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The effects of ciprofol on haemodynamics
under general anaesthesia during
thoracoscopic surgery: a randomised, double-
blind, controlled trial
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Abstract

Background Propofol, a widely administered sedative, is associated with potential hemodynamic instability during
anaesthesia. Ciprofol introduces a cyclopropyl group to the chemical structure of propofol, forming an R-shaped hand
structure and is characterised by rapid induction, rapid recovery, good controllability and a high degree of clinical
safety.

Methods This prospective randomised, double-blind, controlled clinical trial aimed to assess the effects of ciprofol
on haemodynamics and its safety and efficacy under general anaesthesia during thoracoscopic surgery. A total of 60
patients undergoing thoracoscopic surgery at First Affiliated Hospital of Guangxi Medical University between March
2023 and June 2023 were enrolled and 1:1 randomly assigned to receive anaesthesia with ciprofol or propofol. The
primary outcomes were the incidences of cardiovascular events including hypertension, hypotension, bradycardia
and tachycardia, the fluctuations in haemodynamic parameters. The secondary outcomes were injection pain, the
bispectral index (BIS), the time of loss of consciousness and the time of disappearance of the eyelash reflex. For
baseline characteristics, continuous variables were compared using Student’s t-tests or Wilcoxon rank-sum tests, while
categorical variables were analysed using the Chi-square test. For fluctuations in haemodynamic parameters, repeated
measures analysis of variance (ANOVA) was performed.

Results The Chi-square tests revealed no difference in the incidence of cardiovascular events (hypertension,
hypotension, bradycardia and tachycardia) between ciprofol group and propofol group during both anaesthesia
induction and maintenance. The ANOVA test showed that the decrease of mean arterial pressure (MAP) at T1 was
gentler in the ciprofol group compared to the propofol group (p=0.02). The difference between the heart rate at T5
and baseline (AHR) in the ciprofol group was significantly lower than in the propofol group (p=0.01). The ciprofol
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group had a lower incidence of injection pain in comparison with the propofol group (10.0% versus 23.3%, p=0.028).
The time of disappearance of the eyelash reflex was less in the ciprofol group than in the propofol group (p=0.004).

Conclusions Ciprofol is a safe and effective anaesthetic that may be used as a substitute for propofol in the induction
and maintenance of anaesthesia in thoracoscopic surgery.

Trial registration This study was registered in the Chinese Clinical Trial Registry (ChiCTR2300069650) on March 22,

2023.
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Introduction

The main elements of enhanced recovery after surgery
(ERAS) are the reduction of trauma and stress, includ-
ing minimal surgical incisions and the rational use of
general anaesthetic. Video-assisted thoracoscopic sur-
gery (VATS) under general anaesthesia has been widely
used in clinical lung surgery because it is of minimal
trauma, thus allowing faster recovery [1, 2, 3]. Propofol
is the most commonly used general anaesthetic due to its
fast onset and rapid recovery properties [4, 5, 6], which
facilitate early postoperative recovery. However, haemo-
dynamic instability may occur during the induction and
maintenance of propofol [7, 8], and injection pain is com-
mon [9, 10]. Ciprofol is a new type of intravenous anaes-
thetic that introduces a cyclopropyl group to form an
R-shaped hand structure and increases the stereoscopic
effect based on the chemical structure of propofol. Thus,
it increases the affinity with the y-aminobutyric acid type
A (GABAA) receptor.

Ciprofol is characterised by rapid onset, a lower neces-
sary dose, good controllability, a low incidence of adverse
respiratory and circulatory events and less injection pain
[11, 12, 13], greatly improving patient comfort during
sedation. However, there is little literature on the impact
of ciprofol on the haemodynamics of patients undergo-
ing thoracoscopic surgery. Therefore, the aim of this
study was to compare the safety and haemodynamic and
anaesthetic effects of ciprofol and propofol on patients
undergoing thoracoscopic surgery. We hypothesised
that ciprofol as a sedative agent for patients undergoing
thoracoscopic surgery would be safe and would result in
more stable haemodynamics.

Materials and methods

Ethics statement

This study was conducted in accordance with the ethi-
cal standards established in the 1964 Declaration of Hel-
sinki and its later amendments. It was registered in the
Chinese Clinical Trial Registry (ChiCTR2300069650) on
March 22, 2023. Informed consent was obtained from
all participants, and research approval was obtained
from the ethics committee of the First Affiliated Hospi-
tal of Guangxi Medical University (ethics registration no.
2023-K197-01).

Study design, patients and grouping

This randomised study selected consecutive patients who
underwent thoracoscopic lobectomy, wedge resection
or segmentectomy between March and June 2023 at the
Anesthesia Surgery Center of the First Affiliated Hospital
of Guangxi Medical University in Nanning, China. The
inclusion criteria were (1) planned thoracoscopic pulmo-
nary surgery, (2) being 18—60 years of age, (3) an Ameri-
can Society of Anesthesiologists (ASA) physical status
classification grade of I-II and (4) a body mass index
(BMI) of 18-30 kg/m? The exclusion criteria were (1)
allergies or contraindications to opioids, propofol, cipro-
fol or other components, (2) a desire to withdraw from
the trial, (3) a hypertension level of 3 or higher and (4)
severe hepatic and renal insufficiency.

The study was conducted in accordance with the Con-
solidated Standards of Reporting Trials Statement and
the CONSORT guidelines. All patients, data collectors
and data analysts were blinded to the group allocation.
A total of 60 patients were randomly assigned to receive
either anaesthesia with ciprofol or anaesthesia with
propofol, with 30 patients in each group. The random
number table method was used for random grouping,
and the random numbers along with the corresponding
anaesthesia schemes were sealed in an envelope. Prior to
entering the operating room, a nurse anaesthesiologist
who was not involved in the study opened the envelope
and prepared the medication according to the predeter-
mined protocols. The relevant data were recorded and
then returned to the sealed envelope for storage.

Anaesthesia protocol

Preoperative testing was conducted prior to surgery.
A routine five-lead electrocardiogram (ECG) was per-
formed to monitor heart rate (HR) and heart rhythm.
Noninvasive blood pressure measurement was carried
out, pulse oxygen saturation levels were determined and
bispectral index (BIS) were ascertained. A radial artery
catheter was inserted under local infiltration anaesthe-
sia with lidocaine to continuously monitor arterial blood
pressure via arterial sensors. The baseline HR, mean arte-
rial pressure (MAP) and BIS scores were recorded. When
there was no change in HR or MAP for at least five min-
utes, the procedure began.
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Regarding the induction of anaesthesia, after pre-
oxygenation, the ciprofol group received a total dose of
0.4 mg/kg of ciprofol (Liaoning Hiske Pharmaceutical Co.
Ltd., approval no. H20200013) at a rate of 6 mg/kg/h, and
the propofol group received a targeted controlled infu-
sion (TCI) dose of propofol (Sichuan Guorui Pharma-
ceutical Co. Ltd., approval no. H20030114) of 2.5-4 pg/
ml. Sufentanil (Yichang Renfu Pharmaceutical Co. Ltd,,
approval no. H20054171) was administered at a constant
rate of 2.5 pg/kg/min, with a total dose of 0.5 pg/kg in
both groups. A total dose of 0.2 mg/kg of cisatracurium
(Zhejiang Xianju Pharmaceutical Co. Ltd., approval no.
H20090202) was injected intravenously. Intubation and
mechanical ventilation were performed after the BIS
score decreased below 60 and muscle relaxation was suf-
ficient. Once the tube passed through the glottis under
direct vision, the stylet was removed and the tubes were
rotated 90 degrees clockwisely (for the right tube) or
counterclockwisely (for the left tube) so that the tip of
the tube aligns with the bronchus. The tubes were pro-
pelled until the resistance was encountered and cannot
be pushed further. A fiberoptic bronchoscope (2.8 mm
in diameter) was used to comfirm and adjust the position
and depth of the tube, then the tubes were secured in
place. To maintain anaesthesia, a 1-1.5 mg/kg/h dose of
ciprofol was administered to the ciprofol group, and the
TCI concentration for the propofol group ranged from
2.5 to 3.5 ug/ml. Both groups were continuously adminis-
tered 0.05-0.2 pg/kg/min of remifentanil (Yichang Renfu
Pharmaceutical Co. Ltd., approval no. H20030197),
5-10 pg/kg/min of rocuronium (Guangdong Jiabo Phar-
maceutical Co., Ltd., approval no. H20183109), and
0.2 mg/kg/h of remazolam (Jiangsu Hengrui Pharma-
ceutical Co., Ltd., approval no. H20190034) until the
end of surgery. The BIS index remained in the range of
40-60, and partial pressure of end-tidal carbon dioxide
(PetCO2) values were maintained in the range of 35-45
mmHg during surgery.

The occurrences of hypotension, hypertension (blood
pressure 20% higher than baseline), bradycardia (HR <60
beats/minute) and tachycardia (HR>100 beats/minute)
were recorded during induction and maintenance. Hypo-
tension was considered to occur when the MAP was
lower than 65 mmHg or decreased by 30% from baseline,
and complement of blood volume or a dose of 50 ug of
phenylephrine was administrated intravenously. Atro-
pine was administered intravenously in a dose of 0.25—
0.5 mg when severe bradycardia (HR <45 beats/minute)
occurred.

Outcome endpoints

The HR, the MAP and the BIS scores were determined
before induction (baseline, T0), three minutes after
induction (T1), immediately before tracheal intubation
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(T2), one minute after endotracheal intubation (T3),
five minutes after endotracheal intubation (T4), at the
beginning of surgery (T5) and at the end of surgery (T6).
AMAP was the difference between MAP at each time
point and baseline. AHR was the difference between
HR at each time point and baseline. The time from the
onset of anaesthesia induction to loss of consciousness
and the time it took for the eyelash reflex to disappear
was recorded. The main outcomes were the incidences of
hypotension, hypertension, bradycardia, tachycardia and
the fluctuation in haemodynamic parameters (MAP, HR,
AMAP and AHR). The secondary outcomes were injec-
tion pain, BIS score, the time it took to lose conscious-
ness and the time of the disappearance of eyelash reflex.

Statistical analysis

IBM SPSS software version 26 and R 4.1.0 software were
used for the normality tests and analysis of variance. The
statistical methods for analysing the data were chosen
based on the specific type of data. Continuous numeri-
cal variables that followed a normal distribution were
expressed as mean tstandard deviation (SD), and dif-
ferences between the two groups were compared using
Student’s t-tests. Continuous numerical variables that
did not follow a normal distribution were expressed as
the median (lower quartile, upper quartile), and inter-
group comparisons were performed using the Wilcoxon
rank-sum tests. Categorical variables were expressed as
frequency and percentage, and differences between the
two groups were compared using the Chi-square test. For
fluctuations in the haemodynamic parameters between
the two groups, an ANOVA test was performed to com-
pare the difference. Statistical significance was defined as
p<0.05.

The sample size was estimated from preliminary trial
studies and was based on an estimate of the number of
patients expected to participate in the trial and the mini-
mum number of patients required to evaluate the practi-
cal purposes of the trial. When the type I error was 0.01
(bilateral), the power of the test was 95%. The incidence
of hypotension was 25% in the ciprofol group and 75% in
the propofol group. There were no significant differences
between the groups in terms of the incidence of hyper-
tension, bradycardia or tachycardia.

Results
Sixty patients (30 in each group) undergoing thoraco-
scopic lung surgery between March and June 2023 at the
Anesthesia Surgery Center of the First Affiliated Hospital
of Guangxi Medical University were included based on
the inclusion and exclusion criteria (Fig. 1).

The baseline data are shown in Table 1. The total num-
ber of male patients was 28, of whom 15 were placed
in the ciprofol group (25.0% of the study population)
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Assessed for eligibility (n=68)

A

Excluded(n=8)

1 patients with a history of egg allergies,
4 patients with a history of hypertension
level 3 or higher,

3 patients with BMI level>30kg/m?

A4

Randomize (n=60)

Analyzed (n=30) _I

Analyzed (n=30)

Fig. 1 Consort flow diagram of patients
C, ciprofol; P, propofol

Table 1 Demographic characteristics of this study

Characteristics Group P Group C p value
n=30 n=30
Sex?, n (%) 0.605
Female 17 (28.3) 15 (25.0)
Male 13(21.7) 15 (25.0)
AgeP (years) 53(43,58) 53 (455,57) 0722
Body weight* (kg) 6147+884 6237+988 0711
Height® (cm) 162.07+7.35 163.07+7.13 0595
BMIC (kg/m?2) 23384278 2343+322 0940
Surgery 0.128
Pulmonary lobectomy?, n (%) 14 (23.3) 12 (20.0)
Pulmonary wedging? n (%) 11(18.3) 17 (28.3)
Segmentectomy?, n (%) 5(83) 1(1.7)
Hypertension?, n (%) 4(6.7) 4(6.7) 1.000
Diabetes?, n (%) 2(3.3) 1(1.7) 1.000

C: ciprofol; P: propofol; BMI: body mass index. Data are expressed as
mean +standard deviation (SD) or the median (lower quartile, upper quartile)
for continuous variables and number of participants (%) for categorical
variables. 2p-value was obtained using Chi-square test; ®p-value was obtained
using Wilcoxon rank-sum tests; “p-value was obtained using Student’s t-tests

and 13 were placed in the propofol group (21.7% of the
study population). The median ages were 53 (45.5-57)
in the ciprofol group and 53 (43-58) in the propofol
group, respectively. There were no significant differences
between the two groups in terms of sex, age, height,
weight, BMI or type of surgery.

During anaesthesia induction, six patients (10.0%)
experienced injection pain in the ciprofol group, which
was significantly lower compared to the propofol group
(14 patients, 23.3%) (p=0.028). No significant differ-
ences were observed in terms of cardiovascular events
(hypotension, hypertension, bradycardia or tachycardia)
between the anaesthesia induction and maintenance
periods (Table 2). In detail, during anaesthesia induc-
tion, the incidences of hypotension were 23.3% (Group
C) and 33.3% (Group P), respectively. while the inci-
dences of hypertension were 10.0% (Group C) and 13.3%
(Group P). The incidences of bradycardia were identi-
cal in both groups with a percentage of 13.3%, whereas
the incidences of tachycardia were 6.7% (Group C) and
15.0% (Group P), respectively. During anaesthesia main-
tenance, the incidences of hypotension were 16.7%
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Table 2 Incidence of intraoperative adverse events

Variable GroupP  GroupC  pvalue
n=30 n=30

Anesthesia induction
Injection pain, n (%) 14 (23.3) 6(10.0) 0.028
Hypertension, n (%) 8(13.3) 6(10.0) 0.542
Hypotension, n (%) 20 (33.3) 14 (23.3) 0.118
Tachycardias, n (%) 9(15.0) 4(6.7) 0117
Bradycardia, n (%) 8(13.3) 8(13.3) 1.000

Maintenance of anesthesia, n (%)
Hypertension, n (%) 12 (20.0) 9(15.0) 0417
Hypotension, n (%) 12 (20.0) 10 (16.7) 0.592
Tachycardias, n (%) 4(6.7) 4(6.7) 1.000
Bradycardia, n (%) 10 (16.7) 14(23.3) 0.292

C: ciprofol; P: propofol. Data are expressed as number of participants (%). p-
value was obtained using Chi-square test

(Group C) and 20.0% (Group P), and the incidences of
hypertension were 15.0% (Group C) and 20.0% (Group

A
MAP @ GroupP

@ GroupC

Fig. 2 Fluctuations in blood pressure during anaesthesia
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P). The incidences of bradycardia were 23.3% (Group C)
and 16.7% (Group P), while the incidences of tachycardia
were 6.7% in both groups.

The blood pressure values declined significantly at
three minutes (T1) after induction in both groups, but
the decrease of mean arterial pressure (MAP) was gen-
tler in the ciprofol group compared to the propofol group
(Fig. 2A, p=0.02). There was no significant difference in
A MAP between the two groups (Fig. 2B). Compared to
the propofol group, the AHR in the ciprofol group was
smaller at T5, and the difference was significant (Fig. 3B,
p=0.01). The BIS score was not significantly differ-
ent between the two groups at any time point (Fig. 4A).
The time it took to lose eyelash reflex in the ciprofol
group was less than that in the propofol group (Fig. 4B,
p=0.004).

B AMAP
25 4 @ Group P
@ GroupC
o))
o
£ 209
=
159

C, ciprofol; P, propofol; MAP, mean arterial pressure; AMAP, difference between mean arterial pressure and baseline

Beats/min
3

Fig. 3 Fluctuations in heart rate during anaesthesia

B
AHR p=0.01
16+ @ GroupP
@ GroupC
E 14
82
s 124
m
10+
8+

T1 T2 T3 T4 6 T6
Time

C, ciprofol; P, propofol; HR, heart rate; AHR, difference between heart rate and baseline
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A BIS

90 - Group P
@ GroupC

TO T T2 T3 T4 T8 T6
Time

Fig. 4 BIS, the time of loss of consciousness and eyelash reflex
C, ciprofol; P, propofol; BIS, bispectral index

Discussion
In this randomised prospective clinical trial, we assessed
the effects of ciprofol on haemodynamics during anaes-
thesia induction and maintenance in thoracoscopic sur-
gery. We found that compared to the propofol group, the
ciprofol group exhibited a similar incidence of cardio-
vascular complications (hypertension, hypotension, bra-
dycardia and tachycardia), a significantly lower decline
in MAP at three minutes after induction (T1), a lower
AHR at the beginning of surgery (T5), a lower incidence
of injection pain, and a shorter time to achieve loss of
eyelash reflex after anaesthesia induction. Ciprofol dis-
played a high anaesthesia safety profile for the induction
and maintenance of anaesthesia in thoracoscopic surgery.
Ciprofol and propofol have similar effects on the car-
diovascular system, and both have cardiovascular inhibi-
tory effects. Haemodynamic instability is a common
adverse reaction to anaesthesia with propofol, with the
incidence of intraoperative hypotension associated with
propofol ranging from 25 to 67% [14, 15, 16]. This hae-
modynamic instability may result in damage to vital
organs, such as the myocardium, kidneys and brain,
which can lead to delayed recovery, cardiovascular or
cerebrovascular problems, and an increase in periop-
erative mortality [17, 18]. This study observed a similar
incidence of cardiovascular complications (hypertension,
hypotension, bradycardia and tachycardia) between the
two groups, indicating that ciprofol may be as safe as
propofol for general anaesthesia. Consistent with our
research, several previous studies indicated that the risk
of hypotension associated with the use of ciprofol is simi-
lar to that of propofol [19, 20, 21]. However, some prior
studies showed that ciprofol had a comparable or supe-
rior anaesthetic safety profile compared to propofol. For
example, in a randomised trial involving 128 patients,
Ji et al. [22] reported that the incidence of hypotension
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during gynaecological day surgery under general anaes-
thesia was similar between a ciprofol group and a pro-
pofol group. The overall occurrence of adverse events
(including hypotension and bradycardia) was signifi-
cantly lower with ciprofol anaesthesia compared to pro-
pofol anaesthesia (56.2% versus 92.2%, p < 0.05), which
suggested a superior safety profile of ciprofol compared
to propofol. This finding is corroborated by the results of
another study, wherein Sun et al. [23] conducted a com-
prehensive meta-analysis of 12 randomised controlled
trials (including 1,793 patients who underwent ciprofol
sedation) and found a significantly lower incidence of
hypotension in the ciprofol group compared to the pro-
pofol group (p=0.02). These findings diverge from our
study, one explanation is the disparities in study designs
between this investigation and others, which may have
resulted in variations in combination regimens (including
other sedatives or analgesics). In addition, we noted that
ciprofol and propofol led to the similar blood pressure
fluctuation. A decline in blood pressure were observed in
both groups three minutes after induction, following by
an increase after intubation or incision and subsequent
a gradual stabilization. The MAP at T1 was significantly
higher in the ciprofol group compared to the propofol
group, indicating that ciprofol possess a superior hae-
modynamic stability during the induction of general
anaesthesia. Similarly, the change in AHR at T5 was sig-
nificantly lower in the ciprofol group than in the propofol
group, which suggested that ciprofol exhibited enhanced
stability during surgical stimulation. These findings sug-
gest that ciprofol may provide better maintenance of hae-
modynamic stability compared to propofol, consistent
with the above-mentioned literature. The potential mech-
anism could be the enhanced binding affinity of ciprofol
with the GABAA receptor, thereby resulting in increased
efficacy. Consequently, lower doses of ciprofol could
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achieve similar effects to propofol in various clinical
applications. Ciprofol is associated with less cardiovascu-
lar inhibition, a stabilizing effect on haemodynamics and
a lower incidence of hypotension and other adverse reac-
tions compared to propofol [24]. Therefore, ciprofol may
be a more safe sedative than propofol [21].

Injection pain is among the most prevalent adverse
reactions during the induction of propofol anaesthesia,
with a reported incidence ranging from 50 to 80% [10,
25]. This could lead to haemodynamic instability, such
as hypertension and tachycardia, which may impact a
patient’s medical experience and comfort while under
anaesthesia. Interestingly, our study revealed that cip-
rofol caused less pain during injection than propofol
(10.0% versus 23.3%, p=0.028). This phenomenon might
be attributed to the particular cyclopropyl structure of
ciprofol, which has a more stable spatial configuration
and therefore lower lipophilicity than propofol. Conse-
quently, the water-phase concentration of its emulsion is
relatively low [26, 27].

The BIS score was 40-60 in the ciprofol group dur-
ing the anaesthesia maintenance period, being similar
to the score in the propofol group. This phenomenon
could be ascribed to their similar molecular structure, in
vivo absorption, distribution and metabolism and excre-
tion rules. However, the time to lose eyelash reflex in the
anaesthesia induction phase in the ciprofol group was less
than that in the propofol group. This might be attributed
to the cyclopropyl structure of ciprofol, which forms a
chiral configuration that enhances its stereoscopic effect
and thus increases its affinity with the GABAA receptor.
Therefore, the effect of ciprofol is rapid. It follows that
ciprofol has rapid onset and excellent anaesthetic efficacy
in thoracoscopic surgery [28]. Moreover, the BIS score
can be used to guide the depth of anaesthesia during cip-
rofol anaesthesia [20].

The present study has some limitations. This was a
single-center prospective study with a small clinical sam-
ple. Thus, further multi-center and large-sample clinical
studies are needed to confirm the results. In addition,
the study focused only on anaesthesia for thoracoscopic
surgery. Finally, it should be noted that the potential
influence of vasopressor administration and fluid man-
agement on the incidence of hypotensive episodes was
not systematically documented in the current study. This
limitation underscores the need for future investigations
employing standardised protocols to evaluate the poten-
tial impact of these interventions. Therefore, further
studies are needed to investigate whether similar effects
exist for other procedures.
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Conclusions

In conclusion, ciprofol is associated with more stable
haemodynamics and less injection pain than propofol. It
appears to be a safe and effective anaesthetic that can be
used as a substitute for propofol in anaesthesia induction
and maintenance in thoracic surgery.
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