
Introduction 

Sugammadex is a prime antagonist of aminosteroidal neuromuscular blocking agents 
(NMBAs), especially rocuronium; However, before introducing sugammadex, it should 
be noted that the indirect mechanism of antagonism of the rocuronium-induced neuro-
muscular block has a ceiling effect, and is limited by the depth of the neuromuscular 
block at the time of reversal [1]. 
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Background: In this study, we used an ex-vivo model to investigate the recovery pattern of 
both the train-of-four (TOF) ratio and first twitch tension of TOF (T1), and determined 
their relationship during recovery from rocuronium-induced neuromuscular blockade at 
various concentrations of sugammadex. 
Methods: Tissue specimens of the phrenic nerve-hemidiaphragm were obtained from 60 
adult Sprague-Dawley rats. Each specimen was immersed in an organ bath filled with 
Krebs buffer solution and stimulated with the TOF pattern using indirect supramaximal 
stimulation at 20-second intervals. After a 30-minute stabilization period, rocuronium 
loading and booster doses were serially administered at 10-minute intervals in each sam-
ple until > 95% depression of T1 was confirmed. Specimens were randomly allocated to 
either the control group (washout) or to one of five sugammadex concentration groups 
(0.75, 1, 2, 4, or 8 times equimolar doses of rocuronium to produce > 95% T1 depressions; 
SGX0.75, SGX1, SGX2, SGX4, and SGX8, respectively). Recovery from neuromuscular 
blockade was monitored using T1 and the TOF ratio simultaneously until the recovery of 
T1 to > 95% and the TOF ratio to > 0.9. 
Results: Statistically significant intergroup differences were observed between the recovery 
patterns of T1 and the TOF ratio (TOFR, P < 0.050), except between SGX2 and SGX4 
groups. TOFR/T1 values were maintained at nearly 1 in the control, SGX0.75, and SGX1 
groups; however, they were exponentially decayed in the SGX2, SGX4, and SGX8 groups. 
Conclusions: Recovery of the TOF ratio may be influenced by the sugammadex dose, and 
a TOF ratio of 1.0 may be achieved before full T1 recovery if administration of sugamma-
dex exceeds that of rocuronium. 
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In the clinical setting, recovery of neuromuscular blockade is 
monitored through responses of the innervated muscle under in-
direct neuronal stimulation, particularly that of the ulnar nerve at 
the wrist level and the adductor pollicis muscle [2]. Patients with 
partial neuromuscular block usually show a train-of-four (TOF) 
ratio of <  0.7. TOF ratio of >  0.9 by mechanomyography or an 
electromyography-type monitor or >  1.0 by an acceleromyogra-
phy-type monitor are considered as complete recovery [2]. How-
ever, these definitions were mostly established when neuromus-
cular blockade recovery was done by anticholinesterases. During 
blockade with nondepolarizing NMBAs, TOF fading occurs as a 
result of presynaptic cholinergic autoreceptor activity, which is in-
fluenced by concentrations of NMBAs and acetylcholine (ACh) at 
the neuromuscular junction [3]. Anticholinesterase administra-
tion was the main method of antagonism of neuromuscular 
blockade which cause an increase in ACh at neuromuscular junc-
tions, which thereby outcompetes rocuronium at postsynaptic 
nicotinic acetylcholine receptors (nAChR) [4,5]. In contrast, 
sugammadex-induced antagonism is unlelated to ACh release or 
cholinergic activity [1]. Sugammadex directly encapsulates and 
inactivates rocuronium in a 1 : 1 ratio at the molecular level [6,7]. 
As such, we assumed that the TOF ratio recovery pattern by 
sugammadex might be different from those of anticholinester-
ase-induced recovery from neuromuscular blockade because 
sugammadex has no effect on ACh release or metabolism at the 
neuromuscular junction [1]. During sugammadex-induced neu-
romuscular recovery, the TOF ratio recovers to nearly 1.0 imme-
diately after injecting sugammadex. However, patient complaints 
of muscle weakness have been reported even when extubation is 
performed after securing a TOF ratio of >  0.9. Indeed, it has been 
reported on several occasions that the TOF ratio recovery preced-
ed twitch recovery in clinical settings during sugammadex-in-
duced neuromuscular recovery [8–10]. 

As such, we hypothesized that at different doses of sugamma-
dex for neuromuscular blockade reversal, rocuronium will be 
eliminated at different rates from neuromuscular junction, and 
the different affinities of rocuronium to the pre- and post-synap-

tic AChRs may affect recovery of both T1 and the TOF ratio, 
which may be hindered during anticholinesterase-induced recov-
ery from neuromuscular blockade. The primary objective of this 
study was to assess recovery progressions of T1 and the TOF ratio 
after administrating different doses of sugammadex, and to com-
pare the results obtained with those at spontaneous recovery. The 
secondary objective was to examine inter-group differences of 
TOF ratio recovery at the same T1 twitch tension during recovery 
from rocuronium-induced neuromuscular blockade. 

Materials and Methods 

Basic study design and sample preparation 

This ex-vivo study protocol was approved by the Ethics Com-
mittee of the Laboratory of Animal Research of the Asan Institute 
of Life Science (Seoul, Korea) on July 1, 2017 (Protocol No. 2017-
13-114). All animals were bred at a constant ambient temperature 
of 22°C under a regular diurnal cycle, and food and water were 
supplied ad libitum. The phrenic nerve-hemidiaphragm tissues 
were immersed in Krebs buffer solution (120 mM NaCl, 2.5 mM 
CaCl2, 4.7 mM KCl, 1.2 mM MgSO4, 1.2 mM KH2PO4, 25 mM 
NaHCO3, and 11 mM α-D-glucose) and maintained at 35°C with 
continuous bubbling of a mixture of 95% O2 and 5% CO2 to ensure 
tissue viability throughout the whole study. The sizes and weights of 
the tissues were measured and compared between groups (Table 1). 
In all experiments, sugammadex, rocuronium (Bridion® and Es-
meron®, respectively; MSD Korea, Korea), and afaxalone (Alfax-
an®; Careside Co. Ltd, Korea). were used. 

Protocol for the main experiment 

Sixty male Sprague-Dawley rats weighting an average of 354.8 ±  
36.9 g (range 298.5–438.9 g) were used in the study. The rats were 
anesthetized with an intraperitoneal injection of 10 ml/kg of alfax-
alone. The thoracic cages were immediately isolated and phrenic 
nerve-hemidiaphragm tissues were obtained. The tissues were 

Table 1. Characteristics of Rats and Tissue Specimens

Control
SGX*

0.75 (n =  10) 1 (n =  10) 2 (n =  10) 4 (n =  10) 8 (n =  10)
BW (g) 296.4 ±  13.7 303.7 ±  16.9 314.7 ±  16.1 306.0 ± 14.9 297.2 ±  16.6 302.4 ±  10.9
wWt (mg) 202.0 ± 11.9 178.1 ±  17.9 191.9 ±  12.9 180.3 ± 9.7 176.8 ±  15.2 194.6 ±  8.9
Size (cm2) 2.0 ± 0.1 1.8 ±  0.01 1.9 ±  0.1 1.8 ± 0.1 1.8 ±  0.1 1.8 ±  0.6
Data are expressed as the mean ± SD. SGX: sugammadex, BW: body weight of the rat. wWt: wet weight of the hemidiaphragm. Size: size (width x 
length) of the hemidiaphragm. *0.75, 1, 2, 4, or 8 times equimolar doses of rocuronium to produce > 95% T1 depressions, respectively. There were 
no statistically significant differences between groups (P > 0.05).

https://doi.org/10.4097/kja.19278240

Kim et al.  · Sugammadex doses &  TOFR recovery pattern



fixed to a frame with electrodes and subsequently immersed in a 
100 ml organ bath containing 75 ml of oxygenated Krebs buffer 
solution. For each specimen, the tendinous portion of the dia-
phragm was connected to a Grass FT03 Force Transducer (Grass 
Technologies, USA), and a resting tension of 40 mN was applied. 
The phrenic nerve was fixed to a platinum bipolar electrode and 
stimulated using a Grass S88 Stimulator (Grass Technologies, 
USA). Regardiing TOF simulation, supramaximal stimulation was 
delivered using a square wave pulse of 0.2 ms at 20-second inter-
vals at 2 Hz for a total duration of 2 s. All waveforms were dis-
played and stored using the PowerLab 4/26 data acquisition system 
(AD Instruments, Australia) and Lab-Chart 7 software (AD In-
struments, USA). 

The phrenic nerve-hemidiaphragm tissues were randomly allo-
cated to either a control group (washout) or one of five groups of 
different sugammadex doses (0.75, 1, 2, 4, or 8 times equimolar 
doses of rocuronium to produce >  95% T1 depressions; SGX0.75, 
SGX1 SGX2, SGX4, and SGX8, respectively) using random num-
bers generated by Microsoft Office Excel 2013 (Microsoft, USA). 
We sorted the groups into two categories: a high-dose group, with 
sugammadex at ≥  2 times the equimolar dose of rocuronium; 
and a low-dose group, with sugammadex equal to or less than the 
equimolar dose of rocuronium. Twitch tensions and TOF ratio 
were serially monitored during a 30 min-stabilization time. After 
the stabilization period, 400 µg rocuronium was added to the or-
gan bath. Subsequently, 200 μg booster doses of rocuronium were 
added when the five consecutive T1 depressions were either ≤  3% 
of the previous T1 twitch tension, or 10 minutes after the previous 
dose. Booster dosing was stopped when T1 depression of ≥  95% 
was achieved. The loading dose was set as the amount that pro-
duced no change in T1 twitch tension but changed the TOF ratio 
within 3% of that before the loading dose. Booster doses were set 
as the level of the first booster that produced a change of the T1 
twitch tension, and the total numbers of boosters administerd was 
≤  10. The study protocol is summarized in Fig. 1. 

The concentration of rocuronium required to obtain a reduc-
tion of T1 of >  95% was noted in the control and all sugammadex 
groups. For the comparisons, rocuronium dose-responses were 
plotted, regression curves obtained, and group-wise comparisons 
of the values performed. TOF ratios were obtained while moni-
toring T1 depression, and the regression curves were compared 
among the groups. Following that, inter-group progressions of the 
TOF ratios by % recovery of the T1 at each different sugammadex 
dose were compared among the groups. 

Statistical analysis 

The sample size was calculated based on the previous experi-
ment and pilot study, which suggested that 10 samples per group 
were sufficient at α =  0.05, power =  0.80, and a dropout rate of 
10%. Results are expressed as mean ±  SD. All doses are expressed 
as μM. Statistical analysis was carried out using SPSS ver. 13.0 
software (IBM Corp., USA). Recovery data were plotted by fitting 
nonlinear regression curves to the group data. An equation model 
was selected when the R2 >  0.8 by using curve estimation in SPSS. 
To describe recovery of T1 and the TOF ratio, the following equa-
tion was used: y =  Ωx + b; where y represents TOF ratio progres-
sion, x represents T1 recovery, and Ω represents the slope of the 
regression curve (R2 =  0.87). For simultaneous group-wise com-
parison of recovery progression of T1 and the TOF ratio by time, 
a variable (TOFR/T1 product; which contained data of TOF ratio 
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ROC dose-response; 
Loading dose: 400 μg
Booster dose: 200 μg

Enrolled 60 Sprague-Dawley rate;
breeded at 22°C under diurnal cycle
food & water ad libitum

Rat anesthetized
Phrenic nerve-diaphragm tissue harvested

Allocated to one of different groups;
washout, SGX0.75, 1, 2, 4, 8 groups

Stabilization in the oxygenated Krebs 
solution for 30 min

SGX administration;
Allocated doses of SGX0, 0.75, 1, 2, 4, 8 
times of equimolar doses of ROC used

Fig. 1. Study protocol. SGX: sugammadex,  TOF: train-of-four, T1: 
first twitch tension of TOF, ROC: rocuronium.

Stimulation mode; 
TOF with 20 s interval

Administration interval; 
10 min after previous dose
five consecutive T1 
depressions < 3%

Booster dose; 
repeated admininstration 
until T1 > 95% depression



over T1 at specific time-point) was calculated using the following 
equations: y =  λx, or y =  λ*1/x, where y and x represent the 
TOFR/T1 product and time, respectively, while λ represents the 
slope of the regression curve (R2 =  0.91, 0.83 in the low- and 
high-dose groups, respectively). Different Ω and λ values corre-
spond to the speed of T1 recovery to >  95%, TOF ratio to >  0.9, 
or speed of increment of decay of the TOFR/T1 product. The 
mean group values of Ω and λ were compared using the Mann 
Whitney U test. Statistical significance was accepted at P values of 
<  0.05. 

Results 

The specimen sizes and weights were similar in the six groups 
(Table 1). In the control, SGX0.75, and SGX1 groups, reappear-
ance of T1 before the TOF ratio (Figs. 2A, 2B, and 2C) and of T2, 
T3, and T4 was observed. However, in the SGX2, SGX4, and 
SGX8 groups, simultaneous reappearance of T1 and T4 was ob-
served and a TOF ratio of ≥  0.7 was obtained from the start of re-
covery (Figs. 2D, 2E, and 2F). Inter-group comparison was con-
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Fig. 2. Recovery progression of T1 and the TOF ratio in each group; A) Control (washout), B) SGX0.75, C) SGX1, D) SGX2, E) SGX4, F) SGX8.  
In each group, 0.75, 1, 2, 4, or 8 times equimolar doses of rocuronium to produce > 95% T1 depressions was treated, respectively. Recovery of the 
TOF ratio (red triangle symbol, red line) in accordance with the T1 recovery (blue circle, blue line) was detected after T1 spontaneous recovery 
of low-dose sugammadex groups (A, B, and C). At high-dose sugammadex groups (D, E, and F), however, the TOF fade was attenuated or 
undetected at the first TOF ratio. SGX: sugammadex, TOF: train-of-four, T1: first twitch tension of the TOF, TOFR: TOF ratio.

ducted on the TOF ratio progression by T1 recovery. Based on the 
results in Fig. 2, the slopes (Ω) of the control, SGX0.75, and SGX1 
groups (Fig. 3A) were steeper than those of the SGX2, SGX4, and 
SGX8 groups (Fig. 3B). The combined T1 recovery and TOF ratio 
was expressed as a single variable (TOFR/T1 product), which was 
plotted against time (Fig. 4). In the control, SGX0.75, and SGX1 
groups, regression curves were fitted using the following equation: 
y =  λx; where y represents the TOFR/T1, x represents the recov-
ery time with 5% T1 recovery as the zero point, and λ represents 
the slope (Fig. 4A). In these groups, no statistically significant dif-
ferences in λ were observed. In the SGX2, SGX4, and SGX8 
groups, the regression curves were fitted using the following equa-
tion: y =  λ*1/x, where the variables represent the same parame-
ters as those for the equation, y =  λx (Fig. 4B). 

Discussion 

This ex-vivo experiment demonstrates that the recovery pat-
terns of the TOF ratio of the SGX2, SGX4 and SGX8 groups were 
significantly different from the control, SGX0.75, and SGX1 
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groups. 
During onset and recovery of neuromuscular blockade, the ac-

T1 Recovery (%)

TO
FR

Control
SGXx 0.75
SGXx 1
SGXx 2
SGXx 4
SGXx 8

1.2
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0.0

20 40 60 80 100

Fig. 3. T1 vs TOF ratio progression in all groups. The nonlinear regression 
equation was estimated and selected at R2 of > 0.7; the differences of slope 
were compared. In SCX groups, 0.75, 1, 2, 4, or 8 times equimolar doses 
of rocuronium to produce > 95% T1 depressions was treated, respectively. 
There were no statistical differences between the control, SGX0.75, and 
SGX1 groups. In the SGX2, SGX4, and SGX8 groups, the slopes were 
lower compared to those in the other group. Ω: slope constant for each 
regression curve, SGX: sugammadex, TOF: train-of-four, T1: first twitch 
tension of the TOF, TOFR: TOF ratio.
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Fig. 4. The relationship between T1 and the TOF ratio was converted to a variable (TOFR/T1 product) and expressed as a function of time. A) 
TOFR/T1 products of control (filled circle symbol, solid line), SGX0.75 (diamond symbol, dash line), and SGX1 (triangle symbol, dash-dot line) 
groups. B) TOFR/T1 products of SGX2 (open circle symbol, solid line), SGX4 (triangle symbol, dash line), and SGX8 (square symbol, dash-dot 
line) groups. In SCX groups, 0.75, 1, 2, 4, or 8 times equimolar doses of rocuronium to produce > 95% T1 depressions was treated, respectively. 
The regression equations of SGX0.75 and SGX1 were in accordance with those of the control group (linear pattern; y=λ*x + b). The SGX2, 
SGX4 and SGX8 groups, were most suitably expressed by exponential decay (y=λ*1/x + 1), with significant differences compared to the control, 
SGX0.75, and SGX1 groups. λ: slope constant for each regression curve, SGX: sugammadex, TOF: train-of-four, T1: the first twitch tension of 
TOF, TOFR: TOF ratio.

tion of NMBAs is determined by competitive binding of ACh and 
NMBAs to the postsynaptic nAChRs at the neuromuscular junc-
tions [11]. The conventional strategy for neuromuscular blockade 
reversal involves the use of pharmacological tools to increase ACh 
levels, thereby increasing binding at postsynaptic nAChRs by inhib-
iting acetylcholinesterase near postsynaptic nAChRs. In contrast, 
sugammadex binds and chelates the ‘guest’ molecules at a 1 : 1 ratio; 
thus, sugammadex has no effects on the release and levels of ACh 
at the neuromuscular junctions, while reversing neuromuscular 
blockade [1]. Several receptors mediate and modulate the release 
of ACh at neuromuscular junctions. In general, ACh release in 
variable neuronal signal freuqencies is modulated through fine 
tuning of several receptors at the presynaptic membrane by ACh 
and adenosine [12]. The TOF ratio is the most common and valu-
able measurement during neuromuscular monitoring, which is 
performed by four stimuli of 2 Hz [2]. With this low-frequency 
stimulation, presynaptic muscarinic M1AChRs and adenosine A1 
receptors are predominant and modulate the release of adequate 
amounts of ACh [12,13]. ACh then transmits the signal to the 
post synaptic junction via postsynaptic nAChRs, which affects the 
presynaptic neuronal nAChRs, which in turn have a positive feed-
back on ACh release. During non-depolarizing NMBA-induced 
neuromuscular blockade, the TOF fade and TOF ratio are both 
considered phenomena related to presynaptic neuronal nAChRs 
[3,14,15]. A recent study reported that these phenomena are relat-
ed to the postsynaptic receptor type [15]. Those authors conduct-
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ed an in-vivo experiment; the TOF fade occurred only under 
blockade of the postjunctional nAChRs with α-bungarotoxin 
(α-BTX) or α-conotoxin, but not under that of the presynaptic 
nAChR with specific blockers alone. Moreover, co-administration 
of α-BTX or α-conotoxin during presynaptic nAChR blockade re-
sulted in a prominent TOF fade. Other studies reported that the 
presynaptic nAChR regulates the amount of ACh per neural stim-
ulus [15,16]. Faria et al. [15] reported that blockade with dihy-
dro-β-erythrodine (DhβE) was effective in decreasing the level of 
prejunctional ACh release, which was consistent with the findings 
from another study using a cell culture model. Decrease of ACh 
release causes the onset of a neuromuscular blockade, which was 
slow under blockade of only the postjunctional nAChRs, but ac-
celerated under that of prejunctional AChRs with DhβE [17]. 
Therefore, the postsynaptic and presynaptic actions of NMBAs on 
nAChRs affect the efficacy of neuromuscular blockade [18]. Con-
sidering these results, the relationship between pre- and postsyn-
aptic receptor function is an important determinant of the TOF 
fade and the TOF ratio. The conventional strategy for neuromus-
cular block reversal with anticholinesterase administration is not 
capable of eliminating NMBAs at the neuromuscular junction, 
leading to prolonged neuromuscular blocking activities after the 
initial administration of anticholinesterase. The TOF fade and the 
TOF ratio are prominent for the duration of NMBA action at the 
postsynaptic nAChRs. Sugammadex is not able to inactivate neu-
romuscular blockade at the neuromuscular junction [1,7], but 
causes immediate reduction of the NMBA concentration outside 
the neuromuscular junction. This causes rapid transfer of 
NMBAs, due to the concentration gradient across the neuromus-
cular junction [1]. Thus, reduction of NMBA concentrations and 
their activities at the neuromuscular junction attenuates the TOF 
fade and increases the TOF ratio, which explains the results of our 
ex-vivo experiment. We sorted the six groups into two categories 
to enable clear description and easy understanding for readers: a 
high-dose group, with sugammadex at ≥  2 times the equimolar 
dose of rocuronium; and a low-dose group, with sugammadex at 
the level of or less than the equimolar dose of rocuronium. In the 
high-dose groups, a rapid drop of rocuronium concentration in 
the Krebs buffer solution allowed rapid exit of rocuronium mole-
cules from the neuromuscular junction, and thereby, achieved at-
tenuation and disappearance of TOF fade even in the early recov-
ery period. In the low-dose group, rocuronium molecules re-
mained at the neuromuscular junction under sugammadex, and 
the TOF fade and the TOF ratio were maintained until rocuroni-
um, was adequately decreased, due to the concentration gradient 
across the neuromuscular junction. We obtained similar results in 
the low-dose groups to that of spontaneous recovery. In Fig. 3A, 

as the TOF ratio recovered in parallel with T1 recovery and 
showed prominent TOF fade in the low-dose group, y-axis values 
(TOF ratio) often start low and converge at 1. In contrast, TOF 
fade was attenuated and the TOF ratio was high even in the early 
recovery of T1 in the high-dose group. As such, the slopes of re-
gression curves, Ω, of low-dose groups were steeper than those of 
high-dose groups. In Fig. 4, we demonstrated the simultaneous 
progression of % T1 recovery and the TOF ratio by time. We gen-
erated one value (TOFR/T1 product) by using T1 recovery and 
the TOF ratio, which were converted by % value. In the low dose 
group, as the T1 recovery preceded the TOF ratio, TOFR/T1 was 
≤  1. As such, it was well-represented by the equation of y =  λx. 
In contrast, those in the high dose group were ≥  1 and showed a 
decay pattern, because TOF fade was attenuated and the TOF ra-
tio was higher than T1 recovery. 

Our study has several limitations. First, we conducted an ex-vivo 
experiment and disregarded the pharmacokinetic component of 
rocuronium action, since the phrenic nerve-hemidiaphragm tissue 
specimens were examined in an organ bath filled with Krebs buffer 
solution. The overall recovery time to >  95% T1 was >  30 minutes 
in the low-dose group and was shortened to <  15 minutes in the 
high-dose group. In clinical settings, however, the recovery time is 
≤  5 minutes [19,20] considering the dose of sugammadex used. 
Reports have indicated that administration of 2 mg/kg sugamma-
dex for moderate neuromuscular blockade and 4 mg/kg for deep 
neuromuscular blockade achieved recovery times of ≤  3 and 5 
minutes to a TOF ratio of >  0.9, respectively [20–22]. The discrep-
ancies of recovery patterns between the in-vivo and ex-vivo ap-
proaches suggest that the results should be interpreted differently 
considering that NMBA-induced neuromuscular blockade is fully 
and rapidly recovered in clinical settings, which might hinder our 
results make the blockade disappeared without notice. As such, al-
though the postoperative residual block is still a problem, even in 
the new era of sugammadex-induced recovery from a neuromus-
cular block [23,24], we should cautiously judge the clinical impli-
cations of the findings of the current ex-vivo study. Second, this 
study focused on the nicotinic AChR subtype at the presynaptic 
and postsynaptic junctions. Sugammadex has no action at the neu-
romuscular junction, and rocuronium has no action on the other 
receptors at the neuromuscular junction; this study only focused 
on the nAChRs, which are the primary action site of ACh and 
NMBAs during neuromuscular blockade. However, as we de-
scribed above, several receptors modulate ACh release in different 
environments [12,13], and we tried to maintain a consistent envi-
ronment and neural stimulation throughout the study period. We 
used TOF stimulation of four stimuli of 2 Hz supramaximal stimu-
lation, which is the same mode used for clinical neuromuscular 
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monitoring. The method of obtaining the phrenic nerve-hemidia-
phragm tissue specimen had the disadvantage of temporary hy-
poxia and damage to the tissue specimen during preparation due 
to thorax extraction from the rat. To minimize these drawbacks, 
we made attempts to oxygenate the rat, to remove the thorax im-
mediately after the aorta was cut, and then performed trimming of 
the specimen in a petri dish containing Krebs buffer solution aer-
ated with a mixture of 95% O2 and 5% CO2. 

In conclusion, a high dose of sugammadex rapidly reversed the 
neuromuscular block induced by rocuronium. However, the re-
covery pattern of the TOF ratio differ according to the dose of 
sugammadex, particularly when the amount of sugammadex is 
high enough compared to that of rocuronium used. In that condi-
tion, a high TOF ratio may be achieved even without full recovery 
of the T1 twitch tension. The TOF ratio alone might be insuffi-
cient to indicate full recovery of neuromuscular blockade without 
full recovery of the T1 twitch. Therefore, clinicians should use an 
appropriate dose of sugammadex and wait for full recovery of 
both the TOF ratio and T1 twitch. 
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