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Abstract
AIM: To evaluate the effects of two different doses 
of sugammadex after maintenance anesthesia with 
sevofluorane and remifentanil and deep rocuronium-
induced neuromuscular blockade (NMB).

METHODS: Patients between 20 and 65 years of age, 
with American Society of Anesthesiologists physical 
status classification Ⅰ-Ⅱ, undergoing gynecological 
surgery were included in a prospective, comparative 
and randomized study. NMB was induced with an 
injection of 0.6 mg/kg of rocuronium followed by 
continuous infusion of 0.3-0.6 mg/kg per hour to 
maintain a deep block. Anesthesia was maintained with 
sevofluorane and remifentanil. Finally, when surgery 
was finished, a bolus of 2 mg/kg (group A) or 4 mg/
kg (group B) of sugammadex was applied when the 
NMB first response in the train-of-four was reached. 
The primary clinical endpoint was time to recovery to 
a train-of-four ratio of 0.9. Other variables recorded 
were the time until recovery of train-of-four ratio of 0.7, 
0.8, hemodynamic variables (arterial blood pressure 
and heart rate at baseline, starting sugammadex, 
and minutes 2, 5 and 10) and adverse events were 
presented after one hour in the post-anesthesia care 
unit.

RESULTS: Thirty-two patients were included in the 
study: 16 patients in group A and 16 patients in group 
B. Only 14 patients each group were recorded because 
arterial pressure values were lost in two patients 
from each group in minute 10. The two groups were 
comparable. Median recovery time from starting of 
sugammadex administration to a train-of-four ratio of 
0.9 in group A and B was 129 and 110 s, respectively. 
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The estimated difference in recovery time between 
groups was 24 s (95%CI: 0 to 45 s, Hodges-Lehmann 
estimator), entirely within the predefined equivalence 
interval. Times to recovery to train-of-four ratios of 0.8 
(group A: 101 s; group B: 82.5 s) and 0.7 (group A: 90 s; 
group B: 65 s) from start of sugammadex administration 
were not equivalent between groups. There was not a 
significant variation in the arterial pressure and heart rate 
values between the two groups and none of the patients 
showed any clinical evidence of residual or recurrent 
NMB. 

CONCLUSION: A dose of 2 mg/kg of sugammadex 
after continuous rocuronium infusion is enough to 
reverse the NMB when first response in the Train-Of-
Four is reached.

Key words: Rocuronium; Sugammadex; Neuromuscular 
block antagonism; Monitoring neuromuscular function; 
Neuromuscular block rocuronium 
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Core tip: The release of sugammadex in recent times 
has been a global shift in the strategy of the reversal of 
neuromuscular blockade (NMB) induced by aminosteroid 
neuromuscular blocking. The use of this drug has been 
increasing slowly, and consequently, we receive more 
and more questions in regards to its efficacy and safety. 
In this study we compared the dose of 2 mg/kg to 4 
mg/kg sugammadex to reverse the NMB when first 
response in the train-of-four is reached after continuous 
infusion of rocuronium. Both doses have been shown to 
be effective for recovery from NMB.
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INTRODUCTION
Neuromuscular blockade (NMB) is an important technique 
in modern anesthesia because it improves surgical 
conditions by suppressing voluntary movements or 
muscular reflexes. The use of neuromuscular blockers is 
highly beneficial in determined types of surgery, such 
as laparoscopy, as it improves the surgical access and 
the visual field[1]. However, the extended use of NMB is 
associated with increased postoperative morbimortality 
due to the risk of residual neuromuscular paralysis 
or recurarization and the development of subsequent 
complications[2,3]. Such complications can be reduced 

by objective monitoring of muscle relaxation and NMB 
reversal after the surgical procedure.

The release of sugammadex [Bridion®, merck sharp 
and dohme, Oss, The Netherlands] triggers a change 
in the way of reversing aminosteroid neuromuscular 
blocking drugs. Sugammadex is a gamma-cyclodextrin 
with a lipophilic cavity that traps aminosteroid 
neuromuscular blocker molecules to form an inactive 
complex, thus preventing their union with nicotinic 
receptors and reversing their effects[4,5]. Clinical data 
suggests that sugammadex has a favorable efficacy 
and safety profile[4,6,7], allowing a safer and faster 
recovery-even from deep NMB[8]-than the commonly 
used combination of acetylcholinesterase inhibitors and 
anticholinergic agents.

Halogenated anesthetics, such as sevoflurane, 
increase the effect and duration of rocuronium[9], and 
this effect is clinically most significant when using 
a continuous infusion of rocuronium[10]. However, 
such do not appear to alter the efficacy or safety of 
sugammadex[11-13]. We hypothesize that a dose of 
sugammadex could result in a suitable recovery time 
although it depends on the individual redistribution and 
elimination of rocuronium as well[14]. The provider has 
not defined what the ideal dose of sugammadex for 
reversal the NMB when first response in the train-of-four 
(TOF) is reached. So, we have designed a study based 
upon on this hypothesis: after a surgical procedure, 
a dose of 2 mg/kg sugammadex is comparable to a 
dose of 4 mg/kg for reversal the NMB induced by a 
continuous infusion of rocuronium administered when 
first response in the TOF (T1) is reached. 

MATERIALS AND METHODS
Patients and methods
A prospective, randomized and comparative study 
was designed to include patients undergoing a 
gynecological surgery, and took place over one year. 
The study was approved by the Regional Research 
Ethics Board of Principality of Asturias (Ref 118/2013; 
approved in August, 2013) and, after being given 
a verbal explanation, all patients gave their written 
informed consent. Applicable regulations and good 
clinical practice guidelines concerning NMB were 
followed in all cases[15].

The study included patients between 20 and 65 
years of age, with American Society of Anesthesiologists 
(ASA) physical status classification Ⅰ-Ⅱ, who were 
scheduled for elective gynecological laparoscopy 
procedures under general anesthesia with sevoflurane 
requiring NMB with a minimum duration of 1 h, and 
carried out by the same surgical team.

The sample size was calculated on the basis of data 
for previous recovery time from NMB to first response 
in the TOF after sevoflurane anesthesia followed by 4 
mg/kg sugammadex[14]. A 50% increase in recovery 
time was considered to be clinically relevant. To obtain 
statistically significant results with a probability of 
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type Ⅰ error (α = 0.05), probability of type Ⅱ error (β 
= 0.10), and a statistical power of 90%, a total of 22 
patients were required. Therefore, 32 patients were 
recruited to compensate for any possible losses.

Patients were randomized to receive a dose of 2 mg/kg 

(group A) or 4 mg/kg (group B) after surgical procedure 
by the responsible anesthesiologist as previously had 
been determined. A manual randomization method was 
performed.

Exclusion criteria were as follows: previous known 
neuromuscular disease, obesity [defined as a body 
mass index (BMI) ≥ 30 kg/m2], allergy to any drug 
used in the general anesthesia, history of malignant 
hyperthermia, liver or kidney insufficiency, predicted 
difficult airways or a previous history of difficult 
intubation, use of drugs that affect the neuromuscular 
system (for example: magnesium, anticonvulsants, 
aminoglycosides), pregnancy or lactation, or any 
other medical condition which could affect level of 
consciousness.

Anesthesia and neuromuscular monitoring
All patients received intramuscular 2 mg midazolam as 
premedication. Standard monitoring was performed 
once the patients were in the operating room (pulseoximetry, 
capnography, electrocardiography and noninvasive arterial 
pressure). Patients were preoxygenated with FIO2 of 1.0 
for 3 min before induction of anesthesia with intravenous 
propofol (1.5-2.5 mg/kg) and fentanyl (1-2 mcg/kg).

Neuromuscular function was monitored through 
kinemyography (KMG) in form of the Mechanosensor-
Neuromuscular Module Transmission (M-NMT®) (GE 
Healthcare, Helsinki, Finland) integrated in the Datex-
Ohmeda anesthesia machine. The right arm was 
placed at an angle of 90° to the longitudinal axis of 
the body and the electrodes were placed on cleaned 
skin 3-6 cm apart over the ulnar nerve at the wrist. 
M-NMT was placed on the adductor pollicis muscle. 
Physical means were used to maintain the peripheral 
temperature above 35 ℃. 

Once the induction of anesthesia was finished and 
before the administration of rocuronium, the M-NMT 
monitor was calibrated using 200 µs pulses at a rate 
of 2 Hz, starting at 5 mA with increments of 5 mA. 
The maximal current was increased by 15%, yielding 
the supramaximal stimulation. The 0.6 mg/kg of 
rocuronium bolus was then injected provided that a 
first 2 Hz TOF stimulation for 1.5 s yielded four equal 
responses within 15% of the calibration. When there 
was no measurable response to TOF stimulation, the 
patients were intubated and mechanical ventilation 
was initiated. This initial dose was followed by a 
continuous infusion of 0.3-0.6 mg/kg per hour of 
rocuronium which was adjusted to maintain a deep 
block with a TOF response of zero and PTCs less than 
10 for the duration of the procedure. TOF stimulations 
were repeated every 15 s throughout the study. A 
PTC mode was initially applied 5 min after obtaining 

complete NMB and repeated every 6 min. Anesthesia 
was maintained with sevoflurane 1%-3% end-tidal. In 
both groups analgesia was provided by remifentanil 
with a dose of 0.05-0.5 mcg/kg per minute. 

Upon completion of the surgery, the administration 
of sevoflurane, remifentanilo and rocuronium ended. 
At the reappearance of the T1, every patient received 
a dose of sugammadex according to the group in 
which they had been randomized (2 mg/kg in group 
A, or 4 mg/kg in group B), and they were awoken 
once complete NMB reversal (TOF ratio ≥ 0.9) was 
reached. Neuromuscular monitoring was continued 
until patients were extubated. Once recovered, they 
were transferred to the post-anesthesia care unit.

After one hour in the post-anesthesia care unit, a 
member of the team who was blind to the sugammadex 
dose that the patient had received, evaluated in 
each patient the presence of any residual paralysis 
through neuromuscular monitoring and performed a 
clinical assessment by signs of muscular weakness 
and clinical tests (lifting the head for more than 5 s, 
holding a tongue depressor between the teeth and 
generalized muscular weakness). The post-anesthesia 
oxygen saturation, breathing rate and any possible 
hemodynamic instability as well as the appearance of 
any adverse effect was also recorded. The same post-
surgical analgesia protocol was applied to all patients. 

Statistical analysis
Patient baseline quantitative variables in the two 
groups were compared by two-sided Student t-test 
if they followed a normal distribution. Categorical 
variables were analyzed by Pearson χ 2 test (or Fisher 
Exact test if expected count less than 5). Odds ratio 
(OR) and its CI was calculated if necessary. 

The primary efficacy variable was the time (in seconds) 
between commencing sugammadex administration and 
reaching recovery of the TOF ratio to 0.9. The time until 
recovery of TOF ratios to 0.7 and 0.8 were studied 
too. We used the statistical approaching method 
described by Rex et al[14]. The CI approach was used to 
demonstrate equivalence in recovery of the TOF ratios 
between the two treatment groups. Non statistical 
signification was established if the two-sided 95%CI 
for the estimated difference of median between group 
A and group B was within the interval ranging from 
0% to 50% of the median of group B. The 95%CI 
was obtained by using the nonparametric methods of 
Hodges-Lehmann. Similarly, TOF ratio to 0.7 and 0.8 
were studied. 

The hemodynamic variables were the evolution of 
arterial blood pressure (AP) and the heart rate (HR) 
after sugammadex injection. AP and HR were recorded 
every 5 min throughout the intervention: previously, 
during the start of sugammadex, and 2, 5 and 10 min 
after initiating administration of the drug. Any possible 
secondary effect associated to its administration was 
also recorded.
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Data for AP and HR were analyzed by repeated 
measure analysis of variance (ANOVA-RM). The within-
subjects terms were the AP and HR values for each 
patient, and the repeated term was the time point 
(baseline, starting, and minute 2, 5 and 10). Pillai’s 
Trace[16] is calculated for AP and HR and their interactions 
with sugammadex doses. They were corrected with 
epsilon multipliers if the assumption of circularity had 
been violated following Mauchly’s test[17]. Lower bound 
was elected to be the most conservative. Post-hoc 
analyses were executed. The P-values < 0.05 were 
considered significant. All tests were 2-sided. Data was 
analyzed using SPSS 17.0 for Windows (SPSS Inc., 
Chicago, United States).

RESULTS
A total of 32 patients were included in the study, 
16 patients in group A and 16 patients in group B. 
All descriptive variables are summarized in Table 1. 
However, AP was not taken in the 10th minute in two 
patients in each group. Because AP in the 10th minute 
is a related sample within temporal evolution (the 
others are AP baseline, pre-sugammadex, minute 2th 
and minute 5th), only 14 patients from each group 
were computed (another two were excluded). So, all 
results were analyzed by per-protocol; however, AP 
values were lost in two patients in each group for the 
10th minute.

The gynecological interventions were fourteen 
vaginal assisted laparoscopic hysterectomies (43.7%), 
eleven laparoscopic ovarian cystectomies (34.4%) and 
seven laparoscopic adnexectomies (21.9%). The two 
groups were comparable in terms of age, BMI and ASA 
(Table 1). Surgical time was more than 60 min in all 
cases.

All patients recovered to a TOF ratio of 0.9 within 
3 min (maximum value 175 s). Median recovery time 
from starting of sugammadex administration to a TOF 
ratio of 0.9 was 129 s in group A and 110 s in group 
B. The estimated difference in recovery time between 
the two groups was 24 s (95%CI: 0 to 45 s, Hodges-
Lehmann estimator). This CI was entirely within 
the predefined equivalence interval (for a median of 

110 s in group B = 0 to 52.5 s), so equivalence was 
assumed. Times to recovery to TOF ratios of 0.8 and 
0.7 from start of sugammadex administration were not 
equivalent between groups. Median time to recovery to 
a TOF ratio of 0.8 was 101 s in group A and 82.5 s in 
group B, with an estimated difference of 18 (95%CI: -5 
to 39 s, Hodges-Lehmann estimator). 95%CI was out 
of predefined equivalence interval of 0 to 43.7 s. Median 
time to recovery to a TOF ratio of 0.7 was 90 s in group 
A and 65 s in group B, with an estimated difference of 
10 (95%CI: -10 to 35, Hodges-Lehmann estimator). 
So, 95%CI was out of predefined equivalence interval 
of 0 to 32.5 s. Equivalences were not assumed for TOF 
ratio 0.8 and TOF ratio 0.7 (Table 2).

There was no significant variation in the AP and 
HR between the two groups. Although both of them 
maintained AP and HR within normal ranges the 
entire time, there was a logical increment of AP and 
HR as time passed until the effect of anesthetic drugs 
disappeared. So, post-hoc analyses were statistically 
significant across the 2nd, 5th and 10th minute within 
each group (Figure 1).

Based on neuromuscular monitoring and clinical 
signs, none of the patients showed any clinical 
evidence of residual or recurrent NMB. Although group 
B had more adverse events than group A, there was no 
statistical difference between them (group A: 12.5% 
vs group B: 18.7%, OR = 1.62; 95%CI: 0.23-11.26, 
P = 0.99). There were no severe adverse effects, 
even with an increased dosage of sugammadex. As a 
consequence, in the immediate post-operatory period 
in group A, there was one case of nausea and another 
case of pain, while in group B, there was one case 
of nausea, one case of pain and one patient suffered 
tremors in lower limbs (Table 3). Habitual symptomatic 
treatments were adopted and they were effective 
without any more clinical relevance.

DISCUSSION
Our study suggests that a dose of 2 mg/kg sugammadex 
is enough for the recovery of NMB induced by a 
continuous infusion of rocuronium in patients who kept 
anaesthetized with sevoflurane. This lower dose did not 
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Table 1  Demographic characteristics

Sugammadex (dose) Group A (n  = 16) Group B (n  = 16) P -value

Age (yr) 43.6 (SD 12.01) 47.1 (SD 14.18) 0.46
Weight (kg) 65.5 (SD 11.22) 60.9 (SD 10.62) 0.25
Height (cm) 163.2 (SD 4.76) 160.1 (SD 5.91) 0.12
BMI (kg/m2) 24.1 (SD 3.56) 23.2 (SD 3.65) 0.47
Intervention (time-minute) 95.2 (SD 26.91) 94.7 (SD 30.02) 0.96
ASA (1-2) 1.4 (SD 0.51) 1.2 (SD 0.48) 0.28
ASA 1a n = 9 (56.25%) n = 12 (75.00%) 0.23

Analyzed by student t-test. Both groups are similar. aASA 1 is expressed as percentage of patients 
with an ASA index of 1 in its group and a Fisher exact test was executed. BMI: Body mass index; ASA: 
American Society of Anesthesiologists.
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have any clinically relevant recovery time augmentation 
or increased risk of residual recurarization. We have 
not been able to observe other adverse events in our 
patients.

The main limitation in our study was the lack of 
rocuronium and sugammadex plasma concentration 
determinations at different moments of the study. 
Although previous studies have shown a similar 
rocuronium pharmacokinetic profile when compared 

continuous infusion vs intravenous bolus dose[18], 
significant variations in plasma concentrations of 
rocuronium were also observed in those continuously 
infused with this drug (highly variable, up to 30% for 
some patients)[14]. For this reason, neuromuscular 
transmission monitoring suggested a better option 
in patients who received continuous infusions of 
rocuronium as a more realistic approach to the global 
effect of the drug. This is not routinely used in current 
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Table 2  Train-of-four ratio studies

Group A (n  = 14) Group B (n  = 14)

Mean Median Mean Median Assumed calculated interval 
(increased of 0% to 50% 

of median in group B)

Estimated difference 
median by Hodges-Lehmann 

estimator

95%CI

TOF ratio 0.9 118.8 129 96.6 105 0 to 52.5 24 0 to 45 Differences not assumed
TOF ratio 0.8 96.7 101 80.1 82.5 0 to 43.7 18 -5 to 39 Assumed
TOF ratio 0.7 78.4 90 66.3 65 0 to 32.5 10 -10 to 35 Assumed

Based on the value of the median of TOF ratio in the Group B, an interval was calculated to establish the acceptable variation of the median values in the 
Group A (an increase from 0% to 50% respect Group B). The Hodges-Lehmann estimator was calculated for the differences between TOF ratio 0.7, 0.8 and 0.9 
medians with their 95%CI. All values are expressed in seconds. If the Hodges-Lehmann 95%CI was contained in the 95%CI based on medians of the Group B, 
no statistical and clinical differences would be assumed. TOF: Train-of-four.

140

120

100

  80

  60

  40

  20

    0

Sy
st

ol
ic

 a
rt

er
ia

l p
re

ss
ur

e 
(m

m
H

g)

Basal     Pre-      2 min    5 min   10 min
        sugammadex 

2 mg/kg
4 mg/kg

140

120

100

  80

  60

  40

  20

    0

M
ea

n 
ar

te
ria

l p
re

ss
ur

e 
(m

m
H

g)

Basal     Pre-      2 min    5 min   10 min
        sugammadex 

2 mg/kg
4 mg/kg

140

120

100

  80

  60

  40

  20

    0

D
ia

st
ol

ic
 a

rt
er

ia
l p

re
ss

ur
e

Basal     Pre-      2 min    5 min   10 min
        sugammadex 

2 mg/kg
4 mg/kg

100

  80

  60

  40

  20

    0

M
ea

n 
he

ar
t 

ra
te

 (
be

at
s 

pe
r 

m
in

ut
e)

Basal     Pre-      2 min    5 min   10 min
        sugammadex 

2 mg/kg
4 mg/kg

Figure 1  Arterial pressures and heart rate after sugammadex administration. A: Systolic arterial pressure; B: Mean arterial pressure; C: Diastolic arterial 
pressure; D: Mean heart rate. The increased amount of arterial pressures and heart rate after sugammadex administration was statistically significant as the time 
passed (post hoc analysis in ANOVA-RM). But the values were in the normal range the entire time. So, it only shows the activity of both administered doses and there 
was no statistical significance between them.
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daily monitoring in clinical practice[19,20] and a study 
published in the United Kingdom in 2007 reported 
that 62% of anesthetists surveyed had never used 
monitors to evaluate the effect of NMB[20].

Another point of interest was the use of a dose of 
4 mg/kg of sugammadex. It has been demonstrated 
as preferable in the reversion of deep NMB[8]. The 
provider recommends a dose of 4 mg/kg if recovery 
has reached at least 1-2 PTCs, and a dose of 2 mg/kg 

sugammadex when spontaneous recovery has occurred 
up to least the reappearance of second response in the 
TOF[21]. Other authors consider in clinical practice that 
the appropriate dose of sugammadex for reversing 
a moderate block (TOF-count 1-3) is 2 mg/kg of 
sugammadex[22]. 

A TOF ratio ≥ 0.9 was used as the main desirable 
objective variable because a postoperative residual 
curarization TOF ratio < 0.9 is associated with increased 
morbidity and extended stay in the post-anesthesia 
care room[23]. It has been published that with 4 mg/kg 
of sugammadex, the time to recover a TOF ratio of 0.9 
from 1-2 PTCs (induced by a bolus of rocuronium under 
anesthesia with sevoflurane) was 1.7 min compared 
to 3.2 min with a dose of 2 mg/kg of sugammadex[12]. 
However, studies comparing the efficacy of sugammadex 
in surgical patients when NMB was induced through 
the infusion of rocuronium are very scarce. Rex et 
al[14] demonstrated that just one dose (4 mg/kg) of 
sugammadex administered at a NMB to T1, after 
continuous infusion of rocuronium, was sufficient and 
safe with both sevoflurane and propofol. This use of 
continuous infusion of rocuronium has been shown to 
lengthen the NMB recovery time compared with one 
single bolus[24], thereby providing a more stable drug 
concentrations with a constant degree of paralysis. In 
our series, we find that difference between the means 
of the TOF 0.9 of both groups is lower than previously 
described: approximately an increase of only 23% vs 
the estimated published of 88%[12]. This difference can 
be attributed to different time of reversal of NMB and 
different procedures.

A limitation of our study is the age of the patients 
and the kind of surgical intervention (young and 
gynecological patients). In contrast, these patients 
were elected because they were attended by the same 

surgical team; hence similar laparoscopic conditions 
were expected in all cases. We decided to limit the 
age to 65 years because, even though reversal from 
profound block with sugammadex can be performed 
safely and effectively, there have been reports regarding 
older patients who recover more slowly than younger 
ones[25,26]. This slower recovery could be due to age-
related decreased cardiac output and muscular blood 
flow[26].

Another possible bias in our study could be that 
surgical procedures lasted 60 min. They may be 
classified as insufficient. Nonetheless, it has been 
seen that a dose of 2 or 4 mg/kg of sugammadex is 
sufficient for reversion of NMB, even when deep NMB 
(1-2 PTCs) is maintained for 2 h or more, with reversal 
being performed when the second TOF response 
occurs[8,27].

We also observed the safety of using sugammadex. 
Adverse events related to the administration of 
sugammadex have been reported in the literature 
with an incidence of 14%, the most common being 
nausea, vomiting, bradycardia, hypertension and 
hypotension, oliguria, vertigo, headache, cough, dry 
mouth and intraoperative movements[28]. However, 
these adverse effects were not related with the use 
of sugammadex[11,12] or the dose administered. In our 
series, we found a similar occurrence in the two groups 
and there was no statistical difference between them. 
We consider that they were expectable, without direct 
relationship with the studied drug and not clinically 
relevant. 

It could be supposed that the use of sugammadex 
would lead to a reduction of adverse events in 
the immediate postoperative period. They require 
additional resources and a longer recovery time. So, 
sugammadex could improve efficiency and reduce the 
costs related to surgical activities[29,30]. Nevertheless, 
the reduction of the sugammadex dose to save 
costs could be a mistake which may lead to other 
complications, such as the recurrence of NMB after 
an apparently successful recovery[31]. In this study 
we do not analyze the economic implications of the 
lower dose. We think that the group size is too small 
to establish conclusions, because they were selected 
and calculated to observe the effect on TOF 0.9 of 
sugammadex in two different doses. A dose of 2 mg/
kg is evidently the half of cost of 4 mg/kg but it is only 
in respect to a simple drug expenditure and we cannot 
apply it to the complete surgical procedure and its 
multiple non-contemplated influent variables. 

Only future investigation will make enable us to 
consider readjusting the currently recommended doses 
in specific circumstances, without an increase in the 
risks[32]. So, more studies are necessary in different 
surgical sceneries to understand all possibilities of 
sugammadex.

In conclusion, in our study, a dose of 2 mg/kg 
sugammadex was found to be efficient and safe for 
reversing the NMB when first response in the TOF is 
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Table 3  Adverse events

Adverse events Group A Group B

Arterial hypertension 0% 0%
Arterial hypotension 0% 0%
Bradycardia 0% 0%
Cough 0% 0%
Headache 0% 0%
Nausea 6.20% 6.20%
Pain 6.20% 6.20%
Residual neuromuscular blocking 0% 0%
Vomiting 0% 0%
Others 0% 6.20%
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reached, after a continuous infusion of rocuronium 
without increasing the risk of residual recurarization. 
Future studies are required to determine any possible 
readjustments of doses and the consequent risks that 
lower doses of sugammadex may cause in the reversal 
of NMB. In the future, with the absence of plasma level 
of drugs, neuromuscular monitoring will be essential in 
the daily anesthetic practice, especially when rocuronium 
is given as a continuous infusion for the immediacy of its 
results.
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COMMENTS
Background
The introduction of sugammadex to antagonize non-depolarising neuromuscular 
blockade (NMB) has led to significant changes in anaesthesia practice. Residual 
effects of neuromuscular block can have significant clinical consequences 
and can cause critical respiratory events. The superiority of sugammadex (vs 
neostigmine) for reversing neuromuscular block has now been well established. 
Research frontiers
Sugammadex should be dosed according to the prescriber information issued 
by the manufacturer. The provider recommends a dose of 4 mg/kg if recovery 
has reached at least 1-2 PTCs, and a dose of 2 mg/kg sugammadex when 
spontaneous recovery has occurred up to at least the reappearance of second 
response in the train-of-four (TOF), but they don´t define the ideal dose of 
sugammadex for reversal the NMB when first response in the TOF is reached.
Innovations and breakthroughs
This study suggests that a dose of 2 mg/kg sugammadex (vs 4 mg/kg) is 
enough for the recovery of NMB induced by a continuous infusion of rocuronium 
in patients who kept anaesthetized with sevoflurane when first response in the 
TOF is reached. This lower dose did not have any clinically relevant recovery 
time augmentation or increased risk of residual recurarization. The authors 
have not been able to observe more adverse events in the patients.
Applications
A dose of 2 mg/kg sugammadex was found to be efficient and safe for reversing 
the NMB when first response in the TOF is reached without increasing the 
risk of residual recurarization. Future studies are required to determine any 
possible readjustments of doses and the consequent risks that lower doses 
of sugammadex may cause in the reversal of NMB. In the future, quantitative 
neuromuscular monitoring is mandatory and increased postoperative vigilance 
is required in order to identify the problems of incomplete reversal.
Terminology
After injection of a nondepolarizing neuromuscular blocking drug in a dose 
sufficient for smooth tracheal intubation, TOF recording demonstrates three 
phases of NMB: intense, moderate or surgical blockade, and recovery. Intense 
NMB is also called the period of no response because no response to TOF 
or single-twitch stimulation occurs. Although this phase it is not possible to 
determinate exactly how long intense NMB will last, correlation does exist 
between PTC stimulation and the time to reappearance of the first response 
to TOF stimulation. Moderate blockade begins when the first response to TOF 
stimulation appears. This phase is characterized by a gradual return of the four 
responses to TOF stimulation. The return of the fourth response in the TOF 
heralds the recovery phase. Satisfactory recovery from NMB has not occurred 
until the TOF ratio is > 0.9. 
Peer-review
This is a study comparing the efficacy and safety of two different doses of 
sugammadex. The paper is well written and designed.
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