
NEUROMUSCULAR 

BLOCKADE: TIMES 

ARE CHANGING





CONFLICTS OF INTEREST:

NONE



GOALS

Briefly review the History of NMBs, Reversal 

and Monitoring

Review current practice techniques and 

how we got here

Discuss why our current approach is wrong

Evaluate new reversal and monitoring 

techniques 

Provide some examples of sustainability

Discuss current and upcoming practice 

recommendations



CURARE

•

•

•

•

•

•

•





1938: RICHARD GILL EXPLORER AND BOTANIST





MORE TO LEARN

EA Rovenstine at NYU gives it to one of his residents 

and tells him to “Experiment with it”

1942:  Griffith and Johnson first started using Curare in 

General Anesthesia in Montreal

Successful use in 43 abdominal surgeries



WAR BRINGS MEDICAL

INNOVATION: THE 

LIVERPOOL ANESTHETIC

•



NEUROMUSCULAR 

AGENTS

1940 Curare
1946 

Decamethonium

1947 

Gallamine

1951 
Suxamethonium

1964 
Pancuronium

1975 

Vecuronium

1981

Atracurium

1988 

Rocuronium



MONITORING

AND 

REVERSAL

EVERY 20 YEARS

1939
• Neostigmine FDA Approval

1940
• D-Turbocurarine

1958
• Peripheral Nerve Stimulator

1980s
• POC TOFr

2008
• Sugammadex sought FDA 

2015
• Sugammadex approved



REVERSAL:  NEOSTIGMINE

“PHARMACOLOGICAL REVERSAL OF NMBAS BEGINS WITH THE CARBAMATE GROUP, 
ACETYLCHOLINESTERASE INHIBITOR ‘NEOSTIGMINE’ FOR ALL PRACTICAL PURPOSES AND

SINCE TIME IMMEMORIAL (FIRST CLINICAL USE 1931; FDA 

APPROVAL 1939), DESPITE DRAWBACKS.”

Shah, S.B., Chawla, R., Pahade, A. et al. Neuromuscular blockers and their reversal: have we finally found the on-off switches?. Ain-Shams J Anesthesiol 13, 15 (2021). 
https://doi.org/10.1186/s42077-021-00130-0



Neostigmine Available since the 1950s. 

• Prevents the degradation of ACh, - Puts it on the 
winning side of the Race to the receptor between 
NMDRs and ACh.

• Advantages: Cheap and previously one of the only 
options

• Wide safety margin and few examples of allergic 
reactions

• Disadvantages: Requires anticholinergic

• Not recommended for reversal of moderate to 
deep blocks (<2 twitchew)

• Ceiling effect 70mcg/kg

• May allow recurarization when long acting NMDRs 
outlast the Neostigmine

Anticholinesterase-



NEOSTIGMINE

•Cheap and previously one of the only options

•Wide safety margin and few examples of allergic 
reactions

•Can be used with ANY non depolarizing 
neuromuscular blocking agent

Advantages: 

•Requires anticholinergic

•Not recommended for reversal of moderate to deep 
blocks (<2 twitchs)

•Ceiling effect 70mcg/kg or 5mg

•May allow recurarization when long acting NMDRs 
outlast the Neostigmine

•Requires 8min at minimum to work

•May create a depolarizing block if given in excess

Disadvantages:







QUALITATIVE PERIPHERAL NERVE MONITORING

1958 NOW



PNS SITES FOR 

MONITORING



FACIAL NERVE = NO-GO

•

•

•

•



•

•

•

•



TETANY



POST TETANIC POTENTIATION 

(PTC)

•

•

•

•















CONCLUSIONS

• RNMB WITH CURRENT METHODS IS A MUCH BIGGER ISSUE

THAN WE THOUGHT

• > 30% OF THESE PATIENTS HAS PROFOUND BLOCK

(TOFR<.6)

• THIS STUDY REPORTED A LOWER INCIDENCE THAN OTHERS

• MURPHY ET AL REPORTED 88%- TARGETED AT-RISK

PATIENTS

• MALES

• BMI

• COMMUNITY VS ACADEMIC







EFFECTS OF RNMB

•

•

•

Eikermann M, Groeben H, Husing J, Peters J. Accelerometry of adductor pollicis muscle predicts recovery of respiratory function from neuromuscular blockade.
Anesthesiology 2003;98:1333–7



EFFECTS ON HYPOXIC VENTILATORY DRIVE

•

•

Eriksson LI, Lennmarken C, Wyon N, Johnson A. Attenuated ventilatory response to hypoxaemia at vecuronium-induced partial neuromuscular block. 
Acta Anaesthesiol Scand 1992;36:710 –5



PATIENT EXPERIENCE

Awake patients experiencing muscle weakness 
TOFr .7-.75

•Difficulty swallowing

•Diploplia

•Visual Disturbances

•Decreased grip strength

•Facial weakness

•Difficulty speaking and drinking

TOFr .85-1.0

•Fatigue and visual problems remains in 70% of the 
patients. 

•Diplopia remained for 45-90min after TOFr 1.0

Kopman AF, Yee PS, Neuman GG. Relationship of the trainof-four fade ratio to clinical signs and symptoms of residual paralysis in awake volunteers. 
Anesthesiology 1997;86:765–71



IS THIS 

REALLY A 

PROBLEM?



INCIDENCE

•

•

5.2% 



208,000 PTS PER YEAR

$38K COST TO 
INSTITUTIONS

$7,904,000,000 COST 
TO HEALTHCARE



MEDS AND  MONITORING



SUGAMMADEX

Direct Reversal 
Agent of 

AMINOSteroids
NMBs

Cyclodextrin with 
Hydrophilic exterior 

and lipophilic 
center

Lipophilic center 
has a high affinity 

for quat ammonium 
complex of the 
aminosteriods

1:1 Encapsulation 
opf circulating 

Aminosteroid NMBs

Also promotes 
dissociations from 
NMJ by creating a 

concentrtation 
gradient

Not metabolized 
and excreted 

through the kidneys



SUGAMMADEX CONSIDERATIONS

•

• RENAL FAILURE GFR< 30

•

•

*Miyazaki, Yusuke MD*; Sunaga, Hiroshi MD*; Kida, Kotaro MD*; Hobo, Shotaro MD†; Inoue, Nobuyoshi MD*; Muto, Masayuki MD*; Uezono, Shoichi MD* 
Incidence of Anaphylaxis Associated With Sugammadex, Anesthesia & Analgesia: May 2018 - Volume 126 - Issue 5 - p 1505-1508
doi: 10.1213/ANE.0000000000002562 



ADVERSE EFFECTS

•

•

•

•

•

•

•

•

•



SUGAMMADEX DOSING STRATEGY



COST: SUGAMMADEX

•

•









•

•

•





TOTAL 

POTENTIAL 

COST TO THE 

INSTITUTION 

•

•

$6.9M





$.6 M VS $6M 

•

•

•

•





QUANTITATIVE TRAIN 
OF FOUR:









•

•

•

•

•

•



• But we can cover that

Cost

• TRUE interpretation of TOF 

• Understanding what they are seeing

• HOW CAN YOU HAVE a TOF 2 and 
have Spont ventilation?

• HOW CAN YOU get a TOFr of >100%

• Proper probe placement

• “It will slow down my induction”

Education-



$6.9 M 

$600K 

$162K 





•

https://www.advancesinanesthesia.com/article/S0737-6146(21)00010-1/fulltext
https://www.advancesinanesthesia.com/article/S0737-6146(21)00010-1/fulltext


•

https://www.advancesinanesthesia.com/article/S0737-6146(21)00010-1/fulltext
https://www.advancesinanesthesia.com/article/S0737-6146(21)00010-1/fulltext






• EUROPEAN SOCIETY OF ANAESTHESIOLOGY AND

AMERICAN SOCIETY OF ANESTHESIA HAVE

CONSPICUOUSLY BEEN QUITE ON THE SUBJECT, UNTIL

RECENTLY

• BOTH SOCIETIES HAVE CONVENED EXPERT GROUPS TO

DEVELOP CLINICAL PRACTICE GUIDELINES FOR THE USE

OF NMDRS, REVERSAL AND MONITORING.

• EXPECTATIONS WILL BE THAT QUANTITATIVE MONITORING

WILL BE A HIGH RECOMMENDATION AND AT MINIMUM

PNS WILL BE A STANDARD OF PRACTICE



QUANTITATIVE (OBJECTIVE) NMB MONITORING SHOULD BE USED WHENEVER 

A NONDEPOLARIZING NMBD IS ADMINISTERED”

“SUBJECTIVE OR CLINICAL TESTS OF NMB ARE NOT PREDICTIVE OF ADEQUATE 
NEUROMUSCULAR RECOVERY AND ARE NOT SENSITIVE TO THE PRESENCE OF 
RESIDUAL NEUROMUSCULAR WEAKNESS; THEIR USE SHOULD BE ABANDONED 

IN FAVOR OF OBJECTIVE MONITORING



•

•

•

•

•



•

•

•



• CLINICAL PRACTICE GUIDELINES TO STANDARDIZE TOF MONITORING

• MANDATE

• MANDATE

•

•

•

•

•

•

• MANDATE

• MANDATE

•

Nemes, R, Ross J.  Clinical Practice Guideline for the Management of Neuromuscular Blockade: What Are the Recommendations in the USA and Other 
Countries? Current Anesthesiology Reports (2020) 10:90–98



•

•

•

•

•

•

•


