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Purpose: To compare the influences of propofol, ciprofol and remimazolam on dreaming during painless gastrointestinal endoscopy.
Methods: This study was a single-center, prospective, parallel-design, double-blind, randomized clinical trial. Between May 2023 and
October 2023, patients undergoing elective painless gastrointestinal endoscopy were recruited and randomly allocated into one of the
three groups. Demographic data, intraoperative information, incidence of dreaming, insufficient anesthesia and intraoperative aware-
ness, type of dream, patient satisfaction score, adverse events, and improvement of sleep quality were collected.

Results: The difference in incidence of dreaming among the three groups was not significant (33.33% vs 48.33% vs 41.67%,
p=0.061). The number of patients with intraoperative hypotension in the propofol group was larger than that of the remimazolam
group (32 vs 12, p=0.001). However, the cases of intraoperative hypotension between propofol group and ciprofol group or ciprofol
group and remimazolam group were comparable (32 vs 22, p=0.122; 22 vs 12, p=0.064). The percentage of insufficient anesthesia
between propofol group and remimazolam group was significant (13.33% vs 1.67%, p=0.001), while no statistical difference was
detected between propofol group and remimazolam group or ciprofol group and remimazolam group (13.33% vs 5.00%, p=0.025;
5.00% vs 1.67%, p=0.150). The ability of propofol to improve sleep quality at 1st post-examination day was significantly better than
that of remimazolam (86.21% vs 72.88%, p=0.015), while it was not significant between propofol group and ciprofol group or ciprofol
group and remimazolam group (86.21% vs 80.36%, p=0.236; 72.88% vs. 72.88%, p=0.181). Incidence of intraoperative awareness,
intraoperative hypoxia, type of dream, satisfaction score, adverse events during recovery, and sleep improvement on the 7th post-
examination day was not significant among the groups.

Conclusion: Anesthesia with propofol, ciprofol and remimazolam, respectively, for gastrointestinal endoscopy did not induce
statistical difference in the incidence of dreaming, despite that all of them are more likely to induce pleasant dreams.
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Introduction
New cases of gastrointestinal tumors in 2020 were about 3 million with a striking 1.7 million deaths globally." In China,
lung cancer, liver cancer, stomach cancer, breast cancer and colon cancer are the five leading causes of cancer-related

death, and the incidence of colon cancer is increasing rapidly.” Gastrointestinal endoscopy has been regarded as an
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effective way for early detection of gastrointestinal tumors.> In recent years, owing to the popularity of painless
techniques conducted by anesthesia, great advances have been made in comfort medicine. As a result, cases of painless
gastrointestinal endoscopy have also increased dramatically. Studies showed that about one-fifth to one-quarter of the
patients had dreams during painless colonoscopies, while pleasant dreams accounted for only about one-third.®” It was
reported that dreams during anesthesia were affected by different anesthetics, depth of anesthesia, age, gender,
preoperative psychological state and other factors.® '

Propofol is the preference for painless gastrointestinal endoscopy due to its advantages of rapid anesthetic induction,
rapid recovery, and low incidence of postoperative nausea and vomiting. Meanwhile, evidence indicated that propofol
was related to euphoria during painless endoscopy.''™"* The euphoria induced significant increased happiness, relaxation
and declined anxiety, which was connected with the more positive attitude of patients towards the results of endoscopy.'*
Besides, propofol was regarded as a main factor for dream formation and recall during general anesthesia.'* Previous
studies found that 12% to 40% of patients who underwent propofol-based anesthesia reported dreaming.'*'® However,
the proportion of neutral or negative dreams was about 65%.” Moreover, the adverse effects of propofol were obvious,
including respiratory depression, circulatory depression, bradycardia and injection pain.

Ciprofol, a novel intravenous anesthetic with a similar chemical structure to propofol, has characteristics of rapid
onset and recovery. Studies indicated that 0.4—0.5 mg/kg ciprofol induced equivalent effects of sedation or anesthesia in
comparison with 2.0 mg/kg propofol, which means the potency of ciprofol is 45 times that of propofol.'”'® Though the
overall safety profile and adverse events were similar between ciprofol and propofol, injection pain of ciprofol was much
less observed.'?*°

Remimazolam is a new benzodiazepine sedative that has been increasingly applied in sedation and general anesthesia.
It was reported that 0.4 mg/kg remimazolam induced 100% successful induction of general anesthesia and no injection

pain was observed.?! Chen et al*

proposed remimazolam as a priority over propofol in gastrointestinal endoscopy owing
to its faster recovery and fewer adverse events. More importantly, remimazolam could be safely used in high-risk patients
undergoing colonoscopy.”

Obviously, ciprofol and remimazolam have unique advantages over propofol, which is of clinical significance.
However, few studies reported dreams during ciprofol or remimazolam anesthesia. Thus, we designed this randomized
double-blinded parallel-design trial to investigate dreaming during painless gastrointestinal endoscopy under the three

anesthetics, respectively.

Methods

Ethics and Registration

The study protocol was approved by the Ethics Committee of Deyang People’s Hospital, Deyang city, Sichuan province,
China (Date: April 20, 2023; Registration number: 2023—04-031-K01). This trial was registered on the Chinese Clinical
Trial Registry prior to patient enrollment (Registration number: ChiCTR2300071565; Principal investigator: Leqiang
Xia; Date of registration: May 18, 2023). Investigators explained the study to all subjects and got written informed
consent. The whole study procedure was conducted in Deyang People’s Hospital and was in line with the Declaration of
Helsinki. The unabridged study protocol is described in our previous article.**

Subjects

Patients who intended to undergo elective painless gastroscopy, colonoscopy or gastroenteroscopy were considered to be
recruited into this trial. Inclusion criteria were as follows: 18 to 65 years old, ASA status I to II, respiration rate 12 to 18
cycles/min, heart rate 50 to 100 beats/min, systolic blood pressure >90 mmHg, diastolic blood pressure >60 mmHg, SpO,
>95% when inhaling air. Exclusion criteria included allergies to the related drugs or drug adjuvants, contraindications to
deep sedation or anesthesia, medication of opioid analgesics within 1 month, drinking more than 14 units of alcohol per
week (1 unit = 360 mL beer or 45 mL spirits with 40% alcohol or 150 mL wine), difficult airway, pregnant or lactating
women, serious mental illness or emotional disorder, and disability to finish the interviews. Researchers detailedly
introduced this study to all subjects before enrollment.
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Randomization and Masking

A randomized sequence was generated by SPSS 23.0 by an independent investigator. The numbers were encoded to
represent the three groups in a 1:1:1 ratio and then sealed in opaque envelopes. The anesthesiologist responsible for
anesthesia opened the envelopes in order and gave interventions according to the grouping information. Since the patients
lay on the side and the vein access was sheltered, the patients were blinded to grouping. The examination area was
separated by an opaque curtain, another anesthesiologist monitored the vital signs and anesthesia depth of the patients,
gave guidance to the anesthesia management, and documented related events. The nurse anesthetist who took charge of
interviews and follow-ups did not get into the examination room. Therefore, the subjects and observers were blinded.

Study Procedure

The eligible patients received a Hospital Anxiety and Depression Scale (HADS) survey before the endoscopy. After
positioning in a standard posture, patients were sent into the examination room, non-invasive blood pressure, SpO,,
electrocardiogram and Narcotrend index were continuously monitored. The oxygen flow was 8 L/min. The subjects were
then randomly allocated into the propofol group, ciprofol group and remimazolam group according to the grouping
information. Anesthesia induction was initiated by sufentanil (0.06-0.08 pg/kg), followed by propofol (1.5-2 mg/kg),
ciprofol (0.3-0.5 mg/kg) or remimazolam (0.2-0.3 mg/kg). When the Narcotrend index reached C, endoscopy was
started by a skillful gastroenterologist. Before the value of Narcotrend changed to B, top-ups were administered. Hypoxia
was treated with jaw thrust maneuver and manual ventilation. Dopamine was applied to improve hypotension. Patients
were transferred to the post-anesthesia care unit (PACU) for recovery.

In the PACU, a nurse anesthetist who was well trained and blinded to the grouping interviewed the patients. The
incidence of dreaming and intraoperative awareness was determined on the basis of modified Brice questionnaire. Type
of dream (positive, negative, or neutral) and evaluation of anesthesia (0 to 10 points, extremely unsatisfied to extremely
satisfied) were obtained consequently. Side effects during recovery like hypotension, hypoxia, nausea, vomiting,
drowsiness, dizziness and other discomforts were treated by the senior anesthesiologist. The nurse anesthetist accordingly
recorded them. Improvement (yes or no) in sleep quality of 1st and 7th post-examination days was collected by telephone
call of the nurse anesthetist.

Outcomes

The primary outcome was the incidence of dreaming. Secondary outcomes were as follows: type of dreams, improve-
ment of sleep quality, satisfaction score of patients, incidence of insufficient anesthesia (defined as Narcotrend index
changed to A or B) and intraoperative awareness. Safety evaluation was reflected by the incidence of hypotension and
hypoxia during examination and adverse events during recovery.

Statistical Analysis and Sample Size
Data storage and analysis were performed by the SPSS software. Categorical variables were presented as number of
cases or percentage, and analyzed with Chi-Square test. Continuous variables were firstly verified by the Kolmogorov—
Smirnov test to determine the normality of the data distribution. Normally distributed data were depicted as mean +
standard deviation (SD), and one-way analysis of variance (ANOVA) was used to test the differences, followed by LSD-
t test for pairwise comparisons. Abnormally distributed data were shown as median (inter-quartile range), and Kruskal—
Wallis test was applied to determine significance, followed by Wilcoxon test for pairwise comparisons.

According to the preliminary study in which 60 cases were included, incidence of dream was 25%, 45% and 35% in
propofol group, ciprofol group and remimazolam group, respectively. Sample size was calculated by Compare
K Proportions model on http://powerandsamplesize.com/. Given that type I error (o) was 0.05 and power (1-f) was

0.8, 114 cases were needed in each group (allocation ratio 1:1:1) to detect the differences in dreaming incidence.
Concerning 5% dropout, we recruited 360 subjects. Statistical significance was defined as p<0.05. The adjusted value of

o’ for pairwise comparison was 0.017.
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Results

Three hundred and sixty patients were finally recruited (172 males, 47.8%) between May 21, 2023, and October 10,
2023. Generally, 118 patients (32.8%) underwent gastroscopy, 58 (16.1%) colonoscopy, and 184 (51.1%) gastroentero-
scopy. Table 1 shows the detailed demographic and baseline data. All patients came to the primary endpoint, 14 (4 in
propofol group, 8 in ciprofol group and 2 in remimazolam group) did not respond to the sleep quality of the Ist post-
examination day, and we failed to acquire the sleep quality of the 7th post-examination day from 26 (8 in propofol group,
8 in ciprofol group and 10 in remimazolam group) subjects. The schedule of this trial was presented in Figure 1.

Demographic, Baseline and Intraoperative Data

There were no significant differences in sex, age, anxiety score, depression score, kind of endoscopy, time to adequate
anesthesia, and the incidence of hypoxia among the three groups (Table 1). However, the differences in body weight,
incidences of hypotension and insufficient anesthesia were significant (Table 1). Furthermore, the incidence of hypotension
between propofol group and remimazolam group was significantly different (26.67% vs 10.00%, p=0.001, Figure 2a), while
between propofol group and ciprofol group or ciprofol group and remimazolam group it was comparable (26.67% vs
18.33%, p=0.122; 18.33% vs 10.00%, p=0.064; Figure 2a). The difference in percentage of insufficient anesthesia reflected
by Narcotrend index between propofol group and remimazolam group was significant (13.33% vs 1.67%, p=0.001,
Figure 2b), while cases of insufficient anesthesia between propofol group and ciprofol group or ciprofol group and
remimazolam group were similar (13.33% vs 5.00%, p=0.025; 5.00% vs 1.67%, p=0.150; Figure 2b).

Postoperative Interview
In total, 6 subjects (2 in each group) were considered to have intraoperative awareness. One hundred and forty-eight
patients (40 in propofol group, 58 in ciprofol group, and 50 in remimazolam group) reported that they had a dream. The
incidence of dreaming among the three groups was not significant (33.33% vs 48.33% vs 41.67%, p=0.061, Table 2). In
all groups, most of the dreams were positive or pleasant. Only 2 patients in the remimazolam group experienced
unpleasant dreams. The types of dreams among the three groups were comparable (Table 2).

According to the interview, adverse events during recovery included dizziness and drowsiness. In the propofol group,
the number of dizziness, drowsiness, both dizziness and drowsiness, and none adverse events was 22, 48, 8 and 42,

Table | Demographic, Baseline and Intraoperative Data

Parameters Group Group Remimazolam | P value
Propofol Ciprofol Group

Sex (n, %)

Male 66, 55.00 52, 43.33 54, 45.00 0.147%

Female 54, 45.00 68, 56.67 66, 55.00

Age (meantSD) 48.72+9.97 48.02+12.05 49.65+8.90 0.474°

Body weight 62.74x11.19 59.28+11.20 58.32+9.42 0.004""

Anxiety score 477£1.42 4.61+1.34 4.93£1.35 0.204°

Depression score 2.98+2.07 2.58+2.21 2.53%1.81 0.169°

Endoscopy type (n, %)

Gastroscopy 34, 28.33 38, 31.67 46, 38.33 0.1432

Colonoscopy 18, 15.00 16, 13.33 24, 20.00

Gastroenteroscopy 68, 56.67 66, 55.00 50, 41.67

Time to adequate anesthesia(s) 37.05+4.64 36.91+6.61 42.71+6.39 <0.001%"

Hypotension (n, %) 32, 26.67 22, 18.33 12, 10.00 0.004*"

Hypoxia (n, %) 24, 20.00 28, 23.33 18, 15.00 0.260*

Insufficient anesthesia (n, %) 16, 13.33 6, 5.00 2, 1.67 0.001*

Examination duration(min) 11(6, 15) 9.5(5, 12) 8(6, 13) 0.010°

Drug consumption(mg) 170.0(120.0, 200.0) 30(25, 37.5) 20.0(17.5, 25.0) -

Notes: *Chi-Square test; PANOVA; “Kruskal-Wallis test. *Difference among the groups is significant.
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Figure | Flowchart of this study.
Abbreviation: PACU, post-anesthesia care unit.

respectively (Table 2). While it was 40, 36, 8 and 36 in ciprofol group, and 26, 46, 14 and 34 in remimazolam group,
respectively (Table 2). The incidence of adverse effects during recovery was comparable (Table 2). All medication
protocol won a high satisfaction score with no statistical difference (10(9, 10) vs 10(9, 10) vs 10(9, 10), p=0.077,
Table 2).

The sleep quality of post-anesthesia was described as improved or unimproved according to the feelings of subjects.
Generally, a large proportion of subjects felt improvement of sleep quality on the Ist post-examination day in every
group. However, there was significant difference among the propofol group, ciprofol group and remimazolam group
(86.21% vs 80.36% vs 72.88%, p=0.039, Table 2). Propofol provided an equivalent improvement of sleep quality on the
Ist post-examination day to ciprofol (86.21% vs 80.36%, p= 0.236, Figure 2c), while performed a better effect than
remimazolam did (86.21% vs 72.88%, p= 0.012, Figure 2c). Remimazolam showed similar ability with ciprofol in
improving sleep (72.88% vs 80.36%, p= 0.181, Figure 2¢). However, sleep improvement on the 7th post-examination day
was not significant among the groups (44.64% vs 41.07% vs 38.18%, p=0.619, Table 2).

Discussion

In the present study, we determined the influences of different anesthetics on dreaming in people who underwent
a painless gastrointestinal endoscopy. We found that incidences of dreaming were of no significant difference among
propofol, ciprofol or remimazolam anesthesia for gastrointestinal endoscopy. But it is more likely to induce happy
dreams by the above-mentioned three anesthetics. Results of this study indicated that about one-third of patients under
propofol anesthesia had a dream, which is in accordance with several previous studies.'*'® Propofol induced dreaming
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Figure 2 Incidence of intraoperative hypotension (a), insufficient anesthesia (b) and sleep improvement of the Ist day of post-examination (c). ¥p<0.017.

was reported to be related to anesthetics, depth of anesthesia, age, gender, preoperative psychological state and other
factors.®'® However, the baseline information of our study was comparable among the groups. Matus et al® found that
the Bispectral Index value of dreamers at 2 min after endoscopy initiation was lower than that of non-dreamers. We
monitored the depth of anesthesia by Narcotrend which was applied in remimazolam and propofol sedation.”>° Twenty-
four patients with inadequate sedation (16 in propofol group, 6 in ciprofol group and 2 in remimazolam group) were
detected. Inadequate anesthesia might be the reason for the relatively lower incidence of dreaming. A recent study
focused on propofol sedation induced euphoria indicated that pleasant dream was associated with a higher Morphine-
Benzedrine Group (MBG) score, which means that there are positive relations among propofol, pleasant dreams and
euphoria.'® In this study, almost all dreams were positive or pleasant, which is similar to a previous study.?’

Semblable to propofol, ciprofol is a new gamma-aminobutyric acid (GABA) receptor agonist. Most notably, ciprofol
is well known for little injection pain and high potency.'’ 2° Moreover, the present study showed that nearly half of the
subjects experienced dreams under ciprofol anesthesia, and no unpleasant or negative ones were recorded. However, we
could not infer that these fond dreams led to higher satisfaction of patients.
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Table 2 Postoperative Interview Parameters

Parameters Propofol Ciprofol Remimazolam | P value
Group Group Group

Intraoperative awareness (n, %) 2, 1.67 2, 1.67 2, 1.67 1?

Dreaming (n, %) 40, 33.33 58,48.33 50, 41.67 0.061%

Type of dream (n, %)

Positive 36, 90.00 56, 96.55 46, 92.00 0.185%

Negative 0,0 0,0 2, 4.00

Neutral 4, 10.00 2,345 2, 4.00

Adverse events (n, %)

Dizziness 22, 1833 40, 33.33 26, 21.67 0.079*

Drowsiness 48, 40.00 36, 30.00 46, 38.33

Both dizziness and drowsiness 8, 6.67 8, 6.67 14, 11.67

None 42, 35.00 36, 30.00 34,2833

Satisfaction score (median, inter-quartile range) 10(9, 10) 10(9, 10) 10(9, 10) 0.077°

Sleep quality improvement T1 (n, %) 100, 86.21 90, 80.36 86, 72.88 0.039*"

Sleep quality improvement T2 (n, %) 50, 44.64 46, 41.07 42, 38.18 0.619%

Notes: *Chi-Square test; ®°Kruskal-Wallis test; T1: Ist day of post-examination; T2: 7th day of post-examination. *There is significant
difference among the groups.

Benzodiazepines exert an anterograde amnesia effect through a direct or an indirect way during sedation.”® Previous
studies established that remimazolam induced deep anesthesia that facilitated painless endoscopy.”’ >* Similarly, our
results showed that remimazolam was eligible for gastroscopy, colonoscopy and gastroenteroscopy. However, remima-
zolam was less likely to lead to hypotension. In addition, about 40% of subjects under remimazolam anesthesia had
a dream. Although two of them experienced negative or unpleasant dreams, no patient gave a low satisfaction score to the
anesthesia procedure.

The overall incidence of intraoperative awareness under anesthesia was estimated to range from 1/20,000 to 1/1000
and was influenced by anesthetic, patient and surgery factors.?>*° In the present study, Narcotrend index indicated that
part of patients (16 in propofol group, 6 in ciprofol group and 2 in remimazolam group) experienced insufficient
anesthesia. Though we administered top-ups according to Narcotrend index, intraoperative awareness might emerge
before top-ups functioning. However, the groups had equal incidence of intraoperative awareness (2 cases in each group).
This mismatching incidence of insufficient anesthesia and intraoperative awareness might be explained by a theory that
intraoperative awareness was thought to occur occasionally during general anesthesia.’' Nevertheless, intraoperative
awareness did not decrease the evaluation of anesthesia of these patients in our study.

There were some limitations in this study. Firstly, we enrolled patients undergoing gastroscopy, colonoscopy and
gastroenteroscopy rather than one kind of specific endoscopy. The stimulus intensity, duration, and drug consumption
were diverse for the three kinds of examination. However, proportions among the groups showed no significant
difference. Sample size was also calculated from a preliminary test that contained the three kinds of endoscopy.
Secondly, we did not exclude patients whose examination time was too long, because for all patients, top-ups were
administered to maintain a moderate Narcotrend value. Thirdly, the outcomes mostly depend on subjective indicators and
the estimation of improvement in sleep quality was relatively simple. Because there are no objective measurements to
assess dream, emotion and satisfaction. Considering the compliance of patients and way of follow-up, we evaluated the
improvement of sleep quality by simply asking yes or no rather than scales. This method is more suitable for patients

with lower educational levels. In addition, in keeping with trial registration, subgroup analyses were not conducted.

Conclusion
Propofol, ciprofol and remimazolam resulted in nonstatistical difference in the incidence of dreaming during painless

gastrointestinal endoscopy, but tended to induce pleasant dreams. However, dreaming, quality of dreams, and
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intraoperative awareness did not impact the evaluation of patients for anesthesia. In addition, remimazolam was less
likely to contribute to intraoperative hypotension and improvement of sleep quality of the 1st post-operative day than
propofol.

Data Sharing Statement

The database of this study can be obtained by contacting the corresponding authors.
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The study protocol was designed in line with the CONSORT guidelines and performed in accordance with the
Declaration of Helsinki.
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