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Abstract: Objective To compare the muscle relaxant effects of rocuronium bromide and cisatracurium besylate in laparoscopic
radical cystectomy for bladder cancer, as well as their impacts on pulmonary ventilation function and body’s inflammatory
response. Methods A total of 112 patients scheduled for laparoscopic radical cystectomy at the Inner Mongolia People’s
Hospital between January 2022 and June 2024 were randomly divided into the RB group (n=56, receiving rocuronium bromide
as the muscle relaxant)and the CB group (n=56, receiving cisatracurium besylate as the muscle relaxant). The muscle relaxant
effects, tracheal intubation condition ratings, and adverse reaction were compared between the two groups. Mean arterial
pressure (MAP), heart rate, saturation of peripheral oxygen (SpQO2), and pulmonary ventilation function indicators[percentage
area of center of ventilation (CoV), dependent silent spaces (DSS), and non-dependent silent spaces (NSS)]were recorded and
compared immediately before anesthesia induction (To), immediately after tracheal intubation (T1), immediately after tumor
resection (T2), and immediately after surgery (Ts). The levels of inflammatory markers[high-sensitivity C-reactive protein (hs-CRP),
tumor necrosis factor- o (TNF-a), and white blood cell count (WBC)]were compared between the two groups before surgery
and 2 hours after surgery. Results The onset time of muscle relaxation in the RB group was shorter than that in the CB group
(P< 0.05), while the duration of muscle relaxation, recovery index, and extubation time in the RB group were longer than those
in the CB group (P<0.05). The excellent rate of tracheal intubation conditions in the RB group was higher than that in the CB
group[94.64% (53/56)vs 81.14% (46/56), x»=4.264, P=0.039]. At T, MAP and heart rate in the RB group were significantly lower
than those in the CB group (P<0.05). SpO2in the RB group was significantly higher than that in the CB group at T:and T2 (£<0.05).
Compared with To, CoV significantly decreased at Ts, T2, and Tsin both groups (£<0.05), while DSS significantly increased (£<0.05).
Two hours after surgery, serum hs-CRP, TNF-a, and WBC levels in CB group were higher than those in RB group (£<0.05). There
was no significant difference in the incidence of adverse reactions between RB group and CB group[14.29% (8/56)vs 19.64%
(11/56), x.=0.571, P= 0.450]. Conclusion The use of rocuronium bromide in laparoscopic radical cystectomy for bladder cancer
provides better muscle relaxation compared to cisatracurium besylate, and can alleviate surgery-induced inflammatory
responses. However, both have similar effects on pulmonary ventilation function.
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Bladder cancer is one of the common malignant cystectomy. The results are reported as follows.
tumors of the wurinary system [l]. According to
GLOBOCAN data, there were 86,000 new cases and 1 Materials and Methods
39,000 deaths from bladder cancer in China in 2020 [2].
Based on the depth of invasion, bladder cancer can be 1.1 General Information
classified into two types: muscle-invasive bladder
carcinoma (MIBC) and non-muscle-invasive bladder

carcinoma (NMIBC) [1]. Radical cystectomy . is ‘fhe bladder cancer who were treated at the Inner Mongolia
preferred clinical treatment for MIBC and high-risk  Aytonomous Region People's Hospital from January 2022
NMIBC [3]. However, this surg1cql procedure is invasive to June 2024. This study was approved by the Ethics
and technically complex, and is prone to inducing Committee of the Inner Mongolia Autonomous Region
significant intraoperative stress responses [4]. The  people's Hospital (No. 202503603L). Inclusion criteria: (1)
administration of muscle relaxants can alleviate intubation Confirmed diagnosis of MIBC or high-risk NMIBC by
dlscoquﬂ, facilitate mechanical \{entllatlon, qnd optlmlze pathological biopsy; (2) Aged 50-80 years; (3) Meeting the
the surgical field [5]. Rocuronium and cisatracurium indications for radical cystectomy and scheduled to
besilate are currently the two most commonly used muscle undergo laparoscopic radical cystectomy; (4) No
relaxapts, bu.t th@re are relatively .few cpmparative studies contraindications to anesthesia; (5) American Society of
on their application in laparoscopic radical cystectomy [6- Anesthesiologists (ASA) physical status classification I-
7]. This study aimed to analyze the clinical efficacy of  py1; (6) Voluntary signing of the informed consent form.
these two muscle relaxants in laparoscopic radical Exclusion criteria: (1) Presence of distant metastasis; (2)

A prospective study was conducted on patients with
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Complicated with pulmonary diseases or recent history of
lung injury; (3) Impaired function of vital organs such as
heart, kidney, and liver; (4) Presence of other primary
malignant tumors; (5) Previous history of abdominal
surgery. Dropout criteria: (1) Patient request for
withdrawal from the study; (2) Conversion to open surgery
during the operation.

Actotal of 112 eligible patients were randomly divided
into the rocuronium bromide group (RB group) and the
cisatracurium besilate group (CB group) using a random
number table, with 56 patients in each group. There were
no statistically significant differences in gender, age, body
mass index (BMI), maximum tumor diameter, pathological
type, T stage, or ASA classification between the two
groups (P>0.05). See Table 1.

Tab.1 Comparison of general data between two groups (n=56)
Item RB group CB group y*#/Z value P value
Gender (male/female, case) 45/11 47/9 0.243 0.622
Age (years, X+S) 64.15+6.27 62.98+6.53  0.967 0.336

BMI (kg/m?, x#s) 23.75+2.38 23.43£2.26  0.730 0.467
Maximum tumor diameter

4.02£1.13  3.96+1.09 0.286 0.775

(cm, X#s)
Pathological type (case)
Urothelial carcinoma 46 43
Adenocarcinoma 5 6 0.525 0.769
Squamous cell carcinoma 5 7
T stage (case)
Ta-T2 41 43
T3-T4 15 13 0.190 0.663
ASA classification (case)
Grade 1 18 20
Grade I1 30 29 0.433 0.699
Grade 111 8 7
1.2 Methods

Upon admission to the operating room, all patients
underwent routine establishment of peripheral venous
access, and were connected to a monitor (Mindray,
BeneView T8, Shenzhen) and an electrical impedance
tomography (EIT) device (C500 EIT System). Anesthesia
induction: Intravenous injection of midazolam 0.04 mg/kg,
propofol 2.5 mg/kg, and sufentanil 0.4 pg/kg. A muscle
relaxation monitor (Model M206983, Zhongxi Yuanda,
Beijing) was connected, and calibration of muscle
relaxation monitoring was performed when the bispectral
index (BIS) fell below 60, followed by intravenous
administration of muscle relaxant. Specifically, the RB
group received intravenous rocuronium bromide injection
(Zhejiang Xianju Pharmaceutical Co., Ltd., National
Medical Product Administration Approval No. H20093186)
at a dose of 0.5 mg/kg; the CB group received intravenous
cisatracurium besilate for injection (Jiangsu Hengrui
Medicine Co., Ltd., National Medical Product
Administration Approval No. H20060869) at a dose of
0.12 mg/kg. Tracheal intubation and mechanical
ventilation were performed when the train-of-four (TOF)
ratio was less than 5%. The ventilation parameters were set
as follows: tidal volume 8—10 mL/kg, respiratory rate 10—
12 breaths/min. After the establishment of CO-
pneumoperitoneum, the tidal volume was adjusted to 68
mL/kg and the respiratory rate to 12—18 breaths/min. The
end-tidal carbon dioxide partial pressure (PETCO:.) was

maintained at 35-45 mmHg, and the saturation of
peripheral oxygen (SpO:) was maintained at > 90%. TOF
monitoring was initiated to assess the degree of muscle
relaxation block. Anesthesia maintenance: Continuous
intravenous pump infusion of propofol 2 mg/(kg-h) and
remifentanil 0.2 pg/(kg-min). If the amplitude of the first
twitch response in TOF recovered to 25% during the
operation, an additional dose of muscle relaxant (1/4 of the
initial dose) was administered, with the number of
additional doses limited to < 3 times. The administration
of additional muscle relaxant was discontinued 15 minutes
before the end of the operation. At the end of the operation,
atropine 1 mg and neostigmine 2 mg were intravenously
injected to antagonize residual muscle relaxation effects.

1.3 Observation Indicators

1.3.1 Muscle Relaxation Efficacy

The onset time of muscle relaxation (time from
completion of muscle relaxant injection to maximum block
of the first twitch response amplitude), duration of muscle
relaxation (time from completion of muscle relaxant
injection to recovery of the first twitch response amplitude
to 25% of the baseline value), recovery index (time from
recovery of the first twitch response amplitude from 25%
to 75% of the baseline value), and extubation time (time
from discontinuation of muscle relaxant to extubation)
were compared between the two groups.

1.3.2 Hemodynamic Parameters

The mean arterial pressure (MAP), heart rate (HR),
and SpO: were compared between the two groups at four
time points: immediately before anesthesia induction (T0),
immediately after tracheal intubation (T1), immediately
after tumor tissue resection (T2), and immediately at the
end of the operation (T3).

1.3.3 Tracheal Intubation Condition Rating

The tracheal intubation conditions of patients in both
groups were evaluated using the Cooper tracheal
intubation scoring system [8]. Grade I: Obvious
mandibular muscle relaxation, fully open glottis, smooth
intubation, no cough. Grade II: Relatively obvious
mandibular muscle relaxation, slight adduction of vocal
cords, relatively smooth intubation with mild cough. Grade
III: Tense mandible, obvious adduction of vocal cords,
obvious cough during intubation. Grade IV: Markedly
tense mandible, closed glottis, intubation unable to be
completed due to inadequate muscle relaxation. Grades I
and I were defined as good tracheal intubation conditions.

1.3.4 Pulmonary Ventilation Function Indicators

EIT was used to monitor the percentage areas of the
center of ventilation (CoV), dependent silent spaces (DSS),
and non-dependent silent spaces (NSS) in both groups.
1.3.5 Inflammatory Indicators

Peripheral venous blood samples (5 mL each) were
collected from patients in both groups before surgery
(upon admission to the operating room) and 2 hours after
surgery. Of each sample, 3 mL was centrifuged and stored
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for subsequent analysis. The serum level of high-
sensitivity C-reactive protein (hs-CRP) was determined by
immunoturbidimetry, and the serum level of tumor
necrosis factor-o (TNF-o) was measured by enzyme-
linked immunosorbent assay (ELISA); all kits were
purchased from Nanjing Jiancheng Bioengineering
Institute. The remaining 2 mL of venous blood was used to
determine the white blood cell count (WBC) using an XE-
2100 hematology analyzer (Sysmex Corporation, Japan).

1.3.6 Adverse Reactions

The incidence of adverse reactions such as
hypoxemia, regurgitation and aspiration, and nausea and
vomiting was compared between the two groups.

1.4 Statistical Methods

Data analysis was performed using SPSS 28.0
statistical software. Measurement data conforming to a
normal distribution were expressed as Xx+s, and
comparisons were conducted using independent-samples ¢-
test or paired-samples #-test. Repeated measures data were
analyzed by repeated measures analysis of variance
(ANOVA), with pairwise comparisons performed using the
Bonferroni method. Count data were expressed as cases
(percentage) [n (%)], and comparisons between groups
were conducted using the chi-square test. Ordinal data
were compared using nonparametric tests. A P value<0.05
was considered statistically significant.

2 Results

2.1 Comparison of Muscle Relaxation Efficacy
Between the Two Groups

The onset time of muscle relaxation in the RB group
was significantly shorter than that in the CB group
(P<0.05), while the duration of muscle relaxation,
recovery index, and extubation time were significantly
longer than those in the CB group (P<0.05). See Table 2.

2.2 Comparison of Hemodynamic Parameters and
SpO: Between the Two Groups

There were statistically significant differences in
MAP, HR, and SpO: between the two groups in terms of
intergroup effect, time effect, and interaction effect
(P<0.05). Compared with the baseline (TO) within the
same group, the MAP and HR in the RB group were
significantly decreased at T2 and T3, and SpO. was
significantly decreased at T2 (P<0.05). In the CB group,
MAP and HR were significantly increased at TI,
significantly decreased at T2 and T3, and SpO. was

significantly decreased at T1 and T2 (P<0.05). At T1, the
MAP and HR in the RB group were significantly lower
than those in the CB group at the same time point (P<0.05).
At TI1 and T2, the SpO: in the RB group was significantly
higher than that in the CB group at the same time points
(P<0.05). See Table 3.

2.3 Comparison of Tracheal Intubation Condition
Ratings Between the Two Groups

In the RB group, 46 cases were rated as Grade I, 7
cases as Grade II, and 3 cases as Grade I11. In the CB group,
37 cases were rated as Grade I, 9 cases as Grade II, 9 cases
as Grade III, and 1 case as Grade IV. The tracheal
intubation condition rating in the RB group was
significantly better than that in the CB group (Z=2.085,
P=0.039). The rate of good tracheal intubation conditions
in the RB group was significantly higher than that in the
CB group [94.64% (53/56) vs. 81.14% (46/56), 7= 4.264,
P=0.039].

2.4 Comparison of Pulmonary Ventilation Function
Indicators Between the Two Groups

There were statistically significant time effects on
CoV and DSS in both groups (F=302.355, 371.384,
P<0.05). However, there was no significant intergroup
effects or interaction effects on CoV and DSS between the
two groups (P>0.05). Compared with TO, CoV was
significantly decreased and DSS was significantly
increased in both groups at T1, T2, and T3 (P<0.05). See
Table 4.

2.5 Comparison of Inflammatory Indicators Before
and After Surgery Between the Two Groups

At 2 hours after surgery, the serum levels of hs-CRP,
TNF-a, and WBC in both groups were significantly higher
than those before surgery (P<0.05), and the levels in the
CB group were significantly higher than those in the RB
group (P<0.01). See Table 5.

2.6 Comparison of Adverse Reactions Between the
Two Groups

In the RB group, 1 case of hypoxemia, 3 cases of
nausea and vomiting, and 4 cases of fatigue were observed.
In the CB group, 3 cases of hypoxemia, 1 case of
regurgitation and aspiration, 5 cases of nausea and
vomiting, and 2 cases of fatigue were observed. There was
no statistically significant difference in the incidence of
adverse reactions between the RB group and the CB group
[14.29% (8/56) vs. 19.64% (11/56), 1= 0.571, P=0.450].

Tab.2 Comparison of muscular relaxation effects between two groups  (#n=56, min, X+s)

Group Onset time of muscle relaxation Duration of muscle relaxation Recovery index Extubation time
RB group 1.62+0.23 45.81+£5.87 18.35+2.72 35.3242.58
CB group 1.85+0.27 40.15+£5.24 14.48+2.56 28.2542.39

t value 4.853 5.383 7.753 15.044

P value <0.001 <0.001 <0.001 <0.001
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Tab.3 Comparison of MAP, heart rate and SpO2 between two groups  (#=56, X+s)
. . MAP (mmHg) HR (beats/min) SpO:2 (%)
Time Point
RB group CB group RB group CB group RB group CB group

To 87.24+8.32 88.33+8.76 78.45+8.26 77.9448.73 98.18+0.97 98.22+1.04
Ti 86.30£9.15° 93.55+10.08° 77.83+8.612 82.56+9.220 97.8540.95° 97.09+0.92°
T2 79.2548.720 80.38+9.21° 71.46+7.96° 72.23+8.89° 97.210.902 96.74+0.93°
Ts 82.59+8.340 83.54+9.52° 73.57+8.28> 74.194£9.05° 98.03+0.91 97.94+0.96
Fgroup/ Ftime/ Finteraction value 5.053/32.942/3.174 3.720/25.155/2.785 6.526/43.571/3.493
Pgroup/ Ptime/ Pinteraction Value 0.002/<0.001/0.025 0.012/<0.001/0.042 <0.001/<0.001/0.017

Note: Compared with CB Group at the same time point,*P<0.05; Compared with To in the same group, °P<0.05.

Tab.4 Comparison of indexes of pulmonary ventilation function between two groups

(n=56, %, x*s)

CoV DSS NSS

Time Point

RB group CB group RB group CB group RB group CB group
To 56.82+2.16 57.24+2.09 2.37+0.38 2.34+0.41 4.17+0.54 4.20+0.56
T 51.63+2.57* 51.18+2.602 3.61+0.522 3.76+0.58° 4.2540.59 4.23+0.64
Tz 47.1542.332 46.97+2.45° 5.43+0.85% 5.65+0.79° 4.2840.67 4.24+0.69
T3 48.65+2.26° 48.254+2.392 4.62+0.782 4.84+0.812 4.31+0.68 4.32+0.73
Froup/ Ftime/ Finteraction value 1.685/302.355/2.012 1.982/371.384/2.303 0.436/0.663/0.251

Pgroup/ Ptime/ Pinteraction Value 0.172/<0.001/0.113

0.117/<0.001/0.079 0.724/0.576/0.864

Note: Compared with To in the same group,*P<0.05.

Tab.5 Comparison of inflammatory indicators before and after operation between two groups

(n=56, X*s)

hs-CRP (mg/L)

TNF-a (ng/L) WBC (x10°/L)

Group Pre-operation 2 h Post-operation Pre-operation 2 h Post-operation Pre-operation 2 h Post-operation
RB group 5.78+1.04 11.234+2.80? 8.79+1.53 26.34+4.982 6.54+1.17 10.37+1.822
CB group 5.52+0.96 15.3143.06? 9.25+1.68 32.2745.222 6.29+1.23 12.5141.952

t value 1.375 7.361 1.515 6.151 1.102 6.004

P value 0.172 <0.001 0.133 <0.001 0.273 <0.001

Note: Compared with CB Group at the same time point,*P<0.05.

3 Discussion

Rocuronium and cisatracurium besilate are two of the
most commonly used muscle relaxants in anesthesia
practice. Rocuronium is characterized by rapid onset,
minimal effects on the cardiovascular system, weak
histamine release, no cumulative effect, and is mainly
metabolized by the liver with a small portion excreted via
the kidneys [9]. Cisatracurium besilate has no histamine-
releasing effect, no significant vagolytic effect, minimal
impact on the cardiovascular system, no cumulative effect,
and is metabolized primarily through Hofmann elimination,
independent of hepatic and renal function [10]. However,
cisatracurium besilate has a relatively slow onset time [10].
The results of this study showed that compared with
cisatracurium besilate, rocuronium had a shorter onset time
of muscle relaxation and a longer duration of muscle
relaxation.

In laparoscopic radical cystectomy, an optimal
muscle relaxant is conducive to maintaining intraoperative
hemodynamic stability. In this study, the MAP and HR in
the RB group at T1 were significantly lower than those in
the CB group, while the SpO: was significantly higher than
that in the CB group. Tracheal intubation can significantly
stimulate the pharynx, leading to abnormal hemodynamic
fluctuations. However, the MAP and HR in the RB group
did not change significantly at this time point, whereas
those in the CB group decreased significantly, and the
decrease in SpO: in the CB group was more pronounced.
These findings suggest that rocuronium can more

effectively maintain intraoperative hemodynamic stability
compared with cisatracurium besilate. The underlying
mechanism may be attributed to the faster onset and
superior muscle relaxation effect of rocuronium, which can
attenuate the stress response induced by tracheal intubation.
Moreover, the onset speed and efficacy of muscle relaxants
can directly affect tracheal intubation conditions [11]. In
this study, the rate of good tracheal intubation conditions
in the RB group reached 94.64%, which was significantly
higher than that in the CB group.

The Trendelenburg position and increased intra-
abdominal pressure caused by CO: pneumoperitoneum
during laparoscopic radical cystectomy can lead to upward
displacement of abdominal viscera and cephalad shift of
the diaphragm, thereby reducing lung compliance and
functional residual capacity, disturbing intrapulmonary gas
distribution, and inducing or exacerbating ventilation-
perfusion mismatch [12]. EIT is a novel non-invasive
pulmonary ventilation monitoring technology. Unlike
other pulmonary function testing techniques, EIT can
quantify the regions of good and poor pulmonary
ventilation, thus enabling effective assessment of regional
pulmonary ventilation distribution [13]. The CoV value
reflects the region of optimal pulmonary ventilation; silent
spaces are defined as regions with impedance changes less
than 10%, representing areas of hypoventilation. DSS and
NSS reflect regions of lung collapse or atelectasis and
regions of already or over-expanded lung, respectively. In
this study, compared with TO, CoV was significantly
decreased and DSS was significantly increased in both
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groups at T1, T2, and T3, but there were no significant
differences in CoV and DSS between the two groups at the
same time points; furthermore, there were no significant
changes in NSS at all time points in both groups. These
results indicate that laparoscopic radical cystectomy can
exert a certain impact on patients' pulmonary ventilation
function, with the ventilation center shifting ventrally and
the area of lung atelectasis expanding to a certain extent,
while the area of over-ventilation does not change
significantly. This phenomenon may be attributed to the
use of low tidal volume ventilation.

Laparoscopic radical cystectomy is an invasive
surgical procedure, and intraoperative surgical stimulation
can induce a stress response in the body [4] and stimulate
the release of various inflammatory factors. Studies have
confirmed that different anesthetic regimens and drugs
during surgery can directly affect the degree of
perioperative inflammation and stress [14]. hs-CRP, TNF-
a, and WBC are commonly used clinical markers
reflecting the body's inflammatory response, and their
levels can increase significantly in the presence of
infection or tissue injury [15]. In this study, the serum
levels of hs-CRP, TNF-a, and WBC in both groups were
significantly higher at 2 hours after surgery than those
before surgery, but the increase amplitude in the RB group
was lower than that in the CB group. The possible reason
is that rocuronium has a faster onset time and better muscle
relaxation effect during anesthesia induction, which can
alleviate the surgical stimulation to the body, reduce the
release of inflammatory factors, and mitigate the degree of
the body's inflammatory response. A study by Zhao Xianji
[16] also demonstrated that the application of rocuronium
in radical resection of colorectal cancer results in a milder
stress response in patients compared with cisatracurium
besilate.

In conclusion, compared with cisatracurium besilate,
rocuronium bromide has a faster onset time and better
muscle relaxation effect in laparoscopic radical cystectomy,
which can achieve superior tracheal intubation conditions,
thereby reducing the stress and inflammatory responses
induced by intubation. However, there is no significant
difference in the impact of the two muscle relaxants on
intraoperative pulmonary ventilation function.
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L LA ARG 2 h AL B 1 R AEFR bRk V- [ C )8R [ (hs-CRP) JHIR PR A6 B - (TNF-o) DA K
HANEITE(WBC) |, &R RBAINIAERLAT H] T CB 41 (P<0.05) , ILFAZEReRsf 0] R &2 18 B 3R B I ) 4
F CB 41 (P<0.05) o RB 7 &M B IFRE T CB 41 [94.64% (53/56) vs 81.14% (46/56) , x'=4.264, P=
0.039], T,/ RB LA MAP 02244 8 K T CB 2 (P<0.05) . RBALTE T, . T»H Sp0. 3 i 2 5 T [A) ] CB 41 (P<
0.05). ST, 4L T, T Ts i 45 CoV 24 i 3 B AIK (P<0.05) , DSS ¥4 4 3% FH 5 (P<0.05) . RJ52h,CB4
hs-CRP . TNF-a }2 WBC 5 T- RB4H (P<0.05) . RBZHHI CB A B R W & Az F 875 IG5 L [14.29%
(8/56) vs 19.64%(11/56) , ¥*=0.571,P=0.450 ], £5i& 2 I N T 18 IS B I e A AR v AR rhokE X 2R ik
N3] i 27 e 280 B AR A LA SRS , I RE IR TP A 2 B AR S, (L 38 el i A K i 2 MR A A0
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Impact of rocuronium bromide on muscular relaxation and inflammatory response

in laparoscopic radical cystectomy
HE Jinling, WANG Na, YUN Letian, ZHAO Zhihui
Department of Surgical Anesthesia, Inner Mongolia People’s Hospital , Hohhot , Inner Mongolia 010017, China
Corresponding author: HE Jinling, E-mail: 18047192580@163.com

Abstract: Objective To compare the muscle relaxant effects of rocuronium bromide and cisatracurium besylate in
laparoscopic radical cystectomy for bladder cancer, as well as their impacts on pulmonary ventilation function and body’s
inflammatory response. Methods A total of 112 patients scheduled for laparoscopic radical cystectomy at the Inner
Mongolia People’s Hospital between January 2022 and June 2024 were randomly divided into the RB group (n=56,
receiving rocuronium bromide as the muscle relaxant) and the CB group (n=56, receiving cisatracurium besylate as the
muscle relaxant). The muscle relaxant effects, tracheal intubation condition ratings, and adverse reaction were
compared between the two groups. Mean arterial pressure (MAP), heart rate, saturation of peripheral oxygen (SpO,) ,
and pulmonary ventilation function indicators [ percentage area of center of ventilation (CoV), dependent silent spaces
(DSS), and non-dependent silent spaces (NSS) | were recorded and compared immediately before anesthesia induction

(Ty) , immediately after tracheal intubation (T) , immediately after tumor resection (T,) , and immediately after
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surgery (Ts). The levels of inflammatory markers [ high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-
a (TNF-a) , and white blood cell count (WBC) ] were compared between the two groups before surgery and 2 hours
after surgery. Results The onset time of muscle relaxation in the RB group was shorter than that in the CB group (P<
0.05) , while the duration of muscle relaxation, recovery index, and extubation time in the RB group were longer than
those in the CB group (P<0.05). The excellent rate of tracheal intubation conditions in the RB group was higher than
that in the CB group [94.64% (53/56) vs 81.14% (46/56) , x=4.264, P=0.039]. At T:, MAP and heart rate in the RB
group were significantly lower than those in the CB group (P<0.05). SpO: in the RB group was significantly higher than
that in the CB group at T, and T, (P<0.05). Compared with Ty, CoV significantly decreased at T,, T,, and Ts in both
groups (P<0.05) , while DSS significantly increased (P<0.05). Two hours after surgery, hs-CRP, TNF-«, and WBC
levels in CB group were higher than those in RB group (P<0.05). There was no significant difference in the incidence of
adverse reactions between RB group and CB group [14.29% (8/56) ws 19.64% (11/56) , x’=0.571, P=0.450].

Conclusion

The use of rocuronium bromide in laparoscopic radical cystectomy for bladder cancer provides better

muscle relaxation compared to cisatracurium besylate, and can alleviate surgery - induced inflammatory responses.

However, both have similar effects on pulmonary ventilation function.

Keywords: Rocuronium bromide; Laparoscopic; Cisatracurium besylate; Radical cystectomy; Muscular relaxation;

Pulmonary ventilation function ; Inflammatory response
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5 IO g s WA PR R 8 DL MR 2 — " AR
GLOBOCAN %4 755 , 2020 4 v 1] 5 e 988 7 2% s 191
FIFET I 55 510 8.6 71 3.9 71 IR ks i 4 1=
T R B AT 3 43 Sk L) 2 2 % I 9 (muscle invasive
bladder carcinoma, MIBC) 55 E L JZ 3= 11 ¥4 6% bt I
( non-muscle invasive bladder carcinoma , NMIBC ) 7
M o B R MIBC LUK 5 f NMIBC I PR 1 28 TR
75 B ARG TR VIR AR . (HIZARAE TARA
PETAR IRER S0, R 5 51BN B B R
N LRI st (LR ) 24 fé 4 FH AT s/ A A3 i
TIHEHUACE AT ARG 2 PEIR B AR
JIGEaT py 26 e H e o foE P R AR LR 25, (HOG T
BTN BB e A AR XS LU RS A T AR
WESE B TE 3 sk P JULAA 245 70 10 s B I e AR B AR
TN THRCR . BHGE AT .

| ANETE

L1 — 3o AAEPEESE 202248 1 A 2 2024 4F 6
WS BIR XN REE B H 21077 185 e i
AT B A5 AR XN REEBEAE B 2
Rt fE (2025036031) o A4 ABRHE - (1) L BEIG A
S 12 S MIBC 3/ fi NMIBC 5 (2) 4R i 50~80 % ;
(3) FF& HEIA TR B D U0 R A8 O IE , 0047 1 s 5%
[ B ARIAARIATT 5 (4) TCRRIFAE S ; (5) SEER
P = Uil #p 25 (American Society of Anesthesiologists ,
ASA) 9 T ~ %% (6) AEAEZ I R EAT . HEBR
PRl (1) FRAEIEALEERS 5 (2) & Il & w39

AL (3) 0 V5 TS EEAT A REAS 4
(4) 7706 Hofl s 2 e b 5 (5) BEAEA JE s TR
g BETERRME: (1) BFEELRIB TS (2) RPHEFF
TR B AR 112 61 8 5 LI HLEC T Rk 0
RBAL 5 CB 4, B4 56 . WZHYES ARG B A
840 (body mass index, BMI) B fe K EH AT ik B
FR T AW VASA PR E R G I EE L (P<
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F1 AR (n=56)

Tab.1 Comparison of general data between two groups (n=56)
WiH RB4H CB4 Xz PAE
e R, ) 45/11 47/9 0243 0.622
AR (S, ws) 64.15£6.27  62.98+6.53  0.967 0.336
BMI(kg/m®, xs) 23.75£238  23.43%226  0.730 0.467
PR K EAS (em, x+s)  4.02+1.13  3.96x1.09  0.286 0.775
S LS (f31])

PRES b B2 46 43

e TR A e 5 6 0.525  0.769
P 5 7
T4 (1)

Ta~T2 41 43

0.190  0.663

T3~T4 15 13
ASA 534 ()

[ 18 20

1% 30 29 0.433  0.699
4 8 7

1.2 & A B A SR S AN A ko
% R (I B, BeneView T8) FIFHATHZ
4% X (electrical impedance tomography, EIT) % £
(C500 EIT R 40) o JoR B 1 ik i 6 0K 2k e
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0.04 mg/kg+ N {H B 2.5 mg/kg+ 5T 55 KJE 0.4 pg/kg,
2 42 FILAS M T 48 (M206983 #4 , b 5t rh P K ) | £
i L XU 46 %X (bispectral index , BIS) Ik F 60 X LA
W AT E AR, B IR TE S WLRAZY . b RB 4
95T B P R T SV VLA B R 2, [ 2
H20093186) 0.5 mg/kg i bk i 41 ; CB 41 45 7 1 5 H
Py T I G W N (Xl 2 ES [T e
H20060869)0.12 mg/kg #ft K FEST o ¢ PUAS B A 135
(train-of-four, TOF) HAH <5% )5 , #4758 16 & WL
WS, PR 8~10 mL/kg, 3SR 10~127/min,
RSz CO N TS I F 1 < i M 2 6~8 mL/kg, i
AT 22 12~18 Y/min, MR — S ABRK 3 TE (end-
tidal carbon dioxide partial pressure, PiCO,) 4 ¥ 7
35~45 mmHg, &M Ifil %2 (R F1E (saturation of peripheral
oxygen, Sp0,)=90% . J5 5l TOF Wi il LA BEL 3t P2 2
PRIRAESY : P DK TENTA ) 2 mg/(kg-h)+5ii 5K JE
0.2 pg/(kg=min) , # A 1 TOF &5 1 4~ LB B &
JERIE 28 2590 3B I LAA 245, 38 I 5] 6 Shy BEAith 57 5
9 174, GBI A3 Yo AREER 15 min {5 138 T AL
P2 o ARECE T FIFE A 1 mg+H 070 B 2 mg Ik T
a5, IS TR ERAAE I

1.3 ALEIRAT

131 JUURARICR L8 4 LA B 5 s 1) ( RPJULAS
2YTESTSE MRS 1A JWUBIRRS 5 0y i 2 30k e A BEL T 1)
IFIE] ) | JULAS 4 45 Fsf 1) C R JULA 245 33 5 58 iR 56 14>
JULEI A3 S5 o7 Rk 2 I 52 22 B i 1% 25% Y R [R] ) 4K
SRR CRIVER 1A JILER R S o M 2 MLt 7 259%
VR IZ 28 T5% W IR 1] ) K 4k 48 Ik 1) RIS AR 2 2
A AT

132 Mifsh i#28 B g RS S E %)
(To) A 5 RIZ0 (T)) g LA YIRR 5 B2 (T,)
DI R A EE BRI ZI (Ts) 593 8 ik (mean arterial pres-
sure, MAP) /[>% Sp0,,

133 AEWME KM ME S Cooper U
T AT A3 R 20 SR A T AR A A T
Go 19 AWR AT LR, 75 TR, A
LI NZ R s 9 AT HC WA R UL,
A NI, A A B R e s ke T
G AR B K, A B A, R B
W% s IV 9% SR Rk, AT TR, R
WIASASAETCHE TE ML LA T 9 T 90k S0 48 2%
R4

1.3.4 il )R dEAr Gl EIT Y 0 AL T,
T, T, T: B 5.8 S, 50 (central of ventilation, CoV) |

A i 1 X (dependent silent spaces, DSS) Lk }& JE
A & 11 X (non-dependent silent spaces , NSS ) Tij FX
[ER i

1.3.5  SEfERR BT ARE (A FARER) MR
2 W R AE AL H B SNE DKL S mL, 3 mL ES0J5
B M o A FH g L v 0 S Il Vi A C B AR 1
(high-sensitivity C-reactive protein, hs-CRP) 7K, Jf-1)
TitE HK e 92 32 4G I 110 975 98 IR BB A F (tumor necrosis
factor, TNF)-a/K~-, i1 & 1400 [ R sk, I
Pl 2 mL K IMLZ F H 28 SYSMEX 23 F) XE-2100 ML
ST AENRE FAAI14% (white blood cell count, WBC)
13.6 AR PIAMCAIE SR %
MK SN RSN O

14 it F g HF SPSS 28.0 Giib2- H kit 17
Ao FHE IES R THR TR vas R, 10
BRI AEA B A  KG 50 . 5 00 5l i
FHEE S 7 2204, I LLBER H Bonferroni . 1
BRI (%) FRo , AR U AT R, S50k
BER RSB . P<0.05 N 2ESA G ¢ L.

2 # R

2.1 PR ZOR R RB ZH A4 LA A5 i fa]
FHT CBYL(P<0.05) , fif ILAA AE R[] (PR 52 F5 5L
DL ARAE I (R 3 48 25 K F CB 41 (P<0.05) . WL 2,
22 WA E) N F A SpO LA AL MAP,
R SpO, L a] | Bsf 1] R A2 B 44 e it 5 L
(P<0.05) ; 521 ToRf s AR EE , RB 4L T, TS B 45 MAP
LR 2 FEAIG, TL B 45 SpO, I 25 F#AIK (P<0.05) . CB
ZHT B A MAP GO T, Ty TS B A5 MAP 030
EREAR, Ty To B 55 SpO, B E FEAIL (P<0.05) o Tl A4,
RB 2 MAP . .» % 5 25 Ik T [F] B 45 CB 41 (P<0.05) .
T, T.H} 5, RB 41 SpO, i 2 /5 TRl 25 CB 41(P<0.05) o
W33,

23 WA EIE F RS G AT
FRBA 1 46, <74, M3 ;CB4H
I 93746, 9o, M of), V14, RBASA

&2 MHNARCRILES  (n=56, min, xxs)
Tab.2 Comparison of muscular relaxation effects between

two groups (n=56, min, x+s)

U3 JUURSESOR ] DURAZERRITTE] REAER SR

RB4L 1.62+0.23 45.81+5.87 18.35+2.72  35.32+2.58
CB# 1.85+0.27 40.15+5.24 14.48+2.56  28.25+2.39
t{E 4.853 5.383 7.753 15.044
P{E <0.001 <0.001 <0.001 <0.001
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TR A PERAL T CB 41(2=2.085,P=0.039) ., RB4]
SEME R R R E 5T CB4[94.64% (53/
56) vs 81.14%(46/56) , x’=4.264,P=0.039 ],

2.4 WHLAATIR A A REIGAFILEL AL CoV . DSS YT
) 25 N ¥ A G2 it 2F B X (F=302.355,371.384, P<
0.05). PiZH CoV .DSS By [H] 2 38 H AW 3 To st 112
B (P>0.05). 5T, AT, T, TsH} &5 CoV #
SRR, DSS 1 i 2 T (P<0.05) . W4,

R3 WL MAP R K SpO, 1 Hud

25 WmAFARAE Kmfairei RE2h, W4LE
H ML hs-CRP \TNF-a L & WBC = T[R4 A i (P<
0.05), HCBZHE T RBA(P<0.01), VL5,

2.6 THARRBE LA RBZH & ARG SE 141,
MR 3 4], = F1 449, CB 2H & A=K R IAE 3 4]
LR 1], B0k 54, = F1 2461, RB4LAICB
AN R R kAR A 22 ST RG24 L [14.29%
(8/56) vs 19.64%(11/56) , ’=0.571,P=0.450]

(n=56, x+s)

Tab.3 Comparison of MAP, heart rate and SpO. between two groups (n=56, x+s)
_— MAP(mmHg) L (P /min) Sp0.(%)
RB4 CB4l RB41 cB4l RB4L CB4l
Ty 87.24+8.32 88.33+8.76 78.45+8.26 77.94+8.73 98.18+0.97 98.22+1.04
T, 86.30+9.15" 93.55+10.08" 77.83+8.61" 82.56+9.22" 97.85+0.95" 97.09+0.92"
T, 79.25+8.72" 80.38+9.21" 71.46+7.96" 72.23+8.89" 97.21+0.90" 96.74+0.93"
Ts 82.59+8.34" 83.54+9.52" 73.57+8.28" 74.19+9.05" 98.03+0.91 97.94+0.96
Jp—(c 5.053/32.942/3.174 3.720/25.155/2.785 6.526/43.571/3.493
P s {5 0.002/<0.001/0.025 0.012/<0.001/0.042 <0.001/<0.001/0.017
T : [R5 CB LA, P<0.05 5 55 [ To i ] 17 LU 4K, "P<0.05
R4 PILUITE TIIREIER ILEL  (n=56,%, xts)
Tab.4 Comparison of indexes of pulmonary ventilation function between two groups (n=56,%, x+s)
B CoV DSS NSS
RB4 CB4l RB41 cB4l RB41 CB4l
Ty 56.82+2.16 57.24+2.09 2.37+0.38 2.34+0.41 4.17+0.54 4.20+0.56
T, 51.63+2.57" 51.18+2.60° 3.61+0.52 3.76+0.58" 4.25+0.59 4.23+0.64
T, 47.15+2.33" 46.97+2.45" 5.43+0.85" 5.65+0.79" 4.28+0.67 4.24+0.69
T; 48.65+2.26" 48.25+2.39" 4.62+0.78" 4.84+0.81" 4.31+0.68 4.32+0.73
F e (. 1.685/302.355/2.012 1.982/371.384/2.303 0.436/0.663/0.251
P smmimrzn (B 0.172/<0.001/0.113 0.117/<0.001/0.079 0.724/0.576/0.864
T 54Tl £ AR, °P<0.05
®S WUTANEAIAAREE (=56, Fxs)
Tab.5 Comparison of inflammatory indicators before and after operation between two groups (n=56, x+s)
g5 hs-CRP(mg/L) TNF-a(ng/L) WBC(x10’/L)
ENl AJi2h AT AJi2h A AJi2h
RB4 5.78+1.04 11.23+£2.80° 8.79+1.53 26.34+4.98" 6.54+1.17 10.37+1.82"
CB41 5.52+0.96 15.31+3.06" 9.25+1.68 32.27+5.22 6.29+1.23 12.51+1.95°
AN 1.375 7.361 1.515 6.151 1.102 6.004
P 0.172 <0.001 0.133 <0.001 0.273 <0.001
L 5 RIHAHT HEL, P<0.05,
o e BB (NI 2

25 TR 55 M o i 28 e R e A i
TR PR ILRA 2y o o % P B A b, 6F o L
ARG MBI AR, Do B A
FELNPE, DB BE" . RN il 126 B Jo2H i e
TR, o JGH  Fry sk A 2 BT A T, o I 5 R
G/, JoEE B A R R B A
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FYEREAR LR sh 12 R . AWFEH , RBALT,
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