
10/16YE

S



  

  

References ANESTHESIOLOGY
1/17



  

  

In	Conclusion

	

• Sugammadex
– May	not	be	more	expensive	than	the	combina7on

of
• Neos7gmine/glycopyrrolate
• Does	not	share	the	side	effect	profile	of

neos7gmine/glycopyrrolate
– Can	reliably	reverse	a	moderate	and	deep

blockade	with	less	side	effects	and	residual
paralysis

– This	will	alter	NMB	agent	administra7on!
• Use	carefully	in	situa7ons	where	GFR	is	low
– Dose	for	re-intuba7on	and	7ming/type	of	NMB


