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Ön milyen gyakran monitorozza az izomrelaxáció 
fokát azon betegeknél, akik a műtét során nem 

depolarizáló izomrelaxánst kapnak?
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Klinikai jelek, vagy monitorozás?

• A klinikai jelek teljesen megbízhatóak, a TOF-monitor 
használata felesleges: 

78,3% nem ért egyet, 13,4% egyetért

• A klinikai jelek sokszor megbízhatóak, csak bizonyos esetekben 
szükséges monitorozni a relaxáció fokát:

36,7% egyetért, 52,4% nem ért egyet

• A klinikai jelek egyáltalán nem alkalmasak a maradék 
izomrelaxáció kizárására. TOF-monitor használata kell 
mindenképpen: 

43,8% egyetért, 39,8% nem ért egyet



Residualis blokk az extubációkor
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Background. To avoid postoperative residual neuromuscular block there isaneed for achange

in clinician’s attitude towards monitoring and reversal. This study aims to evaluate changes of

perioperative neuromuscular block management during the last decade in our institution and to

quantify the incidence of postoperative residual neuromuscular block.

Methods. Patients receiving intermediate-acting neuromuscular blocking agents for scheduled

surgical proceduresduring3-month periods in 1995 (n=435), 2000 (n=130), 2002 (n=101), and in

2004 (n=218) were prospectively and successively enrolled in our study. The management of

neuromuscular block in the operating room and the adequacy of the recovery were at the

discretion of theanaesthesiologist. Anattempt wasmadebetween each studyperiod to promote

achange in the management of neuromuscular block. In the post-anaesthesia care unit, train-of-

four (TOF) stimulations were used to assess the presence of a residual neuromuscular block.

Results. Between1995and2004quantitativemeasurement andreversal of neuromuscular block

in theoperatingroomincreased from2to 60%and from6to 42%, respectively (P<0.001). During

thesametime, the incidenceof residual neuromuscular block defined asaTOFratio lessthan 0.9

decreased from 62 to 3%(P<0.001). Use of objective neuromuscular monitoring and/or anti-

cholinesterase drugs was less likely in patients with an inadequate recovery (P<0.001).

Conclusions. During the last decade the incidence of residual neuromuscular block strongly

decreased in our institution. It confirms the positive impact of neuromuscular monitoring and

reversal of neuromuscular block in routine anaesthetic practice.

Br JAnaesth 2005; 95: 622–6
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During the past 25 yr, numerous publications have con-

firmed the clinical importance of postoperative residual

neuromuscular block.1 The idea that intermediate-acting

neuromuscular blocking (NMB) agents have resolved the

problem of postoperative residual neuromuscular block

seems to be inaccurate.2 Ten years ago, we found that

among 435 extubated patients given vecuronium during

anaesthesia, 145 (33%) had a train-of-four (TOF) ratio

below 0.7 in thepostanaesthesiacareunit (PACU).3 Several

editorials have focused on the need for a change in the

attitude towards monitoring and reversal of neuromuscular

block, oneauthor even stating that: ‘ if youdo not monitor or

antagonize neuromuscular blockade . . . an unacceptably

high proportion of patients will have clinically significant

residual block’ .4 Unfortunately, these guidelines are not

always followed.5 Debaene and colleagues still found

an alarmingly high incidence of postoperative residual

neuromuscular block after a single dose of intermediate

NMB agents when neuromuscular monitoring and/or

reversal were not used.6 It is now established that reversal

of NMB agents reduces severe morbidity and mortality.7

Hypothesizing achange in our practice since1995, residual

neuromuscular block as well as the use of perioperative

monitoring and reversal of NMB agents were again pro-

spectively and successively evaluated in 2000, 2002, and

2004. The present study aims to compare these periods in

termsof management of NMB agentsin theoperating room

and to look for a relationship with the incidence of post-

operative residual neuromuscular block.

Methods

Between 1995 and 2004, 884 patients receiving an

intermediate-acting NMB agent during general anaesthesia

Ó The Board of Management and Trusteesof theBritish Journal of Anaesthesia 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org



A klinikai jelek szenzitivitása TOFR <0.9-re vonatkozóan

Szenzitivitás Specificitás

Nem képes 
mosolyogni

0.29 0.8

Nem képes nyelni 0.21 0.85

Nem képes beszélni 0.29 0.8

Általános gyengeség 0.35 0.78

Fejemelésre nem 
képes 5 s

0.19 0.88

Lábemelésre nem 
képes 5 s

0.25 0.84

Nem képes tartós 
kézszorításra 5 s

0.18 0.89

Nem képes tartós 
nyelvkiöltésre

0.22 0.88

Brull S et al.  Anesth &Analg 2010;111:129-140



Prémedikáció:

7.5 midazolam

P.O.

Anesztézia 

indukció:

Propofol

Pharyngoscopia

videorögzítéss

el

Relaxáns

Propofol

(Schnider

model)

Fentanyl

Neuromuszkuláris monitorozás 

Rutin intraoperativ monitorozás NIBP, ECG, SpO2, etCO2, BIS, T

Anesztézia fenntartás

Döntés az extubációról

klinikai jelek alapján

• Reverzálás?  (I/N)

• Az extubáció

időpontja

Pharyngoscopia

videorögzítéssel

Kezelőorvos aneszteziológus

Független aneszteziológus

Rescue

reverálás, ha 

szükséges 

Fülesdi és munkatársai nem 

publikált adatok



Két demonstratív eset

Fülesdi és munkatársai nem 

publikált adatok



Az indukcióhoz mért %-os terület változás 
extubációkor belégzésben, a TOF érték függvényében

Fülesdi és munkatársai nem 

publikált adatok



Az indukcióhoz mért %-os terület változás 
extubációkor kilégzésben, a TOF érték függvényében

Fülesdi és munkatársai nem 

publikált adatok
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ABSTRACT

These practice guidelines provide evidence-based recommendations on the 

management of neuromuscular monitoring and antagonism of neuromuscular 

blocking agents during and after general anesthesia. The guidance focuses 

primarily on the type and site of monitoring and the process of antagonizing 

neuromuscular blockade to reduce residual neuromuscular blockade.

(ANESTHESIOLOGY 2023; 138:13–41)

HIGHLIGHTS BOX
•  This practice guideline provides evidence-based recommendations 

on the management of neuromuscular monitoring and antagonism of 

neuromuscular blocking agents. The objective is to guide practice that 

will enhance patient safety by reducing residual neuromuscular block-

ade. It is recommended to use quantitative neuromuscular monitoring 

at the adductor pollicis and to confirm a recovery of train-of-four ratio 

greater than or equal to 0.9 before extubation. Sugammadex is rec-

ommended from deep, moderate, and shallow levels of neuromuscular 

blockade that is induced by rocuronium or vecuronium. Neostigmine is 

a reasonable alternative from minimal blockade (train-of-four ratio in 

the range of 0.4 to less than 0.9). Patients with adequate spontaneous 

recovery to train-of-four ratio greater than or equal to 0.9 can be iden-

tified with quantitative monitoring, and these patients do not require 

pharmacological antagonism.

Practice guidelines are systematically developed recommen-

dations that assist the practitioner and patient in making 

decisions about health care. These recommendations may be 

adopted, modi ed, or rejected according to clinical needs and 

constraints and are not intended to replace local institutional 

policies. In addition, practice guidelines developed by the 

American Society of Anesthesiologists (ASA) are not intended 

as standards or absolute requirements, and their use cannot 

guarantee any speci c outcome. Practice guidelines are subject 

to revision as warranted by the evolution of medical knowledge, 

technology, and practice. They provide basic recommendations 

for anesthesia care that are supported by synthesis and analysis 

of the current literature, expert and practitioner opinion, public 

comment, and clinical feasibility data. Practice guidelines aim to 

improve patient care and patient outcomes by providing up-to-

date information for patient care.

Purpose

This practice guideline provides evidence-based recom-

mendations regarding the appropriate management of neu-

romuscular monitoring and antagonism of neuromuscular 

blocking drugs during and after general anesthesia. The 

guidance focuses primarily on the process of antagonizing 

neuromuscular blockade to reduce residual neuromuscular 

blockade (train-of-four ratio less than 0.9), addressing the 

appropriate type and site of monitoring and the use and 

dosing of di erent antagonist drugs depending on the depth 

Copyright © 2022, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.<zdoi;. DOI: 10.1097/ALN.0000000000004379>
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Abstract

The set of guidelines for good clinical research practice in pharmacodynamic studies

of neuromuscular blocking agents was developed following an international consen-

sus conference in Copenhagen in 1996 (Viby-Mogensen et al., Acta Anaesthesiol

Scand 1996, 40, 59–74); the guidelines were later revised and updated following the

second consensus conference in Stockholm in 2005 (Fuchs-Buder et al., Acta Anaes-

thesiol Scand 2007, 51, 789–808). In view of new devices and further development of

monitoring technologies that emerged since then, (e.g., electromyography, three-

dimensional acceleromyography, kinemyography) as well as novel compounds

(e.g., sugammadex) a review and update of these recommendations became
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Efficacy and safety of sugammadex compared to

neostigmine for reversal of neuromuscular

blockade: a meta-analysis of randomized
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Abstract

Background and objective: Sugammadex hasbeen introduced for reversal of rocuronium(or vecuronium)–

induced neuromuscular blockade (NMB). Although its efficacy hasbeen established, dataareconflicting

whether it issafer than neostigminetraditionally used for reversing NMB.

Design: Meta-analysisof dataabout effectivenessand safety of sugammadex compared to neostigminefor

reversing NMB in adultswasperformed using thePRISMA methodology.

Setting: University medical hospital.

Methods: A comprehensive search was conducted using PubMed, Web of Science, and Cochrane

Library electronic databases to identify English-language randomized controlled trials. Two reviewers

independently selectedthetrials; extracteddataonreversal times, incompletereversalsof NMB, andadverse

events(AEs); andassessedthetrials' methodological quality andevidencelevel. Only AEsthat wererelated

to study drug by ablinded safety assessor wereconsidered for meta-analysis.

Patients: A total of 1384 patients from 13 articleswere included in thismeta-analysis.

Main results: Compared to neostigmine, sugammadex wasfaster in reversing NMB (P b .0001) and more

likely to be associated with higher train-of-four ratio values at extubation (mean difference, 0.18; 95%

confidence interval [CI], 0.14-0.22; P b .0001) and lower risk of postoperativeresidual curarization after

extubation (oddsratio [OR], 0.05; 95%CI, 0.01-0.43; P = .0068). Compared toneostigmine, sugammadex

was associated with a significantly lower likelihood of global AEs (OR, 0.47; 95% CI, 0.34-0.66;

P b .0001), respiratory AEs (OR, 0.36; 95% CI, 0.14-0.95; P = .0386), cardiovascular AEs (OR, 0.23;
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Sugammadex without monitoring for the

reversal of ROCU block (blinded AMG 

after extubation)

Spontaneous 
recovery

Neostigmine Sugammadex 
2mg/kg

TOFR<0,9 13,0% 23,9% 4,3%

TOFR<1,0 69,6% 67,0% 46,2%

Kotake Y et al. Anesth Analg 2013; 117:345-51

Residual block



• RPONMB based on clinical

signs: 26%

• NEO reversal is not safe

• SUGA reversal: 3,7%

• MONITORING!



• Csökkent a kórházi 

tartózkodás

• Megváltozott a NMB 

szer profil

• A relaxálás-reverzálás

költsége 3x nőtt

Anaesthesia and Intensive Care, Vol. 40, No. 2, March 2012

The incidence of residual neuromuscular blockade 

in the recovery room is still alarmingly high. In one 

study, train of four ratios of < 0.9 were found in 3.5  

to 83% of postoperative patients1. These find i ngs 

stand in a remarkable contrast to the well known 

harmful implications of residual neuromuscular 

blockade on patient postoperative outcome. 

However, even with the best of intentions, dosage  

and timing of neuromuscular blocking agents 

(NMBA) reversal with neostigmine can be extremely 

diffic

u

l t, and in the context of fast-turnover surgery, 

potentially impossible2. Sugammadex, a γ-cyclo-

dextrin, has recently been reported as an alternative 

to neostigmine as it rapidly and reliably reverses 

the effects of steroidal NMBA 3. However, the costs 

(200 mg vial approx. A$180) have so far hindered 

its progress of becoming a widely used alternative 

to neostigmine. Sugammadex has been licensed  

for use in Australia since 2010 and the 833-bed  

tertiary Royal Perth Hospital (RPH) introduced 

sugammadex in 2010 with the restriction to  

emercency scenarios (e.g. ‘can’t intubate, can’t  

ventilate’ situation) or when the administration of 

neostigmine was (relatively) contraindicated.

In February 2011 access to sugammadex was 

facilitated by successful price negotiations. The  

pricing was adapted to volume of use; RPH 

anaesthetists were aware of lower price but not of  

negotiated ‘usage thresholds’ between RPH 

pharmacy and the manufacturer (MSD, Sydney, 

NSW). This change enabled anaesthetists to 

choose between neostigmine and sugammadex for 

the reversal of amino-steroidal NMBA without  

economic restrictions or restrictions to specific 

indications (e.g. emergencies). The aim of this 

retrospective audit was to investigate the impact 
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Unrestricted access to sugammadex: impact on 
neuromuscular blocking agent choice, reversal practice and 
associated healthcare costs

T. LEDOWSKI*, S. HILLYARD†, A. KOZMAN‡, F. JOHNSTON§, E. GILLIES§, M. GREENAWAY§, 

B. C. KYLE**

Department of Anaesthesia and Pain Medicine, Royal Perth Hospital, Perth, Western Australia, Australia

SUMMARY

Sugammadex is known to rapidly and completely reverse the effects of amino-steroidal neuromuscular  

blocking agents. However, the high costs of sugammadex have so far prevented its introduction as the 

standard reversal agent in most healthcare systems. At the Royal Perth Hospital, sugammadex was recently  

introduced as an unrestricted alternative to neostigmine for the reversal of amino-steroidal neuromuscular 

blocking agents. The aim of this retrospective observational audit was to investigate the impact of this change 

on clinical practice and associated healthcare costs.

Data from all patients intubated during a one-month period in April to May 2010 and for a similar period 

in 2011 were retrospectively collected and the use of neuromuscular blocking agents and reversal agents 

were identified and the associated costs were calculated. More steroidal neuromuscular blocking agents 

and sugammadex (+ 743%), but less glycopyrrolate and neostigmine (-48%) were used in 2011. Using the 

manufacturer’s list price, muscle relaxation and reversal costs increased from about A$42 per case to about 

A$127 per case. Between the investigated time periods no differences were found for anaesthesia time, 

operating time or time spent in the post anaesthesia care unit. However, there was a statistically significant 

decrease in the time between surgery and discharge (median 2.0 vs 2.2 days). While the design of the audit  

was such that no inferences can be made about the cause of this change, this is an interesting observation  

worthy of further investigation. 

Key Words: sugammadex, access, cost

Anaesth Intensive Care 2012; 40: 340-343



Neuromuszkuláris monitorozás jelentősége

• A TOF válasz hiánya az indukciókor (train-of-four count [TOFC] = 
0) a laryngoscopiás feltárás és intubáció ideális időpontját jelzi 
(hangszalag-károsodás megelőzése, optimális intubációs
körülmények)

• Intraoperatíve: 

• optimális sebészi körülményeket teremt, 

• az NMB adagolását segíti, 

• az antagonizálás idejét és szükséges dózis meghatározását 
segíti

• Posztoperative: PORNMB megelőzése



Köszönöm a figyelmet

.


