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Monitoring







Survey results

● ≤5 years of practice: sugammadex as primary reversal agent ([OR]: 2.08; 95% CI, 1.31-3.31)

● Only 40% of practitioners always assess NMB (train-of-four), and use was
inversely correlated with years of practice (Spearman ρ = −0.11, P = .04)

● Anesthesiologists who primarily used sugammadex assess NMB less routinely
(OR: 0.56; 95% CI, 0.34-0.90; P = .01).

● 38% percent did not discuss its effects on hormonal contraception with the 
patient and/or family, independent of anesthesiologist experience



The Recent Guidelines
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Residual neuromuscular block





Qualitative vs Quantitative



Phases of Neuromuscular Block

Complete (PTC = 0)
Deep (PTC 1, TOF count = 0)
Moderate (TOF count = 1-3)
Shallow (TOF ratio < 0.4)
Minimal (TOF ratio < 0.4-0.9)
Recovery (TOF ratio > 0.9)



Differential muscle sensitivity



Acetylcholine receptor occupancy and TOF ratio



• Sugammadex dosing is frequently not based on objective neuromuscular 
monitoring
• Only 40% of practitioners always use a device
• The incidence of anaphylaxis to sugammadex is rare (< 0.04%)
• The most common complications associated with the use of NMBAs in pediatric

patients is residual neuromuscular block (….and, maybe, re-paralysis….)



Residual paralysis

• A recently published cohort study of over 6500 pediatric surgeries
that has shown that high doses of NMBAs are associated with a high
risk of postoperative pulmonary complications (odds ratio [OR], 2.27;
95% CI, 1.12-4.59; P =.02), particularly in infants ≤1 year (OR, 3.84; CI,
11.35-10.94; P =.01)





Sugammadex



PHARMACOLOGY

• Donut-shaped cyclodextrin molecule.
• Half-life of 2h in patients with normal renal function. 
• It has not hepatic metabolism.
• No binding with plasma proteins or red blood cells.
• It is excreted unchanged by the kidneys. 



PK of sugammadex

Sang-Hwan Ji. Front. Pharmacol. 14:1127932.

2 mg/kg 4 mg/kg 8 mg/kg



SIDE EFFECTS

• Hypersensitivity and anaphylaxis: flushing, urticaria, erythematous
rash, (severe) hypotension, tachycardia, swelling of tongue, swelling
of pharynx, bronchospasm and pulmonary obstructive events.
• Bradycardia

• Vomiting
• Hypotension
• Headache
• Pain
• Nausea



DOSAGE 

Following a single intraoperative dose of rocuronium (0.6 mg/kg), sugammadex was administered within 2
minutes of reappearance of T2 of the TOF. The median time from the administration of sugammadex to return
of the TOF ratio to 0.9 was 0.6 (n=1), 1.2 (n=4), 1.1 (n=6), and 1.2 (n=5) minutes, respectively, in infants
(28days – 23months), children (2 – 11 years), adolescents (12 – 17 years), and adults (>17 years).

Grigg, Eliot Sugammadex and neuromuscular reversal: special focus on neonatal and infant populations, Current Opinion in Anaesthesiology: June 2020 - Volume 33 - Issue 3 - p 374-380



Total Rocuronium
dose (mg)

Recovery time 
(min)

Final TOF

1 day (n=8)

Mean (SD) 1.6 (0.1) 1.4 (0.1) 105 (20)

Median (range) 1.7 (1.5-1.7) 1.3 (0.6-3.0) 90-152

1day–7days (n=15)

Mean (SD) 1.4 (0.5) 1.2 (0.5) 103 (8.2)

Median (range) 1.6 (0.5-0.8) 1.2 (0.4-2.2) 97-112

Alonso A, de Boer HD, Booij L. Reversal of rocuronium-induced neuromuscular block by sugammadex in neonates (Abstract). Eur J Anaesthesiol 2014;31(Suppl 52): 163-165

Reversal with sugammadex (4mg/kg) in profound residual neuromuscular blockade in neonates.  



SUGAMMADEX vs NEOSTIGMINE 

• Sugammadex provides a faster and more complete reversal with a
lower risk of residual curarization.
• Sugammadex also has a lower rate of postoperative respiratory
complications.



TOF ratio > 0.9 for 
sugammadex vs

controls

Lang et al. BMC Pediatrics (2022) 22:295



Lang et al. BMC Pediatrics (2022) 22:295

Extubation time 
sugammadex

versus controls



Lang B, Han L, Zeng L, Zhang Q, Chen S, Huang L, Jia Z, Yu Q, Zhang L. Efficacy and safety of sugammadex for neuromuscular blockade reversal in pediatric patients: 

an updated meta-analysis of randomized controlled trials with trial sequential analysis. BMC Pediatr. 2022 May 19;22(1):295.



Sugammadex dosages



Sugammadex dosages



Reversal of rocuronium

PTC 0 1-2 - - - - - -
Twitches 0 0 1 2 3 4 4 4
TOF-ratio - - - - - 0.2 <0.9 >0.9

Sugamma
dex

mg/kg

8 (16) 4 2 2 (2) (2) (2) -

Neostigim
ine

mcg/kg

- - wait wait wait 50 20-50 --





Future directions



Patient-directed strategy

• Incidence of sugammadex anaphylaxis is rare (<1/10,000 anaesthesia)
• PK of NMBAs is variable in infants and neonates
• PRAEs related to residual paralysis are frequent 
• Lack of studies on NMBA monitoring in children
• Paediatric guidelines are work in progress (ESAIC)
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Selected Safety Information for BRIDION® (Sugammadex Sodium)
INDICATIONS Reversal of neuromuscular blockade induced by rocuronium or vecuronium. For the pediatric population: sugammadex is only recommended for routine reversal of rocuronium induced

blockade in children and adolescents. DOSAGE AND METHOD OF USE Sugammadex should only be administered by, or under the supervision of an anesthetist. Sugammadex should be

administered intravenously as a single bolus injection. The bolus injection should be given rapidly, within 10 seconds, into an existing intravenous line. The recommended dose of sugammadex

depends on the level of neuromuscular blockade to be reversed. Adults Routine reversal A dose of 4 mg/kg sugammadex is recommended if recovery has reached at least 1-2 post tetanic counts

(PTC) following rocuronium or vecuronium induced blockade. Median time to recovery of the T4/T1 ratio to 0.9 is around 3 minutes. A dose of 2 mg/kg sugammadex is recommended, if spontaneous

recovery has occurred up to at least the reappearance of T2 following rocuronium or vecuronium induced blockade. Median time to recovery of the T4/T1 ratio to 0.9 is around 2 minutes. Immediate

reversal of rocuronium-induced blockade A dose of 16 mg/kg sugammadex is recommended. Re-administration of sugammadex A repeat dose of 4 mg/kg sugammadex is recommended. Renal

impairment For mild and moderate renal impairment (creatinine clearance 30 and <80 ml/min), the dose recommendations are the same as for adults without renal impairment. For patients with

severe renal impairment (including patients requiring dialysis (CrCl <30 ml/min)), the use of sugammadex is not recommended. Elderly patients Same dose recommendation as for adults should be

followed. Obese patients In obese patients, including morbidly obese patients, the dose of sugammadex should be based on actual body weight. The same dose recommendations as for adults

should be followed. Hepatic impairment For mild to moderate hepatic impairment, no dose adjustments are required. Pediatric populations (Children and adolescents) Bridion 100 mg/ml may be

diluted to 10 mg/ml to increase the accuracy of dosing in the pediatric population. Routine reversal A dose of 2 mg/kg is recommended for reversal of rocuronium induced blockade at reappearance

of T2 in children and adolescents (2-17 years). Immediate reversal Immediate reversal in children and adolescents has not been investigated. CONTRAINDICATIONS Hypersensitivity to the active

substance or to any of the excipients. WARNINGS AND PRECAUTIONS Should neuromuscular blockade reoccur following extubation, adequate ventilation should be provided. Bleeding risk has

not been studied systematically at higher doses than sugammadex 4 mg/kg, thus, coagulation parameters should be carefully monitored in patients with known coagulopathies and those using

anticoagulants who receive a dose of 16 mg/kg sugammadex. The use of lower than recommended doses may lead to an increased risk of recurrence of neuromuscular blockade after initial reversal

and is not recommended. When rocuronium 1.2 mg/kg is administered within 30 minutes after reversal with sugammadex, the onset of neuromuscular blockade may be delayed up to approximately

4 minutes and the duration of neuromuscular blockade may be shortened up to approximately 15 minutes. Recommended waiting time in patients with mild or moderate renal impairment for re-use

of 0.6 mg/kg rocuronium or 0.1 mg/kg vecuronium after routine reversal with sugammadex should be 24 hours. A nonsteroidal neuromuscular blocking agent should be used for patients requiring

neuromuscular blockade prior to passing the recommended waiting time. Sugammadex is not recommended for use in patients with severe renal impairment, including those requiring dialysis. Due

to the administration of sugammadex, certain medicinal products could become less effective due to a lowering of the (free) plasma concentrations. Due to the administration of certain medicinal

products after sugammadex, theoretically rocuronium or vecuronium could be displaced from sugammadex. Patients should be closely monitored for hemodynamic changes during and after reversal

of neuromuscular blockade. Patients with severe hepatic impairment should be treated with great caution. Sugammadex should not be used to reverse block induced by nonsteroidal neuromuscular

blocking agents and steroidal neuromuscular blocking agents other than rocuronium or vecuronium. Clinicians should be prepared for the possibility of drug hypersensitivity reactions (including

anaphylactic reactions) and take the necessary precautions. If more than 2.4 ml solution needs to be administered, this should be taken into consideration by patients on a controlled sodium diet.

PREGNANCY AND LACTATION Pregnancy Caution should be exercised when administering sugammadex to pregnant women. Lactation Caution should be exercised when administering

sugammadex to a breast-feeding woman. ADVERSE EVENTS In the subset of Pooled Placebo-controlled trials where subjects received anesthesia and/or neuromuscular blocking agents, the

following adverse events occurred in 2% of subjects treated with sugammadex and at least twice as often compared to placebo including airway complication of anesthesia, anesthetic

complication, procedural hypotension, procedural complication and cough. In post-marketing, isolated cases of marked bradycardia and bradycardia with cardiac arrest have been observed within

minutes after administration of sugammadex. A limited database suggests that the safety prole of sugammadex (up to 4 mg/kg) in pediatric patients was similar to that in adults.


