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* Examine current monitoring practice for
administration and reversal of NMB agents

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

* Discuss the ways to make Rapid Sequence Induction
(RSI) “Safer”
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Boston, Massachusetts
October 19. 1846

“Boston Medical Library in the Francis A. Countway Library of medicine.”
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Triad of Anaesthesia
I
o Triad of anaesthesia

Amnesia

Analgesia Muscle relaxation




“T'll be performing the operation, and this is the anesthesiologist.”
Used by permission.




* Analgesia
— Narcotics or “non-narcotics”

* Neuromuscular blocking (NMB) agents
— Depolarizing — Succinylcholine (SDC)
» Two acetylcholine (ACH) molecules

— Non-depolarizing agents — large steroid moieties
e Rocuronium, vecuronium

— Non-depolarizing agents — benzylisoquinolines

* Atracurium/cisatracurium, mivacurium (eliminated by Hoffman elimination)



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

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




Muscle Relaxants

A major part of our anesthesia

e Either depolarizing or non-depolarizin
P Squiver " :
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Rocuronium bromide

*Vecuronium analog
*Fast onset — intermediate acting to compete with ACH

*ED90 of 0.3 mg/kg
. ED90 is the dose required to produce 90% depression of the twitch response




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

20% Europe

3rull ANES 2017
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Receptor occupancy and clinical responses



Neuromuscular Monitoring

e Qualitative e Quantitative

Peripheral nerve stimulator — TOF-Watch®

GOS)) — TOF ratio

Train-of-four (TOF) count — TOF ratio: 0-1.0
Reappearance of T2 Residual block: TOF ratio <0.9

TOF fade T1 (first twitch) ratio
Post-tetanic count (PTC)

PTC-stmulation
during deep block
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Level of block Onset Intense block Deep block Moderate block Recovery
Response to TOF TOF-count 21 TOF-count 0 TOF-count O TOF.count 1-3 TOF-ratio

Response to PTC PTCO PTC21

Fuchs-Buder, et al. Acta Anaesthesiol Scand. 2007:51:789-808.
NMBA=neuromuscular blocking agent.
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appears- 7-9 mins
. Or tincture of time if there is an enzyme deficiency

e |f we are using a non-depolarizing agent

— We have to wait until there is evidence of two
twitches if we are using a TOF monitor (or an
accelerometer)

. Tactile quantification is lost at TOF >0.4%
. Accelerometers will display the ratio of twitch heights



Should this continue to be the
By reversing NMgtarrelerd of care?

state of organophosphate

poisoning?

-
<

Signs and symptoms

Table 3. Signs And Symptoms Of Acute
Organophosphate Poisoning

Muscarinic Manifestations

Ophthalmic: Conjunctival injection, lacrimation, miosis, blurred vision,
diminished visual acuity, ocular pain

Respiratory: Rhinorrhea, stridor, wheezing, cough, excessive sputum,
chest tightness, dyspnea, apnea

Cardiovascular: Bradydysrhythmias, hypotension

Dermal: Flushing, diaphoresis, cyanosis

Gastrointestinal: Nausea, vomiting, salivation, diarrhea, abdominal
cramping, tenesmus, fecal incontinence

Genitourinary: Frequency, urgency, incontinence

Nicotinic Manifestations

Cardiovascular: Tachydysrhythmias, hypertension

Striated muscle: Fasciculations, twitching, cramping, weakness,
paralysis

Central Nervous System Manifestations
Anxiety, restlessness, depression, confusion, ataxia, tremors, convul-
sions, coma, areflexia



Neostigmine

Brought to you by only one maker!
Now we “gotch ya”
cost?




Generic

Rigorous FDA Scrutiny

erhaps you’ve had this
P experience: You go to
your local pharmacy to
fill a prescription from your
doctor, and the pharmacist
confirms there is a generic
available.

“1f it’s a copy, it must not be as
good,” you think.

You would be wrong.

What are generic drugs, and how
does the Food and Drug Administra-
tion ensure that they are as safe and
effective as brand-name drugs?

Rigorous Standards

A brand-name drug is often pat-
ented to protect it from competition
and thus to help the drug manufac
turer recover the development costs.
Several years later when the patent
expires, other drug companies can
copy the brand-name drug and seek
FDA’s approval for its generic version.

Today, more than 8 in 10 prescrip-
tions filled in the United States are
for generic drugs. The use of generic
drugs is expected to grow over the
next few years as a number of popu-
lar drugs come off patent.

Because generic drug makers are
not required to repeat the clinical
trials of new drugs and generally do
not pay for advertising, marketing
and promotion, generics are usually
substantially less expensive than
brand-name drugs. According to the
Congressional Budget Office, generic
drugs save consumers an estimated

Drugs Undergo

/

An FDA scientist in the agency’s Division of Product Quality Research evaluates
beads used for coating a controlled-release generic drug product.

1 / FDA Consumer Health Information u.

S. Food and Drug Administration OCTOBER 2014
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Neostigmine Methylsulfate
Injection, USSP

Choose Bloxiverz, the first FDA-Approved Neostigmine Methylsulfate
Injection, USP,

Now there is a clear choice among Neostigmine Methylsulfate Injection
products offering proven cfficacy.

ACCURATE LABELING/DOSAGE
PROVEN SAFE AND EFFECTIVE

To learn more please visit the official Bloxiverz website.
To download the Bloxiverz Product Insert gligk here,

INDICATIONS AND USAGE
BLOXIVERZ, a cholinesturase Inhibitor, is indicated for the reversal of the effects of non-depolarizing

neuram I 0 B (NMBA®R) after surgery in adults and pediatic patants of all ages.

Important Safety Information

CONTRAINDICATIONS

BLOXIVERZ in contraindicatad in pationts with known hypersensitivity to neostigmine, Itis also
contraindicated in patients with peritonitis or machanical obstruction of the Intastinal or urinary tract,

WARNINGS AND PRECAUTIONS
Atrapine or glycopyrrolate should be administered prior to BLOXIVERZ to minimize risk of
bradycardia,

BLOXIVERZ should be used with caution In patients with the following coexisting conditions an
RANOUR FEAGHONA MAay Oceur. caronary artary disente, cardiac arrhythmias, recent acute coronary
syndrame or myasthenia gravis,

Neuromusculnr dysfunction ean ococur if lnrge doses of BLOXIVERZ are ndministered when
neuromuncular blockade ia minimal, reduce dose if recovary from neuromuscular blockade is nearly
complaia.

ADVERSE REACTIONS
The most common adverme reactons during treatmant are bradycardia, nausan and vomiting,

To report BUBPECTED ADVERSE REACTIONS, contact
Eclat Pharmacouticals at 1-877-622-2320 or FDA at 1-800-FDA-1088
or www.fda.gevimedwatch.

PARTNERING

CONTACT US

ERAN AN T .,




- Using the TOF correctly?

— Are we keeping the patients too paralyzed in fear
of appearing to let them move (signs of life)

. Is this really a sign of a bad anesthetic?
- What happens if surgery is stopped suddenly?
. Can we adequately/predictably reverse our paralysis?

— What if we can’t intubate/ventilate after RSI?



water soluble
-The hole in the middle of
the ring is hydrophobic
that permits lipophilic
moieties to enter and
become encapsulated

No affinity for
benzoisoquinolinium NMB

Anesthesia Patient Safety Foundation Newsletter. 2016; 30:45-76.



— It binds to vecuronium with much lower affinity

e |t has no affinity for other NMB agents

— SDC, mivacurium, atracurium, or cisatracurium
e First human studies in 2005

e Has been given to 6000 patients in trials

Anesthesia Patient Safety Foundation Newsletter. 2016; 30:45-76.



. Re-exposure (hypersensitivity, anaphylaxis)- very low
. Bleeding
. Cardiac arrhythmias, prolonged QT interval

e |n 2013, bleeding and cardiac issues resolved

e |n 2014, reports demonstrated 1 patient met
the anaphylaxis criteria after 16 mg/kg

- Mechanism unclear — no tryptase or IgE, IgG

Anesthesia Patient Saieti Foundation Newsletter. 2016'I 30:45-76.



o Mean time to recovery 1.5 minutes — TOF 0.9

o 19 minutes for neostigmine

- Deep blockade — 4 mg/kg (PTC of 1-2) in 3 minutes
— Neostigmine is not able to do this

e Canreverse rocuronium dose 1.2 mg/kg

— 16 mg/kg faster than spontaneous recovery from
SDC

PTC=post-tetanic counts

Anesthesia Patient Safety Foundation Newsletter. 2016; 30:45-76.
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Cumulative Recovery Rate
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Median (Q1. Q3P ofRecovery Times:
sugcammadex tamin(t 2, %.7)
neostgmine 21.5S min (8.8, 420)

30 40 50 60 70 80 90 100 110 120
Time to Recovery (Minutes)

R ocurcaium pius

sugammadex 2 mo/kg Ne=438) —— e neostigmine 005 mg/ikg (N=4&E)

' Medians and quartiles (Q1, Q3) basad on product-Imit estimates

- Censored obsarvations

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



Past Medical History (PMH) not an issue
Body Mass Index (BMI) 45 kg/m?2
Mallampatti 3 (uvula not well visualized,




e What s the best agent to accomplish this?

— For many succinylcholine, but there are issues
. Myalgia, hyperkalemia

- Now rocuronium 1.2 mg/kg provides intubating
conditions as fast as succinylcholine

e What to do if we can’t intubate/ventilate?
— Now which is better?



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




Rocuronium 1.2 mg/kg and  Succinylcholine 1 mg/kg
sugammadex 16 mg/kg

Number of patients
Mean time in minutes (SD)

Median time in minutes
(Range)

55 55
4.4 (0.7) 7.1 (1.6)
4.2 (3.5-7.7) 7.1 (3.8-10.5)

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



— Maintaining deep blockade until end of surgery

. Reverse quickly (with one PTC) 4 mg/kg
. Reliably (not possible with neostigmine)

e Risk of postoperative residual neuromuscular
blockade (RNMB) in PACU using
sugammmadex

) From 43% AeegPgsia Patient Safety Foundation Newsletter. 2016; 30:45-76.
Brueckmann B et al. BrJ Anaesth. 2015; 115:743-51.



Body system 2 mg/kg 4 mg/kg 16 mg/kg Placebo
(n=895) (n=1921) (n=98) (n=544)

Incision site 6% 6% 4% 1%
pain

Procedural 1% 1% 8% 1%
complication

Airway issues 1% 1% 9% 1%
Anesthesia 1% 1% 9% <1%
complications

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

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



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

Nausea

Vomiting

23%
11%

Abdominal Pain 5%

Flatulence
Dry mouth
Pain

Pyrexia

2%
1%
48%
9%

26%
12%
4%
3%
<1%
52%
6%

23%
15%
6%
1%
2%
36%
5%

23%
10%
3%
2%
0
38%
3%

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



— Ranitidine
e Most common (dose-related) hypersensitivity
reactions

— Nausea
Pruritus

— Urticaria

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




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

e Linear pharmacokinetics (PK)(dose range 0.1-
96 mg/kg)

e |ow

e Simi

e NoOOC

potential for drug-drug interactions
ar PK for surgical/non-surgical patients
ose adjustment for age, gender, weight

Bridion (sugammaiex) iriscribing information, Merck and Coi, Inc. 2016 Sept.



Minimal Waiting time 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 duration shortened by 15
minutes

If 16 mg/kg used, wait 24 hours!

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



. may be equivalent to missing a dose of bir
control pills (BCP)

e |tissuggested thatif a BCP is taken on the day
sugammadex is given, a back-up method of
birth control be used for up to 7 days

e |nthe case of non-oral hormonal

contraceptives, use additional methods to
\&i arytion. Merck and Co., Inc. 2016 Sept.




You have heen given a drug called sugammadex.

Sugammadex is an anesthesia drug that helps restore muscle strength after surgery.
Sugammadex can interfere with progestin-based birth control. This includes many birth
control pills, injectable hormonal birth control such as Depo-Provera injection and
hormonal Intra-uterine systems, implants, or a vaginal ring. This effect is similar to
missing one oral contraceptive pill. To prevent unintended pregnancy, you should
use a hackup method of birth control for one week (7 days).

Tufts Medical Center Patient Information.



>0.9%

e 30-40% patients entering the PACU have
evidence of residual blockade

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

— No reversal Eossible usinﬁ SDC 1 mﬁ‘kﬁ — must
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Should all patients be reversed?

Glenn Murphy ANESTHESIOLOGY

EDITORIAL VIEWS

10116

“Jo Reverse or Not To Reverse?>?”

T he Answer Is Clear?

Glenn S. Murphy, M.D., Aaron F. Koprman, M.D.

}% Y cthe lare 1980s, ic was
well recognized chac unde-
tecred PpPostopceractive residual
ncuromuscular block (PRINB)
was a comImon occurrencce in
mMmosc postancscheoesia carc unics
(PACUsS).'"* Howcver, an cdito-
rial in 1989 noted thac there was
liccle. if any. objcctive cvidence to
wvalidace che hypochesis char PRINB
was associated wich long-ctcrm
or cven transicnt adverse respira—
rory ourcomes.® In che two and a
half dceccadcs since the cdictorial by
Miller® was published. ourcomec

daca regarding chis importanc
patientc issue have slowly c<Frne
accumulaced. buc chc reclevanc =

T erazive

dacabase remains quitc sparsc.
chis issuc of AxesTHEsiorocy, Bulka
er 2l ©® provide an imporctanc addi-
cion o cthe small lise oof studics chac
atcempt to cxamine the long-cerm
conscquences of PRNB. Theoy
reporct two main findings: (1) chc
usce of ncuromuscular

docrernerzeed ;s

wicth a higher absolute rate of postopecrartive pncumonia
(FPOTP) when comparced to macched cases where paciencs did
noc rececive relaxancocs and (2) failure to reverse NMBAS ac
the end of surgcery was associatced with a 2. 25 fold increasc
in the incidence of POPRP. Why should these findings be less
chan surprising?

Bulka ez @Z° noted chac the incidence racte ratio (1.79)
for POP was significancdy higher in partiencs who received
NMBASs. This obscrvaction is consistenct with cthe find-
ings from scveral large dactabase investigations, which have
described an association berween intraoperarive NMBA use
and major morbidicty and mortalicy: More than 6O yr ago.
Beecher and Todd” reporred thac the risk of deach relaced o
anesthesia was six cimes higher in pactiencs receiving NWMBASs

rnazards of postop-
residreal
rr2zescrelar block are well-

rzeverorrzzescrelar
agerzts shorld be roztivze.””

comparcd o rthoscec adminisctcred
no muscle relaxancs. An analysis of
daca collected over a 10-yr period
(1967 to 1976) involving 240,483
anescherics revealed char “respira—
tory inadequacy after myoncural
blockade™ was the sccond mostc
common cause of deach afrer
surgcery.® Similarly., a scoudy from
Greac Brictain reported cthat posc—
opcrative roespiratory failure scc-
ondary to dosing of NMBASs was
a primary cause of mortalicy-? In
a largce prospcoctive scudy. cthoe usc
of the long-acting NMBA pan-
curonium cnrailed a higher risk
of poscoperartive pulmonary com-
plicactions.’” Morce reccenct studics
reported chat patiencs adminis—
tered NMBAs had a higher risk
of postopcractive desaturactions and
need for reintubacion'' and chac
cthosc given high doscs of NMBASs
had an increcasced risk of postopcra—
ctive respiratory complicactions.'?
The increased incidence of mor—
bidicty and morcalicy reported in
pactiencs adminiscered NMBASs is likely sccondary to PRINB.
Tncomplete necuromuscular recovery during a vulnerable
postopcrative pecriod (berween crachecal extubacion and
achicving a train-of-four [TOF] ractio of less chan 0.9 in chc
PACU) may impair upper airway patency,. protective airway
reflexes. breaching,. swallowing, and coughing. resulcing in
an increascd risk of significanct respiratory cvencs (like POP)
and deach.

IDacra demonsctrating an association beoween failure co
reverse ncuromuscular blockade and adverse posctopera—
tive ourtcomes arce less coertain. A large case—conorol dacabase
investigation revealed cthact the primary anesthetic manage-—
ment chara ic associ d wich a reducrion in morcal-
ity and coma was reversal of the offcces of NMBAS.'2 In a

rzerero-

reversal of
blockirzg
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Innovative Disruption in the World of Neuromuscular

Blockade
What Is the “State of the Art?”

Mohamed Naguib, M.B., B.Ch., M.Sc., F.C.A.R.C.S.I.,, M.D., Ken B. Johnson, M.D.

oay CME Progt . Learning
can be found in the CME section at the front

This article has been for the A
@ and disck and g i i
of this issue.

SUGAMMADD( represents an
Jinnovative disruption in dmg

The recent app

oppclmunty to revisic the “state of
the art” and emphasizc important
nuanccs in the administration, moni-
toring, and reversal of neuromuscular
Nndﬂdc.Todla:emLmdmmnf

Brull and Kopman'
review the status of monitoring and
reversal  of neuromuscular  block-
ade, highlight persistent concerns
with residual neuromuscular block,

“...we
American

lights a few of the more important
dinical implications of this review
to indude pacuc: cnnndcnnnm of

gy the
|mponznu nf monitoring  neuro-
muscular blockade, dinically relevanc
drug interactions, adverse effects,
and the pharmacoeconomics of
sugammadex.

parameters

Why Use Sugammadenx

When
Neostigmine’

I Can Get by with

Sugammadcx, a modificd tere
y-cyclodextrin, is highly water

encourage  the
Society of
Anesthesiologists committee
on standards and practice
to consider
adding a monitoring device ...
anytime a neuromuscular
> blocking drug is adminis-

neuromuscular  blockers.  The
affinity of sugammadex for
2 = " 1

4,700 times chat of atracurium.*

There are many potential appli-
cations of sugammadex of inter-
cst to ancsthesiologists. The main
advanup of wg;muuda over

its
ity and its Iblllly w0 e:(cnd the
range of neuromuscular blockade
reversal. Reversal of residual com-
petitive  neuromuscular  block-
ade by cholinesterase inhibitors
has its limitations, as outlined by
Drs. Brull and Kopman.' Neostig-
mine provides reversal for mini-
mal, light (shallow), and moderate
blockade. Sugammadex  extends
reversal capability, and in recom-
mended doses of 2 to 16mg/kg,
it is capable of revzmng any dq)dl
block i

by rocuronium (from moderate
to profound block) to a train-of-
four ratio of more than or cqual
to 0.9 within 3min. This has been
and will continue to be a “game
changer” for many patients who
suffer from prolonged ncuromus-
cular blockade. Sugammadex is
also advantageous in thac it does
not have any dlolmcrg;c nd:

soluble with a hydrophoblc cavity cffccts that require the coad ofan

large enough to p idal lar block- agenc. H the administration of dex has been
ing dmp Th: reversal aeuv-ty ofmgammzdex is selecnve sated with life-th S dia that may require
for i drug: l o : of AR S aglzms.’ H ST
> i >> p ium) T has a 1 e rs and anticho-
litde to no affinity for binding to benzylisoquinolini lmcrpcdrugs. and cven ulducan\sxhzvchecn reported after

Image: Jobn Ursino. ImagePower Productions.
Corresponding article on page 173.
Accepted for publication May 23, 2016. From the Dx

of

Institute, Cleveland Clinic, Cleve-

land, Ohio (M.N.); and D:

General i
of Utah, Salt Lake City, Utah (K.BJ)).

Deborah J. Culley, M.D., Editor

Current Status of Neuromuscular Reversal and

Monitoring
Challenges and Opportunities

Sorin J. Brull, M.D., F.C.A.R.C.S.I. (Hon), Aaron F. Kopman, M.D.

This article has been selected for the AnesTHesioLoGY CME Program. Learning objectives
@@  2nd disclosure and ordering information can be found in the CME section at the front

of this issue.

idual 1 blod:hubccn

dici ph 1 3 i

dasap i for decades, and it ins so today.

flective in found and decep levels of neuromus-

T
cu.lar blud( ac the upyun(c end of che = recovery curve close to full recovery, anticholinesterases may induce paradoxical muscle

can reverse any depth of block from aminosteroid (but noc

he new 1, g agent

b /li ) rel. h, che effe dose to be d should be chosen based on objective monitor-
ing of the dcpdl of ncuromuscular block.

To guide ap lar fi with a peripheral nerve stimul is
mandartory. Although in many l:tnny subjective (visual and caceile) eval of musde is used, such eval

has
of return of muscle strength (head lifc

had limited success in p g ch of residual p Clinical eval
andgnp "\ or resp Y P (cidal volume and vical are equally it itive at di ing
Obje F-four ratio greater than 0.90) uthconly hod to d inc appropriatc timing of

@
tradl.alexmbnlonandumutnormalmusd:funcnnnandpadentnfcty Ar 4ESH 2017; 126:1

“We cannor solve our problems wich the same thinking we
used when we creaced chem.”
Albert Einstcin

T is widely d that the i d of
cular blocking :g:nu into dinical case has revolutionized
surgery and facili di d in che lasc
century. In cheir 2015 amdc Game changers: the 20 most
sthesia articles ever published, Barash er al! list
the seminal arndebyGnﬂi:h and]ohnson on the use of curare
in gencral h ber 13. App iatcly, the other
“top-20 contender” :ndc is the study by Boocher znd Todd’
of surgical deaths during sthesia char, alch

amon:l-rymuoflS?Owha\mramwasund’Snguﬁam
w© in dicine often i d

new and “dinial, bl and the i d

of neuromuscular blocking agents (NMBAs) is no exception.

Side cle Relaxant

Drugs ck

Incomplete recovery from NMBAs (residual block) after anes-
thesia and surgery tw beca blem in the

postanesthesia care unit (PACU). Despite d‘c routine use of
anticholinesterase reversal agents, between 20% and 40% of
paticnts continue to arrive in the PACU with objective evi-
dznce of n-s:dual NMBAs.** In the past ycar alonc, multiple

ac the time, features a “special di of musde rel,
(curare).” In the artide, the authors cite a mortality rate of
1:2,100 anesthetics that did not indlude the use of curare and

have de d that rcsidual NMBAs is
an important paticnt safcty issuc,” ' and multiple letters,'!
surveys,® and cditorials'>'? have called for a solution to this

This article is featured in “This Month in Anesthesiology.” page 1A. Corresponding article on page 12,

for PRETNIS "~
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o Neostigmine/glycopyrrolate

. Does not share the side effect profile of
neostigmine/glycopyrrolate

— Can reliably reverse a moderate and deep
blockade with less side effects and residual
paralysis

— This will alter NMB agent administration!

e Use carefulli in situations where GFR is low



