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Abstract

Background Propofol has been the gold standard for anesthesia induction and maintenance due to its rapid onset
and favorable pharmacokinetic properties. However, the search for alternative agents with improved safety and effi-
cacy has led to the emergence of ciprofol (HSK3486), a structural analog of propofol. This systematic review and meta-
analysis aim to comprehensively assess the safety and efficacy of ciprofol compared to propofol for anesthesia induc-
tion and maintenance in adult patients undergoing surgical procedures.

Methods This study included only double-arm RCTs in which participants were aged eighteen or older undergoing
surgery. For the statistical analysis of the extracted data, we employed RevMan 5.4.1.

Results Ciprofol demonstrated a promising trend of higher anesthesiologists’ satisfaction during the induction phase
(MD 0.14, 95%, CI—0.28 to 0.56, p=0.51), whereas Propofol was favored during maintenance. Propofol also exhib-

ited advantages with a shorter time to successful anesthesia induction (MD 0.08 min, 95% CI 0.00 to 0.15, p=0.04),
and quicker attainment of full alertness (MD 0.11 min, 95% CI—1.29 to 1.52, p=0.87), suggesting its efficiency in clini-
cal practice. Importantly, there were no significant disparities in the success rate of anesthesia.

Conclusion Both ciprofol and propofol demonstrate comparable efficacy and safety for anesthesia induction

and maintenance in adult patients undergoing surgery. While propofol provides a faster onset of induction, ciprofol
exhibits advantages in terms of pain management. Clinicians should consider these findings when selecting anes-
thetic agents, and tailoring choices to individual patient needs and clinical scenarios.

Keywords Analgesia, Anesthesia induction, Ciprofol, General anesthesia, Propofol, Day surgery

% J What is already known about this subject?
orrespondence: ..
VarrassipGiustmo Propofol has been the gold standard for anesthesia induc-
giuvarr@gmail.com tion and maintenance due to its rapid onset and favorable
1 i i i i . . .
, Fazaia RL_Jth P.fau Medical Co_llege, Karachi, .Pak\s.tan pharmacokmetlc propertles.

Dow University of Health Sciences, Karachi, Pakistan
3York and Scarborough Teaching Hospital, NHS Foundation Trust, York, UK
4 CMH Lahore Medical College and Institute of Dentistry, Lahore, Pakistan
5 Shaheed Mohtarma Benazir Bhutto Medical College, Karachi, Pakistan
6 Paolo Procacci Foundation (PPF), Rome, Italy

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0009-0000-9040-3345
http://orcid.org/0009-0005-0647-8181
http://orcid.org/0009-0005-2230-6793
http://orcid.org/0009-0006-8938-9818
http://orcid.org/0000-0001-9670-9011
http://orcid.org/0000-0002-4416-482X
http://orcid.org/0009-0003-7866-099X
http://orcid.org/0000-0003-2075-673X
http://orcid.org/0000-0002-9613-1077
http://orcid.org/0009-0002-1900-2543
http://orcid.org/0000-0002-3822-2923
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44158-024-00160-8&domain=pdf

Muhammad et al. J Anesth Analg Crit Care (2024) 4:25

What this study adds

+ This systematic review and meta-analysis compre-
hensively assessed the safety and efficacy of ciprofol
compared to propofol for anesthesia induction and
maintenance in adult patients undergoing surgical
procedures.

+ Propofol and Ciprofol exhibited similar efficacy and
safety profiles. Nevertheless, Propofol achieved gen-
eral anesthesia induction more rapidly.

+ With Ciprofol there was a reduced incidence of pain
at the injection site.

Introduction

General anesthesia is a cornerstone of modern medical
practice, designed to achieve the vital goals of amnesia,
unconsciousness (hypnosis), and immobilization during
surgical procedures. These objectives are met through
the use of general anesthetics, which exhibit the remark-
able ability to reversibly induce these therapeutic effects
[1, 2]. Among the diverse classes of anesthetic agents,
both volatile and intravenous anesthetics play pivotal
roles in ensuring reliable and effective anesthesia.

Propofol, a potent y-aminobutyric acid (GABA) recep-
tor agonist, stands as a testament to the success of intra-
venous anesthetics over the past three decades [3, 4].
Its favorable pharmacokinetic (PK) and pharmacody-
namic (PD) properties have propelled it to the forefront
of anesthesia practice. Known for its rapid and consist-
ent induction, minimal excitation phenomena, short
context-sensitive time, rapid terminal half-life, and low
incidence of postoperative nausea and vomiting, propo-
fol has become a cornerstone of anesthesia induction and
maintenance [3]. Nevertheless, even with its exceptional
attributes, propofol is not without limitations, which
include injection pain, hypotension, respiratory depres-
sion leading to apnea, and the potential for the devel-
opment of intensive care unit (ICU) syndrome [5-7]. It
continues to serve as the gold standard against which
newer agents are benchmarked. One of these agents is
ciprofol (HSK3486).

In recent years, the field of anesthesiology has experi-
enced a surge in the exploration of novel agents for both
induction and maintenance of general anesthesia. Among
these, ciprofol has emerged as a promising contender,
boasting claims of enhanced safety and efficacy when
compared to traditional agents. First reported in 2017,
ciprofol represents a structural analog of propofol, incor-
porating an R-chiral center and a cyclopropyl group that
imparts improved pharmacological and physicochemical
properties. These enhancements render ciprofol more
potent than propofol and, notably, less painful upon
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injection [8, 9]. A phase 1 trial demonstrated the safety
of ciprofol at doses ranging from 0.15 to 0.90 mg/kg, with
most adverse events being of mild to moderate intensity
[10]. Given its increased potency relative to propofol,
ciprofol necessitates a lower drug volume for achieving
anesthesia, which not only reduces the required solvent
volume but may also mitigate side effects, particularly
those associated with injection site pain.

The primary objective of this comprehensive meta-
analysis is to systematically review and synthesize the
existing body of literature pertaining to the safety and
efficacy of ciprofol compared to propofol in the context
of induction and maintenance of general anesthesia in
adult patients undergoing surgical procedures. Through
the amalgamation of data from multiple studies, we
aspire to offer an extensive evaluation of the relative mer-
its of these two agents. By doing so, we aim to provide
valuable insights for both researchers and clinicians in
the field of anesthesiology, ultimately contributing to the
enhancement of anesthesia practices and patient care.

Methods

Data sources and search strategy

Cochrane and Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines were
implemented while preparing this meta-analysis [11]. A
comprehensive electronic search performed using Med-
line, Google Scholar, Embase, and Cochrane Central was
conducted to identify relevant randomized controlled
trials (RCTs). The search strategy was composed of the
following keywords and their MeSH terms “Propofol”
OR “2,6-Diisopropylphenol” OR “2,6 Diisopropylphe-
nol” OR “2,6-Bis(1-methyl ethyl)phenol” OR “Disoprofol”
OR “Diprivan” OR “Disoprivan” OR “Fresofol” OR “ICI-
35,868” OR “ICI 35,868” OR “ICI35,868” OR “ICI-35868”
OR “ICI 35868” OR “ICI35868” OR “Ivofol” OR “Propo-
fol Fresenius” OR “Propofol MCT” OR “Propofol Rovi”
OR “Propofol-Lipuro” OR “Recofol” OR “Aquafol” OR
“Propofol Abbott” AND “ciprofol OR HSK3486” AND
“anesthesia OR sedation” The PRISMA diagram of the
studies used can be found in the PRISMA flow chart in
Fig. 1. Information about the search strategy is given in
Supplementary Table S1.

Eligibility criteria

The study selection process was conducted in accord-
ance with predetermined eligibility criteria and spe-
cific outcome measures. Only double-arm, randomized
controlled trials (RCTs) were included in our analysis.
The target demographic comprised individuals aged
eighteen or over. The intervention involved the utiliza-
tion of ciprofol, which was compared with the adminis-
tration of propofol. The primary outcome assessed was
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Fig. 1 Prisma flow chart

the induction and maintenance of general anesthesia.
Some studies were omitted based on the exclusion crite-
ria. Studies in which ciprofol was utilized for screening
and diagnostic procedures were not included. Articles
published in languages other than English or any other
specified language were excluded from consideration.
Furthermore, all types of reviews (systematic and non-
systematic), case reports, case series, cross-sectional, edi-
torials, commentaries, and animal studies were excluded
to maintain the integrity and focus of our study. Details
of the studies that were selected are given in Supplemen-
tary Table S2. This rigorous selection process aimed to
ensure the quality and relevance of the studies included
in our systematic review and meta-analysis.

Data extraction and quality assessment

Articles retrieved from the systematic search were
exported to EndNote Reference Library software, and
any duplicates found were discarded. The remaining arti-
cles were initially screened based on abstract and title,
and then a review of the entire text was conducted to
assess relevance. Screening of the articles was distributed
amongst two reviewers, (M.H, H.M), and any inconsist-
encies were resolved by discussion till consensus or by
the third reviewer (A.R.S.S). The following baseline char-
acteristics were extracted onto an online Microsoft Excel

2 (n=12) (n=0)
E .
5 '
Full-text articles assessed for Full-text articles excluded:
eligibility > Not an RCT (1)
(n=12) Published before 2000(0)
Different target population (5)
S—
e Studies included in review
gl | =0
° Reports of included studies
£l | =6
e

Spreadsheet: study characteristics (first author’s name
along with publication year, study design, number of
patients) population characteristics (patient age in years,
male gender percentage, body mass index (BMI) (kg/
m?), American Society of Anesthesiologists (ASA) score,
mean operation time, subgroups of dosage of drug). The
baseline characteristics are given in Supplementary Table
S3.

Primary outcomes included efficacy of ciprofol (satis-
faction evaluation for anesthesiologists, time to full alert-
ness, time to successful anesthesia induction, time to loss
of eyelash reflex, success rate of anesthesia, time required
for patients to leave the post-anesthesia care unit - PACU,
time to respiratory recovery) on anesthesia induction and
maintenance in comparison to propofol.

Secondary outcomes included the safety profile of cip-
rofol (total adverse events, tachycardia, rash, prolonged
QT interval, pain on injection (induction), hypoxia,
hypotension, hypertension (induction), Common Ter-
minology Criteria for Adverse Events (CTCAE) severity
scale (grade 1) (induction), CTCAE severity scale (grade
2) (induction), bradycardia (induction), any treatment-
emergent adverse event, number of patients who main-
tained BIS between 40 and 60 min at 0.4 mg/kg and
elevated AST (induction and maintenance) at 0.4 mg/kg.
This is shown in Supplementary Table S4.
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The revised Cochrane Risk of Bias (RoB) tool was used
independently by the two researchers (H.M, N.ES) to
examine the quality of the included RCTs [12]. Reports
were analyzed for the generation of allocation sequence,
randomization of participants to ciprofol (intervention
group) or propofol (control group), selective reporting of
outcomes, and missing data.

Statistical analysis

For the statistical analysis of the extracted data, we
employed RevMan 5.4.1. In instances where raw data was
available, we calculated risk ratios (RR) and mean differ-
ence (MD) along with their corresponding 95% confi-
dence intervals (Cls). These calculations were performed
using a random-effects model, allowing us to create for-
est plots that visually represented the dichotomous and
continuous outcomes respectively.

Heterogeneity was measured using the Higgins I* sta-
tistics and was reported as a percentage for every out-
come. For an I value of less than 50%, low heterogeneity
was indicated, moderate heterogeneity was considered
when the P value was less than 75%, and high hetero-
geneity was observed with an I* value greater than 75%.
Outcomes, if reporting an P greater than 75%, were sub-
jected to sensitivity analysis. Following the high hetero-
geneity leave one out sensitivity analysis was performed
for only one outcome time to successful anesthesia
induction.

In all statistical analyses, a p value of <0.05 was estab-
lished as the threshold for statistical significance. This
criterion was applied across the board to determine the
significance of our findings.

Publication bias

To assess for publication bias, we generated funnel plots
for all outcomes using the random effects model. Funnel
plots for the primary outcomes are available in the sup-
plementary material (Supplementary Figures S2-S8).

Results

Eligible studies

In adherence to predetermined eligibility criteria and
specific outcome measures, our meta-analysis considered
six double-arm, RCTs [13-18]. These trials investigated
the use of ciprofol versus propofol for the induction and
maintenance of general anesthesia (Fig. 1).

Baseline characteristics

Our thorough analysis encompassed the mentioned
RCTs, involving a total of 714 participants. Among
them, 316 patients received propofol 2 mg/kg, while
381 patients were administered ciprofol (HSK3486).
Among the individuals in the intervention group, 64
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patients were administered 0.5 mg/kg of ciprofol, while
the remainder received 0.4 mg/kg. The average age
of the study population was 39.5 years. However, it
included patients of ages above 18. Gender distribution
data revealed that approximately 65.4% of the partici-
pants were females. The majority of participants exhib-
ited an ASA score of 2, indicating a good general health
condition. A comprehensive summary of the baseline
characteristics of the included patients can be found in
Supplementary Table S3.

Primary outcomes

Satisfaction evaluation for anesthesiologists

Analysis on satisfaction evaluation for anesthesiologists
incorporated data from two studies, [13, 14]. On aver-
age, no significant difference was observed in terms of
the anesthesiologist satisfaction levels when using cip-
rofol compared to propofol for anesthesia induction and
maintenance (MD 0.14; 95% CI—0.28 to 0.5; p=0.51;
PP=9%). Subgroup analysis unveiled a similar trend, with
no significant difference in preference for either ciprofol
or propofol during the induction phase (MD 0.40; 95%
CI-0.56 to 1.36; p=0.42; >=47%), or the maintenance
phase (MD —0.10, 95% CI—1.00 to 0.80).

Satisfaction of the anesthesiologist (Fig. 2)

Two studies reported these data [14, 15]. In both, there
were no statistically significant differences in patients
who received either drug with regards to achieving
full alertness. The MD 0.11 min; 95% CI—1.29 to 1.52;
p=0.87; P=0%.

Time to successful anesthesia induction

The comprehensive analysis, drawing data from five
out of six studies [13-17], highlighted a significant
advantage of propofol. The time required for a success-
ful anesthesia induction was significantly shorter with
propofol compared to ciprofol, with a mean difference
of 0.08 min (95% CI 0.00 to 0.15, p=0.04, *=77%).
Subgroup analyses however showed that there was a
statistically significant difference with ciprofol 0.5 mg/
kg resulting in a shorter time to induction for propo-
fol and no difference in the ciprofol 0.4 mg/kg group.
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group _Mean SD_Total Mean SD_Total Weight IV, Ran ), 95% C1_ Year IV, Random, 95% CI
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Fig. 2 Satisfaction evaluation for anesthesiologists (forest plot)
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Interestingly, a leave-one-out sensitivity analysis evi-
denced one study [13] as a source of substantial hetero-
geneity within the subgroup receiving ciprofol 0.4 mg/
kg of treatment. Upon its removal, subgroup-specific
heterogeneity significantly decreased to 0%, and overall
heterogeneity had a minor reduction to 73%.

Time to loss of eyelash reflex (Fig. 3)

Analysis of data reported in two studies revealed that
there was no difference observed between the two
drugs in terms of time to loss of eyelash reflex (95%
CI-0.05 to 0.14; p=0.38; *=92%) [13, 16]. Unfortu-
nately, due to the pronounced heterogeneity and lim-
ited data, a leave-one-out analysis was not feasible.

Success rate of anesthesia (Figs. 4 and 5)

Across all six studies [13-18], the combined analysis
demonstrated no discernible differences between cipro-
fol and propofol in terms of the success rate of anesthe-
sia induction and maintenance. The risk ratio (RR) was
1.00, with a 95% CI of 0.99 to 1.01 (p=1.00, >=0%).
Subgroup analysis further reinforced these findings,
revealing no significant differences at different dosage
levels of ciprofol (0.4 mg/kg and 0.5 mg/kg) for both the

induction and maintenance phases.

Ciprofol
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Fig. 3 Time to loss of eyelash reflex (forest plot)
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Time to full alertness (Fig. 6)

Based on data from two studies [14, 15], the pooled anal-
ysis indicated that there were no differences with regard
to the time required to leave the PACU between patients
who received propofol and those administered ciprofol at
both dosages (95% CI—1.45 to 2.34, p=0.64, P=0%).

Time to respiratory recovery (Fig. 7)

Analyzing data from two studies [14, 15] comparing cip-
rofol 0.4 mg/kg to propofol, there was no statistically
significant difference in recovery time for respiratory
functions following both induction and maintenance
phases (p = 0.40). Time required for patients to leave the
post-anesthesia care unit (PACU) (Fig. 8).

Secondary outcomes

Upon performing the analysis, no significant differences
were found in all of the outcomes except pain on the
injection site in which ciprofol performed significantly
better in having less pain (P=0.0003). Insignificant dif-
ferences between the two drugs were revealed in terms
of total adverse events, tachycardia, rash, prolonged QT
interval, hypoxia, hypotension, hypertension, CTCAE
severity grading (grade 1), CTCAE severity grading
(grade 2), bradycardia, any treatment-emergent adverse
events, elevated aspartate transaminase (AST), num-
ber of patients who maintained bispectral index (BIS)
between 40 and 60 min.

Furthermore, after conducting a subgroup analysis
it was discovered that a significant reduction in total
adverse events occurred when 0.5 mg/kg ciprofol was
used for induction (P<0.0001). Similarly, ciprofol was
significantly better in terms of reducing the incidence
of tachycardia when 0.5 mg/kg ciprofol was utilized for

Ciprofol Propofol Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
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Heterogeneity. Tau®*= 0.00; Chi*= 1498, df=3 (P=0.002);, F=80%
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Fig. 4 Time to successful anesthesia induction (forest plot)
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Ciprofol Propofol Risk Ratio Risk Ratio
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Fig. 5 Success rate of anesthesia (forest plot)
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Fig. 6 Time to full alertness (forest plot)
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Fig. 7 Time to respiratory recovery (forest plot)
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Fig. 8 Time required for patients to leave the post-anesthesia care
unit (PACU) (forest plot)

both induction and maintenance of general anesthesia
(P=0.01). Propofol performed significantly worse com-
pared to 0.4 mg/kg ciprofol during the induction phase
according to the CTCAE severity grading scale (grade

Favours [Ciprofol]) Favours [Propofol]

1) (P=0.005). The results are mentioned in Supplemen-
tary Table S4.

Quality assessment

We conducted a rigorous quality assessment of the
included trials using the Cochrane risk of bias tool,
identifying trials of moderate-to-high quality. The
Cochrane risk of bias tool assessed the included rand-
omized controlled trials (RCTs), indicating a low risk of
bias in selection, performance, and reporting domains.

Publication bias

Funnel plots were made to evaluate the presence of
publication bias. The funnel plots visually displayed the
distribution of studies for each outcome, with the verti-
cal axis representing the effect size and the horizontal
axis representing the precision of the estimates. In gen-
eral, the funnel plots exhibited an equal and symmetri-
cal distribution of studies on both sides of the vertical
axis, indicating no significant publication bias for all
outcomes (Supplementary Figures S2—S8).
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Discussion
The influence of anesthesiologists’ satisfaction is piv-
otal in selecting anesthetic agents. Their trust in a drug’s
effectiveness and safety profoundly impacts patient care.
Our meta-analysis hints at a slightly stronger preference
for ciprofol, particularly during the induction phase. It
is essential to note, though, that these preferences don't
quite reach the threshold of statistical significance thus
emphasizing that ciprofol and propofol exhibit similar
satisfaction levels among anesthesiologists during both
induction and maintenance phases of anesthesia. This
aligns with existing literature, suggesting that ciprofol
could be a compelling alternative to propofol in clini-
cal anesthesia [19]. These consistent results strengthen
the evidence that ciprofol can be a viable alternative to
propofol in anesthesia practice, offering similar satisfac-
tion levels for anesthesiologists while providing potential
benefits such as safety and effectiveness [20, 21]. How-
ever, the absence of statistical significance highlights the
multifaceted nature of this preference. Various factors,
including individual preferences, patient-specific charac-
teristics, surgical requirements, and the collective expe-
riences of the anesthesia team, all play a role in shaping
satisfaction levels. Furthermore, variations in satisfaction
at different phases of anesthesia administration empha-
size the need for tailored approaches to match the unique
demands of each surgical step, ensuring the best possible
patient outcomes and overall satisfaction [22].
Interestingly, in this study, no statistically signifi-
cant difference between both drugs for alertness were
detected. However, these results are inconsistent with
other existing literature on the subject. For instance, a
recent systematic review [19] in the context of painless
gastroenteroscopy found that propofol consistently leads
to faster alertness compared to ciprofol. This inconsist-
ency in results could be attributed to the fact that our
study exclusively focused on invasive surgeries, which
encompassed a diversity of surgical types. Propofol is
well-known for its characteristics of rapid onset and swift
recovery, which results from its pharmacokinetic prop-
erty of fast elimination [3, 23]. Thus, it is an important
option to induce and maintain anesthesia, particularly
for short-duration procedures. The rapid elimination of
propofol minimizes the risk of residual sedation, making
it a valuable drug also for cesarean delivery [24]. Anes-
thesiologists value propofol for its ability to induce and
reverse anesthesia swiftly, providing a significant advan-
tage in various clinical scenarios. However, it’s crucial
to recognize that this advantage comes with the caveat
of a relatively narrow therapeutic window and potential
concentration-dependent effects on cardiovascular and
respiratory systems, especially in elderly and frail patients
[9]. These considerations underscore the importance of a

Page 7 of 10

nuanced approach when selecting anesthetic agents, tak-
ing into account the specific characteristics and vulner-
abilities of the patient population.

Propofol’s superior induction speed, consistent with
previous research, highlights its status as the preferred
choice for anesthesia induction in clinical practice [19].
The absence of a substantial difference in induction
time between ciprofol at 0.4 mg/kg and propofol is an
intriguing finding. It suggests that ciprofol can achieve
induction times similar to propofol at 0.4 mg/kg [15].
Heterogeneity is observed in a study for several reasons
[13]. Firstly, the researchers conducted a phase 3, mul-
ticenter, randomized, double-blind, comparative study,
which introduced differences in study design, data col-
lection, and interpretation compared to studies in the
same analysis. Additionally, the study had a larger sam-
ple size with a higher percentage of male patients, poten-
tially introducing gender-related variations in anesthesia
induction times, due to differences in drug responses
and pharmacokinetics. Hormonal fluctuations, such as
those associated with the menstrual cycle in females,
can impact drug metabolism and distribution. This can
result in variations in anesthesia induction times between
male and female patients [25]. Furthermore, variations
in patient age, BMI, and ASA score distribution in that
study could impact how individuals respond to anesthe-
sia, leading to differences in induction times.

Contrary to the above-mentioned findings, our focus
on the loss of eyelash reflex specifically revealed no diver-
gences between the two agents. However, it is essential to
acknowledge the presence of pronounced heterogeneity
in the analysis of this parameter, which suggests substan-
tial variability among the included studies in this meta-
analysis. This heterogeneity, coupled with the limitation
of limited data availability resulted in a trend not favoring
either of the drugs, especially propofol.

This meta-analysis provides valuable insights, affirming
that both ciprofol and propofol can effectively serve for
anesthesia induction and maintenance, with no signifi-
cant differences observed. This conclusion gains strength
through the subgroup analysis, which demonstrates that
even with different ciprofol dosages (0.4 mg/kg or 0.5 mg/
kg), there are no significant differences in the success rate
of anesthesia induction compared to propofol. This sug-
gests that the choice of ciprofol dosage doesn’t signifi-
cantly affect induction success rates [26]. These findings
hold practical implications for anesthesiologists, indicat-
ing that both ciprofol and propofol are valid choices for
anesthesia induction and maintenance. Clinicians can
make their choices based on patient-specific factors and
individual preferences.

The observation of a faster exit from the PACU and
improved recovery of respiratory functions with propofol
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aligns with its established characteristics of rapid onset
and short duration of action. This can be attributed to
propofol’s favorable pharmacokinetic profile. However,
the absence of statistical significance in these findings
could be due to inherent variability in patient responses
and the specific criteria used for assessment [27]. Never-
theless, these findings have significant clinical relevance,
as quicker recovery and discharge from the PACU can
enhance patient throughput and optimize resource utili-
zation [28].

Pain at the injection site, a factor that can induce anxi-
ety and discomfort among patients during intravenous
infusion, is a critical consideration. Propofol has been
known to cause pain at the injection site [29]. To miti-
gate this side effect, injection of local anesthetics such
as lidocaine before intravenous propofol administration,
as well as the use of a more diluted propofol, have been
considered for pain reduction at the injection site [30]. In
support of the current literature, this meta-analysis col-
lectively shows that ciprofol is less likely to cause pain at
the injection site. This can be explained by its hydropho-
bic nature, resulting in relatively lower plasma concentra-
tions compared to propofol [31].

In this comprehensive meta-analysis comparing cip-
rofol and propofol for anesthesia, the safety profiles of
these two drugs were assessed with a thorough evalu-
ation of various adverse events. The findings indicate
that, in general, there was no statistically significant dif-
ference observed between ciprofol and propofol in terms
of overall adverse events. This suggests that both agents
are generally well-tolerated and safe for use in anesthesia
induction. Comparing our results to the existing litera-
ture, studies have reported varying safety profiles for both
ciprofol and propofol. Some have highlighted the safety
and effectiveness of ciprofol in anesthesia induction, with
a lower incidence of adverse events [26]. In contrast, oth-
ers have noted that propofol remains a standard and safe
choice for anesthesia induction [32].

This study has some limitations. In order to increase
the quality of the extracted data, we only included dou-
ble-arm randomized control trials, limiting our dataset
to six studies. Additionally, it exclusively focused on
invasive surgeries, which encompassed a diversity of
surgical types. Since some studies focused on induc-
tion of anesthesia while others studied both induction
and maintenance of sedation through ciprofol, our
choice of primary safety outcomes was limited. Though
most studies affirm the safety of both drugs for clinical
practice, it is worth noting that the existing literature
on the comparison between these two drugs is rela-
tively limited. Looking ahead, future research should
delve into optimized ciprofol dosing strategies aimed
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at achieving the desired depth of anesthesia while mini-
mizing side effects [33]. Exploring patient-centered
outcomes and integrating advanced monitoring tech-
nologies could also provide deeper insights into the
comparative strengths and weaknesses of these agents.
Large-scale studies spanning diverse patient groups and
clinical scenarios, including specific procedures like
sedation for gastrointestinal endoscopy or other pro-
cedures, can shed light on the advantages concerning
patient comfort and recovery [34]. Moreover, investi-
gating long-term outcomes and cost-effectiveness can
offer valuable guidance for clinical decision-making.

Conclusion

In conclusion, this systematic review and meta-analy-
sis have highlighted the comparative effectiveness and
safety of ciprofol and propofol in the context of gen-
eral anesthesia. Propofol had a faster onset of anes-
thesia during the induction phase. Conversely, ciprofol
resulted in a reduced incidence of pain at the injection
site. Clinicians should consider these findings while
tailoring their choice of anesthetic agents to individual
patient characteristics and preferences.
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