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Neuromuscolar blocking agents are potentially 
dangerous drugs when not safely managed.  
 

The reversal of neuromuscolar activity can occur 
spontaneously (after a certain lack of time) or 
with the use of reversal agents.  

 

Neuromuscolar activity must be completely 
reversed before proceeding with estubation. 

INTRODUCTION 



Are NMBA really necessary ??? 



SURGICAL GOOD VISION 



MECHANICAL VENTILATION 

AIRWAY MANAGEMENT 





P.H. assessment 
(post-operative hoarsness) 

0 = none (no hoarsness) 

1 = noticed by the patient 

2 = obvious to observer 

3 = aphonia 





Is Pharmacological 
neuromuscolar blockade 

reversal really necessary? 





Not only...... 



P.O.R.C. (POST-OPERATIVE RESIDUAL CURARIZATION) 

Residual curarizzation means the insufficient recovery of the 
neuromuscolar function in an estubated patient. 

Residual curarizzation was defined on a TOF ratios basis < 0,7.  This value 
is now considered too low since numerous clinical effect of residual 
blockade have been observed with a TOF ratio between 0.7 and 0.9. 

Actually a TOF ratio of 0,9 is considered as a new standard for an 
adequate recovery of neuromuscolar function.  

*Murphy GS. Minerva Anestesiol. 2006;72:97-109. 
Murphy GS, Szokol JW. Int Anesthesiol Clin. 2004;42:25-40. 

Frequenza di paralisi residua, in relazione al ritardo tra l’ultima 
somministrazione di curaro e l’arrivo in PACU. 
n = numero di pazienti  







 
 
 

ST  1 Hz 

   

0,2 ms 1-10 

sec 

  Induzione 

anestesia 

TET 50 Hz 5 sec > 6min 

TOF  2 Hz 2 sec 0,5 sec 10 sec Induz. 

Mant. 

Estub. 

Recovery, 

ICU. 

 

PTC 50 Hz 5 sec > 6 min  Blocco 

profondo 

DBS 50 Hz 20 ms  
ciascuno 

750ms > 6 min 

Tipo                     frequenza              durata              intervallo          ripetibilità        applicazioni 



Intensity of blockade 

 Intense block : no response to TOF or PTC stimulation 
 

 Deep block    :  response to PTC  but not to TOF  

                           stimulation 
 

 Moderate block : return of TOF response 

PTC 0 PTC ≥1 

Intense block Deep block Moderate block 

TOF count 0 TOF count 0 TOF count 1-3 

Level of block 

Response to TOF 

Response to PTC 

PTC, post-tetanic count; TOF, train-of-four.  Fuchs-Buder T et al. Acta Anaesthesiol Scand. 2007;51:789-808. 

Post-tetanic 
count 

Twitch 
response 



Clinical tests cannot replace an 
instrumental monitoring 

Cammu G et al. Anesth Analg. 2006;102:426-429. 
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Clinical signs of residual curarization 

• Moderate Hypoxaemia  :  90% < SpO2 < 93%  not improving after active 
interventions (   O2 flow > 3 l./min. , request to breath deeply, tactile 
stimulation) 

• Severe Hypoxaemia : SpO2 < 90% not improving after active interventions       
(     O2 flow > 3 l./min. , request to breath deeply, tactile stimulation)) 

• Respiratory distress signs o ingravescent respiratory failure (respiratory 
rate > 20 / min. , activation of supplementary muscles, tracheal stridor) 

• Inhability to breath deeply when requested 

• The patient reports weakness of respiratory muscles or upper airways  
(difficulty of ventilation, swallowing or languages) 

Murphy GS et al. Anesth Analg. 2008;107:130-137. 

• Patient requires intubation in PACU 

• Clinical evidence of post tracheal estubation aspiration syndrome                  
( gastric content observed in the oropharynx associated to hypoxaemia) 



“Critical Respiratory Events” (CRE) associated 
to a residual  neuromuscolar blockade 

*N = 61 represents the entire cohort of patients who    
 experienced CREs. Only 42 of these patients were able to be    
 matched with a control. 
 CRE, critical respiratory event; PACU, postanesthesia care unit. Murphy GS et al. Anesth Analg. 2008;107:130-137. 

CREs Most Frequently Observed in the PACU (N = 61)* 
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WHICH REVERSAL ????? 



The “ideal” reversal agent should… 

 

Allow a rapid and complete reversal from any kind of 
block (mild to deep) 

 

Have a direct activity 

 

  Be a valid alternative to succinilcholine in terms of 
speed of action and duration 

 

  Not have clinically relevant side effects 

Lily P.H. Yang and Susan J. Keam Adis. Drugs 2009;69 
K. Jones, M.D.,J.E. Caldwell Anestesiology 2008;109:816-24 



CLASSIFICATION 

Fuchs – Buder T et al. , Anesth. 2007  



ANTAGONISTS 

• Cholinesterase inhibitors act indirectly by inactivating the enzyme 
  acetylcholinesterase  (AChE)  in  the  synaptic  cleft of the neuro- 
  muscolar junction (NMJ) 

• Acetylcholine   (Ach)  concentrations   increase    drammatically,   
  competing  with  NMBA  molecules at the post-synaptic nicotinic  
  receptors. 

• Acetylcholinesterase   activity  
  gradually returns to normal  as   
  the   concentration   of   the  
  cholinesterase inhibitor in the  
  plasma and  thus  at the NMJ  
  decreases  as  a  result  of  
  redistribution,  metabolism  and  
  escretion. 



Limitations of  
Cholinesterase Inhibitors 

 Relatively slow in reversing neuromuscular blockade 

 

 Limited ability to reverse deep blockade 

 

 Efficacy influenced by maintenance anesthetics  

 

 Well-known side effect profile 

 

 Require concomitant administration of anticholinergics 

Bartkowski RR. Anesth Analg. 1987;66:594-598. 
Kim KS et al. Anesth Analg. 2004;99:1080-1085. 
Kopman AF et al. J Clin Anesth. 2005;17:30-35. 



Anticholinesterase side - effects 

The increase in Ach concentration induced by an anticholinesterase 

is not limited to the NMJ, but also occurs at muscarinic sites 

where Ach is the neurotransmitter. 

Muscarinic side-effects include: 

• Nausea & vomiting 



Anticholinesterase side - effects 

• Bradycardia & Q-Tc prolongation   

Drug induced Q-Tc interval prolongation may precipitate life 

– threatening arrhythmias, is considered a precursor of 

torsades de pointes and may predict cardiovascular 

complications. 



• Bronchoconstriction 

Cholinergic  stimulation  produce bronchocostriction,  and 

anticholinesterase   have  the potential   to increase   airway  resistance. 
 

Neostigmine  stimulates  the  phosphatidylinositol  response  and thus 

causes bronchoconstriction. 

Anticholinesterase side - effects 



Side Effects Associated With  
Current Reversal Agents 

 ChE inhibitors in the reversal of neuromuscular block can cause  

- Bradycardia 

- Hypersalivation 

- Bronchospasm 

- Increased bronchial secretions 

- Urinary frequency 

- Nausea and vomiting 
 

 Coadministration of antimuscarinic agents  

    aids in preventing cholinergic effects but may  

    result in* 

- Tachycardia 

- Dryness of mouth and nose 

- Mydriasis 

- Urinary retention 

- Hypothermia 

*Atropine use causes dose-dependent adverse effects. 
  ChE, cholinesterase. 



CLASSIFICATION 

Fuchs – Buder T et al. , Anesth. 2007  



Sugammadex 

Acetylcholine 

Cholinesterase 

Rocuronium 



WHEN SUGAMMADEX SHOULD 

BE ADMINISTERED ???? 

WHICH IS THE RIGHT DOSAGE? 





*Neuromuscolar blockade induced by Rocuronium 0.6 mg/kg. 
PTC, post tetanic count  

Sorgenfrei IF et al. Anesthesiology. 2006;104:667-674 
Groudine SB et al. Anesth Analg. 2007;104:555-562    

When dosage is increased, Sugammadex allows a rapid recovery 
even from higher levels of neuromuscolare blockade 

Expected time with TOF 0.9 

Real time with TOF 0.9 

Sugammadex: dose-response ratio 





NEO 50 µg/kg + SUG 2 mg/kg + 

Cisatracurium 0.15 mg/kg Rocuronium 0.6 mg/kg 

Recovery of TOF Ratio to 0.9 

1.9* 

9.0 

n = 39 n = 34 



3 min 
Sugammadex  
administered 

T1 to 10% T1 to 90% 

* 

* 

4.4 

6.2 

7.1 

10.9 

n = 56 n = 54 n = 56 n = 54 



Sugammadex in the airway managment 

RSII with rocuronium 

followed by sugammadex 

allowed earlier re-

establishment of spontaneous 

ventilation than with 

succinylcholine. 



SAFETY PROFILE 



*Rocuronium 0.6 mg/kg  
followed by Sugammadex 2 mg/kg. 
†Data missing for 1 patient. 

1.9 

1.5 

1.3 



children adolescents 

adults 



Learning points: 
1.Sugammadex is effective in reversal of 
neuromuscular blockade with either vecuronium or 
rocuronium. 
2.Sugammadex has been used effectively and safely 
in the infant age group. 
3.Sugammadex should be considered when faced 
with the can’t intubate - can’t ventilate scenario in 
the pediatric population. 



Henry Allingham (6 Jun 1896 - 19 Jun 2011)  



Sugammadex & pulmonary diseases 



Sugammadex administration (2 

mg/kg and 4 mg/kg) has been 

demonstrated to be safe to 

antagonise neuromuscolar blockade 

in patients with pulmonary diseases.  



The use of rocuronium in a patient with 

cystic fibrosis and end-stage lung 

disease made safe by sugammadex 

reversal 

 
MV Porter, MS Paleologos 
Department of Anaesthetics, Royal Prince Alfred Hospital, Sydney, 

New South WalesHome 

 
 

Anaesth Intensive Care. 2011 Mar;39(2):299-302. 

Summary 
While the pharmacology of sugammadex has been extensively reviewed, there is 
limited literature regarding its use in specific clinical settings. Authors  describe 
the use of sugammadex in a patient with severe bronchiectasis related to cystic 
fibrosis who required neuromuscular block for percutaneous endoscopic 
gastrostomy insertion. The use of rocuronium for neuromuscular block was 
preferred in order to avoid the potential complications associated with the use 
of suxamethonium. However, they wished to ensure complete neuromuscular block 
reversal for this short duration procedure in this high-risk patient and also to 
avoid the side-effects of traditional reversal agents. Overall, the combination of 
rocuronium and sugammadex improved perioperative surgical and anaesthetic 
management in this patient. 



Sugammadex & liver diseases 



In patients with severe hepatic 

diseases sugammadex should be 

administered  carefully. 





Sugammadex & heart diseases 



There were no statistically significant 

differences compared to placebo 



Data from Signal trial. 

SYSTOLIC 

DIASTOLIC 

SUG 4 mg/kg  

NEO* 70 mcg/kg 

*Neostigmine 70 µg/kg combined with glycopyrrolate 14 µg/kg. 
NEO, neostigmine; PTC, posttetanic count; SUG. sugammadex 

Reversing Rocuronium 0.6 mg/kg With Sugammadex 
or Neostigmine From 1 to 2 PTCs: Blood Pressure 



Sugammadex administration (2 mg/kg and 4 mg/kg) has been 

demonstrated to be safe in patients with cardiac diseases. 



There were no statistically significant side-effects 

differences compared to placebo 



Sugammadex & kidneys diseases 



Funzionalità renale 
compromessa 

Funzionalità renale 
nella norma 

80 ml/min 30 ml/min 

  2.0                  1.65 

80 ml/min 



Sugammadex Rocuronium 



KEY POINTS 

After administration of sugammadex, the concentration 
of rocuronium showed a plateau  or even an increase. 

Available evidence suggests that the rocuronium-
sugammadex complex remains stable over time. The 
sugammadex-rocuronium complex exists in equilibrium 
with a very low dissociation rate (Kd=0,1x10-6M) 
because of strong binding. 







Sugammadex & bleeding 

Conclusion: in this retrospective study on patients at high risk 
for postoperative bleeding, sugammadex at 2 e 4 mg/Kg doses 
was not associated with higher risk for bleeding. 
Patients who receive higher doses of sugammadex (> 4mg/kg) 
or patients with altered coagulation profiles should be analysed. 





Sugammadex 
and 

anaphylaxis 

Summary 
Sugammadex is a drug used to reverse neuromuscular blockade induced by rocuronium or vecuronium. It 
has not yet been approved by the Food and Drug Administration in the USA due to concerns regarding 
hypersensitivity. The objective of this review was to identify similarities in the presentation of 
hypersensitivity reactions to sugammadex. A comprehensive search was performed in PubMed, Scopus 
and Web of Science for cases reporting hypersensitivity reactions to sugammadex. In addition, we 
contacted regulatory agencies and the company marketing the drug for unpublished reports. Reports 
were included if they were in English, primary investigations, lacked an alternative probable explanation 
for the reaction and included a comprehensive description of the hypersensitivity. We identified 15 
cases of hypersensitivity following sugammadex administration. All cases that reported exact timing 
(14/15) occurred in 4 min or less. Most of the patients (11/15; 73%) met World Anaphylaxis 
Organization criteria for anaphylaxis. Awareness must be raised for the possibility of drug-induced 
hypersensitivity during the critical 5-min period immediately following sugammadex administration. 







Sugammadex in special clinical 
settings 



Duchenne muscular dystrophy (DMD) is the most common muscular 

dystrophy in pediatric patients (Hayes et al, 2008) 

It is caused by a mutation of the dystrophy gene at the Xp21 locus and results 

in a deficit of dystrophine and its related proteins (necessary for the 

appropriate formation of the postsynaptic membrane of the NMJ). 

DUCHENNE MUSCULAR DYSTROPHY 

The use of neuromuscular blocking drugs is of great concern in DMD patients. 

Depolarizing NMBDs are controindicated because of the risk of hyperkalemia, 

rhabdomyolysis or even cardiac arrest. (Hayes et al.,Pediatr. Anesth. 2008 – 

Ihmsen et al, Anesthesiology 2009) 



MG is an autoimmune disease affecting neuromuscular trasmission. 

Auto antibodies against the acetylcholine receptor reduce the total 
amount of Ach receptors resulting in an unpredictable response to 
administered neuromuscolar blocking drugs. (Paton WD, The Journal of 
Physiology 1967) 

MYASTHENIA GRAVIS 



OBESITY 

A retrospective analysis of the introduction of sugammadex on 

the incidence of respiratory failure after bariatric surgery  
Mulier J.P.,Dillemans B.,Van Lancker P.,Van Cauwenberge S  

 

                                                                    Obesity Surgery, August 2011, (1051-1052) 



DOSAGE ??? 





PREGNANCY 







Anaesth Intensive Care. 2012 Jul;40(4):722. 

Persistent 'can't intubate, can't oxygenate' crisis 

despite reversal of rocuronium with sugammadex: 

the importance of timing. 
Curtis RP. 








