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Abstract: Objective To compare the anesthetic efficacy and effects on postoperative recovery of remimazolam, ciprofol and
propofol, when applied separately for total intravenous anesthesia in laparoscopic cholecystectomy. Methods A total of 135
patients scheduled for elective laparoscopic cholecystectomy in Baoding No.1 Central Hospital between April 2023 and
November 2024 were enrolled. The patients were divided into remimazolam group (Group R), ciprofol group (Group C) and
propofol group(Group P)using the random number table method, 45 cases in each group. For anesthesia induction: Group R
received intravenous injection of remimazolam 0.3 mg/kg; Group C received ciprofol 0.4 mg/kg, Group P received propofol
2 mg/kg. All groups were given intravenous injection of cisatracurium 0.15 mg/kg, followed by intravenous injection of
remifentanil 2 pg/kg 3 minutes later for tracheal intubation. For anesthesia maintenance: all three groups were administered
continuous intravenous infusion of remifentanil 0.2 pug/ (kg-min); Group R received remimazolam 1 mg/(kg-h), Group C received
ciprofol 0.8 mg/(kg-h), and Group P received with propofol 4 mg/(kg-h) via continuous infusion. The observation indicators
included mean arterial pressure (MAP), heart rate, saturation of peripheral oxygen (SpO2) and bispectral index (BIS) at the
following time points: before anesthesia induction(T0), 3 minutes after administration of anesthetic sedatives(T1), immediately
after intubation(T2), 1 minute after extubation(T3), and upon leaving the operating room(T4). Additionally, the incidence of
adverse reactions such as hypotension, bradycardia, injection pain and postoperative nausea and vomiting (PONV) was recorded.
Other outcome measures included the time taken for BIS to decrease to 60, extubation time, time to first postoperative flatus,
duration of postoperative hospital stay and frequency of postoperative rescue analgesia. Results During the induction period,
there were statistically significant differences in the incidence of hypotension among the Group P, Group R, and Group C
[28.9%(13/45)vs 6.7%(3/45)vs 15.6%(7/45), ¥ =7.966, P=0.019], with the Group P showing a higher incidence than that in the
Group R(x2=7.601, P=0.006). From intubation to before skin incision, the incidence of hypotension in the Group P was
68.9%(31/45), which was higher than that in the group C at 42.2%(19/45)and the Group R at 26.7%(12/45)(P<0.017). MAP in
Group R at T1 and T2 was higher than those in Group P(P<0.05), and MAP at T2 in Group R was also higher than that in Group
C (P<0.05). Heart rate in Group R at T1 and T2 was higher than that in Group C and Group P. Compared with Group C and
Group P, Group R had longer time for BIS to decrease to 60 and longer extubation time(P<0.05). There was no statistically
significant difference in time to first postoperative flatus, duration of postoperative hospital stays and frequency of postoperative
rescue analgesia among the three groups(”>0.05). The incidence of PONV in Group R was higher than that in Group C and
Group P(P<0.017). The incidence of injection pain in Group R and Group C was lower than that in Group P(P<0.017). Conclusion
Remimazolam exhibits the most prominent advantage in hemodynamic stability among the three drugs, but shows sub
prominent performance in terms of postoperative resuscitation and PONV. Ciprofol is superior to propofol but inferior to
remimazolam in hemodynamic stability, while its performance in postoperative resuscitation, postoperative recovery and PONV
is basically consistent with propofol.

Keywords: Remimazolam; Ciprofol; Propofol; Postoperative recovery quality; Total intravenous anesthesia

Laparoscopic cholecystectomy is a common surgical
procedure for the clinical treatment of various gallbladder
diseases. In laparoscopic surgery, the use of intravenous
anesthetics for induction and maintenance shows better
advantages than inhalational anesthesia [1]. Propofol is the
most commonly used intravenous anesthetic at present,
characterized by rapid onset, short duration of action, and
rapid recovery; however, it can cause dose-dependent
circulatory and respiratory depression, injection pain, and
propofol infusion syndrome [2-3]. Remimazolam is an
ultra-short-acting benzodiazepine that exerts central
inhibitory effects by acting on gamma-aminobutyric acid
(GABA) receptors. It has the advantages of rapid onset,
rapid metabolism, stable hemodynamics, and rapid

reversibility by flumazenil [4-5]. Ciprofol is an analogue
of 2,6-diisopropylphenol and a novel intravenous
anesthetic developed on the basis of propofol [6], with an
efficacy 4 to 5 times that of propofol [6] and a low
incidence of injection pain. It has been gradually used for
induction and maintenance of general anesthesia [7]. This
study aimed to compare the anesthetic efficacy and effects
on postoperative recovery quality of total intravenous
anesthesia (TIVA) with remimazolam, propofol, and
ciprofol in laparoscopic cholecystectomy.

1 Materials and Methods
1.1 General Data
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A total of 135 patients scheduled for laparoscopic
cholecystectomy at Baoding First Central Hospital from
April 2023 to November 2024 were enrolled.

Inclusion criteria: (1) aged 18-65 years; (2) body
mass index (BMI) 18-30 kg/m?; (3) American Society of
Anesthesiologists (ASA) physical status Grade I or II.

Exclusion criteria: (1) complicated with
neuromuscular junction diseases; (2) history of allergy to
study drugs or neurological diseases; (3) predicted difficult
airway; (4) mental illness; (5) pregnant and lactating
women; (6) preoperative medication; (7) unwillingness to
participate in this study.

Withdraw or drop out criteria: (1) withdrawal from
the trial midway; (2) occurrence of serious adverse events
or accidents during the study.

This study was approved by the Medical Ethics
Committee of Baoding First Central Hospital (Ethics
Approval No.: [2023]150), and all patients and their
families signed informed consent forms.

1.2 Grouping

Patients were randomly divided into remimazolam
group (Group R), ciprofol group (Group C), and propofol
group (Group P) using a random number table method,
with 45 cases in each group. There was no statistically
significant difference in general data among the three
groups (P>0.05). See Table 1.

1.3 Anesthetic Methods

All patients fasted and abstained from water routinely
before surgery. After entering the operating room, an upper
extremity intravenous access was established, and lactated
Ringer’s solution was infused at 6-8 mL/kg. Oxygen was
administered via face mask. A multifunctional monitor
was used to continuously monitor electrocardiogram, non-
invasive blood pressure, mean arterial pressure (MAP),
heart rate, and peripheral oxygen saturation (SpO:).
Bispectral index (BIS) was used to monitor the depth of
sedation. Anesthesia induction: Group R received slow
intravenous injection of remimazolam tosylate (Jiangsu
Hengrui Pharmaceutical, H20217078) 0.3 mg/kg; Group C
received intravenous injection of ciprofol (Liaoning
Haisco Pharmaceutical, H20200013) 0.4 mg/kg; Group P
received intravenous injection of propofol (Sichuan
Guorui Pharmaceutical, H20030113) 2 mg/kg. All three
groups received intravenous cisatracurium 0.15 mg/kg,
followed by intravenous remifentanil 2 pg/kg 3 minutes
later, and tracheal intubation was performed 1 minute
thereafter. Anesthesia maintenance: after tracheal
intubation, all three groups received intravenous infusion
of remifentanil at 0.2 pg/(kg-min) during surgery. Group
R was infused with remimazolam at 1 mg/(kg-h), Group C
with ciprofol at 0.8 mg/(kg-h), and Group P with propofol
at 4 mg/(kg-h).

If BIS >70 or eyelash reflex persisted during
anesthesia induction and maintenance, supplementary
sedation was given with intravenous remimazolam 0.05
mg/kg in Group R, ciprofol 0.01 mg/kg in Group C, and
propofol 0.5 mg/kg in Group P. When MAP < 60 mmHg,

ephedrine 6 mg or norepinephrine 4 ug was administered
intravenously. When heart rate < 45 beats/min, atropine
injection 0.5 mg was given intravenously. Flurbiprofen
axetil injection 50 mg was administered after gallbladder
resection. All patients were transferred to the
postanesthesia care unit (PACU) for further observation
after extubation. If the Numerical Rating Scale (NRS)
score was >3, nalbuphine 10 mg was administered. For
postoperative nausea and vomiting (PONV), ondansetron
8 mg was given.

1.4 Observation Indexes

Primary outcome: incidence of hypotension during
induction and from tracheal intubation to skin incision
(MAP decrease exceeding 20% of baseline MAP).
Secondary outcomes: MAP, heart rate, SpO-, and BIS at
before anesthesia induction (T0), 3 min after
administration of anesthetic sedatives (T1), immediately
after tracheal intubation (T2), 1 min after extubation (T3),
and upon leaving the operating room (T4); time taken for
BIS to decrease to 60 during anesthesia induction and time
from drug discontinuation to extubation; Richmond
Agitation-Sedation Scale (RASS) and NRS scores
immediately upon transfer to PACU; RASS score at 4 h
after surgery; incidence of adverse events such as
bradycardia and PONV. Time to first postoperative flatus,
length of postoperative hospital stay, and number of
postoperative analgesic administrations were recorded.

1.5 Statistical Methods

Sample size calculation was performed using PASS
15.0 software. A pilot study was conducted in 20 patients
in each of the three groups. The incidence of hypotension
during induction was 5% in Group R, 15% in Group C, and
35% in Group P. With 0=0.05 and 1—-=0.9, the calculated
total sample size required was 122 cases. Considering 10%
data loss, 135 patients were planned to be enrolled, with 45
cases in each group. Statistical analysis was performed
using SPSS 23.0 software. Non-normally distributed
measurement data were expressed as M (Qi, Os3), and
intergroup comparisons were performed using Kruskal-
Wallis H test. Enumeration data were expressed as cases
(%) and analyzed using the y? test or Fisher’s exact test;
pairwise comparisons were performed with Bonferroni
correction (a’=0.017). A two-sided test was used, with
0=0.05.

2 Results
2.1 General Conditions

All patients in the three groups completed the surgery
successfully, with no dropouts or withdrawals. There was
no statistically significant difference in operation duration
among the three groups (P>0.05). See Table 1.

2.2 Incidence of Hypotension

During induction, hypotension occurred in 13 patients
(28.9%) in Group P, 3 patients (6.7%) in Group R, and 7
patients (15.6%) in Group C. There was a statistically
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significant difference in the incidence of hypotension
among the three groups (y>=7.966, P=0.019), and the
incidence in Group P was higher than that in Group R
(x*=7.601, P=0.006). From tracheal intubation to skin
incision, hypotension occurred in 31 patients (68.9%) in
Group P, 12 patients (26.7%) in Group R, and 19 patients
(42.2%) in Group C. There was a statistically significant
difference in the incidence of hypotension among the three
groups (y*>=16.525, P=0.005), and the incidence in Group
P was higher than that in Group C and Group R,
respectively (P<0.017). Compared with the induction
period, the incidence of hypotension in all three groups
was significantly increased from tracheal intubation to skin
incision (P<0.05).

2.3 Hemodynamic Parameters

Tab.1 Comparison of general data among three groups

At T1, systolic blood pressure was higher in Group R
and Group C than in Group P (P<0.05); at T2, systolic
blood pressure was ranked Group R > Group C > Group P
(P<0.05). Diastolic blood pressure was higher in Group R
than in Group C and Group P at T2 and T3. MAP was
higher in Group R than in Group P at T1, T2, and T3
(P<0.05), and higher in Group R than in Group C at T2
(P<0.05). Heart rate was higher in Group R than in Group
C and Group P at T1 and T2. BIS was higher in Group R
than in Group C and Group P at T1 and T2 (P<0.05),
higher in Group P than in Group R and Group C at T3
(P<0.05), and higher in Group C and Group P than in
Group R at T4 (P<0.05). There was no statistically
significant difference in SpO. among the three groups at
any time point (P>0.05). See Figure 1.

[n=45, M(Q1, 03)]

Gender [case(%)]

ASA Classification [case(%)]

2 . . .
Group BMI (kg/m~) Male Eemals Grade 1 Grade 11 Age (years) Operation Time (min)
Group R 24.8(22.8,26.2) 20(44.4) 25(55.5) 18(40.0) 27(60.0) 52.0(34.0,58.0) 55.0(44.0,75.0)
Group C 24.0(22.7,26.5) 18(40.0) 27(60.0) 19(42.2) 26(57.8) 51.0(44.0,56.5) 60.0(40.5,79.5)
Group P 24.7(22.9,28.3) 17(37.8) 28(62.2) 1431.1) 31(68.9) 54.0(45.0,58.0) 50.0(40.5,70.0)
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Note: A: Systolic blood pressure; B: Diastolic blood pressure; C: Mean arterial pressure (MAP); D: Heart rate; E: Pulse oxygen saturation (SpO:); F: Bispectral
index (BIS). Compared with group C, *P<0.05 in group R; compared with group P, ®P<0.05 in group R; compared with group P, °P<0.05 in group C.
Fig.1 Changes in perioperative hemodynamic parameters among three groups

2.4 RASS and NRS Scores

Compared with Group R, RASS scores were higher
in Group C and Group P upon transfer to PACU, and

higher in Group P at 4 h after surgery (P<0.05). There was
no statistically significant difference in NRS scores among
the three groups upon transfer to PACU (P>0.05). See
Table 2.
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2.5 Anesthesia Induction and Extubation Time

Compared with Group C and Group P, the time for
BIS to decrease to 60 and extubation time were longer in
Group R, the differences were statistically significant
(P<0.05). See Table 3.

2.6 Postoperative Recovery

There was no statistically significant difference in
time to postoperative flatus, length of postoperative
hospital stay, or number of postoperative analgesic
administrations among the three groups (P>0.05). See
Table 4.

2.7 Adverse Reactions

There was no statistically significant difference in the
incidence of bradycardia among the three groups (P>0.05).
The incidence of PONV was higher in Group R than in
Group C and Group P (P<0.017). The incidence of
injection pain was lower in Group R and Group C than in
Group P (P<0.017). See Table 5.

Tab.2 Comparison of RASS scores and NRS scores among
three groups [n=45, M(Q1, 03)]

RASS Score (point)

Group NRS Score (point)
Transfer to PACU 4 h Postoperatively|

Group R —-1.0(-1.0,-1.0) 0(0,0) 4(3,5)

Group C 0(=0.5,0)2 0(0,0) 3(3,5)

Group P 0(0,0)2 0(0,0)2 4(3,4)

H Value 51.279 7.202 0.973

P Value <0.001 0.027 0.615

Note: Compared with Group R, *P<0.05.

Tab.3 Comparison of anesthesia induction and extubation time
among three groups [n=45, M(Q1, 03)]

Group Time for BIS to decrease to 60 (s) Extubation Time (min)
Group R 74.0(64.5,86.5) 11.0(9.0,12.5)
Group C 62.0(50.5,79.5)2 8.0(6.5,10.0)2
Group P 60.0(54.0,69.5)a 8.0(6.0,9.5)2

H Value 17.276 32.014

P Value <0.001 <0.001

Note: Compared with Group R, *P<0.05.

Tab.4 Comparison of postoperative recovery among three
groups [n=45, M(Q1, 03)]

Time to First

. Postoperative Postoperative
Group Postop: er?(;:;ve Flatus Hospit;)l Stay (d) Analgepsia times
Group R 1.0(0.5,1.0) 3(3,3) 1.0(0.2,2.0)
Group C 1.0(0.5,1.0) 3(2,3) 1.0(0.2,2.0)
Group P 1.0(0.5,1.0) 3(2,3) 1.0(0.5,1.0)
H Value 0.74 5.013 3.01
P Value 0.691 0.082 0.222

Tab.5 Comparison of incidence of adverse reactions among
three groups [n=45, M(Q1, 03)]

Group Injection Pain PONV Bradycardia
Group R 1(2.0) 30(66.7) 0
Group C 3(6.7) 18(40.0)° 3(6.7)
Group P 12(26.7) 18(40.0)° 5(11.1)
x2 Value 14.606 8.538 5.049

P Value 0.001 0.018 0.097

Note: Compared with Group P, 2P<0.017; Compared with Group R, ®P<0.017.

3 Discussion

In this study, the incidence of hypotension during
induction in the remimazolam group was significantly
lower than that in the propofol group, which may be related
to the differences in cardiovascular inhibitory effects
between the two drugs [8-9]. A study by Soleimani et al.
[9] suggested that the decrease in arterial blood pressure
during propofol anesthesia induction is associated with
reductions in cardiac output, stroke volume, and systemic
vascular resistance. Propofol induction can cause severe
vasodilation, whereas its effect on myocardial depression
is not fully clear. The decrease in blood pressure after
propofol administration may result from vasodilation and
reduced sympathetic activity [10]. A study by Yoshikawa
et al. [11] showed that remimazolam has no direct
inhibitory effect on cardiac contractility, which may
explain the relatively stable vital signs during general
anesthesia induction with remimazolam. This study found
that the incidence of hypotension in both the remimazolam
and ciprofol groups was significantly lower than that in the
propofol group from tracheal intubation to skin incision.
Compared with the induction period, the incidence of
hypotension in all three groups was significantly increased
from tracheal intubation to skin incision. The presumed
reason is that the dose of remifentanil used to suppress the
intubation response exerted strong myocardial depression
in patients. MAP decreased in all three groups during
anesthesia induction, but the fluctuation of MAP in the
remimazolam group was smaller than that in the ciprofol
and propofol groups. MAP in the remimazolam group was
significantly higher than that in the propofol group at T1,
and significantly higher than that in the propofol and
ciprofol groups at T2, with no statistically significant
difference between the propofol and ciprofol groups.
Systolic blood pressure in the propofol group was
significantly lower than that in the remimazolam and
ciprofol groups at T1, indicating that systolic blood
pressure decreased rapidly and circulatory stability was
poor during propofol induction. Systolic blood pressure
decreased further at T2, with statistically significant
differences among the three groups; the effect on systolic
blood pressure was ranked propofol > ciprofol >
remimazolam. There was no statistically significant
difference in diastolic blood pressure among the three
groups at T1; only at T2 was diastolic blood pressure
significantly higher in the remimazolam group than in the
propofol and ciprofol groups. Thus, the degree of influence
of the three drugs on the patient’s circulatory system was
ranked propofol > ciprofol > remimazolam. Multiple
studies have shown that the effect of remimazolam on
blood pressure is significantly smaller than that of propofol
[12-13]. No definitive conclusion has been reached
regarding the effect of ciprofol on hemodynamics
compared with propofol. Most studies have found that
ciprofol is superior to propofol in circulatory effects [7,14],
possibly because a lower dose of ciprofol is used to achieve
the same anesthetic depth, with fewer components exerting
circulatory depression. However, some studies have
suggested that the advantage of ciprofol in circulatory
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stability is not obvious [15]. This study found that
remimazolam and ciprofol have certain advantages over
propofol in circulatory effects, especially remimazolam.
The circulatory advantage of ciprofol over propofol is
mainly reflected in systolic blood pressure.

All three drugs have the effect of reducing PONV [16-
18], and propofol has a more obvious antiemetic effect,
mainly due to its action on dopaminergic and serotonergic
systems [19]. Several retrospective surveys have also
shown that remimazolam is inferior to propofol in terms of
PONYV [20-21]. Patients in the remimazolam group had
low RASS scores upon admission to the PACU, often
failing to follow commands or express clearly, which
caused certain difficulties in the management of
postoperative resuscitation patients. Compared with
propofol, both remimazolam and ciprofol have a lower
incidence of injection pain. Remimazolam is a water-
soluble preparation with a low incidence of injection pain
[22], and ciprofol also causes mild injection pain, which
may be related to the low drug concentration in the
aqueous phase of the emulsion [23]. In this study, BIS
values and RASS sedation scores in the remimazolam
group were lower than those in the propofol group during
emergence at T3 and T4. A study by Yeon et al. [24] also
showed significantly lower RASS scores in the
remimazolam group than in the propofol group during
PACU stay. At T3, BIS values in the ciprofol group were
lower than those in the propofol group, with no statistically
significant difference between the two groups at T4. This
may be related to the fact that metabolic clearance of
ciprofol mainly depends on the kidney [25], its potent
sedative effect [26], or a higher plasma concentration at the
end of prolonged infusion [27]. However, such changes
recover rapidly and have no substantial clinical impact.

In conclusion, among the three drugs, remimazolam
shows the most significant advantages in circulatory
stability but is inferior in postoperative resuscitation and
PONV. Ciprofol is superior to propofol but inferior to
remimazolam in circulatory stability, and is generally
comparable to propofol in postoperative resuscitation,
postoperative recovery, and PONV.
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MEREARERE M, FiE  FEI20234F4 7 2 2024 4F 11 A TARE 185 — 0 BE BB TIE e s AN 2 1 15
AR 1356, R HBENIEUTF R 557 I H D G2 (R4 IMABYAL (CAD) JNIAB AL (PAL) , REZH A 45 1, pRIE
1755 R AL Bk A s S5 0.3 mg/kg, CZLIMAT 0.4 mg/kg, PALPSTA TS 2 me/kg , = 2H H47 & bk id S e fh J2e 4414
S 0.15 mgrkg , 3 min Ji5 bR EE ST 5 25 KJE 2 petke AT EE o BRERLERF : = 4IA ¥ #%8 Bk A F 50 28 K e
0.2 pg/(kg-min) , R 3 H 56 S 1 mg/(kg-h) , CH IR 0.8 mg/(kg-h) ,PLIPIIAEY 4 mg/(kg-h) o WELFEFR
RIS ST (TO) (25 T RBREE 254 3 min J5 (T1) JEHE )5 RIZ1(T2) 3KE G 1 min(T3) 1 FARE N (T4) 1913
Bk (MAP) (03 HPE I A AN EE (SpO,) ik F BUSIHE £ (BIS ) 5 I M & Az 38 I 0 83t 9% TR AR50
MRt (PONV ) AN KL B & AR T s BIS [ 2 60 i FHISH ] 5 A7 s 1] A5 B R HECA 1) AR A Be i ) B AR SR
BURUH. R FSPA RAM CAMMEEERESTA G E X [28.9%(13/45) vs 6.7%(3/45) vs
15.6%(7/45) , x’=17.966,P=0.019], H P 2075 T R 20 (x’=7.601, P=0.006) ; 1% Ji 2 V1 2 Bl R K A= R P4 Ry
68.9%(31/45) , 73l T C 2011 42.29%(19/45) FI R 4119 26.7%( 12/45) (P<0.017) . MAPFET1 . T2 . T3 i R4 T P
2H(P<0.05), H T20 R4 /& T CZH(P<0.05) 5 L RAETL T2 R4 T C4L P4, 5 C4l . PLHAHIL , R4H BISFE R
60 JT FHIS ] S 3R A B[R] (P<0.05) o —ZHA 5 B R HEA ) A S5 A3 g B 1) AR S5 B YRR b e 22 5 B T
B (P>0.05), R4 PONV &4 F & T CAMP L (P<0.017) ;R4 C 4 5 & 4 R T P41 (P<0.017) .
28 S5UINEYFIPTIAE AL E 3 S S AE FR R E M T P R R (AR AR S 95 X PONV 7 TH R AE
FRIA e ER R E 7 A T PTIAHE %5 T B Sk mve A G B 758 2B ARG WA 7 1 M PONV 7 1 -5 N YA
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Anesthetic effects of remimazolam, ciprofol and propofol in total intravenous

anesthesia for laparoscopic cholecystectomy
REN Fangyu', CHEN Hua, HAN Yanan, HUANG Jin, WANG Shengyu, ZUO Qian, LIU Yuanzheng, WANG Chunguang
"Department of Anesthesiology , Baoding No.1 Central Hospital, Baoding, Hebei 071000, China
Corresponding author: WANG Chunguang, E-mail : 13831253611@163.com
Abstract: Objective To compare the anesthetic efficacy and effects on postoperative recovery of remimazolam,
ciprofol and propofol, when applied separately for total intravenous anesthesia in laparoscopic cholecystectomy.
Methods A total of 135 patients scheduled for elective laparoscopic cholecystectomy in Baoding No.1 Central Hospital
between April 2023 and November 2024 were enrolled. The patients were divided into remimazolam group (Group R),
ciprofol group (Group C) and propofol group (Group P) using the random number table method, 45 cases in each

group. For anesthesia induction: Group R received intravenous injection of remimazolam 0.3 mg/kg; Group C received
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ciprofol 0.4 mg/kg; Group P received propofol 2 mg/kg. All groups were given intravenous injection of cisatracurium
0.15 mg/kg, followed by intravenous injection of remifentanil 2 pg/kg 3 minutes later for tracheal intubation. For anesthesia
maintenance: all three groups were administered continuous intravenous infusion of remifentanil 0.2 pg/(kg + min) ;
Group R received remimazolam 1 mg/(kg+h), Group C received ciprofol 0.8 mg/(kg+h), and Group P received
with propofol 4 mg/(kg + h) via continuous infusion. The observation indicators included mean arterial pressure
(MAP) , heart rate, saturation of peripheral oxygen (Sp0,) and bispectral index (BIS) at the following time
points : before anesthesia induction (TO), 3 minutes after administration of anesthetic sedatives (T1 ), immediately
after intubation (T2), 1 minute after extubation (T3), and upon leaving the operating room (T4). Additionally, the
incidence of adverse reactions such as hypotension, bradycardia, injection pain and postoperative nausea and
vomiting (PONV) was recorded. Other outcome measures included the time taken for BIS to decrease to 60,
extubation time, time to first postoperative flatus, duration of postoperative hospital stay and frequency of
postoperative rescue analgesia. Results  During the induction period, there were statistically significant differences in
the incidence of hypotension among the Group P, Group R, and Group C [28.9%(13/45) vs 6.7%(3/45) vs 15.6%(7/45),
X'=7.966, P=0.019], with the Group P showing a higher incidence than that in the Group R (x’=7.601, P=0.006).
From intubation to before skin incision, the incidence of hypotension in the Group P was 68.9% (31/45) , which was
higher than that in the group C at 42.2% (19/45) and the Group R at 26.7% (12/45) (P<0.017). MAP in Group R at
T1 and T2 was higher than those in Group P (P<0.05), and MAP at T2 in Group R was also higher than that in Group C
(P<0.05). Heart rate in Group R at T1 and T2 was higher than that in Group C and Group P. Compared with Group C
and Group P, Group R had longer time for BIS to decrease to 60 and longer extubation time (P<0.05). There was no
statistically significant difference in time to first postoperative flatus, duration of postoperative hospital stay and
frequency of postoperative rescue analgesia among the three groups (P>0.05). The incidence of PONV in Group R was
higher than that in Group C and Group P (P<0.017). The incidence of injection pain in Group R and Group C was lower
than that in Group P (P<0.017). Conclusion Remimazolam exhibits the most prominent advantage in hemodynamic
stability among the three drugs, but shows subprominent performance in terms of postoperative resuscitation and PONV.
Ciprofol is superior to propofol but inferior to remimazolam in hemodynamic stability, while its performance in
postoperative resuscitation, postoperative recovery and PONV is basically consistent with propofol.

Keywords: Remimazolam; Ciprofol; Propofol; Postoperative recovery quality ; Total intravenous anesthesia
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YERT, BAT g AR L i 0 3 g~ A F]
TP e AT BN —Fh 2,6~
S N SR T A, 2 rh PR A B R R TR DK RR
FR2 o 20 R IA R 1 4~5 £, JLvE SR & A R
BAK, CB W T4 BRI A5 S S 4. BT
FE B AR LU Eh e | PTA 9 AP IE 3 = b 254 4
FEE KPR (total intravenous anaesthesia, TIVA ) i T
i M 5 JEL 8 LD 53 A D A3 SR B AR i R R S
F9p= 108

1 &#ERl5H®

L1 —f4 202344 H 22024411 A T
PR E T EF— vt B2 B 404 7 1 Js B I S TSR AR 1) S
1354, AHABRIE: (1) 4R 18 ~ 65 %5 (2) By i
§%1 (body mass index, BMI)18 ~ 30 kg/m*; (3) JE[EJpk
P = Ui Bp 25 (American Society of Anesthesiologists,
ASA)Arg 1 B 2, HEBRBRIUE: (1) BIFpIZ LA
Fe B s (2) ARSI el P R GBI L
(3) P CIE RN ; (4) AF ISP 5 (5) 227710 S
FLE L 5 (6) T2 ; (7) NES 5AM . Bk
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HE AW, —=H - RFERIRER TG E X
(P>0.05), W#%1,

1.3 kBRI k  BEARETE A EEOK, AZEH
57 b R KGR A T LR SAARAR R 6 ~ 8 mL/kg, THI
BRI AR, R T 22 DR M S0 22 a0 i IR TS B
& SE S (mean arterial pressure, MAP) 0yl
A JE 1L 58 H9 A EE (saturation of peripheral oxygen,
SpO:) 5 5K FH ik HL UM 45 £ (bispectral index, BIS) 5]
PRI o RIS : R A1 G212 ik R B Y R R ity
h £ (YT 9516 i 5 2, H20217078) 0.3 mg/kg, C 41
i K S BRI By (AL 7 i SR 25, H20200013)
0.4 mg/kg, P20 Ft JJK v 4 PO IA B (DU T B 2501
H20030113) 2 mg/kg; — 41 3 i ik 74 565 0T e iy 22 464
0.15 mg/kg, 3 min J& & Ik 73 91 56 25 KJE 2 pg/ke,
1 min J5 A7 U0 o BRIFAEST 345 S8 e, =4
AP PE KR R SR 0.2 g/ (kg min) , R FE
i i 1 mg/(kg+h) , C A IEFRAMN 0.8 mg/(kg-h),
PLHAIENIAD 4 mg/(kg-h) . FREEFS T M dEFrid 72
H BIS>T70 BB SURMRIRAFAE , WU R A K24 i
L 0.05 mgrkg, C 2Bk S PRI 0.01 mg/kg, P
YL KT ST RIATER 0.5 mg/kg HEATHMRL, 24 MAP<60
mmHg I E K SR R B0 6 mg B 25 FH ' B AR 4 g
R4S Y/ min I ERIKIESTBTFE AN TE S 0.5 mg, AR
rh A 5 I IS 45 3 S8 R LG I 5 IR 1 SR 50 mg.
A RS TR RS e AR 95 % (postanesthesia
care unit, PACU) # — 25 WLEE , 77 [ K AU F P41
1 (Numerical Rating Scale , NRS) P¥43>3 43, W7 4477
ME 10 mg, & 4 K J5 2% 0 WX it (postoperative nausea
and vomiting, PONV) 25 7 &3 1 Al 35 8 mg .

14 MERIBAF  FEG R A ARE S 2K
BRI & A= 3 (MAP R i ok BL il MAP 1) 20% ) .
UCELES Jay  RIESZS S0 (TO) 45 T IRIEE 2459 3 min
(TD) FE 5 R (T2) & 1 min(T3) (i FAR=
i (T4) 1Y) MAP 0> SpO, . BIS; R FES T BIS ff 2
60 JH I Kz 58 5 457 24 B 8 I T I JR] 5 BB B
PACU B B Z1) () 4 it 18 8l i 3¢ (Richmond Agitation -
Sedation Scale, RASS) & NRS 43 ; F ARG 4 h /Y

R A RIORHILE

Tab.1 Comparison of general data among three groups

RASS PE43 ;0313 28 2 PONV 25K )41 % A 1
B o 0 SEARJE TR HE ] AR5 A B s 1) B AR S
BRI

1.5 %its 5% R PASS 15.0 B -7 AEAS £
TR, = 4145 BEHR 20 1 )R 3 04 T B0, R 413755 0
I K AR K 5%, C R HE R 15%, P R R
H35% , % B a=0.05, 1-8=0.9, 12 FF 5 A A= Ky
122 5], % 1 10% 8 Sk, 98 A BB 135 4],
21456, SRH SPSS 23.0 ik A48 it 43 #r . AEIE
DO R GCRER I M(Q, Q) w4 A LR H
Kruskal-Wallis H G50 ; THECFRIIG] (% ) s , 2H (8]
O AR FH ARG 56 5 Fisher B DIARE R 5 | W4 HL 38R
Bonferroni ¢ 1EJGa’=0.017 . & XIS 5, «=0.05.

2 # R

2.1 —fHOL S BE IR SE TR, o T
oGR H . = FARE K 22 R g R (P>
0.05), W&EI1,

22 MR A AFE PSRN ER B, PA
£ 13 41(28.9%) , R4 31(6.7%) , CH 7191 (15.6%) ,
S AR e R A 25 R A Geit R L (x'=7.966,
P=0.019) , H PH &£ F & T R 4 (¥’=7.601, P=
0.006) . 14 5 2= V) B Hip & AR LR i R, PAHAY
31151](68.9%) , R4 1241 (26.7%) ,C 41 191 (42.2%) ,
SR R R R A2 A G E L ()=16.525,
P=0.005) , H P24 & A= 50l i T C 4 FI R 41 (P<
0.017). SiESYM, =4 B HE 5 EZY AT
R A 6 i 2 T (P<0.05) o

23 iR A FARAR LG RAE T BT RA1R C 45
T P4 (P<0.05), T2 i} R £H>C 20 >P £ (P<0.05) ; &
5K FEFE T2 . T3 B R 2075 T CZH F P41 ; MAP 7E T1 .
T2 T3 W} R4 T P4 (P<0.05), H T2 R4 5T C
2H (P<0.05) ; DFRLETI T2 RAE T CH . PAH;
BISTET1 T2 R4H T C 4L . P41 (P<0.05) , T3 I P
HEm T R.CH(P<0.05), T4N C . PAHE T RU(P<
0.05) ; 45 Bt 8] s = 40 SpO, F#8 22 S G i 243 X
(P>0.05). W1,

[n=45,M((Q\,05) ]
[n=45,M((Q\,05)]

P 5] (%) ]

ASA ST 11(%) ]

215 BMI(kg/m*) 5 7 1% % RS (%) F AR (min)
R4 24.8(22.8,26.2) 20(44.4) 25(55.5) 18(40.0) 27(60.0) 52.0(34.0,58.0) 55.0(44.0,75.0)
c4l 24.0(22.7,26.5) 18(40.0) 27(60.0) 19(42.2) 26(57.8) 51.0(44.0,56.5) 60.0(40.5,79.5)
P4 24.7(22.9,28.3) 17(37.8) 28(62.2) 14(31.1) 31(68.9) 54.0(45.0,58.0) 50.0(40.5,70.0)
H/ACME 1.387 0.430 1.324 2.099 2.398
Pl 0.563 0.861 0.611 0.35 0.302
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Fig.1 Changes in perioperative hemodynamic parameters among three groups

F2 ZHHRASSITIPENRSITAMLEE  [n=45,M(01,05)]
Tab.2  Comparison of RASS scores and NRS scores among
three groups [n=45, M(Q:,0:)]

R3 AR T MBE R LR [n=45,M(Q1,Q5) ]
Tab.3 Comparison of anesthesia induction and extubation
time among three groups [n=45, M(Q:, ()]

; RASSTF43(43)
A HE PACUI AJF4h NSO
R4l -1.0(-1.0,-1.0) 0(0,0) 4(3,5)
c4l 0(-0.5,0)* 0(0,0) 3(3,5)
P4l 0(0,0)* 0(0,0)* 4(3,4)
HiH 51.279 7.202 0.973
PAE <0.001 0.027 0.615

2135 BIS [%% 60 FHiT () PG ] (min)
R 74.0(64.5, 86.5) 11.0(9.0, 12.5)

c4l 62.0(50.5, 79.5)* 8.0(6.5, 10.0)*
P4 60.0(54.0, 69.5)" 8.0(6.0, 9.5)"

HIH 17.276 32.014

P{H <0.001 <0.001

5 R4 HE, P<0.05,

1 5 R4 HE, P<0.05,
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R4 CHARRWEEOE [n=45,M(01,Q))]
Tab.4 Comparison of postoperative recovery among three

groups [n=45, M(Q:,0Q;)]

K5 “HARRBIRAERIE  [n=45,61(%) ]
Tab.5 Comparison of incidence of adverse reactions among

[n=45, case (%) ]

three groups

Al REHEKEE(D REEBERTF(D) RIEERREK) 20 51 paReR PONV Lt 5E
R#H 1.0(0.5,1.0) 3(3,3) 1.0(0,2.0) R4l 1(2.0)* 30(66.7) 0
CH 1.0(0.5,1.0) 3(2,3) 1.0(0,2.0) ca 3(6.7) 18(40.0)" 3(6.7)
P 1.0(0.5,1.0) 3(2,3) 1.0(0.5,1.0) P4 12(26.7) 18(40.0)" 5(11.1)
HAY 0.740 5.013 3.010 Y1a 14.606 8.538 5.049
Pt 0.691 0.082 0222 Pfi 0.001 0.018 0.097
15 PALHAL,"P<0.017; 5 R 41 HA,'P<0.017,
3 Wi AL T2 A BRI G PR E PG
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