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Purpose: Myasthenia gravis (MG) is an autoimmune disease interfering with neuromuscular 

transmission. Patients are at risk of postoperative residual curarization (PORC) if nondepolar-

izing muscle relaxants are used. Clinically inapparent insufficient muscle strength may result 

in hypoventilation and postoperative bronchopneumonia. We describe a cohort of 117 cases 

in which sugammadex was used in MG patients undergoing surgery with muscle relaxation 

with rocuronium.

Methods and patients: We anesthetized 117 patients with MG using rocuronium and sugam-

madex as neuromuscular blockade reversal agent. One hundred five patients underwent surgical 

thymectomy and 12 underwent cholecystectomy (five laparotomic and seven laparoscopic). 

We measured time from sugammadex administration to recovery and to extubation, using the 

TOF-Watch® (series of four consecutive electrical impulses [the train-of-four] .0.9). We tracked 

peripheral capillary oxygen saturation (SpO
2
) ,95%, elevation of partial pressure of carbon 

dioxide (pCO
2
) .10% above baseline, number of reintubations within the first 48 hours, and 

number of pneumonias within 120 hours, postoperatively. Results were processed as average, 

minimum, and maximum values.

Results: The period needed to reach train-of-four of 0.9 following sugammadex administration 

was on average 117 seconds (minimum of 105 seconds/maximum of 127 seconds) and differed 

within deviation ,10%. The time to extubation following sugammadex administration was on 

average 276 seconds (minimum of 251 seconds/maximum of 305 seconds) and differed mini-

mally among patients as well. We observed no SpO
2
 ,95%, no pCO

2
 elevation .10% above 

a baseline, no emergent reintubation within the first 48 hours, and no pneumonia diagnosed on 

clinical basis within 120 hours, postoperatively in all 117 patients.

Conclusion: In this cohort of MG patients undergoing surgery using rocuronium and 

sugammadex, we did not observe any signs of postoperative residual curarization and respiratory 

depression. The neuromuscular blockade recovery was reliable, predictable, and rapid.
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Introduction
Myasthenia gravis (MG) is a disease that affects neuromuscular transmission. Patients 

show unpredictable sensitivity and response to the administration of nondepolarizing 

muscle relaxants. The risk of residual neuromuscular blockade and postoperative 

respiratory failure with consequent complications is very high in such patients.1 This 

blockade may not be clinically apparent. Insufficient muscle strength may result 
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in hypoventilation, oxygen desaturation, development of 

hypercapnia, micro- and macroaspirations, and postop-

erative bronchopneumonia in the postoperative period.2 

An essential part of MG treatment, namely if there is a 

thymoma present (10%–15% of cases), is surgical thymec-

tomy. Thymoma is most often a benign tumor of the thymus 

which produces acetylcholine receptor autoantibodies and 

can sometimes even produce autoantibodies against certain 

muscle proteins such as the titin and ryanodine receptor. 

Full thymectomy by partial sternotomy is the gold standard 

surgical treatment.3

Sugammadex selectively encapsulates steroid nondepo-

larizing muscle relaxants, thus leaving the receptor free for 

acetylcholine. Encapsulation is irreversible, and the whole 

complex is then excreted from the body through the urine. 

Efficiency and reliability of sugammadex has been repeatedly 

shown in several clinical studies.4 The aim of this case series 

was therefore to verify whether sugammadex can secure full 

and rapid neuromuscular blockade recovery with avoiding 

respiratory depression in patients with MG.

Methods and patients
With the approval of the local ethics committee of the Teaching 

Hospital Motol and with written consents of participants, we 

anesthetized 117 patients (from June 2010 to September 2014) 

with MG type IIa and IIb (Osserman’s classification) using 

general anesthesia (GA) with rocuronium and sugammadex 

as neuromuscular blockade reversal agent. Demographic data 

are shown in Table 1. One hundred five patients underwent 

surgical thymectomy with partial sternotomy and 12 patients 

underwent cholecystectomy (five laparotomic and seven 

laparoscopic). The degree of neuromuscular blockade was 

measured with the device TOF-Watch® (Organon, Mainline 

Medical Inc, Norcross, GA, USA) using a series of four 

consecutive electrical impulses (TOF, train-of-four). As the 

primary endpoints, we measured time from sugammadex 

administration to full muscle strength recovery (generally 

accepted value TOF 0.9) and to the removal of the endotracheal 

tube. As the secondary endpoints, we tracked clinical signs of 

the postoperative residual curarization (PORC) – peripheral 

blood hyposaturations lower than 95%, measured by standard 

pulse oximeter in bedside monitor of vital functions, elevation 

of partial pressure of carbon dioxide (pCO
2
) more than 10% 

(standard deviation .10%) above baseline (quiet spontaneous 

ventilation prior to induction to GA), measured by emergency 

capnometer EMMA Monitor® (Phasein AB, Danderyd, Swe-

den). Patients who underwent laparoscopic cholecystectomy 

had the arterial line, the number of reintubations within the first 

48 hours following the surgery, and the incidence of acquired 

bronchopneumonias diagnosed on clinical basis (due to pos-

sible aspirations) within 120 hours, postoperatively.

GA was administered to all patients, starting with propo-

fol (2 mg kg-1) and sufentanil analgesia, 0.2 μg kg-1 to a 

maximum dose of 0.8 μg kg-1. This was followed by induc-

ing muscle relaxation with an unreduced dose of rocuronium 

of 0.6 mg kg-1 intravenously for orotracheal intubation and 

a maintenance dose of 0.15 mg kg-1 if TOF .0.6. GA was 

supplemented in all patients by the inhalation of O
2
+ air + 

isoflurane (up to 1.0% in the expired mixture). Depth of 

muscle relaxation was measured with the device TOF-Watch. 

In accordance with the manufacturer’s recommendations, the 

ulnar nerve was stimulated, and the accelerometry response 

of the adductor pollicis muscle was measured by the device. 

Calibration was performed. Dosage of all pharmaceuticals 

was converted based on the patient’s body weight. Benzodiaz-

epines were not administered. In accordance with pharmaceu-

tical company’s recommendations on deep muscle relaxation 

with a TOF between zero and one, sugammadex was adminis-

tered at a dose of 4 mg kg-1, while a TOF measurement of two 

and more was followed by a dose of 2 mg kg-1. We measured 

the time from sugammadex administration to TOF 0.9. The 

needed time for extubation was measured from the moment of 

TOF reaching 0.9 till the removal of endotracheal tube from 

the patient’s airways. Results were processed using Microsoft 

Excel (Microsoft Corporation, Redmond, WA, USA), with 

average, minimum, and maximum values.

Table 1 Demographic data

Variables Average Minimum/
maximum

age (years) 41.6 32/68
Body mass index (kg/m2) 24.2 19.5/34.7
asa Median iii ii/iV
Osserman’s iia:iib 22:95 na
sex (female:male) 67:50 na
surgery (minutes) 98.6 76/129
Rocuronium total dose (mg) 72.5 50/105
Time interval from last rocuronium-
sugammadex (minutes)

15.5 10/28

Time to TOF 0.9 (seconds) 117 105/127
Time to extubation (seconds) 276 251/305
spO2 lower than 95% within 24 hours none na
pCO2 elevation .10% above baseline none na
Reintubations within 48 hours none na
acquired bronchopneumonias within 120 hours none na

Notes: Osserman’s iia – weakening of eye and limbs muscles; Osserman’s iib – 
weakening of eye, limbs, and bulbar muscles.
Abbreviations: asa, american society of anesthesiologists scale; na, not 
applicable; pCO2, partial pressure of carbon dioxide; spO2, peripheral capillary 
oxygen saturation; TOF, train-of-four (four consecutive electric impulses).
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Results
Our patient population was heterogeneous, with large 

variations in age, body weight, duration of surgery, and total 

administered dose of rocuronium. The patient’s physical 

status was determined using the ASA (American Society 

of Anesthesiologists’) scale, with a median of III. The 

period needed to reach TOF of 0.9 following sugammadex 

administration was on average 117 seconds (minimum 

of 105 seconds/maximum of 127 seconds) and differed 

within a deviation ,10%. The time to extubation following 

sugammadex administration was on average 276 seconds 

(minimum of 251 seconds/maximum of 305 seconds) and 

differed minimally among patients as well. All patients were 

transferred from the operating room to a monitored bed in 

the postoperative intensive care unit (ICU). We observed 

no fall of peripheral capillary oxygen saturation (SpO
2
) 

less than 95% on room air, no elevation of pCO
2
 more than 

10% above the baseline measured for 4 hours in 30-minute 

intervals after admission to ICU. No patient needed rein-

tubation due to respiratory failure within 48 hours follow-

ing the surgery. None of our patients had clinical signs of 

acquired bronchopneumonia in 120 hours, postoperatively. 

The summary of the results is given in Table 1.

Discussion
The results from our series of 117 patients has shown that 

sugammadex has brought full and rapid neuromuscular 

blockade recovery in patients with MG. Patients at higher risk 

for muscle deficit and function due to MG were successfully 

reversed to a TOF 0.9. We observed no serious and significant 

fall in SpO
2
 and no hypoventilation in both the operation room 

and ICU. None of the patients needed reintubation within 

48 hours. None of our patients had clinical bronchopneumonia 

120 hours, postoperatively. The results of a search in PubMed 

database from June 2010 to January 2015 suggest that this 

is the most extensive published group of patients with the 

aforementioned disorder of neuromuscular transmission.

Steroid nondepolarizing muscle relaxants are a common 

part of the current overall GA.5 However, the administra-

tion of muscle relaxants is associated with many problems, 

including difficulties in the quantification of their effects, 

differences in the sensitivity of individual patients, and 

also effects related to age and sex.6,7 The result of often 

inadequate dosage of muscle relaxants is PORC, which 

increases the risk of hypoventilation and postoperative pneu-

monia. Residual neuromuscular blockade also contributes 

to postoperative aspiration. Studies in awake volunteers 

and surgical patients have demonstrated that TOF ratios 

of 0.7–0.9 are associated with impaired airway protective 

reflexes,8 upper airway obstruction,9 a decreased hypoxic 

ventilatory response,10 and postoperative hypoxemia.11 

On the basis of these findings, several investigators have 

recommended that full recovery of neuromuscular function 

(TOF ratio of 0.9) should be present at the time of tracheal 

extubation.9,12,13 PORC (defined by the TOF ratio ,0.9 at 

accelerometry monitoring of neuromuscular transmission) 

occurs in approximately 34% of patients (upon admission 

to ward after surgery) relaxed during the surgery using 

rocuronium without accelerometry monitoring.14

In principle, three procedures15 can be used for PORC 

treatment. The first is to continue artificial ventilation until 

full recovery of muscle strength, which is associated with 

the risks of prolonged ventilation and prolonged occupancy 

in the operating room that hinder the smooth running of the 

operational program. The second is to apply standard decura-

rization using the combination of atropine and neostigmine. 

Neostigmine is known for its “ceiling effect”.16 Disadvan-

tages of this procedure include possible tachycardias (fol-

lowing atropine administration) and increased secretion from 

the respiratory tract, which is inconvenient, particularly in 

patients with incompetency of neuromuscular transmission 

and lower muscle strength and preexisting lung disease.7,17 

The third and newest option that can only be applied after 

the application of rocuronium or possibly vecuronium is 

administration of sugammadex, which selectively binds to 

aminosteroid muscle relaxants, has no “ceiling effect”, and 

does not impact pulmonary function or hemodynamics.14

Similar to some published case reports describing the 

administration of sugammadex in patients with MG,18–22 we 

evaluated a group of 117 patients undergoing surgery with GA. 

Our results are consistent with the findings of other authors 

who described its administration in a clinical situation.4,23–25 

We can say that the effect of sugammadex in patients with the 

diagnosis of MG is reliable and predictable.26 In a very short 

time, unaffected by patient’s age, body weight, surgery dura-

tion, or the total administered dose of rocuronium, it results 

in full recovery of neuromuscular transmission, guaranteeing 

full muscle strength. This will significantly reduce the risk 

of PORC18,25,26 including all its serious complications.17,27 We 

suggest sugammadex as a component of accelerated recovery 

after surgery to avoid PORC in MG patients.

Limitations
The limitations of this case series can be the enrolling of 

patients of only IIa and IIb per Osserman’s classification 

and the small number of the patients.
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Conclusion
In the largest published cohort of MG patients undergoing 

surgery in GA using rocuronium and sugammadex, we did 

not observe any signs of PORC. The neuromuscular blockade 

recovery was reliable, predictable, and led rapidly to full 

neuromuscular transmission.

Disclosure
The authors report no conflicts of interest in this work.
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