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ABSTRACT

Introduction: Ciprofol is a novel propofol
analogue with a characteristic of hemodynamic
stability. At present, there is a lack of research
comparing the hemodynamic stability of cipro-
fol and propofol during painless colonoscopy.
In this study, we aim to test the hypothesis
that ciprofol is superior to propofol in terms of
hemodynamic stability for sedation anesthesia
in patients undergoing colonoscopy.

Methods: A total of 222 patients were ran-
domized into two groups. Patients in group P
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(n=112) and group C (n = 110) received propo-
fol and ciprofol sedation, respectively. Nonin-
vasive blood pressure were monitored starting
from induction (7)) to the end of the procedure,
at 2-min intervals (T, to T;,). Heart rate variabil-
ity (HRV), pain injection, Modified Observer’s
Assessment of Alertness and Sedation (MOAA/S)
score, body movement, doses of norepineph-
rine, modified Aldrete score, drug-related
adverse reactions, and patient satisfaction and
endoscopist satisfaction were recorded.

Results: In group C, fewer patients experienced a
decrease in blood pressure with a higher HRV after
induction sedation, the incidence of pain injection
was reduced, the amount of norepinephrine dose
was decreased, patient satisfaction was increased
compared with group P (all P < 0.05). There were
no significant differences in induction time, modi-
fied Aldrete score, alertness time, drug-related
adverse reactions, and endoscopist satisfaction.
Conclusions: Our study indicated intrave-
nous induction with ciprofol was superior, with
regard to hemodynamic stability and reduced
injection pain, than induction with propofol
for anesthesia in patients undergoing painless
colonoscopy.

Trial Registration: Chinese Clinical Trial Reg-
istry (ChiCTR2200061814).

Keywords: Ciprofol;  Propofol;
Painless colonoscopy; Anesthesia

Sedation;
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Key Summary Points

Ciprofol is a new type of non-barbiturate
general intravenous anesthetic. Clinical trials
have shown that ciprofol has the advantages
of fast onset, fast recovery, and less injection
pain. However, there are few studies compar-
ing the hemodynamic stability, injection
pain, and adverse reactions of ciprofol and
propofol during painless colonoscopy.

In this study, we aimed to investigate that
ciprofol is superior to propofol in terms of
hemodynamic stability and injection pain in
patients undergoing painless colonoscopy.

Ciprofol sedation was safe and effective for
anesthesia induction during colonoscopy
procedures, with a decrease in injection
pain and a lower blood pressure reduction
observed relative to propofol sedation.

Intravenous injection of ciprofol has a supe-
rior hemodynamic stability with lower inci-
dence of injection pain and higher patient
satisfaction compared with propofol for seda-
tion during painless colonoscopy.

INTRODUCTION

Although sedation/anesthesia is widely used in
gastrointestinal endoscopy, the choice of anes-
thetics used is not uniform. Propofol, etomidate,
midazolam, and remiazolam are used for pain-
less gastroscopy [1-3]. Propofol-assisted opioid
drugs are commonly used sedatives in clinical
practice. Propofol has the advantages of a rapid
anesthetic effect and short recovery time, and is
one of the first-choice drugs for painless gastro-
intestinal endoscopy. However, it has inhibitory
effects on the respiratory and circulatory sys-
tems, and its dosage should be strictly controlled
for people with cardiopulmonary diseases, espe-
cially the elderly [4]. Furthermore, the loading
dose of intravenous propofol has been reported
to lead to low blood pressure, respiratory depres-
sion, and a high incidence of injection pain [5].

Ciprofol (HSK3486; Haisco Pharmaceutical
Group, Liaoning, China) is a new short-acting
intravenous sedative based on a structural modi-
fication of propofol that has been independently
developed in China. Ciprofol is reported to be as
effective as propofol, but at a dose of only one-
quarter to one-fifth that of propofol [6]. Ciprofol
has high efficacy, good selectivity, and a low rate
of adverse reactions, and exhibits good clinical
application potential. A number of ciprofol clin-
ical trials, from phase I to Phase III, have been
completed in China [7-9].

The sedative effects of ciprofol in various
procedures, including gastroscopy and colo-
noscopy, have been evaluated in several clini-
cal studies [10, 11]. However, there is a lack of
research comparing the hemodynamic stability
of ciprofol with that of propofol during painless
colonoscopy.

In this study, we aim to test the hypothesis
that ciprofol is superior to propofol in terms of
hemodynamic stability for anesthesia in patients
undergoing colonoscopy and has a safety profile.

METHODS

Patients and Study Design

The protocol for this randomized, double-blind
controlled study was approved by the Ethics
Committee of the First Affiliated Hospital of
University of Science and Technology of China
(USTC) (2022KY-106) and conducted in accord-
ance with the ethical guidelines of the 1975
revision of the Declaration of Helsinki. It was
registered at www.chictr.org.cn (Registration
No. ChiCTR2200061814) before patient enroll-
ment, written informed consent was obtained
from all subjects, and all patients consented to
the publication of the data. The trial was con-
ducted between June and December 2022, and
included 222 patients (range 18-65 years) who
were scheduled to receive painless colonoscopy
at The First Affiliated Hospital of USTC (Anhui
Provincial Hospital) (Fig. 1).

Patients scheduled for painless colonos-
copy from June to December 2022 were
screened. Patients with the American Society of
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240 patients assessed for eligibility

Excluded (n=8)
* Refused to participate

n=3)

» Aged >65 years (n=5)

(n=232)

Randomized

Group A
@®=117)

A 4

Analyzed
®=112)
* duration > 20
minutes (n=5)

l

Group B
n=115)

Analyzed
(n=110)
* duration > 20
minutes (n=5)

Fig. 1 Patient group assignment and results; reasons for withdrawal are indicated

Anesthesiologists (ASA) physical status class I-1I,
aged 18-65 years, were eligible for the study. The
exclusion criteria were as follows: (1) arrhyth-
mia; (2) allergies to opioids, propofol, or cipro-
fol ingredients; (3) history of narcotic abuse; (4)
breastfeeding or pregnant status; (5) body mass
index (BMI) > 30 kg/m?; (6) participation in any
pharmacological clinical trials within the last
3 months; and (7) painless colonoscopy dura-
tion of longer than 20 min.

Finally, 240 screened patients were analyzed
(Fig. 1). The patients were randomized to one
of the two groups at a ratio of 1:1 using a com-
puter-generated randomization schedule. The
randomized number was hidden in a sealed
opaque kraft paper envelope. Administers of
analgesia were unaware of the anesthetic admin-
istered, as ciprofol or propofol were extracted in
20-ml syringes which were identical in physical
appearance and collected the data periopera-
tively. Both patients and assessors were blinded
to the group assignment. When serious adverse

events occurred in patients, emergency unblind-
ing was required. Patients in group P (n = 112)
and group C (n = 110) received propofol and
ciprofol, respectively, during the colonoscopy
procedure.

Intervention and Sedation/Anesthesia
Protocol

All the participants fasted for 8 h before surgery,
and water intake was forbidden for 2 h after tak-
ing intestinal purging drugs. After entering the
endoscopy room, 200-300 ml of equilibrium
liquid was infused from the upper dorsal vein.
Electrocardiographic changes, heart rate, pulse
oxygen saturation (SpO,), noninvasive blood
pressure (BP), and heart rate variability (HRV)
were monitored starting from induction (T, to
the end of the procedure, at 2-min intervals (T}
to Ty, i.e., vital signs were recorded for 20 min
after induction. Oxygen inhalation of 5 1/min
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via nasal tube was performed until patients were
alert after the endoscopic procedure. Patients
received 0.05 pg/kg sufentanil (Renfu Pharma-
ceutical, Yichang, China) before intravenous
infusion of either 0.4 mg/kg ciprofol (Haiske
Pharmaceutical, Liaoning, China) or 2 mg/kg
propofol (Fresenius Kabi Pharmaceutical, Bei-
jing, China) over 1 min for induction. Painless
colonoscopy was performed when the Modified
Observer’s Assessment of Alertness and Sedation
(MOAA/S) score was < 1, which was evaluated
by the anesthesiologist every 30 s and 2 min,
during sedation induction and the maintenance
phase, respectively. A supplemental top-up dose
of 1/3 of the initial study dose was injected
within 10 s at the appearance of signs of agita-
tion or insufficient sedation, as needed. Seda-
tion was considered unsuccessful if more than
five supplementary doses were required within
15 min; in this scenario, propofol was the only
alternative sedative allowed in this trial.

The average of the two consecutive systolic
blood pressure (BP) was recorded as baseline
systolic BP when induction anesthesia started.
Hypotension and severe hypotension are defined
as systolic BP values lower than the base value
of > 20% or = 30%, respectively. If hypotension
occurred, norepinephrine was injected at a dose
of 4-12 ng; if sinus bradycardia occurred (heart
rate < 50 beats/min), atropine was injected
at 0.25-0.5 mg; if hypoxemia (SpO, < 92%)
occurred and improvement was not achieved
via the jaw-thrust maneuver, pressure support
oxygen ventilation was delivered by a face mask
or tracheal intubation was necessary in case of
severe hypoxemia that could not be ameliorated.
Administration of the study drugs was stopped
when the colonoscope was removed, and all
patients were transferred to the post-anesthesia
care unit (PACU). Discharge criteria were defined
as a modified Aldrete score of > 9 in the PACU
post-recovery, which was assessed at 2-min
intervals.

Outcomes

The primary endpoint was the incidence of
hypotension events defined as a systolic BP
20% lower than the baseline systolic BP for

the colonoscopy procedure in non-operating
room settings.

Secondary outcomes included: (1) HRV; (2)
incidence of injection pain; (3) induction time
(time of MOAA/S score < 1); (4) body move-
ment during the procedure; (5) doses of noz-
epinephrine used; (6) duration of colonoscopy
procedure; (7) alert time (modified Aldrete
score > 9); (8) drug-related adverse reactions
including sinus bradycardia, dizziness, hypox-
emia, postoperative nausea and vomiting;
and (9) patient satisfaction and endoscopist
satisfaction.

Statistical Analysis

The incidence of hypotension was the primary
outcome. The calculation of the minimum
sample size was based on our pre-experimen-
tal results that induction with ciprofol could
reduce this incidence to 20% compared to 40%
with propofol in colonoscopy procedures.

The sample size was calculated by PASS
21.0.0 (NCSS, Kaysville, USA), and indicated
that 106 patients per group should be recruited
based on expected clinically relevant propor-
tions that induction with ciprofol could reduce
the incidence of hypotension events to 20%,
a type I error rate of 0.05, and power of 90%.
Based on an potential dropout rate of 10%, we
enrolled 240 patients in our study.

Numeric data were assessed for normality
of distribution and equal variance, and pre-
sented as means and standard deviations (SDs).
Unpaired t test involved independent samples
for a difference in mean for continuous val-
ues: age, height, weight, BMI, HRV, duration
of colonoscopy procedure, induction time of
MOAA/S score < 1, and alert time. Chi-square
tests of association were used to examine gen-
der, ASA classification, and rates of hypoten-
sion, hypoxemia, injection pain, and body
movement. Non-parametric tests were used to
compare patient satisfaction and endoscopist
satisfaction. SPSS 21.0 software (IBM, Armonk,
NY, USA) was used for statistical analysis. Two-
sided P values < 0.05 were considered to indi-
cate statistically significant results.
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RESULTS

Basic Characteristics

A total of 240 participants were enrolled for eli-
gibility and 232 were randomized to each of the
group because 3 patients refused to participate
and 5 patients were aged over 65. Finally, 222
patients were incorporated into the study after
excluding 10 patients on account of the opera-
tion time more than 20 min, 112 in group P and
110 in group C (Fig. 1).

There were no differences between the groups
in terms of age, gender, height, weight, BMI,
ASA classification, and history of chronic dis-
eases (Table 1).

Primary Endpoint

Most patients experienced hypotension
throughout the painless colonoscopy. Hypo-
tension and severe hypotension occurred in
more patients with intravenous injection of
propofol and the dose of norepinephrine treat-
ment was 3.7 pg higher in group P compared
with group C. The incidence of hypotension
was significantly higher in group P than in
group C at Ty, T, and T3 (50.89% vs. 36.36%,
P=0.031; 62.50% vs. 47.27%, P =0.031; 55.05%

Table 1 Basic demographic and medical information of patients

vs. 39.62%, P = 0.029; respectively) (Table 2). In
addition, the rates of severe hypotension was
significantly increased in group P compared
with group C at T; and T, (36.61% vs. 7.27%,
P=0.039; 23.21% vs. 11.82%, P = 0.034), respec-
tively (Table 3). Changes in systolic blood pres-
sure in group P ranged from 18.18 to 62.50%
while systolic blood pressure reduction in

Table 2 Patients with hypotension at different time points
during the painless colonoscopy procedure

Group A (%) Group B (%) Pvalue
Tl 57/112(50.89)  40/110(36.36)  0.031
T2 70/112 (62.50)  52/110(47.27)  0.031
T3 60/109 (55.05)  42/106 (39.62)  0.029
T4 48/97 (49.48) 32/84(38.01) 0.136
TS 35/70 (50.00) 22/61(36.07) 0.116
T6 26/56 (46.43) 13/40 (32.50) 0.208
T7 19/38 (50.00) 7/23 (30.43) 0.184
T8 11/22 (50.00) 4/8 (50.00) 1.000
T9 11/17 (64.71) 2/5 (40.00) 0.274
T10  2/11(18.18) 1/4 (25.00) 1.000

Proportion of hypotensive patients undergoing painless
colonoscopy at different time points

Group A (n=112) Group B (2 = 110) P value
Age (years) 49.0+9.7 48.0+ 112 0.469
Gender (M/F) 46/66 54/56 0.281
Height (cm) 165.2+7.5 166.2+ 9.0 0.372
Weight (kg) 65.1+10.3 65.9 +12.0 0.590
BMI (kg/m?) 23.8+27 237429 0.821
ASA (I/11) 36/76 29/81 0.378
Hypotension history, 7 (%) 16 (14.29%) 17 (15.45%) 0.852
Diabetes history, 7 (%) S (4.46%) 5 (4.55%) 1.000
Coronary heart disease history, 72 (%) 2 (1.79%) 1(0.91%) 1.000

Data are expressed as means + SDs or numbers (%) of patients, as appropriate

ASA American Society of Anesthesiologists, BMI body mass index,
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Table 3 Patients with severe hypotension at different time
Yy
points during the painless colonoscopy procedure

Group A (%) Group B (%) Pvalue
Tl 19/112(36.61)  8/110(7.27) 0.039
T2 26/112(23.21)  13/110(11.82)  0.034
T3 16/109 (14.68)  9/106 (8.49) 0.202
T4 11/97 (11.34) 9/84 (10.71) 1.000
TS 11/70 (15.71) 6/61(9.84) 0.436
T6 6/56 (10.71) 2/40 (5.00) 0.462
T7 6/38 (15.79) 2/23(8.70) 0.695
T8 5/22(22.73) 1/8 (12.50) 1.000
T9 1/17 (5.89) 0/5 (0.00) 1.000
T10  0/11(0.00) 0/4 (0.00) 1.000

Proportion of severe hypotensive patients undergoing pain-
less colonoscopy at different time points

group C ranged from 25.00 to 50.00% during
the procedure (Fig. 2A, B). 86 (76.79%) and 71
(64.55%) patients experienced no less than one
episode of hypotension in group P and group C,
respectively.

Secondary Endpoints

HRV was analyzed from T; to T; on account
of the significant difference of hypotension
occurred in both groups at T}, T, and T3;. HRV
analysis was assessed by root mean square of
the successive differences (RMSSD) which was
calculated by the successive differences being
neighboring RR intervals of the electrocardio-
gram. RMSSD in both groups decreased from T,
to T, and slightly increased at T; as the inte-
gral changes in the autonomic nervous system
(Fig. 3). The RMSSDs were significantly higher
in group C compared with group P at T, to T;
(38.5+£7.2vs.36.9+6.3s,P=0.090, 35.2+6.9
vs. 32.5+£ 5.9, P =0.002, and 36.2 = 6.5 vs.
33.9+£5.55, P=0.012, respectively).

More patients induced with propofol suffered
from injection pain and severe injection pain
than patients induced with ciprofol (33.04%

vs. 1.82%, P < 0.001, and 18.75% vs. 0.91%,
P < 0.001, respectively) (Table 4).

Induction with propofol or ciprofol showed
no significant difference in induction time,
defined as time at which MOAA/S score < 1
was achieved) (58.63 + 5.59 vs. 57.43 + 5.57 s,
P =0.109) (Table 4).

The rate of body movement was comparable
between the groups during the colonoscopy pro-
cedure (22.32% vs. 15.45%, P = 0.394) (Table 4).

The dose of norepinephrine needed was
higher in group P than in group C because of the
higher incidence of hypotension (11.66 + 11.52
vs. 7.95 £ 8.93 ng, P = 0.008) (Table 4).

The duration of colonoscopy procedure
was not significantly different in both groups
(11.61 £ 4.33 vs. 10.72 £ 3.65 min, P = 0.100).
Modified Aldrete scores when patients were fully
alert and time to alertness were comparable for
the groups P and C [9.0 (9.0, 10.0) vs. 9.0 (9.0,
10.0), P=0.138,and 7.16 £ 1.61 vs. 7.38 + 1.87,
P =0.347, respectively] (Table 4).

Patient satisfaction and endoscopist satistac-
tion were evaluated when patients left the PACU.
While there was no obvious between-group dif-
ference in endoscopist satisfaction, there was a
higher satisfaction in patient satisfaction [10.00
(9.50, 10.00) vs. 10.00 (9.88, 10.00), P = 0.587,
and 10.00 (9.00, 10.00)) vs. 10.00 (9.50, 10.00),
P < 0.001, respectively] (Table 4).

No significant differences were observed in
drug-related adverse reactions such as brady-
cardia, hypoxemia, dizziness, nausea, and vom-
iting (8.04% vs. 6.36%, P = 0.796, 3.57% vs.
1.82%, P =0.683, 23.21% vs. 28.18%, P = 0.444,
and 4.46% vs. 6.36%, P = 0.568, respectively)
(Table 4).

DISCUSSION

According to a recent national survey, sedatives
are used for gastrointestinal endoscopy at a rate
of about 50% in China [3]. However, there is
no recommended optimal sedation regimen for
painless colonoscopic procedures. Propofol is
widely used worldwide for sedation/anesthesia
[12]. However, propofol can cause dose-depend-
ent respiratory depression and hemodynamic
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Fig.2 A Individual percentage change from baseline in baseline in systolic blood pressure for patients in group C
systolic blood pressure for patients in group P during colo- during colonoscopy procedure

noscopy procedure. B Individual percentage change from
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Fig.3 Time domain and RMSSD at different time
points of group P and group C. Values are expressed as
mean * SD. *P < 0.05

instability. In addition, the incidence of injec-
tion pain caused by propofol sedation is 25-74%
[13].

Ciprofol is a new 2,6-dissubstituted phenol
derivative and a close analog of propofol [14].
Ciprofol is considered superior to propofol
because of the following advantages: (1) higher
affinity for y-aminobutyric acid-A receptor-4-5
times that of propofol; (2) favorable respiratory
profile and maintenance of stable cardiac func-
tion; and (3) reduced injection pain [8, 9, 135].
Therefore, we compared intravenous induction
by 0.4 mg/kg ciprofol with, in terms of hemo-
dynamic stability, induction by 2 mg/kg propo-
fol for sedation in patients undergoing painless
colonoscopy.

HRYV is a noninvasive indicator that reflects
the dynamic balance of nervous system regula-
tion of the heart and blood vessels and indirectly
reflects hemodynamic stabilization. Intravenous
anesthesia drugs affect the balance of autonomic
nerves by acting on the central and autonomic
nervous systems of patients, resulting in changes
in HRV [16].

Propofol reduces systemic vascular resistance
and is associated with perioperative hypoten-
sion. Additionally, HRV dynamics changed
through propofol sedation and propofol induc-
tion was followed by an overall reduction of
HRV [17]. HRV decreased further with the fur-
ther reduction of blood pressure by propofol
sedation [18]. Time of RMSSD was used to ana-
lyze the depth of anesthesia as well as the reduc-
tion of blood pressure.

Up to 46% of patients experienced at least
one episode of hypotension during the pain-
less colonoscopy by propofol sedation in an
analysis of 380 patients [1]. In our study, almost
51% of patients experienced at least one epi-
sode of hypotension after induction by propo-
fol which was similar with previous studies.
Although both ciprofol and propofol groups
exhibited a decrease in blood pressure, signifi-
cantly fewer subjects experienced reduced blood
pressure in the ciprofol group. In addition,
rates of severe hypotension in patients induced
with ciprofol were significantly lower than in
patients induced with propofol, despite norepi-
nephrine being given at different time points
when systolic BP decreased by 20% more than
the baseline.

During induction, 6 or 8 mg/kg/h of cipro-
fol was superior in hemodynamic stability to
40 mg/kg/h of propofol [19]. Similar to our
study, intravenous induction with 0.4 mg/kg
ciprofol was superior, in terms of hemodynamic
stability, to induction with 2 mg/kg propofol for
sedation in patients undergoing painless colo-
noscopy. In addition, time of RMSSD was cor-
respondingly higher in patients induced by cip-
rofol as the less reduction of blood pressure after
induction. However, in Li’s study [10], hypo-
tension just occured in 7.7% and 13.2% of the
patients in the colonoscopy in the propofol and
ciprofol groups, respectively, as patients received
300-500 ml of sterile 0.9% sodium chloride solu-
tion before sedation, and were given 1.5 mg/kg
propofol which offered more equilibrium lig-
uid to increase preload and less dose of propo-
fol to inhibit the decrease of peripheral vascular
resistance in order to raise blood pressure than
patients in our study.

In Zeng’s study, induction and maintenance
anesthesia in elective surgical patients by cip-
rofol produced less drug-related hypotension,
indicating that ciprofol was superior in terms
of hemodynamic stability than propofol; the
results of our study are consistent with these
findings [20]. In our study, both ciprofol and
propofol groups experienced a significant drop
in mean blood pressure after induction anesthe-
sia. However, compared with the ciprofol group,
more patients in the propofol group received
norepinephrine and experienced longer episodes
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Table 4 Secondary outcomes

Group A (n =112) Group B (2 =110) Pvalue
Injection pain (Y/N) 37/75 (33.04%) 2/108 (1.82%) <0.001
Severe injection pain (Y/N) 21/91 (18.75%) 1/109 (0.91%) <0.001
Induction time of MOAA/S < 1 (s) 58.63 +5.59 5743 +5.57 0.109
Bradycardia (Y/N) 9/103 (8.04%) 7/103 (6.36%) 0.796
Body movement (Y/N) 25/87 (22.32%) 17/93 (15.45%) 0.394
Norepinephrine dose (ug) 11.66 + 1151 7.95 +8.93 0.008
Modified Aldrete score 9.0 (9.0, 10.0) 9.0 (9.0, 10.0) 0.138
Alertness time (min) 7.16 £ 1.61 7.38 £ 1.87 0.347
Dizziness (Y/N) 26/86 (23.21%) 31/79 (28.18%) 0.444
Hypoxemia (Y/N) 4/108 (3.57%) 2/108 (1.82%) 0.683
Nausea and vomiting (Y/N) 5/107 (4.46%) 7/103 (6.36%) 0.568
Duration of colonoscopy procedure (min) 11.61 + 433 10.72  3.65 0.100
Patient satisfaction 10.00 (9.00, 10.00) 10.00 (9.50, 10.00) <0.001
Endoscopist satisfaction 10.00 (9.50, 10.00) 10.00 (9.88,10.00)  0.587

Data are expressed as means + SDs, numbers (%), or median (range interquartile) of patients as appropriate

of low blood pressure, which reduced further to
severe low mean blood pressure in a higher pro-
portion of cases after induction sedation. These
results indicated that the incidence of out-of-
range low blood pressure was significantly attrib-
uted to long-term preoperative fasting and fluid
deficiency; 200-300 ml of equilibrium fluid
was insufficient to improve preoperative fluid
loss before sedation. Our research showed that
a larger proportion of patients in the propofol
group (18.18-64.71%) but no more than 50%
patients (25.00-50.00%) in the ciprofol group
suffered hypotension during the painless colo-
noscopy procedure. This was attributed to insuf-
ficient liquid capacity, because most patients
experienced a long duration of fasting (more
than 12 h) and withheld fluids (2 h). Painless
colonoscopy was less likely to irritate to the oro-
pharynx and cause reflux aspiration or hypox-
emia. Gratifyingly, quite a few patients in both
groups needed airway intervention to ensure
oxygenation.

Propofol is commonly associated with pain
at the injection site, which occurs in as high as

50-70% of cases [10, 21]. Aqueous propofol solu-
tions directly stimulate nerve endings in blood
vessel walls or produce substances that lead
to injection pain [22]. According to our study,
more propofol-induced patients experienced
severe pain; ciprofol and propofol both caused
injection pain, at a rate of 1.82% and 33.04%,
respectively. This difference may be related to
emulsion modification, in that ciprofol has a
lower free drug concentration in the aqueous
phase under the same conditions than propofol.

All patients maintained MOAA/S scores of < 1
during the procedure. Ciprofol exhibited a
rapid onset of action and maintenance-similar
to that of propofol. The present trial showed a
comparable induction time (58.63 £ 5.59 s vs.
57.43 £5.57 s, P =0.109) and time to full alertness
(7.16 £ 1.61 min vs. 7.38 + 1.87 min, P = 0.347)
for ciprofol and propofol sedation. These findings
are consistent with those of a phase II clinical trial
evaluating the efficacy and safety of ciprofol for
the induction and maintenance of general anes-
thesia in patients undergoing elective surgery
[20]. However, time to full alertness in the phase
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III clinical trial for patients undergoing colonos-
copy was longer for ciprofol-induced patients
[23]. A possible reason for this is that the average
time during painless colonoscopy sedation in our
study was shorter than their average time for seda-
tion. In regard to the most common drug-related
adverse reactions, such as bradycardia, dizziness,
nausea, and vomiting, a reduction in the total
amount of sedative required as well as in adverse
events was observed when 0.05 pg/kg of sufenta-
nil was combined with either ciprofol or propofol
sedation, which was similar to the findings of pre-
vious studies [3, 24].

When evaluating anesthetics for painless colo-
noscopies, it is essential to provide a comfortable
experience for patients to ensure their compli-
ance and to reduce adverse effects. In previous
trials, propofol sedation was associated with high
patient satisfaction because of its rapid onset
and short duration. To evaluate patient satisfac-
tion and comfort levels after painless colonos-
copy with ciprofol, patients were asked to rate
their pain perception, comfort, and drug-related
adverse reactions using a satisfaction scale from 1
to 10, with higher scores indicating higher satis-
faction. A similar satisfaction scale was devised for
the endoscopists fluent in the procedure in order
to evaluate the effectiveness of the sedatives. In
the completed study, the endoscopist perceived
no significant difference in satisfaction for both
groups as the vast majority of the patients suc-
cessfully completed the painless colonoscopy
procedure without experiencing body movement,
which was the most annoying problem. Never-
theless, patients in the ciprofol group reported
higher satisfaction scores, mainly resulting from
less pain during injection. Modified Aldrete scores
were used to assess whether patients could be dis-
charged after the procedure when they were alert;
there was no significant difference in modified
Aldrete scores and recovery time between the two
groups, as both propofol and ciprofol have rapid
onset and short duration of action.

LIMITATIONS

Two limitations should be noticed in this
study. Firstly, considering the confounding

factor of patients’ history, like hypertension,
stratification should be analyzed to further
clarify the hemodynamic stability of ciprofol
with regards to hypertensive and normotensive
populations undergoing painless colonoscopy
procedures. In addition, most patients experi-
enced a long time of preoperative fasting and
fluid deficiency for more than 8 h before the
surgery in fear of anesthesia-related complica-
tions, and 200-300 ml of equilibrium liquid
was not enough to supplement preoperative
fluid loss. So most patients in both groups
experienced varying degrees of blood pressure
reduction during the procedure. To further
verify the effect of ciprofol versus propofol on
hemodynamics in patients undergoing painless
colonoscopy, fasting time should be shortened
for future studies.

CONCLUSION

In this trial, ciprofol sedation was found to be
safe and effective for anesthesia induction dur-
ing colonoscopy procedures, with a decrease in
injection pain and superior hemodynamic sta-
bility observed relative to propofol sedation.
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