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Abstract

Background
Dosing in obese individuals is complicated by obesity-related pathophysiological changes and deserves
further investigation.

Objective
This study aimed to find out the influence of obesity on pharmacokinetics (PK) and pharmacodynamics
(PD) of sugammadex dosed by corrected body weight (CBW) with different body mass index (BMI).

Methods
This prospective observational cohort study included 48 patients, who were divided into non-obese,
obese, and morbidly obese groups (n = 16 per group). At the end of laparoscopic surgical procedures,
each patient received 2 mg/kg sugammadex dosed by CBW to reverse vecuronium-induced moderate
neuromuscular blockade (NMB) monitored by train-of-four (TOF) setting a primary efficacy of TOF ratio
to ≥ 0.9. Blood samples were collected at 2, 3, 5, 10, 15, 20, 30, 60, 120, 240, 360 and 480 min after
administering sugammadex. Finally, concentration of sugammadex was identified using ultra-high-
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS) and PK parameters of
sugammadex were calculated using Phoenix WinNonLin software.

Results
PK and PD data were obtained from 48 patients. Cmax, Tmax, t1/2β, AUC0−t, and AUC0−∞ were significantly
different between non-obese and the other two groups (P < 0.05), whereas Vd and CL showed no
significant differences among three groups (P > 0.05). Moreover, the average times to recover from
moderate NMB in non-obese, obese and morbidly obese groups were 178 ± 7.52 s, 200 ± 13.2 s and 226 
± 19.9 s respectively and did not significantly differ among three groups (P > 0.05).

Conclusion
This study served as supplement to PK and PD of sugammadex in patients with different BMI and
demonstrated sugammadex of 2 mg/kg dosed by CBW efficiently reversed vecuronium-induced
moderate NMB in obese or morbidly obese patients although some of PK parameters changed with
different BMI.
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Trial Registration:
The study was registered prior to patient enrollment at clinicaltrials.gov (NCT05328778; principal
investigator: Bo Xu; first submitted on 4 March 2022).

Introduction
Overweight and obese population currently accounts for more than one billion individuals worldwide,
with a notable proportion in the United States, Mexico, and England [1, 2, 3]. Obesity involves a multitude
of pathophysiological modifications such as an increased blood flow and gastrointestinal transit, body
composition changes, hepatomegaly, liver and kidney impairments. These physiological differences lead
to pharmacokinetic changes of drugs which can significantly impact the doses, the clinical tolerance,
and its efficacy [4]. Anesthesia management in obese patients is complicated by increased requirement
of anesthesia drugs, management of a difficult airway and abnormalities in pulmonary physiology etc. [5]
Moreover, residual neuromuscular blockade (RNMB, also called postoperative residual curarization)
following anesthesia can lead to upper airway obstruction, hypoxia, and postoperative pulmonary
complications in obese patients [6, 7]. RNMB is commonly monitored using mechanomyography or
electromyography. A train-of-four (TOF) ratio can be served as one of the best pharmacodynamic
indicators for monitoring muscle relaxation. A TOF ratio of ≥ 0.9 to ulnar nerve stimulation at the
adductor pollicis muscle is considered as complete reversal of the neuromuscular relaxant [8, 9].

Sugammadex sodium (sold under the Brand name Bridion; Merck Co., Inc., Kenilworth, NJ, USA), one of
the optimal choices to reverse RNMB, is the first selective relaxant-binding agent. Although bradycardia
and anaphylaxis were reported in some cases [10], sugammadex reverses rocuronium- or vecuronium-
induced neuromuscular blockade during general anesthesia [11] with fewer cardiovascular, arrhythmias,
respiratory and digestive adverse effects than neostigmine, which may even require dosing atropine
typically with the acetylcholinesterase inhibitors [12]. Studies on PK of sugammadex have mainly
focused on subjects for namely healthy, elderly [13], and those with renal dysfunction [14]. However,
further investigation is needed to identify PK and PD of sugammadex in obese patients. Several studies
have focused on sugammadex to reverse rocuronium-induced neuromuscular blockade because
rocuronium is reasonably cardiostable, has a shorter duration of action, and shows minimal cumulative
effect with a higher affinity to sugammadex [15]. However, the incidence of the reports containing
anaphylaxis terms did not differ between vecuronium and rocuronium in the U.S. but were significantly
different for foreign reports (with accounting for 50% of 146 in rocuronium vs. 19% of 122 in
vecuronium) [16]. Moreover, M. NAGUIB found out rocuronium and vecuronium show no significant
changes in either plasma histamine concentrations or haemodynamic variables [17]. With advantage of
lower cost [16] and potency of 6 times that of rocuronium [18], sugammadex reverseal of vecuronium
deserved further explored.

The regional blood flow and distribution of anesthesia drugs among different tissues may differ in obese
patients, leading to alterations in the PK and PD of anesthetic agents [4] including sugammadex, of
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which the appropriate weight-based correction scheme remains unexplored in morbidly obese patients.
With published work, Kate mostoller et al. [19] had demonstrated to support actual body weight (ABW)-
based sugammadex dosing in morbidly obese patients irrespective of the depth of rocuronium- or
vecuronium-induced NMB (moderate or deep). Nevertheless, the principle of “do no harm” would direct
dosing information on the side of administering the lowest effective dose [20] to avoid excessive and
engender side effects. Llaurado et al. [21] reported that the median time taken for the TOF ratio to
recover to 0.9 was 113 s for moderate reversed using sugammadex of 2 mg/kg dosed by ideal body
weight (IBW), however the percentage of patients that required a second dose of sugammadex because
of a lack of recovery of the TOF ratio to > 0.9 after 3 minutes was 23.4%. Horrow et al. [20] mentioned
that IBW and ABW differed by a factor of 2 values at the extremes of various dosing paradigms in
morbidly obese patients, without addressing whether doses between these two extremes in his prior
study. In terms of PK and PD, this study added CBW-based dosage to identifying safe and cost-reducing
administration of sugammadex in obese patients.

In this study, we identified PK and PD of sugamadex in non-obese, obese, and morbidly obese patients
who underwent laparoscopic gastrointestinal surgery and were administered sugammadex to reverse
vecuronium-induced moderate neuromuscular blockade. This study was designed to find out the
influence of obesity on PK and PD of sugammadex dosed by CBW with different BMI.

Materials and Methods

Design and study subjects
The study was reported in accordance with STROBE guidelines, a prospective observational cohort
pharmacological study approved by the Medical Ethics Committee of General Hospital of Southern
Theatre Command (No: NZLLKZ2022041; date: 27 Jan 2022). The trial was registered prior to patient
enrollment at ClinicalTrials.gov (NCT05328778; principal investigator: Bo Xu; first submitted on 4 March
2022).

Written informed consent was obtained from all subjects participating in the study. 51 patients who
underwent laparoscopic gastrointestinal surgery were recruited between Apr. 2022 and Jan. 2026 from
the General Hospital of the Southern Theatre Command.

Inclusion criteria: (1) aged 18 to 65 years, (2) American Society of Anesthesiologists (ASA) physical
status: I or II, (3) BMI: ≥18.5 kg/m2. Exclusion criteria: (1) patients with difficult airway, neuromuscular
disorders, renal dysfunction, a family history of malignant hyperthermia or allergies to narcotics, (2)
patients taking muscle relaxants, any medication that interferes with general anesthesia, neuromuscular
blocking drugs or neostigmine and/or glycopyrrolate, (3) patients having previously enrolled in a
sugammadex trial, or female patients who are pregnant or breast feeding or of childbearing age who are
taking hormonal contraception or birth control measures. After applying these criteria, 2 patients in the
obese group were excluded from the study due to inadequate preoperative preparation and 1 patient in
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the morbidly obese group was excluded due to mislabeling of blood samples. All enrolled patients were
divided into three study groups (n = 16 per group) according to their BMI as follows: non-obese group
with BMI = 18.5–29.9 kg/m2, obese group with BMI = 30–39.9 kg/m2 and morbidly obese group with
BMI ≥ 40 kg/m2. A flow diagram was presented in the graphical abstract (Fig. 1).

Study protocol
Study protocol
Preoperatively an intravenous cannula was established, then a needle to measure electromyography
(EMG) was inserted on forearm and vital signs were monitored using electrocardiography, peripheral
blood oxygen saturation, and blood pressure. General anesthesia was induced with sufentanil (0.3–0.5
µg/kg) and propofol (1.5–2.5 mg/kg), followed by endotracheal intubation after 3–5 min oxygen supply
with oxygen saturation level ≥ 96% while maintaining body temperature between 36.0°C and 37.0°C.
Next, radial artery catheterization was performed and neuromuscular reaction was monitored according
to the international consensus guidelines [22] based on the response of the adductor pollicus muscle to
ulnar nerve stimulation using a neuromuscular transmission module of the S/5 GE Datex Light monitor
(GE Datex Medical Instrumentation, Inc., Tewksbury, MA, USA). This was done using a piezoelectric
probe of the EMG which was fixed to the thumb tip using a hand adapter, and the skin electrodes were
fixed over the ulnar nerve proximal to the wrist. A 5 s tetanic sequence was performed at 50 Hz to
stabilize the signal and then switched the stimulation to the TOF mode with a 70 mA current for 0.2 ms
pulse duration at 2 Hz frequency. The EMG monitor was set to assess individual supramaximal nerve
stimulation level. After the signal stabilized, the TOF mode was used to repeatedly stimulate at the ulnar
nerve point of the wrist every 20 s until the patients woke up. Meanwhile skin temperature was
measured at the neuromuscular measurement site and maintained it above 32.0°C. Vecuronium of 0.15
mg/kg dosed by lean body weight was administered intravenously after the EMG convulsion response
stabilized. When the TOF ratio disappeared, we performed tracheal intubation. TOF-stimulated
convulsions presenting between T1–T3 are defined as moderate neuromuscular blockade and an
additional dosage of vecuronium (0.02 mg/kg) was administered when T2 convulsions were recorded
during the surgical procedure.

Meanwhile, anesthesia was maintained with continuous infusion of propofol (4–8 mg/kg·h) and
remifentanil (0.10–0.25 µg/kg·min) and dosages were adjusted to the bispectral index value of 40–60.
Vecuronium was discontinued bolus after surgery. Sugammadex of 2 mg/kg dosed by crrocted body
weight [CBW = (ABW - IBW) × 0.4 + IBW] [23, 24] (CBW: corrected body weight, ABW: actual body weight,
IBW: ideal body weight) was not administrated until the T2 count was naturally recovered as monitored
by muscle relaxation, followed by extracting the endotracheal tube after ensuring complete reversal of
NMB as indicated by the TOF ratio.

Collection and assay of sugammadex level in blood samples
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Whole blood samples were collected (3 mL) into heparin tubes from each patient at 2, 3, 5, 10, 15, 20, 30,
and 60 min and at 2, 4, 6, and 8 h after administration of sugammadex. Next, these blood samples were
centrifuged at 2000 g for 15 min, and 1.5 mL of plasma was collected, and stored at -20°C. An ultra-high-
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS) was performed within 15
days of blood sampling to assess the blood level of sugammadex [25]. These plasma samples were
pretreated using acetonitrile precipitation and Max SPE purification and loaded the samples into the
Phenomenex Kinetex C18 column (100 × 2.1 mm; 2.6 µm) using 0.1% formic acid (v/v) and methanol as
the mobile phase; while the sample underwent gradient elution at a flow rate of 0.35 mL/min. The
electrospray ion source (ESI) was used as positive ion scanning for multiple reaction monitoring.
Thereafter, quantitative analysis of the sugammadex transitions were conducted ranging from 1000 to
963.5 m/z with a linear range of 0.05–50 g/mL and correlation coefficient of 0.9920, resulting in a
detection limit of 50 ng/mL, quantification limit of 100 ng/mL, and recovery rate of 82.0–94.2%. In
addition, inter- and intraday relative standard deviations were also obtained between 4.3% and 10.4%.

PK analyses of blood samples
PK parameters of sugammadex were calculated with the non-compartmental models using Phoenix
WinNonLin software (ver. 8.3 Certara, Princeton, NJ, USA). The PK parameters of sugammadex were
listed: the maximum concentration (Cmax), time to maximum concentration (Tmax), apparent terminal
half-life (t1/2β), apparent volume of distribution (Vd), total clearance (CL), area under the plasma
concentration-time curve from time 0 to the last measurable concentration (AUC0−t), and area under the

plasma concentration-time curve from time 0 to infinity (AUC0−∞).

Collection of PD data
The times taken to observe a TOF ratio ≥ 0.9 served in the study was recorded. Additionally, the TOF ratio
was also recorded immediately while administering sugammadex, at post 15 s and subsequently every
30 s.

Statistical analyses
The sample size was determined based on previous pharmacokinetic studies of sugammadex in obese
and non-obese patients, which typically included 12–20 participants per group to adequately
characterize the pharmacokinetic profile. A total of 16 participants per group (48 in total) was therefore
considered sufficient to estimate the primary pharmacokinetic parameters with acceptable precision. All
statistical analyses were performed using SPSS 26.0 statistical software (IBM Corp., Armonk, NY, USA).
Normally distributed continuous data were presented as mean ± standard deviation and compared
among the three groups using one-way analysis of variance (ANOVA), followed by Bonferroni post-hoc
test for pairwise comparisons. Non-normally distributed data were expressed as median (interquartile
range) and compared using the Kruskal-Wallis test, with Dunn's post-hoc test and Bonferroni correction
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for multiple comparisons. A two-sided P value of < 0.05 was considered statistically significant.
GraphPad Prism (ver. 9.5.0, GraphPad Software, San Diego, CA, USA) was used for statistical analysis
and graphical visualization.

Results
51 laparoscopic gastrointestinal surgery patients were divided into non-obese, obese and morbidly
obese groups. 2 patients in the obese group were excluded from the study due to inadequate
preoperative preparation and 1 patient in the morbidly obese group was excluded due to mislabeling of
blood samples. Table 1 shows baseline characteristics of this cohort of patients. Overall, these patients
had ASA grade I or II and were aged between 18 and 65 years; furthermore, they all had a BMI of ≥ 18.5
kg/m2 with normal liver and renal functions. There was a significant difference in weight, BMI, CBW and
sugammadex dosage among three groups (P < 0.05) (Table 1).

Table 1
Clinicopathological features of these patients

Characteristics Non-obese
patients

Obese patients Morbidly obese
patients

P-
value

Sex M (%)/F (%) 8 (50%)/8 (50%) 8 (50%)/8 (50%) 8 (50%)/8 (50%) -

Age (year) 35.5 ± 5.50 36.2 ± 9.37 30.1 ± 8.41 0.07

Height (cm) 166 ± 6.61 170 ± 7.00 168 ± 10.1 0.24

Weight (kg) 60.8 ± 8.81a 100 ± 19.6b 133 ± 23.5c < 
0.001

BMI (kg/m2) 23.0 ± 3.02a 34.3 ± 4.67b 47.2 ± 5.14c < 
0.001

IBW (kg) 60.9 ± 8.42 67.9 ± 9.13 65.1 ± 12.2 0.15

CBW (kg) 60.9 ± 7.36a 84.2 ± 13.9b 99.3 ± 17.0c < 
0.001

Serum creatinine
(µg/mL)

73.4 ± 14.3 61.3 ± 15.3 65.1 ± 12.6 0.06

Crystalloid fluid (mL) 1430.00 (1160,
1750)

1500 (1390,
1700)

1500 (1200, 1650) 0.71

Urine (mL) 275 (233, 538) 255 (200, 600) 250 (125, 488) 0.72

Blood loss (mL) 22.5 (20.0, 37.5) 22.5 (20.0,
37.5)

20.0 (20.0, 30.0) 0.62

Sugammadex dosage
(mg)

122 ± 14.7a 168 ± 27.7b 199 ± 34.1c < 
0.001

Data with different superscript letters within the same row indicate significant difference (P < 0.05).
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PK results
After intravenous administration, we found that sugammadex rapidly induced a gradient effect on
reducing blood concentration of the neuromuscular blocking agent (e.g., vecuronium) and gradually
shifted the neuromuscular blocking agent from the tissues (e.g., neuromuscular junction) to the
intravascular space, which is where it bonded and formed a complex. Figure 2 showed the plasma
sugammadex level-time curves in three groups. Sugammadex quickly reached peak level within 2 min in
non-obese patients vs. a peak at 5 min followed by a steep decline at 10 min in the other two groups,
indicating a significant difference between non-obese and the other two groups. However, the curves of
obese and morbidly obese patients almost overlapped with each other, indicating that sugammadex
distribution and elimination were comparable in these two groups. Moreover, the plasma sugammadex
level-time curves were consistent after one t1/2β (around 120 min) among these three groups and in
accordance with the linear non-compartmental model.

PK data after a single intravenous sugammadex injection identified that Cmax, Tmax, t1/2β, AUC0−t, and
AUC0−∞ significantly differed between non-obese group and the other two groups (P < 0.05) (Table 2).

The PK parameters (except Vd and CL) in non-obese patients showed lower values than in obese and
morbidly obese patients. However, we were unable to find any differences in Vd or CL among three
groups (P > 0.05) (Table 2).

Table 2
Pharmacokinetics data on single dose sugammadex injection in the blood samples of patients

Parameters Non-obese
patients

Obese patients Morbidly obese
patients

P
value

Cmax (µg/mL) 25.1 (18.9, 35.9)a 61.1 (50.6, 68.4)b 54.9 (49.1, 68.3)b < 
0.001

Tmax (min) 2.00 (2.00,2.00)a 5.00 (5.00, 8.75)b 5.00 (5.00, 10.0)b < 
0.001

t1/2β (min) 106 ± 18.3a 124 ± 29.7b 129 ± 19.5b 0.02

Vd (L) 10.0 (7.02, 12.3) 10.3 (8.01, 16.9) 12.3 (10.2, 14.5) 0.16

CL (mL/min) 67.2 ± 28.0 62.8 ± 15.8 70.9 ± 20.4 0.58

AUC0−t (µg •
min/mL)

1990 ± 758a 2570 ± 456b 2740 ± 630b < 
0.001

AUC0−∞ (µg •
min/mL)

1960 (1520,
2550)a

2640 (2540,
2990)b

2800 (2330, 3390)b < 
0.001

Cmax, maximum concentration; Tmax, time to maximum concentration; t1/2β, apparent terminal half-life;
Vd, apparent volume of distribution; CL, total clearance; AUC0−t, area under the plasma concentration–
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time curve from time 0 to the last measurable concentration; AUC0−∞, area under the plasma
concentration–time curve from time 0 to infinity. Data with different superscript letters within the same
row indicate significant difference (P < 0.05).

PD results
The TOF ratio was monitored to assess the muscle relaxation level and the TOF ratio gradually increased
following the reversal of muscle relaxation with sugammadex. The recovery of the TOF ratio to 0.9 was
defined as complete reversal of the neuromuscular relaxant, which was regarded as an indicator for
extubation. Times to recovery of TOF ratio were compared among three groups (Fig. 3) and the TOF ratio
began to recover from a T2 count at 30 s after sugammadex administration, and gradually reached 0.9
after 150 s. However, the average duration of the recovery from the T2 count to the TOF ratio of 0.9 did
not significantly differ among three groups (Fig. 3A). Upon comparing the proportion in three groups with
a TOF ratio of > 0.9 following the reversal with sugammadex, all subjects in non-obese group appeared to
achieve complete reversal effects more rapidly, followed by obese group, and then below that, morbidly
obese group (Fig. 3B), showing that sugammadex administration of recommended dosage 2 mg/kg
according to the guidelines was sufficient to reverse the action of muscle relaxant in all patients of three
groups.

Discussion
In current study, PK and PD of sugammadex were determined in non-obese, obese, and morbidly obese
patients during general anesthesia for laparoscopic gastrointestinal surgery. Our data revealed that
sugammadex of 2 mg/kg dosed by CBW efficiently reversed vecuronium-induced moderate
neuromuscular blockade in obese or morbidly obese patients, indicating that sugammadex dosed by
CBW in vecuronium-induced moderate neuromuscular blockade would keep consistent to some extent
with different BMI.

Pharmacokinetics
The PK parameters Cmax, Tmax, t1/2β, AUC0−t, and AUC0−∞ of sugammadex were found to significantly
differ between non-obese group and the other two groups (P < 0.05), whereas Vd and CL were not

significantly different among three groups (P > 0.05). Cmax, AUC0−t, and AUC0−∞ all increased in a dose-
dependent manner with increasing BMI and CBW, which was most likely due to the increase in
sugammadex consumption with increase in weight. According to the results, Tmax was 2 min in non-
obese group but about 5 min in the other two groups, which may be attributed to body weight, high fat
deposition, higher dosage of muscle relaxants, and slow metabolic distribution etc., leading to prolonged
absorption time. Yuan et al. [26] included 11 Chinese subjects in their study and successively
administered 1-, 2-, and 4-mg/kg of sugammadex with a median dosage of Tmax of 1.8 min in the three
groups, which was comparable to the Tmax of non-obese group (2 min) in our study. Since t1/2β is

Page 10/19



dependent on both Vd and CL, changes in t1/2β reflect changes in Vd or CL or both. Vd is largely
dependent on the physicochemical properties of a drug, whereas CL is predominantly dependent on the
physiological status of the liver and kidney. It seemed to be a paradox that Vd and CL did not significantly
differ among the three groups but t1/2β did, which was probably due to the difference between the

apparent t1/2β and intrinsic (‘true’) t1/2β. Researchers have previously pointed out that apparent t1/2β

values are functions of both the ongoing rate of uptake as well as the rate of elimination, resulting in
biased estimation of the intrinsic t1/2β [27]. However, failure to explicitly account for ongoing exposure is
common in the published literature. The rate of intrinsic elimination can be determined if the influence of
ongoing exposure and changes in physiology (such as body weight) are accounted for [28]. Thus, a
further study involving more subjects may be needed to develop the population-based PK models [29]
which may help to calculate the intrinsic t1/2β of sugammadex. However, according to our research so
far, we consider that intrinsic t1/2β of sugammadex will remain similar despite different BMI (see below).

There was no significant difference in Vd among three groups (P > 0.05), suggesting that BMI did not

affect the distribution of sugammadex. Volume of distribution is indeed dependent on the
physicochemical properties of a drug, but it is also dependent on cardiac output and blood flow
distribution to various tissue groups. These are different between non-obese and obese individuals.
Although obese subjects have a great deal of adipose tissue, the fact that the adipose tissue is so poorly
perfused would make this tissue group relatively inconsequential in the early distribution of drugs.
Hanley et al. [30] pointed out that the distribution of non-lipophilic drugs is limited in excess adipose
tissue, making the PK volume of the peripheral compartment similar in lean and obese individuals.
Abernethy and Greenblatt [31] suggested that the apparent distribution of volume changes in obese
individuals may be quite extreme, depending on the physical and chemical properties of drugs. The
change in volume of distribution was initially hypothesized to be at least partially related to drug
lipophilicity with obese individuals, showing a significant increase in volume of distribution for highly
lipophilic drugs while showing only little change in the same for water-soluble drugs. The trends
observed for sugammadex, a water-soluble drug, are consistent with this statement.

Besides, it was found that CL in the three groups was lower than its previously reported values in healthy
adults (88 mL/min) [32]. CL can be defined as the volume of blood in which the drug is completely
cleared within a given distribution time, and for most drugs, liver is the primary organ for drug
metabolism. Obesity is associated with non-alcoholic fatty liver disease, and the accumulation of fat in
the liver of obese individuals may change the blood flow within the liver. The other major organ involved
in drug metabolism and clearance is the kidney, and the process of drug excretion through the kidney
includes glomerular filtration, renal tubule secretion, and reabsorption. However, the influence of obesity
on these functions remains unclear [30]. It may also be related to the influence of perioperative
management on PK, and in particular, the total plasma volume deserves more attention. All patients in
this study fasted for 8–12 h preoperatively and received restricted fluid therapy to prevent serious
cardiovascular events (particularly for obese patients) during surgery [33]. Crystalloid fluid intake and
urine remained consistent, obese patients in this study were likely to have hypovolemia perioperatively.
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In formula [34] CL = V × U/P (V: urine volume per minute, U: substance concentration in urine, and P:
substance concentration in plasma), creatinine was regarded as substance and sugammadex, with
water solubility similar to it, exhibiting very consistent behavior in CL. Moreover, the compression of
blood vessels in the abdominal viscera by pneumoperitoneum also contributed to decrease in
glomerular filtration rate [35]. Therefore, lower renal perfusion led to decreased CL.

Pharmacodynamics
There was no significant difference among three groups in the average times of TOF > 0.9 (P > 0.05),
indicating that sugammadex of 2 mg/kg dosed by CBW is effective to reverse vecuronium-induced
moderate neuromuscular blockade and it is suitable for individuals with different BMI for laparoscopic
gastrointestinal surgery. Subramani et al. [36] systematically evaluated the efficacy and safety of
sugammadex vs. neostigmine in reversing neuromuscular blockade in morbidly obese patients
undergoing bariatric surgery, and their results revealed that sugammadex led to faster reversal and fewer
adverse events than neostigmine. And so far, our results have further confirmed the feasibility of
sugammadex of 2 mg/kg dosed by CBW to reverse vecuronium-induced moderate neuromuscular
blockade in patients with different BMI.

Limitations of this study were as follows: (1) It was a single-center study. (2) Only different BMI was
focused without considering other obesity parameters which may affect the PK or PD of sugammadex.
(3) Deep neuromuscular blockade in this study was not taken into account.

Conclusion
In conclusion, this study served as supplement to PK and PD of sugammadex in patients with different
BMI and demonstrated sugammadex of 2 mg/kg dosed by CBW, efficiently reversed vecuronium-induced
moderate neuromuscular blockade in obese or morbidly obese patients. Although certain PKs changed
with different BMI, an additional dosage of sugammadex was not required in obese individuals.

Abbreviations
PK
pharmacokinetics
PD
pharmacodynamics
Cmax

maximum concentration
Tmax

time to maximum concentration
t1/2β

apparent terminal half-life
Vd

Page 12/19



apparent volume of distribution
CL
total clearance
AUC0−t

area under the plasma concentration–time curve from time 0 to the last measurable concentration
AUC0−∞

area under the plasma concentration–time curve from time 0 to infinity
BMI
body mass index
ABW
actual body weight
CBW
corrected body weight
EMG
electromyography
ESI
electrospray ion source
RNMB
residual neuromuscular blockade
TOF
train-of-four
UHPLC-MS
ultra-high-performance liquid chromatography–tandem mass spectrometry.
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Figure 2

Medium sugammadex plasma concentration-time profiles following the administration of a single dose
of sugammadex in each group (n = 16)

Figure 3
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Effect of sugammadex on reversal of the neuromuscular relaxant in patients. A: The recovery of TOF
ratio after sugammadex injection in each group (n = 16). B: Number of patients who reached 0.9 of the
TOF ratio in each group after sugammadex injection (n = 16)
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