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Abstract

Ciprofol is a propofol analogue with improved pharmacokinetic properties. A

multi-centre, non-inferiority trial was conducted to compare the deep sedation

properties of ciprofol and propofol with a non-inferiority margin of 8% in

patients undergoing gastroscopy and colonoscopy. In total, 289 patients were

randomly allocated for surgery (259 colonoscopy and 30 gastroscopy) at a 1:1

ratio to be given intravenous injections of ciprofol (0.4 mg/kg) or propofol

(1.5 mg/kg). The primary outcome was the success rate of colonoscopy defined

as colonoscopy completion with no need for an alternative sedative or >5

ciprofol or propofol top up doses within any 15-min time period. The success

rate of colonoscopy was 100% in the ciprofol group vs. 99.2% in the propofol

group (mean difference 0.8%, 95% CI: �2.2% to 4.2%). Except for the gastroin-

testinal lesions found during the gastroscopy and colonoscopy procedures, the
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occurrence rates of adverse drug reactions in the ciprofol and propofol groups

were 31.3% and 62.8%, respectively (P < 0.001). Pain on injection was less

common in the ciprofol group (4.9% vs. 52.4%, P < 0.001). The outcomes dem-

onstrated that ciprofol was non-inferior to propofol with regard to successful

sedation for gastroscopy or colonoscopy procedures and no obvious important

adverse events occurred.
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1 | INTRODUCTION AND
BACKGROUND

Patients undergoing gastrointestinal endoscopy must be
properly sedated, typically with benzodiazepines alone or
together with an opioid drug.1–3 Propofol has a rapid
onset of action and a short half-life and has been increas-
ingly used for sedation in gastrointestinal endoscopy.4,5

Despite these desirable features, propofol also has some
disadvantages, such as producing hypotension and
bradycardia,6–8 as well as pain on injection.9 Therefore,
several alternatives have been developed to potentially
resolve the aforementioned issues.10–12 Ciprofol (2-[(1R)-
[1-cyclopropylethyl]]-6-isopropylphenol) is a structural
analogue of propofol (Figure 1). The incorporation of an
R- chiral centre and a cyclopropyl group improves the
pharmacological and physicochemical properties, most
notably making it more potent than propofol as well as
eliciting less pain on injection.13,14 A phase 1 trial showed
that ciprofol is safe at doses of 0.15–0.90 mg/kg and that
most AEs were mild to moderate.15 In another trial,
ciprofol was shown to be safe at doses of 0.4–0.9 mg/kg
and exhibited a similar onset time and four to five times
more potency than propofol.14 Due to the higher potency
of ciprofol compared to propofol, the amount of drug nec-
essary to achieve anaesthesia is reduced, which in turn
needs less solvent and also might reduce side effects
other than pain at the injection side.

We conducted a multi-centre, non-inferiority trial to
test the hypothesis that ciprofol at a dose of 0.4 mg/kg is
non-inferior to propofol 1.5 mg/kg for the induction of
sedation in patients undergoing gastroscopy and

colonoscopy and has a tolerable safety profile. A non-
inferiority design was chosen because we wanted to show
that ciprofol is not inferior to propofol regarding sedation
success rate but possibly with less adverse events (AEs).

2 | MATERIALS AND METHODS

2.1 | Study design and patient selection

This multi-centre, non-inferiority trial was conducted at
10 teaching hospitals in China. The Institutional Review
Board of each participating hospital approved the trial pro-
tocols. Informed consent was obtained from each patient
prior to enrollment in the trial, which was registered at
ClinicalTrials.gov (NCT03674008). The study was con-
ducted in accordance with the Basic & Clinical Pharmacol-
ogy & Toxicology policy for experimental and clinical
studies.16 Adult patients (18 � 65 years), with an Ameri-
can Society of Anesthesiologists physical classification sta-
tus of I � II who were due to undergo elective gastroscopy
or colonoscopy, were eligible. A detailed list of inclusion
and exclusion criteria is presented in Table S1.

Eligible patients were randomized at a 1:1 ratio to be
given either ciprofol (0.4 mg/kg) or propofol (1.5 mg/kg).
Randomization was stratified based on the type of proce-
dure (gastroscopy vs. colonoscopy). Concealment was
achieved using an online central randomization interac-
tive web response system (IWRS). Both patients and
assessors were blinded to the group assignment. The
physical appearance of ciprofol was identical to propofol
(both supplied in 20 ml ampoules), and the intravenous
line and syringe were covered with a drape.

Preparation for gastroscopy and colonoscopy proce-
dures were conducted in accordance with the local proto-
col or national guidelines of China.17 Intravenous access
was established by placing an 18-gauge cannula in the
upper dorsal vein, and all patients received 300–500 ml
of sterile 0.9% sodium chloride solution before sedation
was initiated. Pulse oxygen saturation (SpO2), respiratoryF I GURE 1 Structures of ciprofol and propofol
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rate (RR), systolic blood pressure (SBP), mean arterial
pressure (MAP), heart rate (HR), and a standard 12-lead
ECG were continuously monitored using a multi-
parameter monitor (T6, Mindray, Shenzhen, China). All
patients received 50-μg fentanyl 1 min before the intrave-
nous infusion of either ciprofol (0.4 mg/kg) or propofol
(1.5 mg/kg) over a time period of 1 min. A colonoscope
or gastroscope was inserted when the MOAA/S score was
≤1 (Table S2). During the induction of sedation, the
anaesthesiologist evaluated the MOAA/S score every
30 s. If the MOAA/S score remained >1 after 2 min of
initial administration of the study drug, a top-up dose of
1/2 the initial dose was injected over 10 s. In the mainte-
nance phase, a top-up dose was given upon signs of agita-
tion or inadequate sedation and repeated at 2-min
intervals as required. Sedation was regarded as unsuc-
cessful if more than five top-up doses were required
within 15 min, and then, propofol was the only permitted
alternative sedative in this trial.

Oxygen at a flow rate of 10 L/min was administered
continuously through a face mask until each patient was
completely alert (3 sequential/S scores of MOAA = 5).
After completion of the operation procedure, patients were
transported to a post-anaesthesia care unit. Post-procedure
recovery was assessed every 2 min using the Modified
Aldrete Score, and discharge readiness was defined by a
score of ≥9. Before discharge, each patient was asked to
complete a satisfaction questionnaire (Table S3).

Safety was evaluated by the anaesthesiologist during
the procedure and during the recovery time, including
vital signs, ECG, SpO2, and AEs. AE data were also col-
lated via telephone interviews 24 h after the initial proce-
dure, and the patients were asked to go back to the
hospital for laboratory inspections on post-procedure
days 2 or 3. The out-of-range results with clinical signifi-
cance would be retested until they returned back to nor-
mal or became without clinical significance as
determined by the primary investigator. In addition, the
necessity for airway assistance was evaluated. When
apnoea or hypoxemia occurred, a jaw-thrust manoeuvre
was used to open the airway. Positive mask ventilation
and tracheal intubation were necessary if severe hypoxia
could not be corrected by opening the airway which was
decided by the anaesthesiologist. The following ECG
parameters were measured: PR, RR, QRS, and QT inter-
vals and the QTc interval corrected using the Bazett and
Fridericia formula.18,19

2.2 | Primary outcome

The primary outcome was the success rate of colonos-
copy, defined as requiring ≤5 top-up doses of ciprofol or

propofol within any 15-min time period to completion of
the surgical procedure.

2.3 | Secondary outcomes

Secondary outcomes included (1) the success rate of
gastroscopy; (2) the success rate of colonoscopy and
gastroscopy; (3) induction time (MOAA/S ≤ 1 after
administration of the first dose); (4) insertion time (for
the gastroscope or colonoscope) and insertion success
rates; (5) time for a patient to be fully aware (time to
reach 3 consecutive MOAA/S scores of 5); (6) recovery
time (time to reach the Modified Aldrete Score ≥ 9);
(7) requirements for alternative or top-up dose during the
procedure and (8) patient satisfaction.

2.4 | Safety and definitions of terms used
for safety evaluation

An AE is any adverse medical event that occurred in the
patients who participated in the clinical trial but not nec-
essarily causally related to the study drug. Thus, an AE
can be any adverse, unexpected indicator (including
abnormal clinically significant laboratory values), symp-
tom, or disease (new onset or exacerbation of a pre-
existing condition), which is associated with, but not nec-
essarily caused by, the study drug. AEs not included were
sleepiness, drowsiness or even loss of consciousness
related to the effects of anaesthetics during ciprofol/prop-
ofol administration; AEs caused by chronic diseases prior
to participating in the clinical trial or caused by selective
medical examination or surgery prior to participation as
well as overuse of the study drug or the study drug com-
bined with other drugs without causing any symptoms or
signs.

Severity of AEs was defined as Grade 1 (mild): asymp-
tomatic or mild, clinically or diagnostic, without treat-
ment; Grade 2 (moderate): required minor, local or non-
invasive treatment; age-related limitations in instrumen-
tal activities of daily living; or Grade 3 (severe): serious or
medically significant but not immediately life-threaten-
ing; resulting in hospitalization or prolonged hospitaliza-
tion; disabled; self-rational activities of daily living were
limited.

Serious adverse events (SAEs) were defined as a seri-
ous medical event resulting in (1) death; (2) life-
threatening (e.g., subject is at risk of immediate death if a
necessary intervention was not undertaken at the time;
does not include fatal events if more serious); (3) required
hospitalization or extending existing hospitalization;
(4) permanent or significant loss of functions or
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disability; (5) birth malformations or birth defects and
(6) other important medical events.

Adverse drug reactions (ADRs) were defined as drug-
related AEs that occurred while patients were given the
study drug.

Adverse drug reactions of special interest (ADRSI)
included those due to pharmacological effects (hypox-
emia, apnoea, bradycardia and hypotension); hypoxemia:
SPO2 < 90% and duration >30 s, evaluated from first
administration of the study drug to discharge; apnoea:
thoracic motion disappeared for >30 s; evaluation was
discontinued from the first dose of the study drug until
the patient was fully alert (consecutive 3 measurements
of MOAA/S = 5); bradycardia: defined as HR < 45
beats/min and duration >30 s, evaluated from the first
dose of the study drug to discharge of the patient; hypo-
tension: defined as SBP < 90 mmHg or 30% decrease
from baseline and duration >2 min from the time of first
treatment to discharge.

Adverse events of special interest (AESI) included
AEs of special interest and serious adverse drug reactions
(SADRs).

2.5 | Statistical analysis

Sample size requirements were estimated using the fol-
lowing assumptions: (1) sedation success rate in the prop-
ofol control; (2) non-inferiority margin of 8%20 and
(3) one-sided type I error of 0.025 and a power of 80%.
Assuming 6% dropout, a total of 250 patients (125 per
group) were needed for the trial. A pilot trial involving
30 patients was also conducted. Thus, 280 patients were
included in the primary outcome analysis of successful
sedation.

Continuous variables are expressed as the mean � SD
and were analysed using Student’s t test or Wilcoxon
rank-sum test. Categorical variables were compared by
employing a chi-squared test or Fisher’s exact test.
P < 0.05 (one-sided for the primary outcome, and two-
sided for all others) was considered a statistically signifi-
cant difference. All statistical analyses were performed
using SAS version 9.4. The trial was overseen by an inde-
pendent data monitoring committee.

3 | RESULTS

3.1 | Baseline demographics and clinical
characteristics

A total of 366 patients were screened, 81 of whom
who did not meet the inclusion or meet the exclusion

criteria and were therefore excluded from the trial.
Five screened failed patients were re-selected, and one
patient withdrew informed consent without receiving
any medication after randomization. Overall,
289 patients underwent randomization and completed
the procedures (259 for colonoscopy and 30 for gastros-
copy) between 11 September 2018 and 28 February
2019 (Figure 2). Demographic and baseline characteris-
tics of the participating patients including their Modi-
fied Mallampati Scores are listed in Table 1.

3.2 | Primary outcome

3.2.1 | Success rates of colonoscopy

The success rate of colonoscopy was 100% in the ciprofol
group and 99.2% in the propofol group, with a mean dif-
ference at 0.8% (95% CI: �2.2%, 4.2%).

3.3 | Secondary outcomes

3.3.1 | Overall success rates of gastroscopy
and colonoscopy and of gastroscopy

The overall success rate of gastroscopy and colonos-
copy was 100% in the ciprofol group and 99.3% in the
propofol group, and the success rate of gastroscopy
was 100% in both groups. However, one patient in the
propofol group did not complete colonoscopy due to
insufficient intestinal preparation, but all the
other patients completed colonoscopy. The sedation
success rate of insertion for gastroscopy, colonoscopy
or gastroscopy and colonoscopy was 100% for both
groups.

3.3.2 | Induction time and insertion time

The induction time was 1.1 � 0.5 min for the ciprofol
group and 1.1 � 0.4 min for the propofol group
(P = 0.405). There was no significant difference between
the 2 groups for either colonoscopy (1.1 � 0.4
vs. 1.1 � 0.4 min, P = 0.218) or for gastroscopy
(1.2 � 0.8 vs. 1.0 � 0.2 min, P = 0.499).

The insertion time was 1.5 � 0.5 min for the
ciprofol group and 1.5 � 0.5 min for the propofol
group (P = 0.911). In the subgroup analysis, insertion
time did not differ between the two groups (1.6 � 0.8
vs. 1.2 � 0.2 min for gastroscopy, P = 0.081;
1.5 � 0.5 vs. 1.5 � 0.5 min for colonoscopy, P = 0.504)
(Table 2).
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F I GURE 2 Trial enrolment

and follow-up flow diagram

TAB L E 1 Demographic variables of the two study groups

Variables Ciprofol (n = 144) Propofol (n = 145) P value

Age (mean � SD, years) 43.8 � 11.8 44.1 � 11.3 0.929

Sex 0.364

Males, n (%) 55 (38.2) 63 (43.4)

Females, n (%) 89 (61.8) 82 (56.6)

Height (mean � SD, cm) 161.5 � 8.2 163.1 � 8.4 0.103

Weight (mean � SD, kg)

Screening 60.8 � 9.6 62.4 � 10.0 0.193

Baseline 60.0 � 9.6 61.5 � 9.7 0.212

BMI (mean � SD, kg/m2) (Screening) 23.2 � 2.5 23.4 � 2.6 0.671

ASA status, n (%) 0.744

I 115 (79.9) 118 (81.4)

II 29 (20.1) 27 (18.6)

Modified Mallampati Score, n (%) 0.904

I 99 (68.8) 97 (66.9)

II 43 (29.9) 45 (31.0)

III 2 (1.4) 3 (2.1)
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3.3.3 | Time to patients being fully alert and
their discharge

The mean time for a patient to become fully alert was
3.3 � 3.1 min in the ciprofol group vs. 2.0 � 2.1 min for
the propofol group (P < 0.001) in the overall analysis. In
the subgroup analysis, the time to being fully alert was
longer in the ciprofol group who underwent colonoscopy
(3.2 � 3.2 vs. 1.8 � 2.0 min, P < 0.001) but not in
patients who underwent gastroscopy (4.4 � 2.3
vs. 3.0 � 2.7 min, P = 0.070).

The time to discharge was 7.4 � 3.1 min for the
ciprofol group vs. 6.0 � 2.1 min for the propofol group
(P < 0.001). In the subgroup analysis, the time to being
fully alert was longer in the ciprofol group (7.2 � 3.2
vs. 5.8 � 2.0 min, P < 0.001) who underwent colonos-
copy, but not for patients who underwent gastroscopy
(8.4 � 2.3 vs. 7.1 � 2.8, P = 0.076) (Table 2).

3.3.4 | Requirements for top-up doses during
a procedure

During the colonoscopy and gastroscopy procedures,
85 patients (59.0%) in the ciprofol group and 72 (49.7%)
in the propofol group did not require top-up doses
(Table 2). There were 45 patients (34.9%), 9 patients
(7.0%) and 1 patient (0.8%) who received 1 top-up,

2 top-up and 7 top-up doses in the ciprofol group,
whereas 60 patients (46.2%), 9 patients (6.9%) and
3 patients (2.3%) needed 1 top-up, 2 top-up and 3 top-up
doses in the propofol group during colonoscopy
(P = 0.193). For gastroscopy, there were 11 patients
(73.3%) in the ciprofol group and 14 patients (93.3%) in
the propofol group who did not require any top-up doses;
3 patients (20.0%) and 1 patient (6.7%) needed 1 top-up
and 2 top-up doses in the ciprofol group, while 1 patient
(6.7%) in the propofol group needed 1 top-up dose
(P = 0.132). Patient satisfaction scores were 9.9 � 0.4 for
the ciprofol group vs. 9.7 � 0.7 for the propofol group
(P = 0.001) during the colonoscopy procedure.

3.4 | Safety assessments

In the trial, 109 patients (75.7%) experienced 211 AEs in
the ciprofol group, and 100 patients (69.0%) experienced
200 AEs in the propofol group. Except for two occur-
rences (1.4%) of severe AEs in the ciprofol group and
1 (0.7%) in the propofol group, all other AEs were moder-
ate (16.7% vs. 13.8%) or mild (70.1% vs. 64.8%) in severity,
and patients recovered without or after transient treat-
ment. No patients withdrew from the trial due to severe
AEs in either group (Table 3).

ADRs are shown in Table 4. The occurrence rate of
ADRs was 28.5% (41 of 144 patients) in the ciprofol group

TAB L E 3 Incidence of AEs and ADRs during colonoscopy and gastroscopy

Ciprofol (n = 144) Propofol (n = 145)

P valueSubjects (n, %) Events (n) Subjects (n, %) Events (n)

AEs 109 (75.7) 211 100 (69.0) 202 0.201

ADRs 41 (28.5) 56 35 (24.1) 54 0.403

Severity of AEs 0.603

Mild 101 (70.1) 179 94 (64.8) 175

Moderate 24 (16.7) 30 20 (13.8) 26

Severe 2 (1.4) 2 1 (0.7) 1

Severity of ADRs 0.692

Mild 34 (23.6) 46 33 (22.8) 47

Moderate 9 (6.3) 10 7 (4.8) 7

Severe 0 (0.0) 0 0 (0.0) 0

Significant AEs 13 (9.0) 13 6 (4.1) 7 0.094

AESI 21 (14.6) 21 19 (13.1) 22 0.716

ADRSI 21 (14.6) 21 19 (13.1) 22 0.716

SAEs 1 (0.7) 1 1 (0.7) 1 1.000

SADRs 0 (0.0) 0 0 (0.0) 0 -

Note: ADRs, adverse drug reactions; AEs, adverse events; ADRSI, adverse drug reactions of special interest; AESI, adverse events of special interest; SADRs,
serious adverse drug reactions; SAEs, serious adverse events.
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and 24.1% (35 of 145 patients) in the propofol group.
Nine patients (6.3%) in the ciprofol group and 15 patients
(10.3%) in the propofol group had respiratory-related
ADRs (including respiratory depression, apnoea and
hypoxemia), all of which were mild or moderate in
severity. No episodes of apnoea required intervention
with positive pressure ventilation in either group and
no patient received airway assistance treatments.
Pain on injection was cited by 4.9% (7 of 144) of
patients in the ciprofol group vs. 52.4% (76 of 145) in
the propofol group (P < 0.001). In addition to the gastro-
intestinal lesions found during the gastroscopy and colo-
noscopy procedures, the overall incidence of ADRs in the
two groups was 31.3% and 62.8%, respectively
(P < 0.001).

In the colonoscopy group, 34 patients (26.4%) experi-
enced 45 ADRs in the ciprofol group, and 31 patients
(23.8%) exhibited 46 ADRs in the propofol group. The
most commonly reported events included hypotension
(in 17 patients [13.2%] in the ciprofol group and in
10 patients [7.7%] in the propofol group), sinus bradycar-
dia (in 3 patients [2.3%] in the ciprofol group and
2 patients [1.5%] in the propofol group), dizziness (in 4
patients [3.1%] in the ciprofol group and 8 patients [6.2%]
in the propofol group), elevated conjugated bilirubin
(in 3 patients [2.3%] in the ciprofol group), prolonged QT
intervals (3 patients [2.3%] in the ciprofol group and
2 patients [1.5%] in the propofol group), respiratory
depression (2 patients [1.6%] in the ciprofol group and
6 patients [4.6%] in the propofol group), apnoea
(2 patients [1.6%] in the ciprofol group and 6 patients
[4.6%] in the propofol group) and hypoxemia (2 patients
[1.6%] in the ciprofol group and 4 patients [3.1%] in the
propofol group). There were four patients in the ciprofol
and two in the propofol group who received atropine for

bradycardia, while two patients in the ciprofol group and
two in the propofol group received ephedrine to treat
hypotension.

In the gastroscopy group, ADRs occurred in 7 patients
(7 of 15) in the ciprofol group and 4 (4 of 15) in the prop-
ofol group. The most commonly reported ADRs were
hypoxemia, respiratory depression, dizziness, hypoten-
sion and elevated conjugated bilirubin. There were four
patients in the ciprofol group and three in the propofol
group who experienced hypoxemia or respiratory depres-
sion and who needed the chin lift manoeuvre.

There were no differences between the groups with
regard to the incidence of clinically relevant abnormali-
ties in laboratory test results such as aspartate amino
transferase, glutamic-pyruvic transaminase and conju-
gated bilirubin levels, or electrocardiographic findings.

4 | DISCUSSION

This trial demonstrated that ciprofol 0.4 mg/kg was non-
inferior to 1.5 mg/kg propofol in the success rate of gas-
troscopy or colonoscopy. Except for the gastrointestinal
lesions found during the gastroscopy and colonoscopy
procedures, the overall incidence of ADRs in the ciprofol
and propofol groups were 31.3% and 62.8%, respectively
(P < 0.001). No patients withdrew from the trial because
of severe AEs.

Propofol is one of the most commonly used agents for
endoscopic sedation, either used alone or in combination
with opioids.21 Several studies reported the combination
of fentanyl and other adjunctive analgesics to reduce the
total dose of sedative required and also reduce serious
AEs.1,21,22 Accordingly, 50-μg fentanyl was given prior to
ciprofol or propofol in the present trial. During the

TAB L E 4 Adverse drug reactions (ADRs, >2%) during colonoscopy and gastroscopy

ADRs, n (%)

Ciprofol (n = 144) Propofol (n = 145)

All Mild Moderate Severe All Mild Moderate Severe

Elevation of conjugated bilirubin 4 (2.8) 4 (2.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Prolongation of QT interval 3 (2.1) 3 (2.1) 0 (0.0) 0 (0.0) 2 (1.4) 2 (1.4) 0 (0.0) 0 (0.0)

Respiratory depression 4 (2.8) 2 (1.4) 2 (1.4) 0 (0.0) 8 (5.5) 8 (5.5) 0 (0.0) 0 (0.0)

Apnea 2 (1.4) 2 (1.4) 0 (0.0) 0 (0.0) 6 (4.1) 6 (4.1) 0 (0.0) 0 (0.0)

Hypoxemia 4 (2.8) 2 (1.4) 2 (1.4) 0 (0.0) 7 (4.8) 5 (3.4) 3 (2.1) 0 (0.0)

Pain on injection 7 (4.9) 7 (4.9) 0 (0.0) 0 (0.0) 76 (52.4) 76 (52.4) 0 (0.0) 0 (0.0)

Sinus bradycardia 3 (2.1) 0 (0.0) 3 (2.1) 0 (0.0) 2 (1.4) 0 (0.0) 2 (1.4) 0 (0.0)

Hypotension 18 (12.5) 16 (11.1) 2 (1.4) 0 (0.0) 11 (7.6) 9 (6.2) 2 (1.4) 0 (0.0)

Dizziness 6 (4.2) 6 (4.2) 0 (0.0) 0 (0.0) 9 (6.2) 9 (6.2) 0 (0.0) 0 (0.0)

Note: ADRs, adverse drug reactions; AEs, adverse events.
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procedure, all patients were maintained with a sedation
level MOAA/S scores of ≤1. There were no requirements
for an alternative sedative and no more than five top-ups
in any 15-min period in either group during the proce-
dure. The number of top-up doses was also identical
between the two groups. Notably, one patient in the
ciprofol group received seven top-up doses as a result of
colonic polypectomy, and the procedure lasted for
67 min.

We found that the colonoscopy insert time under
ciprofol was similar in the present study compared to a
previous phase 2 study (1.5 vs. 1.9 min), but the fully
alert time (3.2 � 3.2 vs. 6.1 � 4.5 min) and recovery time
(7.2 � 3.2 vs. 11.8 � 4.4 min) in this phase 3 trial were
shorter than in the previous phase 2 study. These data
indicated that the higher number of patients assessed in
the present study led to a results shift, particularly with
regard to the fully alert time but also the recovery time,
which should be taken into consideration when further
clinical studies of ciprofol are conducted. In the present
trial, ciprofol exhibited a rapid onset of action which was
similar to that of propofol, but the patients in the ciprofol
group had a longer recovery time during colonoscopy. No
substantial difference was found in the recovery or dis-
charge times after gastroscopy in the two groups. Such a
discrepancy could be attributed to a longer colonoscopy
procedure time (vs. gastroscopy) and thus the require-
ment for more top-up doses. Such a finding is consistent
with the longer duration of action and recovery time of
ciprofol in a preclinical study.14 Despite the longer times
to full alertness and discharge, the ready for discharge
time from the end of the surgical procedure was
<15 min, which was not clinically significant. The overall
incidence of AEs was similar in the two groups, and no
severe AEs were observed. The most common AEs
included hypotension, bradycardia, dizziness, apnoea,
hypoxemia, hyperbilirubinemia and a prolonged QT
interval. The AEs were generally mild to moderate in
nature and did not interfere with the surgical procedure.
The most concerning sedation-related AEs are those asso-
ciated with cardiovascular and respiratory systems.
Ciprofol had a similar effect on the cardiovascular system
to propofol which could produce transient hypotension.
Several mechanisms may be involved including periph-
eral vasodilation,23 or a reduction in ventricular
preload,24 sympathetic activity25 or myocardial contractil-
ity.26 Whether ciprofol has similar mechanisms of action
to propofol still remains uncertain and requires further
research. Hypoxia may have resulted from respiratory
depression, apnoea or airway obstruction, with an inci-
dence of 1.5–70%, which made it the most common car-
diorespiratory complication during endoscopy.27 In the
present trial, respiratory complications (including

respiratory depression, apnoea and hypoxemia) were
rarer in the ciprofol group compared to the propofol
group. We speculate that ciprofol may produce less respi-
ratory depression in the CNS or airway collapse. How-
ever, this speculation requires further research in the
near future. Laboratory tests such as aspartate amino
transferase, glutamic-pyruvic transaminase, conjugated
bilirubin and electrocardiographic findings revealed no
clinically significant differences between the two groups
in the incidence of out-of-range values, all apparently
related to pre-procedure fasting and bowel preparation
and therefore required no treatment.

The most common AE elicited by propofol was pain
at the injection site, with an incidence as high as
70%.28,29 In the present trial, the rate of pain at injection
site was 4.9% in the ciprofol group vs. 52.4% in the prop-
ofol group, which may be due to emulsion modification;
that is, under the same conditions and at the same con-
centrations, ciprofol has a lower free drug concentration
in the aqueous phase. In the trial, most patients reported
being satisfied with their sedation experience. Interest-
ingly, patients in the ciprofol group had much higher sat-
isfaction scores (P < 0.05), which may be related to less
pain on injection.

The present trial had several limitations. First, we
defined the success of sedation as the need to administer
no more than five top-up doses of ciprofol or propofol
within any 15-min period to permit completion of the
surgical procedure. The findings are reasonable, because
most diagnostic gastroscopy or colonoscopy procedures
are completed within 15 min and may overestimate the
success rates of sedation. As a matter of fact, few patients
needed more than three top-up doses during a procedure
in the present trial. Second, the level of sedation
(MOAA/S score ≤ 1) may have been too deep in the trial.
In western countries, moderate sedation is the target
level of sedation in patients undergoing diagnostic endos-
copy, while most painless gastrointestinal endoscopy pro-
cedures are performed under deep sedation in China.30,31

However, there is no consensus regarding the most
appropriate sedation used; it should be based on the local
personnel and equipment available. Third, we assessed
the sedation level using MOAA/S scores instead of BIS
monitoring. Although research has shown that BIS moni-
tor values correlate significantly with the MOAA/S
score,32 patients were prone to develop unexpected gen-
eral anaesthesia with bolus administration of sedatives.
They may require cardiopulmonary system support, but
the cost-effect benefit of BIS monitoring during gastroin-
testinal sedation should be considered. Finally, this trial
was conducted in patients with ASA I or II, and whether
the findings can be extrapolated to patients with higher
ASA classifications requires further investigation.
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5 | CONCLUSION

With a dose of 0.4 mg/kg for deep sedation, ciprofol was
non-inferior to 1.5 mg/kg propofol in the success rate of
gastroscopy and colonoscopy and exhibited a good safety
profile.
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