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Abstract
Background  The role of ciprofol as a novel anesthetic in gastrointestinal endoscopic surgery is unclear. We 
conducted a systematic review and meta-analysis to evaluate the efficacy and safety of ciprofol for gastrointestinal 
endoscopy in patients aged over 65 years and under 65 years, aiming to provide evidence-based information for 
clinical decision-making.

Methods  We conducted a search for RCTs(randomized controlled trials) comparing ciprofol and propofol in 
gastrointestinal endoscopy on databases including PubMed, Embase, Cochrane Library, Web of Science, (China 
National Knowledge Infrastructure)CNKI, Wanfang, and Vipro Chinese Journal Service up to September 15, 2024. The 
required information was screened and extracted, and the quality of the included research literatures was assessed 
using the Cochrane Collaboration risk of bias assessment tool, and Meta-analysis of outcome metrics was performed 
using Revman 5.4 and Stata software.

Results  A total of 17 RCTs involving 2800 patients were included, with 1,450 patients in the ciprofol group and 1350 
patients in the propofol group. The results of the meta-analysis indicated that there was no statistically significant 
difference in the sedation success rate or recovery time between the two groups across all age categories. In patients 
under 65 years old, the induction time of the ciprofol group (MD = 0.41 min, 95%CI: 0.04 min ∼ 0.78 min, P = 0.03) 
was longer than that in the propofol group. The incidences of hypotension (OR = 0.48, 95%CI: 0.32 ∼ 0.72, P = 0.004), 
bradycardia (OR = 0.66, 95%CI: 0.49 ∼ 0.87, P = 0.004), injection pain (OR = 0.08, 95%CI: 0.05 ∼ 0.15, P<0.0001), respiratory 
depression (OR = 0.21, 95%CI: 0.15 ∼ 0.30, P<0.0001), and hypoxemia (OR = 0.29, 95%CI: 0.20 ∼ 0.43, P<0.0001), in the 
ciprofol group were much lower than those in the propofol group.

Conclusion  Meta-analysis results indicate that, across various age groups, ciprofol demonstrates a higher safety 
profile and effectively reduces the incidence of postoperative (ADRs)adverse reactions compared to propofol. 
However, there is no significant difference in the sedative effects of the two agents. This study categorized 
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Background
Gastrointestinal endoscopy is an important means to 
diagnose digestive tract diseases, which is of great sig-
nificance for early detection and prevention of diseases 
[1]. Studies show that in most countries, about 1.2 out 
of 10.5 people are diagnosed with gastrointestinal can-
cer each year [2]. In addition, the incidence of gastroin-
testinal cancers is continuing to rise, with new cases and 
deaths projected to climb to 58% and 73%, respectively, 
by 2040 [3]. Their increasing disease burden makes early 
prevention particularly difficult as the pathogenesis is 
not yet fully understood [4]. As the incidence of gastro-
intestinal diseases continues to rise, the concepts of the 
importance of gastrointestinal endoscopy screening 
and comfort care have become increasingly popular [5]. 
Gastrointestinal endoscopy is a painless technology that 
provides a precise and accurate way of performing gas-
troenterology. The painless gastrointestinal endoscopy 
technique, facilitated by precise drug anesthesia, allows 
patients to experience minimal discomfort during gastro-
intestinal endoscopy and enteroscopy examinations. The 
implementation of this technique significantly enhances 
patient acceptance and the overall effectiveness of the 
examination [6]. Painless gastrointestinal endoscopy not 
only alleviates patients’ pain and anxiety but also aids 
physicians in diagnosing conditions more accurately, 
thereby enabling more timely and effective treatment [7].

In current clinical practice, the anesthetic of choice 
for painless gastrointestinal endoscopy is propofol [8]. 
Propofol has become a “star” anesthetic in the field of 
painless gastrointestinal endoscopy by virtue of its rapid 
onset of action and rapid recovery after discontinuation 
of the drug [9]. However, propofol also has some side 
effects that should not be overlooked, such as respiratory 
depression and injection pain [10]. It has been used in 
combination with analgesic drugs and it has been shown 
that this combination can be effective in achieving cer-
tain goals. For example, although it is possible to achieve 
a similar sedation effect by reducing the amount of pro-
pofol when used in combination with analgesic drugs, 
this also increases the risk of cardiovascular events dur-
ing sedation [11]. Therefore, there is an urgent need to 
explore a novel anesthetic drug that ensures low dosage 
and minimizes the risk of adverse events, thus providing 
a safer and more efficient option for painless gastrointes-
tinal endoscopy.

Ciprofol, as a γ -Aminobutyric Acid (GABA) recep-
tor agonist, is a new intravenous anesthetic drug devel-
oped based on the activity of propofol. It has attracted 
widespread attention for its remarkable properties [12]. 
Ciprofol competitively binds to γ-aminobutyric acid 
type A (GABAA) receptors with t-butyl bicyclic ortho 
benzoate (TBOB) and t-butylbicyclic phosphate thioes-
ter, enhancing GABA-evoked chloride currents at lower 
concentrations. It binds to GABAA receptors at higher 
concentrations and mainly acts on the α1β2γ2 subtype 
[13]. Compared with propofol, ciprofol can enhance the 
ammonium ion current induced by GABA in cells. More-
over, by increasing the intracellular chloride ion concen-
tration, it further activates GABA neurons and causes 
hyperpolarization of nerve cell membranes, thereby 
achieving the purpose of inhibiting the central nervous 
system and producing sedation and anesthesia. At the 
same time, ciprofol not only has the high-intensity effect 
and low dosage of a short-acting GABAA receptor ago-
nist, but also has a relatively mild degree of inhibition on 
the respiratory and circulatory systems, effectively reduc-
ing adverse drug reactions such as the incidence of side 
effects including injection pain [14]. Moreover, studies 
have pointed out that the therapeutic index of ciprofol is 
about 1.5 times that of propofol and is significantly safer 
than propofol [15, 16].

In a systematic review comparing the effects of ciprofol 
and propofol on non-ICU sedation [17], 12 RCTs involv-
ing 1793 patients were included. The results showed that 
the effects of ciprofol and propofol on sedation and anes-
thesia induction were similar, while ciprofol had a lower 
risk of hypotension and pain at the time of injection. In 
another evaluation of the efficacy and safety of ciprofol 
in general anesthesia induction [18], 13 RCTs involving 
1998 patients were included. It was found that ciprofol 
was as effective as propofol in inducing and maintain-
ing general anesthesia. Compared with propofol, ciprofol 
is a better choice as a surgical sedative in surgeries such 
as fiberoptic bronchoscopy, gynecological surgery, and 
selective surgery, because it has smaller side effects. The 
most obvious advantage is that patients experience less 
pain during injection.

Previous relevant literature lacked comprehensive and 
systematic age-specific safety and efficacy data integra-
tion analysis of ciprofol in different age groups, especially 
in the elderly and non-elderly groups. This study fills this 
gap by searching multiple databases and including a large 

elderly patients into subgroups, thereby providing a foundation for the application of ciprofol in gastrointestinal 
examinations of elderly patients. Consequently, we propose that ciprofol may serve as a safer alternative to 
intravenous anesthesia compared to propofol; However, this conclusion requires further validation through high-
quality studies.
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number of RCTs for meta-analysis. It clearly presents 
for the first time the comprehensive properties of cip-
rofol when used for painless gastrointestinal sedation in 
all age groups, providing information for precise clinical 
medication.

Methods
Sources of information
We used PubMed, Embase, Cochrane Library, CNKI, 
WanFang database, and VIP database as search sources. 
The search terms included “ciprofol”, “cyclopofol”, “colo-
noscopy”, “HSK3486”, “gastroscopy”, “propofol”, “gastro-
intestinal endoscopy”, and “gastroenteroscopy”. These 
search terms were combined with free words and qualifi-
ers like “RCTs” or “clinical trial”. We screened the studies 
for the use of ciprofol and propofol in painless gastroin-
testinal endoscopy. The search was conducted from the 
time when the databases were established until Septem-
ber 15, 2024.

Inclusion of indicators
(1) RCT; (2) Interventions: In the test group, ciprofol was 
used, while in the control group, propofol was applied. 
Both drugs could be used either alone or in combination 
with opioid receptor agonists. Moreover, other interven-
tions remained the same between the two groups; (3) 
Study subjects: ASA classification grade I - III, without 
severe cardiovascular and respiratory diseases, and with-
out a history of intravenous anesthesia or general anes-
thesia (excluding local anesthesia) within the recent 3 
months. Painless gastrointestinal endoscopy and gastro-
intestinal endoscopy patients requiring anesthesia, with 
no restrictions in terms of age, gender, or nationality; (4) 
Outcome indicators: sedation effectiveness, with seda-
tion effectiveness defined as the successful completion of 
the gastrointestinal endoscopy examination without the 
need for additional sedation measures and with the use of 
additional sedation drugs ≤ 5 times within 15 min of the 
first administration; the incidence of major ADRs, such 
as hypotension(Systolic blood pressure SBP < 90 mmHg 
or SBP < 80% of the baseline value) bradycardia(Heart 
rate (HR) < 50 beats per minute) injection pain(The 
Visual Analogue Scale (VAS) score is above 3) respira-
tory depression(Respiratory rate is less than 8 breaths 
per minute and the duration is longer than 30 s) etc.; and 
anesthesia-related time indexes such as post-anesthesia 
induction time, it is defined as the time from the initial 
administration to when the MOAA/S score is ≤ 1 point.

Exclusion criteria
(1) duplicated literatures, case reports, literature reviews, 
trial protocols, animal experiments, basic research trials, 
and non-RCTs; (2) unpublished studies or literatures for 
which the full text was unavailable; (3) literatures that did 

not provide valid data for synthesis; (4) endpoint indi-
cators that were not consistent with the requirements 
of this study; (5) Literature related to patients who were 
unable to communicate normally; (6) Some patients 
refused to give informed consent; (7) Cannot provide the 
study on the actual frequency of complications..

Literatures screening and data extraction
Two researchers independently searched the literature 
and extracted information using a standardized extrac-
tion form, which was then cross-checked, and any dis-
agreements were resolved through discussion or with 
the assistance of a third researcher. The extracted infor-
mation included authors of the literatures, year of publi-
cation, mode of operation, number of cases in the study 
population, age, interventions, and outcome indicators. 
During the literature research, screen and evaluate the 
composition of fund projects and the sources of pub-
lished journals. The quality of the literatures was evalu-
ated using a risk of bias assessment tool, which included 
random sequence generation, allocation concealment, 
whether subjects, operators and outcome evaluators were 
blinded, completeness of outcome data, selective report-
ing of findings and other biases, and the results were pre-
sented in three ways: low risk of bias, unclear risk of bias 
and high risk of bias.

Statistical analysis
Quantitative analysis of the included data was performed 
using Review Manager 5.4. The mean difference (MD) 
of the measured data was used as the statistic for effect 
analysis, and the risk difference (RD) or odds ratio (OR) 
of the dichotomous variable was used as the effect size 
measure (combined with the corresponding 95% Confi-
dence interval CI). Heterogeneity between included stud-
ies was assessed using the X2 test and I2 statistics. P>0.1 
and I2<50% indicate low heterogeneity. In this case, the 
fixed effects model is used. P<0.1 and I2>50%, indicating 
a high degree of heterogeneity, in which case a random 
effects model was used. This study included a sufficient 
number of studies (n>10), and therefore publication bias 
analysis was performed. If necessary, perform sensitiv-
ity analysis. P<0.05 indicates a statistically significant 
difference. To explore the possibility of publication bias, 
we performed a rigorous assessment using funnel plots 
and Eggers test. Eggers test was used when at least 10 
studies were available, and all analyzes were performed 
at a significance level of α = 0.05. By adopting these two 
methods, we aimed to comprehensively assess and deter-
mine whether there is any potential publication bias and 
ensure the robustness and reliability of the meta-analysis 
results.
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Results
Results of the literatures search
Table  1 shows the general information on inclusion of 
randomized controlled clinical trials. A preliminary 
search of PubMed, Embase, Cochrane Library, CNKI, 
WanFang database, and VIP identified 1032 documents. 
After removing duplicate documents and reading titles 
and abstracts, which were obviously inconsistent, 22 
documents remained. By reading the full text and exclud-
ing 2 uncontrolled studies and experimental protocols, 
2 articles that did not meet the study population and 
standards, and 1 article that did not match the interven-
tion measures, 17 trials with 2,800 patients were finally 
included in the study. The specific process is shown in 
Fig. 1.

Basic characteristics and quality assessment
Table  1 shows the general information on the inclu-
sion of randomized controlled clinical trials. Risk of 
bias was assessed for the included studies, of which 17 
studies [19–35] reported the generation of randomized 
sequences, among which 17 studies [19–35] described 
specific methods of allocation concealment, and 6 stud-
ies [19, 20, 23, 27, 29, 33] reported blinding of inves-
tigators and subjects. Regarding potential bias, all the 
studies were conducted in tertiary hospitals. Moreover, 
the source of fund projects was at the municipal level or 
above. Additionally, the published journals were from 
statistical sources or above.The results of the risk of bias 
assessment are shown in Figs. 2 and 3.

Meta-analysis results
Comparison of sedation efficacy rates
Among the included studies, (1) 9 literatures [21, 24, 26, 
29–35] reported on the success rate of ciprofol versus 
propofol in sedation among patients. The test for het-
erogeneity (P = 0.92, I2 = 0%) suggested that there was no 
statistical heterogeneity among the studies, so the fixed 
effects model was used for analysis. The results showed 
that there was no statistically significant difference in 
sedation success rate between the ciprofol and propofol 
groups (OR = 1.37, 95%CI: 0.80–2.35, P = 0.26).

Subgroup analysis: (2) 4 documents [21, 24, 31, 33] 
reported the success rate of sedation between ciprofol 
and propofol in patients under 65 years old. The hetero-
geneity test (P = 0.60, I2 = 0%) showed that there was no 
statistical heterogeneity among the studies, so the fixed 
effects model was used for analysis. The results showed 
that among patients under 65 years old, there was no 
statistically significant difference in the sedation success 
rate between the ciprofol group and the propofol group 
(OR = 1.48, 95%CI: 0.72 ∼ 3.03, P = 0.28); (3) 5 documents 
[26, 29, 30, 32] reported the success rate of sedation 
between ciprofol and propofol in patients over 65 years 
old. Heterogeneity test (P = 0.87, I2 = 0%) showed that 
there was no statistical heterogeneity among the stud-
ies, so the fixed effects model was used for analysis. In 
patients over 65 years old, there was no statistically sig-
nificant difference in the sedation success rate between 
the ciprofol group and the propofol group (OR = 1.23, 
95%CI: 0.54 ∼ 2.81, P = 0.63), as shown in Fig. 4.

Table 1  Basic characteristics and quality evaluation of the included literatures
Trials(year) Way Ciprofol Propofol ASA Outcomes

Amount Age Measure Amount Age Measure
X Zhang2023 Gastroscope 50 70.5 ± 5.0 Sufentanil + C 50 70.4 ± 5.0 Sufentanil + P I–III 3-6.9.21.23-25
JF Shi2024 Gastroscope 80 68.8 ± 2.8 Butorphanol + C 80 68.6 ± 2.7 Butorphanol + P I–II 3.13.14.18.19.21
C Wang2023 Colonoscopy 49 76.6 ± 4.6 Afentanil + C 50 76.2 ± 3.5 Afentanil + P I–III 3.5.7.19.23-25
ZW Gao2023 Gastroscope 61 68.0 ± 4.9 Nalbuphine + C 60 67.3 ± 3.0 Nalbuphine + P I–II 3.5.8.13.14.18.19.21
M Xu2023 Colonoscopy 164 69.6 ± 3.6 Sufentanil + C 166 68.9 ± 3.3 Sufentanil + P I–II 3.5.11.12.19.23-25
QL Yi2022 Gastroscope 79 69.6 ± 2.8 Sufentanil + C 80 70.1 ± 2.9 Sufentanil + P I–II 3.5.9.19.21.24.25.29
CB Xing2023 Gastroscope 40 70.6 ± 5.2 Sufentanil + C 40 69.8 ± 4.4 Sufentanil + P I–III 3-5.9.11-14.18.19.21.25
JX Li2022 Gastroscope 144 43.8 ± 11.8 Sufentanil + C 145 44.1 ± 11.3 Sufentanil + P I–II 3-6.8.19.21.23-25
XQ Chen2022 Gastroscope 47 43.2 ± 12.3 Ciprofol 49 43.2 ± 12.3 Propofol I–III 3-5.7-14.19
Y Teng2021 Colonoscopy 63 46.9 ± 14.1 Sufentanil + C 31 48.4 ± 13.7 Sufentanil + P I–II 3–6
LN Chen2023 Gastroscope 105 48.4 ± 14.2 Sufentanil + C 44 43.6 ± 16.2 Sufentanil + P I–III 3.7.11-14
XY Liu2023 Gastroscope 175 39.8 ± 5.3 Sufentanil + C 175 39.8 ± 5.2 Sufentanil + P I–II 3.5.9.11–13.19.21.24.25
JW Zang2023 Gastroscope 52 62.0 ± 4.3 Remifentanil + C 52 61.2 ± 4.6 Remifentanil + P I–II 3.6.8.13.14.18.19.21.24.25
EH Tang2024 Colonoscopy 56 45.3 ± 9.2 Sufentanil + C 56 45.7 ± 8.9 Sufentanil + P I–II 3.5.6.8.9.13.14.18.21.23-25
L Xiang2023 Gastroscope 104 42.8 ± 10.7 Sufentanil + C 96 43.0 ± 11.5 Sufentanil + P I–II 3-6.8.9.18.23.25.29
SH Gao2024 Gastroscope 82 54.0 ± 10.5 Ciprofol 82 54.0 ± 9.5 Propofol I–II 19.21.24.25
XLJiang2024 Gastroscope 99 67.1 ± 3.4 Ciprofol 94 67.5 ± 3.3 Propofol I–II 3-6.8.11.12.18.19.21.24
Annotation: C = ciprofol; P = propofol; Outcome indicators: 3. awakening time, 4. insertion time, 5. induction time, 6. inspection time, 7. operating time, 8. recovery 
time, 9. Exit time, 11. SBP, 12. DBP, 13. HR, 14. SPO2, 18. MAP, 19. injection pain, 21. respiratory depression, 23. hypoxemia, 24. bradycardia, 25. hypotension, 29. cough
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Comparison of anesthesia time correlation
Induction time: (1) 13 documents [20–30, 32, 34] 
reported the induction time of ciprofol versus propo-
fol anesthesia. The heterogeneity test (P<0.001, I2 = 95%) 
showed that there was statistical heterogeneity among 

the studies, so a random effects model was used. The 
results showed that the anesthesia induction time in the 
ciprofol group was longer than that in the propofol group 
(MD = 0.13 min, 95%CI: 0.00 ∼ 0.26 min, P = 0.04).

Fig. 1  Literature screening process
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Subgroup analysis: (2) 6 documents [19, 21, 22, 24, 
25, 27] reported the induction time of ciprofol and pro-
pofol in patients under 65 years old. The heterogeneity 
test (P < 0.0001, I2 = 98%) showed that there was statis-
tical heterogeneity among the studies, so the random 
effects model was used for analysis. The results showed 
that the induction time of the ciprofol group was longer 
than that of the propofol group (MD = 0.41 min, 95%CI: 

0.04∼0.78 min, P = 0.03); (3) 7 documents [23, 26, 28–30, 
32, 34] reported on the induction time of ciprofol and 
propofol in elderly patients over 65 years old. The hetero-
geneity test (P = 0.67, I2 = 0%) showed that there was no 
statistical heterogeneity among the studies, so the fixed 
effects model was used for analysis. The results showed 
that there was no statistically significant difference in 
induction time between the ciprofol and propofol groups 
in patients over 65 years old (MD=-0.01  min, 95%CI: 
-0.05 ∼ 0.02 min, P = 0.56), as shown in Fig. 4.

Comparison of the incidence of ADRs
① Injection pain: (1) 12 documents [20, 21, 23, 24, 26, 
28–31, 33–35] reported the number of ADRs of cipro-
fol versus propofol injection pain. The heterogeneity 
test (P = 0.006, I2 = 58%) showed that there was statisti-
cal heterogeneity between studies, so a random effects 
model was used. The results showed that the incidence of 
injection pain in the ciprofol group was much lower than 
that in the propofol group (OR = 0.08, 95%CI: 0.05 ∼ 0.15, 
P<0.0001).

Subgroup analysis: (2) 5 documents [20, 21, 24, 31, 33] 
reported the number of cases of painful ADRs to cipro-
fol and propofol injections in patients under 65 years old. 
The heterogeneity test (P<0.0001, I2 = 83%) showed that 
there was statistical heterogeneity among the studies, 
so the random effects model was used for analysis. The 
results showed that among patients under 65 years old, 
the incidence of injection pain in the ciprofol group was 
much lower than that in the propofol group (OR = 0.05, 
95%CI: 0.01 ∼ 0.23, P = 0.0001); (3) 7 documents [22, 23, 
26, 28, 29, 34, 35] reported the number of painful ADRs 
to ciprofol and propofol injections in patients over 
65 years old. The heterogeneity test (P = 0.84, I2 = 0%) 
showed that there was no statistical heterogeneity among 
the studies, so the fixed effects model was used for anal-
ysis. The results showed that among patients over 65 
years old, the incidence of injection pain in the ciprofol 
group was much lower than that in the propofol group 
(OR = 0.10, 95%CI: 0.06 ∼ 0.15, P<0.0001), as shown in 
Fig. 5.

② Hypotension: (1) 11 documents [21, 23–33] reported 
the number of ADRs of hypotension after induction of 
anesthesia with ciprofol versus propofol. The hetero-
geneity test (P = 0.007, I2 = 59%) showed that there was 
statistical heterogeneity among the studies, so a random 
effects model was used. The results showed that the inci-
dence rate of hypotensive ADRs in the ciprofol group was 
less than that in the propofol group (OR = 0.48, 95%CI: 
0.32 ∼ 0.72, P = 0.0004).

Subgroup analysis: (2) 6 documents [21, 24, 25, 27, 31, 
33] reported the incidence of hypotensive ADRs of cip-
rofol and propofol in patients under 65 years old. The 
heterogeneity test (P = 0.05, I2 = 55%) showed that there 

Fig. 2  Summary diagram of risk of bias in included literature
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was statistical heterogeneity among the studies, so the 
random effects model was used for analysis. The results 
showed that among patients under 65 years old, there 
was no statistically significant difference in the incidence 
of hypotensive ADRs between the ciprofol group and the 
propofol group (OR = 0.61, 95%CI: 0.35 ∼ 1.08, P = 0.09); 
(3) 5 documents [22, 26, 28, 29, 32] reported the num-
ber of ADRs of hypotension after induction of anesthesia 
with ciprofol and propofol in patients over 65 years old. 
The heterogeneity test (P = 0.02, I2 = 66%) showed that 
there was statistical heterogeneity among the studies, 
so the random effects model was used for analysis. The 
results showed that among patients over 65 years old, 
the incidence of hypotension in the ciprofol group was 
lower than that in the propofol group (OR = 0.35, 95%CI: 
0.18 ∼ 0.67, P = 0.002), as shown in Fig. 5.

③ Bradycardia: (1) 10 documents [20, 22, 24–26, 29, 
31–34] reported the incidence of ADRs of bradycardia 
between ciprofol and propofol. The heterogeneity test 
(P = 0.27, I2 = 19%) showed that there was no statisti-
cal heterogeneity among the studies, so the fixed effects 
model was used. The results showed that the incidence of 
ADRs of bradycardia in the ciprofol group was less than 
that in the propofol group (OR = 0.66, 95%CI: 0.49 ∼ 0.87, 
P = 0.004).

Subgroup analysis: (2) 5 documents [21, 24, 25, 31, 33] 
reported the incidence of bradycardia ADRs of ciprofol 
and propofol in patients under 65 years old. The hetero-
geneity test (P = 0.70, I2 = 0%) showed that there was no 
statistical heterogeneity among the studies, so the fixed 
effects model was used for analysis. The results showed 
that among patients under 65 years old, the incidence 
of bradycardia in the ciprofol group was less than that 
in the propofol group (OR = 0.53, 95%CI: 0.32 ∼ 0.88, 

P = 0.01); (3) 5 documents [22, 26, 29, 32, 34] reported 
the incidence of bradycardia ADRs of ciprofol and pro-
pofol in patients over 65 years old. The heterogeneity 
test (P = 0.09, I2 = 50%) showed that there was no statisti-
cal heterogeneity among the studies, so the fixed effects 
model was used for analysis. The results showed that 
among patients over 65 years old, there was no statisti-
cal significance in the incidence of ADRs of bradycardia 
in the ciprofol group and the propofol group (OR = 0.73, 
95%CI: 0.51 ∼ 1.02, P = 0.07), as shown in Fig. 5.

④ Respiratory depression: (1) 11 documents [21, 23–25, 
28, 30–35] reported the incidence of ADRs of respiratory 
depression after induction of anesthesia with ciprofol 
versus propofol. The heterogeneity test (P = 0.54, I2 = 0%) 
showed that there was no statistical heterogeneity among 
the studies, so the fixed effects model was used. The 
results showed that the number of cardiorespiratory 
depression reactions in the ciprofol group was less than 
that in the propofol group (OR = 0.21, 95%CI: 0.15 ∼ 0.30, 
P<0.0001).

Subgroup analysis: (2) 5 documents [21, 24, 25, 31, 
33] reported the number of ADRs of respiratory depres-
sion after induction of anesthesia with ciprofol and 
propofol in patients under 65 years old. The heteroge-
neity test (P = 0.40, I2 = 1%) showed that there was no 
statistical heterogeneity among the studies, so the fixed 
effects model was used for analysis. The results showed 
that among patients under 65 years old, the incidence 
of respiratory depression after anesthesia induction in 
the ciprofol group was lower than that in the propofol 
group (OR = 0.25, 95%CI: 0.15 ∼ 0.43, P<0.0001); (3) 6 
documents [22, 23, 28, 32, 34, 35] reported the number of 
ADRs of respiratory depression after induction of anes-
thesia with ciprofol and propofol in patients over 65 years 

Fig. 3  Risk of bias percentage assessment chart of included literature
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old. The heterogeneity test (P = 0.54, I2 = 0%) showed that 
there was no statistical heterogeneity among the stud-
ies, so the fixed effects model was used for analysis. The 
results showed that among patients over 65 years old, the 
incidence of respiratory depression ADRs after anesthe-
sia induction in the ciprofol group was lower than that 
in the propofol group (OR = 0.18, 95%CI: 0.12 ∼ 0.29, 
P<0.0001), as shown in Fig. 6.

⑤ Hypoxemia: (1) 7 documents [21, 25–29, 32] 
reported the number of ADRs of hypoxemia after 

anesthesia induction. The heterogeneity test (P = 0.34, 
I2 = 12%) showed that there was no statistical heteroge-
neity among the studies, so the fixed effects model was 
used. The results showed that the incidence of ADRs of 
hypoxemia after anesthesia induction was statistically 
significant between the ciprofol group and the propofol 
group (OR = 0.29, 95%CI: 0.20 ∼ 0.43, P<0.0001), with the 
number of ADRs in the ciprofol group being less than 
that in the propofol group.

Fig. 4  The pooled results of (A). sedation success rates (B). induction time
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Fig. 5  The pooled results of (A). injection pain (B). hypotension (C). bradycardia
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Subgroup analysis: (2) 3 documents [21, 25, 27] 
reported the number of ADRs of hypoxemia in patients 
under 65 years old after induction of anesthesia. The het-
erogeneity test (P = 0.49, I2 = 0%) showed that there was 
no statistical heterogeneity among the studies, so the 
fixed effects model was used. The results showed that 
among patients under 65 years old, there was a statisti-
cally significant difference in the incidence of ADRs of 
hypoxemia between the ciprofol group and the propo-
fol group (OR = 0.37, 95%CI: 0.20 ∼ 0.72, P = 0.003). The 

number of ADRs of hypoxemia in the ciprofol group was 
less than that in the propofol group; (3) 4 documents [26, 
28, 29, 32] reported the number of cases of hypoxemia 
after induction of anesthesia in patients over 65 years 
old. The heterogeneity test (P = 0.18, I2 = 38%) showed 
that there was no statistical heterogeneity among the 
studies, so the fixed effects model was used for analysis. 
The results showed that among patients over 65 years 
old, there was a statistical significance in the number of 
ADRs of hypoxemia after anesthesia induction in the 

Fig. 6  The pooled results of (A). respiratory depression (B). hypoxemia
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ciprofol group and the propofol group (OR = 0.26, 95%CI: 
0.16 ∼ 0.41, P<0.0001). The incidence of ADRs of hypox-
emia in the ciprofol group was less than that in the pro-
pofol group, as shown in Fig. 6.

Analysis of other relevant indicators mate
Regarding other related indicators: (1) In the 7 studies 
[20–22, 27, 28, 32, 34] on the insertion time, it was found 
that the ciprofol group took less time than the propofol 
group; (2). In the 2 studies [18, 28] on patients over 65 
years old, the exit time in the ciprofol group was lon-
ger than that in the propofol group; (3). In 3 studies [28, 
29, 34] on patients over 65 years old, the diastolic blood 
pressure in the ciprofol group was lower than that in the 
propofol group. Moreover, the other indicators had no 
statistical significance (as shown in Table  2).The forest 
plot can be found in the supplementary materials.

Safety and publication bias analysis
9 articles [24, 26, 27, 29–32, 34] included in the study 
reported the success rate of sedation. The results of the 
Egger test showed that P = 0.988; 11 documents included 
in the study [21, 23–33] reported the number of ADRs 
of hypotension. The results of the Egger test showed 
that P = 0.747; 12 documents [20, 21, 23, 24, 26, 28–31, 
33–35] reported the number of cases of injection pain 

ADRs. The results of the Egger test showed that P = 0.267; 
10 documents [20, 22, 24–26, 29, 31–34] reported the 
number of ADRs of bradycardia. The results of the Egger 
test showed that P = 0.808; 11 documents [21, 23–25, 28, 
30–35] reported the number of cases of ADRs to respi-
ratory depression. The results of the Egger test showed 
that P = 0.137; 16 documents [19–32, 34, 35] reported 
the recovery time after anesthesia induction with cipro-
fol versus propofol. The results of the Egger test showed 
that P = 0.488; 13 documents [19, 21–30, 32, 34] reported 
the anesthesia induction time of ciprofol versus propofol. 
The results of the Egger test showed that P = 0.141. The 
Egger test data show that there is no publication bias. 
In order to verify this result, we make a funnel plot. The 
results are shown in Figs.  7 and 8. For details of Egger 
test, please see supplementary materials.

Discussion
Gastrointestinal endoscopy is a minimally invasive sur-
gical technique that is important in the diagnosis of dis-
ease [36]. However, during routine operations, patients 
may experience some discomfort, such as patients with 
chronic pharyngitis, long-term smokers, and people with 
sensitive throat [9]. In addition, colonoscopy may cause 
intestinal cramps, pain and abdominal distension. Some 
patients have to interrupt the examination because they 

Table 2  Analysis of other relevant indicators mate
Index Number of studies Heterogeneity test Effect model HR(95%) p-value

t2(%) p-value
Inspection time 6 I2 = 79% P = 0.002 Random -0.62(-1.58∼0.33) P=0.20
Recovery time 6 I2 = 93% P<0.0001 Random 0.47(-0.60∼1.53) P=0.39
Insertion time 7 I2 = 95% P<0.0001 Random 0.35(0.03∼0.67) P=0.03
under 65 years of age 4 I2 = 97% P<0.0001 Random 0.57(0.01∼0.14) P=0.05
over 65 years old 3 I2 = 0% P = 0.56 Immobilization 0.01(-0.07∼0.10) P=0.77
Exit time 6 I2 = 98% P<0.0001 Random 0.48(-1.58∼2.53) P=0.65
under 65 years of age 4 I2 = 99% P<0.0001 Random -0.07(-2.49∼2.34) P=0.95
over 65 years old 2 I2 = 35% P = 0.22 Immobilization 1.57(0.59∼2.55) P=0.002
Systolic blood pressure 6 I2 = 90% P<0.0001 Random 0.25(-3.18∼3.67) P=0.89
under 65 years of age 3 I2 = 85% P = 0.002 Random 3.67(-2.52∼9.87) P=0.24
over 65 years old 3 I2 = 87% P = 0.0005 Random -2.53(-6.49∼1.44) P=0.21
Diastolic blood pressure 6 I2 = 87% P<0.0001 Random 0.05(-2.02∼2.11) P=0.96
under 65 years of age 3 I2 = 79% P = 0.008 Random 2.69(-1.17∼6.56) P=0.17
over 65 years old 3 I2 = 66% P = 0.06 Random -2.24(-3.71∼0.78) P=0.003
Heart rate 7 I2 = 93% P<0.0001 Random -0.34(-3.90∼3.22) P=0.85
Blood oxygen saturation 6 I2=0% P = 0.74 Immobilization 0.01(-0.00∼0.02) P=0.05
Cough 2 I2 = 36% P = 0.21 Immobilization 0.96(0.48∼1.92) P=0.92
Operating time 5 I2 = 72% P = 0.006 Random 0.70(-0.24∼1.63) P=0.14
MAP 7 I2 = 87% P<0.0001 Random 2.85(-0.12∼5.82) P=0.06
Awakening time 16 I2 = 92% P<0.001 Random 0.19(-0.05∼0.42) P=0.12
under 65 years of age 8 I2 = 96% P<0.001 Random 0.45(-0.22∼1.11) P=0.19
over 65 years old 8 I2 = 66% P = 0.005 Random 0.09(-0.21∼0.39) P=0.55
Inspection time [18, 21, 23, 27, 28, 30], Recovery time [16, 17, 19, 21, 23, 27], Insertion time [16–18, 23, 24, 28, 30], Exit time [16, 18, 20, 21, 23, 28], Systolic blood pressure 
[15, 16, 20, 24, 25, 30], Diastolic blood pressure [15, 16, 20, 24, 25, 30], Heart rate [15, 16, 19–21, 27, 31], Blood oxygen saturation [15, 16, 19–21, 27], Cough [18, 21], 
Operating time [15, 16, 19, 22, 30], Awakening time [15–28, 30, 31], MAP [16, 19, 21, 23, 27, 30, 31]
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Fig. 7  Bias method analysis legend. (A). Hypotension funnel plot; (B). Respiratory depression funnel plot; (C). Wake-up time funnel plot;
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Fig. 8  Bias method analysis legend (D). Bradycardia funnel plot; (E). Induction time funnel plot; (F). Injection pain funnel plot
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cannot tolerate these problems, thus delaying diagnosis 
and treatment [37]. At the same time, routine gastroin-
testinal endoscopy may also stimulate the vagus nerve, 
resulting in detrusor pain and reflexive heart rate reduc-
tion, bringing additional physical and psychological bur-
den to patients [38]. In order to alleviate patients’ pain 
and improve the comfort and safety of the examination, 
the painless gastrointestinal endoscopy technique was 
developed [37]. This technique is performed under anes-
thesia, which significantly improves patient tolerance, 
reduces adverse effects, shortens examination and pro-
cessing time, and provides a safer, faster and more com-
fortable examination experience for patients [39].

In painless gastrointestinal endoscopy, propofol is a 
commonly used anesthetic drug, which has a significant 
sedative effect but also shows some side effects dur-
ing use, such as respiratory depression, decreased blood 
pressure, and slowed heart rate [40]. In order to find safer 
and more effective anesthesia drugs, researchers devel-
oped ciprofol [41] based on the activity of propofol. Cip-
rofol is a new type of intravenous anesthesia drug, whose 
potency is 4–5 times higher than that of propofol, which 
is highly effective, safe and easy to control, and shows 
great potential in painless gastrointestinal endoscopy 
anesthesia [42].

From the physician’s point of view, ciprofol is highly 
effective in painless gastrointestinal endoscopy [43]. Cip-
rofol can rapidly bring patients into a state of deep seda-
tion without pain and without intraoperative movements 
and ADRs [44].The use of ciprofol has been shown to be 
effective in painless gastrointestinal endoscopy. However, 
the operation of ciprofol is simple and easy to use, and 
the patient recovers rapidly after awakening, without diz-
ziness, nausea, vomiting and other symptoms, and can 
immediately carry out daily activities, which significantly 
improves the quality and efficiency of the procedure [45]. 
From the patient’s point of view, painless gastrointestinal 
endoscopy using ciprofol is a very comfortable experi-
ence [46]. The patient had no pain during the entire pro-
cedure, had no reaction when the needle was pushed, 
and was in good physical condition upon awakening, and 
was able to answer questions quickly and without dis-
comfort [47]. This painless experience not only reduces 
patients’ psychological stress, but also increases their 
satisfaction with healthcare services [47]. Although cip-
rofol is 4–5 times more effective than propofol, requires 
lower dosage, is more effective, and provides faster and 
more efficient sedation than propofol, the subsequent 
slight changes in its dosage may have adverse effects 
on patients. have a greater impact on the sedation or 
anesthesia effect. This requires clinicians to more accu-
rately calculate and adjust doses when formulating dos-
age regimens. There are also large individual differences 
in the sensitivity of different patients to ciprofol, and 

this difference is more prominent in the case of higher 
potency. Some patients may respond strongly to conven-
tionally recommended doses, while others may require 
slightly higher doses to achieve satisfactory results. Cli-
nicians need to spend more time and effort assessing 
patients’ individual circumstances.

The results of 17 (RCTs) show that compared with 
propofol, ciprofol has a lower incidence of ADRs such 
as injection pain, hypotension, hypoxemia, and respira-
tory depression during painless gastrointestinal anes-
thesia. In patients over 65 years old, ciprofol remains 
highly safe.In the overall sample, the induction time of 
the ciprofol group was longer than that of the propofol 
group by about 0.13 min, and the induction time of the 
ciprofol group was longer than that of the propofol group 
in patients under 65 years old by about 0.41 min. How-
ever, there was no significant difference in the induction 
time between the two in elderly patients. It may be that 
young patients have better physical functions and faster 
distribution and metabolism, while elderly patients have 
declining metabolic functions. Physiological changes, 
such as reduced body water, increased fat proportion, 
etc., will affect the distribution volume of the drug and 
change the sensitivity of the central nervous system. 
These physiological changes will lead to differences in 
induction time as they affect the distribution volume of 
the drug and change the sensitivity of the central nervous 
system. In terms of insertion time, the ciprofol group was 
longer than the propofol group in young patients, but 
there was no significant difference between the two in 
elderly patients. In the overall sample, the ciprofol group 
took longer than the propofol group; In terms of the time 
to leave the room, the ciprofol group was less than the 
propofol group in young patients. In terms of the time to 
wake up after anesthesia (for example), the ciprofol group 
took longer than the propofol group in elderly patients. 
However, in the overall sample, the time needed for cip-
rofol group to reach full recovery was less than that of the 
propofol group. These differences might be related to the 
different pharmacological mechanisms of the two drugs. 
For instance, ciprofol may have a quicker onset of action 
and a better ability to maintain stable sedation and anes-
thesia states, which could contribute to a better overall 
recovery process. Additionally, through integrated anal-
ysis of 17 RCTs, we found that ciprofol showed higher 
safety than propofol in both patients under 65 years old 
and patients over 65 years old. For example, it had a 
lower incidence of ADRs in these patient groups. There-
fore, we believe that ciprofol is a safer sedative anesthetic 
drug than propofol in terms of applicability to patients of 
all ages.

It has important clinical significance by reducing the 
incidence of ADRs, which helps to ensure the safety 
of the treatment process and reduce the treatment 
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interruption, additional medical intervention and psy-
chological burden of patients caused by adverse drug 
reactions. From the perspective of medical institutions 
and medical staff, the lower incidence of ADRs helps to 
improve the quality of medical care. This is especially sig-
nificant when it comes to elderly patients, as they have 
a decline in physical function and a decline in liver and 
kidney function, and a weakened drug metabolism ability 
[10]. At the same time, they are often accompanied by a 
variety of chronic diseases, and their tolerance to drugs 
is poor. Moreover, the effect of ciprofol on the cardio-
vascular system is small. Compared with propofol, it can 
reduce the risk of hypotension and arrhythmia in elderly 
patients. The respiratory function reserve of elderly 
patients is low, the respiratory muscle strength is weak-
ened, and the inhibitory effect of ciprofol on respiratory 
function is relatively light, which can ensure the respira-
tory safety of elderly patients.For patients with cardiovas-
cular diseases such as hypertension and coronary heart 
disease, ciprofol can avoid excessive stimulation of the 
heart and large fluctuations in blood pressure [48]. It can 
reduce myocardial oxygen consumption and reduce the 
risk of arrhythmia, thereby reducing the adverse progno-
sis caused by cardiac events. In patients with respiratory 
diseases such as asthma and COPD, the effect of ciprofol 
on the reduction of adverse events of respiratory depres-
sion is particularly important. This can reduce the com-
plications such as pulmonary infection and respiratory 
failure caused by the deterioration of respiratory func-
tion, and help the patient ‘s respiratory function to be sta-
ble [49]. ADRs like hypotension may lead to an increase 
or decrease in the patient’s blood glucose. Reducing the 
incidence of hypotension helps maintain the relative sta-
bility of blood glucose, which is beneficial to the control 
and progression of diabetes.

Compared with other propofol substitutes, for exam-
ple, etomidate can also be used for sedation during 
endoscopy, but its onset time may be delayed compared 
with ciprofol and propofol, which may affect the exami-
nation effect [50]. Moreover, etomidate may cause tran-
sient adrenal cortical function inhibition after use, which 
is unfavorable for some patients who have long-term use 
of glucocorticoids or have adrenal cortical dysfunction. It 
may cause pain at the injection site, cause stress response 
in patients, and then affect the circulatory system. Such 
as midazolam, the depth of sedation is relatively shallow. 
Although it can achieve sufficient sedation at a higher 
dose, it will increase the risk of ADRs, such as respira-
tory depression and delayed recovery caused by exces-
sive sedation. In addition, midazolam is not as effective 
as propofol in inhibiting laryngopharyngeal reflex, which 
may lead to nausea and vomiting during the examina-
tion.In contrast, some alternatives have a longer recovery 
time [51]. For example, after dexmedetomidine is used 

for endoscopic sedation, the patient’s recovery time may 
be extended to about 15 ∼ 20 min, and hypotension and 
conditions like bradycardia may affect the patient’s recov-
ery and discharge time [52]. Although ketamine has less 
respiratory depressant effects, it can cause an increase 
in secretions and increase the risk of airway obstruction, 
especially during gastrointestinal endoscopy, which may 
irritate the pharynx.

Although this study has made some progress in explor-
ing the choice of anesthetic drugs in painless gastroscopy, 
there are still some limitations. (1) First of all, as a new 
drug developed and marketed in China, the sample size 
is limited to China. It is not clear whether our research 
results can be extended to other races. If it is applied in 
other countries, it will also include sample data of more 
races. (2). In the included literature, there are differ-
ences in the choice of combined drugs used among vari-
ous studies, which may introduce a certain risk of bias 
to the research results. In future studies, the choice of 
combined drugs should be unified as much as possible to 
reduce the impact of bias on the results. (3) There are dif-
ferences in the definition of anesthesia protocol and some 
outcome indicators in the study, which leads to high 
heterogeneity in some results. (4) The lack of long-term 
data monitoring and follow-up in elderly patients leads 
to some potential deviations. (5) The effects of different 
doses were not evaluated in this study. More RCTs con-
trolled trials are needed to determine the optimal dose 
of ciprofol in gastrointestinal examination in the future. 
(6) The criteria for sedation success rate in the literature 
are not comprehensive enough. In the future, more litera-
ture with diverse samples are needed to enrich and evalu-
ate these criteria. (7) In this study, there was no specific 
classification of the severity of adverse reactions. In the 
future, classification should be carried out as much as 
possible for statistics and description.

In clinical applications, ciprofol is usually used in com-
bination with opioids, which can cause a series of com-
pounding stability problems. When two or more drugs 
are mixed, due to the differences in their physicochemical 
properties, they will cause different reactions, including 
some changes visible to the naked eye (e.g., precipita-
tion, discoloration, turbidity, etc.) and changes not vis-
ible to the naked eye (e.g., hydrolysis, redox, etc.). Since 
ciprofol is an emulsion, its compounding is much more 
difficult than that of a general solution. Coupled with the 
relatively short time that ciprofol has been on the mar-
ket, there are relatively limited studies on its compound-
ing stability in the market, which poses a certain risk to 
the safety of clinical medication. Therefore, strengthen-
ing the investigation and research on the compounding 
stability and compatibility of ciprofol when used in com-
bination with other drugs to ensure the safety of clinical 
use will be the focus of our future research.
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Conclusion
In conclusion, the application of ciprofol in painless 
gastrointestinal endoscopy anesthesia is of high value, 
which can effectively relieve pain, reduce injection pain, 
improve patient comfort, and reduce the occurrence of 
complications. Therefore, ciprofol is worth being widely 
used in gastrointestinal endoscopy in patients of adults. 
Starting from a lower dose, elderly patients can consider 
starting from 0.2  mg/kg-0.4  mg/kg, and then gradually 
adjust the dose according to the patient’s response (such 
as sedation depth, changes in vital signs).
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