
Quantitative neuromuscular monitoring
Now way around?

Prof Christoph Czarnetzki MBA

Head of Division of Anesthesiology

Ospedale Regionale di Lugano and Director of Department of Anesthesiology EOC

Consultant physician HUG



Poison discovered by the Amazonian Indians



Thus, the safe use of muscle relaxants has become a 

public health issue.

Neuromuscular blocking agents (NMBA) in modern 
clinical practice: 

the benefits

General anaesthesia: 400 million/year worldwide

NMBA: 70% of elective surgeries 

Intensive care: 
NMBA: 30 to 60% of patients 

France

64,720,690

Germany

146,635,362

Italy

206,065,300

Japan

350,029,813

Spain

396,377,389

Switzerland

400 MILLION!

Intercontinental Marketing Services (IMS) Health, Multinational Integrated Data Analysis System (MIDAS), September 2010 



Facilitates intubation conditions, reduces risks

Improves conditions for robotic, laparascopic surgery

Allows ENT operations on vocal cords, trachea

Facilitates mask ventilation, Lung protective ventilation, Jet ventilation 

Critical care: ARDS 

Curarization
Intubation

Ventilation
in Anaesthesia 

Intensive 
care:
ARDS

Status asthmaticus
ICP: easy sedation

Robotic surgery
Laparascopie

ENT/NC
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Christie and Churchill-Davidson, Lancet 1958



SINGLE TWITCH





TRAIN DE QUATTRE



DOUBLE BURST ET TRAIN DE QUATRE (TOF)



0,4 Head Lift Test ok

0,3 Vc ok

0,7 tongue depressor test ok

T4/T1

0,9

CLINICAL SIGNS



PERIPHAL NERVE STIMULATOR (PNS)



PERIPHAL NERVE STIMULATOR (PNS)

Baurain et al Anesth & Analg 1998



Baurain et al Anesth & Analg 1998

PERIPHAL NERVE STIMULATOR (PNS)



0,6 DBS  ok

0,4 Head Lift Test ok

0,3 Vc ok

TOF ok0,4

0,7 tongue depressor test ok

T4/T1

0,9

CLINICAL SIGNS OR PNS



Upper airway permeability

complet recovery

Eikermann et al Am J Respir Crit Care Med 2007



Eikermann et al Am J Respir Crit Care Med 2007

TOF-ratio: 0.8no RP

Upper airway permeability

TOF-RATIO ≥ 0.9?



Fuchs-Buder et al, Anaesthesist 2006 

T4/T1 > 0,9

TOF-RATIO ≥ 0.9?



• clinical evaluation of CRE s during 15 min after arrival in the PACU

• CRE: hypoxia, VAS obstruction, dyspnea, deglutition disorders, 

reintubation, etc; 

• if CRE: measurement of T4/T1 (case) and matched patients

(control)

• 7459 patients included, 61 (0.8%) with CRE in PACU (neostigmine!)

• analyzed: 2 x 42 patients

Murphy et al, Anesth & Analg 2008

CLINICAL CONSEQUENCES OF RESIDUAL PARALYSIS



Murphy et al, Anesth & Analg 2008

n: 2 x 42 Residual Paralisis Control

T4/T1 (%) 0,62 ± 0,2 0,98 0.07

> 0,9 (n) 4 (9,5%) 38 (95%)

< 0.7 (n) 31 (73,8%) 0

0.7 - 0.9 (n) 7 (16,4%) 4 (90,5%)

Severe hypoxia 22 (52,4%) -

Moderate hypoxia 10 (23,8%) -

Upper airway

obstruction
15 (35,7%) -

CLINICAL CONSEQUENCES OF RESIDUAL PARALYSIS



Naguib et al, Anaesthesia 2017



Lancet Respir Med Sept 2018

• data from 211 hospitals in 28 European Countries 

• 17150 patients received a NMBA 

• 10282 had no neuromuscular monitoring (59.9%!)

• 8355 received no reversal agent (47.8%)

• extubation based of clinical criteria: 11789 (68.7%)

• only 4182 were monitored with objective neuromuscular monitoring (24.3%)

• 1343 of them were extubated before reaching a TOFR ≥ 0.9 (32.1%)

• just 2839 patients extubated with a documented TOFR ≥ 0.9 (16.5% of those 

exposed to NMBA)





British Journal of Anaesthesia, 124 (1): 63e72 (2020) 



87% acceleromyographsBlobner et al. BJA 2020

Absolute risk reduction by 4.9% (1.2 - 8.5%) when patients extubated at TOFR > 0.95 
compared to 0.9 and 0.95.



MECANOMYOGRAPHY

Brull SJ, Anesthesiology 2010 



ACCELEROMYOGRAPHY

Force = Mass x Acceleration



SITES OF STIMULATION



MONITORING AU NIVEAU DU VISAGE

Donati F, Anesthesiology 2001



CONTROL TOF > 100%

Kopman AF, Anesthesiology 2002



NORMALISATION

Kopman AF, Anesthesiology 2002



Claudius C. et al: Is the performance of acceleromyography improved with preload and normalization? A comparison with
mechanomyography. Anesthesiology 2009; 110: 1261-70



Claudius C. et al: Anesthesiology 2009

If control TOF is not available ensure TOF is 1.00 before
tracheal extubation



« Conclusions: Good agreement between the TOF-Watch SX with calibration and preload 

application and the uncalibrated TOFscan was observed throughout all stages of neuromuscular 

recovery. »





• The primary outcome was total recovery 

time (time in minutes from the injection of 

rocuronium to a normalized TOF ratio of 

90%).

• Agreement between the two devices was 

calculated using mean difference and limits 

of agreement.

Acta Anaesthesiol Scand. 2019;00:1–7



Results

• The primary outcome could be analysed in 27 patients because of 13 exclusions due to neuromuscular 

block reversal for shorter procedure surgical time, necessity of reinjection of rocuronium or technical 

failures of one of the two devices.

• Median total recovery time: 

 test device: 45 minutes (interquartile range [IQR] 38.5-61.5) 

 reference device: 63 minutes (IQR 51.1-74.5).

• Total recovery time with the test device was on average 16.4 minutes shorter (limits of agreement, −6.1 to 

39)

• increasing total recovery time was associated with increasing difference.

Sfeir et al. Acta Anaesthesiol Scand. 2019;00:1–7



Results

Sfeir et al. Acta Anaesthesiol Scand. 2019;00:1–7



Results

Sfeir et al. Acta Anaesthesiol Scand. 2019;00:1–7
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MagNeoSug study

Sina Grape, Hôpital du Valais Sion

48 patients à randomiser.
Début prévu 1.2018



Clinical Study Protocol

Interaction between intravenous magnesium sulfate and volatile anesthetics 
compared to propofol. A multi-center prospective randomized single-blinded 

electrophysiological study

Lugano – Sion



ELECTROMYOGRAPHIE

Brull SJ, Anesthesiology 2010 



ELECTROMYOGRAPHIE
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Saager L, et al. J Clin Anesth. 2019 Aug;55:33-41

Incidence of residual neuromuscular block at tracheal 
extubation



The panel believes that whenever a neuromuscular blocker is administered,
neuromuscular function must be monitored by observing the evoked muscular response
to peripheral nerve stimulation. Ideally, this should be done at the hand muscles (not the
facial muscles) with a quantitative (objective) monitor. Objective monitoring 
(documentation of train-of-four ratio ≥0.90) is the only method of assuring that
satisfactory recovery of neuromuscular function has taken place. The panel acknowledges
that publishing this statement per se will not result in its spontaneous acceptance,
adherence to its recommendations, or change in routine practice. Implementation of 
objective monitoring will likely require professional societies and anesthesia department
leadership to champion its use to change anesthesia practitioner behavior. 

Anesth Analg 2018;127:71–80
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RESULTS
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Thanks for your attention


