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Effect of remimazolam combined e

with estazolam on anxiety levels

and postoperative gastrointestinal function
recovery in patients undergoing laparoscopic
cholecystectomy surgery
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Abstract

Purpose The objective of this study is to examine the impact of administering remimazolam and estazolam in allevi-
ating preoperative anxiety on the recovery of gastrointestinal function in patients undergoing laparoscopic cholecys-
tectomy surgery.

Materials and methods A total of 140 patients who were scheduled for elective laparoscopic cholecystectomy sur-
gery were randomly divided into four groups using random number table: remimazolam group (group R, n=35), esta-
zolam group (group E, n=35), remimazolam combined with estazolam group (group RE, n=35), and control group
(group C, n=35). Group R received an intravenous injection of remimazolam before the administration of anesthesia,
group E was orally administered estazolam on the night before surgery and intravenously injected with normal saline
before induction of anesthesia, group RE received both estazolam orally on the night before surgery and intravenous
injection of remimazolam before induction of anesthesia, and group C was given normal saline before induction

of anesthesia. The visual analogue scale for anxiety (VAS-A) scores were documented during the preoperative visit,
following entry into the operating room, and 10 min after intravenous remimazolam or normal saline. Time to the first
postoperative exhaust and defecation, occurrence of nausea and vomiting within 24 h after surgery, sleep quality
scores on the night before surgery and two nights after surgery as per Numerical Rating Scale (NRS), postoperative
patient satisfaction, and occurrence of adverse reactions were also recorded.

Results In contrast to group C, time to the first postoperative exhaust and defecation of groups R, E, and RE were
significantly reduced (P < 0.05); the VAS-A scores of groups E and RE exhibited a significant decrease upon enter-

ing the operating room, and the VAS-A scores of groups R, E, and RE decreased significantly 10 min after intrave-
nous remimazolam or normal saline (P < 0.05); sleep quality scores of groups R, E, and RE were significantly higher

on the first night after surgery (P <0.05). There was no significant difference in the occurrence of nausea and vomiting
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abdominal distension occurred in the four groups.

among the four groups within 24 h after surgery. No adverse reactions such as wound bleeding, infection, and severe

Conclusions The utilization of remimazolam and estazolam, either singularly or in combination, before laparoscopic
cholecystectomy surgery, has shown considerable efficacy in alleviating preoperative anxiety, and thus expediting
the recovery of postoperative gastrointestinal function in patients. Moreover, the combination of both agents can
improve the patient’s postoperative sleep quality, thereby elevating patient satisfaction.

Keywords Preoperative anxiety, Postoperative gastrointestinal function, Remimazolam, Estazolam

Introduction

Accelerating the recovery of postoperative gastrointesti-
nal function is not only one of the most important issues
that the surgical field is facing today but also an impor-
tant part of enhanced recovery after surgery (ERAS).
Molina-Torres et al. pointed out in their research that
anxiety and depression can affect the physiology of the
gastrointestinal tract and cause gastrointestinal dysfunc-
tion through the brain—gut axis [1]. Preoperative anxiety
is a prevalent emotion among patients who are about to
undergo surgery and can adversely affect postoperative
recovery [2]. Benzodiazepines (BZDs), first introduced
in clinical practice in the 1960s, have become one of
the most widely used sedative-hypnotic agents [3]. Due
to their rapid onset and reliable efficacy, BZDs are com-
monly employed for the short-term treatment of symp-
toms, such as anxiety, insomnia, and agitation. They exert
their pharmacological effects primarily by enhancing the
inhibitory action of gamma-aminobutyric acid type A
(GABA ) receptors, which are located in various regions
of the central nervous system, particularly the limbic
system, including the amygdala, hippocampus, and pre-
frontal cortex. By modulating the a,/a; subunits of these
receptors, BZDs effectively regulate mood, anxiety, and
seizure responses [4].

Remimazolam and Estazolam, both benzodiazepine
derivatives, have shown notable advantages in anxi-
ety treatment. Remimazolam, a novel ultra-short-acting
BZD, is an ester-based compound that is rapidly hydro-
lyzed by tissue esterases into an inactive metabolite,
resulting in rapid onset and short duration of action.
Remimazolam selectively acts on GABA, receptors,
demonstrating superior efficacy in sedation, hypnosis,
and anxiolysis, with predictable effects and a short recov-
ery time [5]. Compared to traditional BZDs, Remima-
zolam offers the advantages of reduced side effects and
minimal drug accumulation in anesthetic induction and
procedural sedation [6]. Studies have reported that intra-
venous administration of Remimazolam results in an
onset time of 1-3 min and a recovery time of 5.5-20 min
following discontinuation [7].

Estazolam is a triazolobenzodiazepine commonly
used for treating insomnia. In addition to improving

sleep, Estazolam is widely employed in managing anxi-
ety symptoms, particularly in the treatment of general-
ized anxiety disorder [3]. Estazolam exerts its anxiolytic
effects by binding to GABA, receptors, promoting chlo-
ride ion influx, and suppressing neuronal excitability. It
is primarily metabolized in the liver, with a half-life of
approximately 12—15 h [8]. Estazolam has proven effec-
tive in improving sleep quality and reducing nocturnal
awakenings.

Therefore, this study aims to investigate the effects of
applying two anxiolytics, remimazolam and estazolam,
on the recovery of postoperative gastrointestinal function
in patients undergoing laparoscopic surgery through alle-
viating preoperative anxiety and provide clinical evidence
accordingly.

Materials and methods

Recruitment and randomization

This prospective randomized controlled double-blind
study was approved by the Ethics Committee of the First
People’s Hospital of Lianyungang (registration num-
ber: KY-20211030001-01).The study conformed to the
standards of the Declaration of Helsinki and registered
at https://www.chictr.org.cn (ChiCTR2200057898).All
participants were informed about the study, and writ-
ten informed consent was obtained from them. Eligible
participants were recruited in a tertiary center between
January 2022 and May 2022. Inclusion criteria included
patients expected for elective laparoscopic cholecystec-
tomy surgery aged 18-64 vyears, regardless of gender,
with BMI 18-28 kg/m? and visual analog scale for anxi-
ety (VAS-A)>0 (with a range of 0-10, a higher score
indicates more severe anxiety), and classified as Ameri-
can Society of Anesthesiologists (ASA) physical sta-
tus I or II. Exclusion criteria included a history of oral
sedative-analgesic medication (benzodiazepines, bar-
biturates, NSAIDs, opioid analgesics, etc.) within 14d
preoperatively; contraindications to the use of or aller-
gic to benzodiazepines; severe cardiac, lung, liver, or
kidney dysfunction; previous gastrointestinal dysfunc-
tion; inability to understand the meaning of the rating
scale and history of mental illness. Elimination criteria
included changing surgical procedures during surgery,
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intraoperative haemorrhage>800 mL or>200 mL per
hour, surgical time >2 h, and loss of data at postoperative
follow-up. Patients were allocated by random number
table into four groups: remimazolam group (group R),
estazolam group (group E), remimazolam combined with
estazolam group (group RE), and control group (group
C).

Anaesthesia methods

All patients were required to fast for 8 h and abstain
from drinking for 2 h before surgery. After the patients
were admitted to the operating room, standard intraop-
erative monitoring of electrocardiogram (ECG), systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
pulse oximetry (SpO,) was conducted and intravenous
(IV) access was established. All four groups were admin-
istered their respective medication by a nurse the night
before the procedure: Group E and Group RE received
1 mg of Estazolam orally, while Group C and Group R
received an equivalent oral placebo. 15 min before induc-
tion of anaesthesia, Remimazolam 0.1 mg/kg (1 mg/
mL with normal saline) was given to group R and group
RE, while normal saline 0.1 mL/kg was given to patients
in group C and group E. Anaesthesia was induced with
sufentanil 0.3 pg/kg, propofol 2 mg/kg, and cisatracu-
rium 0.15 mg/kg. Tracheal intubation was performed
3 min after preoxygenation. The respiratory param-
eters were set to: Vi 6~8 mL/kg, LE=1:2, FiO, 60%,
RR 8-12 times/min (adjust as required), and PpCO, at
35-45 mmHg. Remifentanil (0.05-0.15 pg-kg ™ -min~?)
and propofol (4-6 mg-kg™'-h™') were used for mainte-
nance of general anesthesia by a syringe pump to main-
tain bispectral index (BIS) at 40—60. To maintain muscle
relaxation, cisatracurium 0.03 mg/kg was administered
as needed intravenously. When blood pressure and heart
rate fluctuate out of a range of 20% of the basal level,
vasoactive drugs were used for adjustment. Propofol and
remifentanil were discontinued while suturing the skin.
The endotracheal tube was removed when the indica-
tions for extubation were met, and then the patients were
admitted to the post-anaesthesia care unit. Ramsay seda-
tion score was measured 30 min after extubation, and
patients were transferred to the ward when the relevant
standard was met.

Outcomes

The state—trait anxiety inventory (STAI, with a range
of 20-80, a higher score indicates more severe anxi-
ety) at the preoperative visit was recorded, as well as
the VAS-A scores at the preoperative visit, after admis-
sion to the operating room, and after 10 min of injecting
either remimazolam or normal saline (anxiety was con-
sidered to be present if the VAS-A score was>0) [9]. The
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time of anaesthesia, duration of surgery, intraoperative
anaesthetic drug dosage, time of awakening, time to first
postoperative exhaust, time to first defecation, duration
of postoperative hospital stay, and occurrence of postop-
erative adverse reactions were recorded. Postoperative
gastrointestinal function was assessed using the I-FEED
score (containing intake, response to nausea treatment,
emesis, exam, and duration, 0-2 points, normal; 3-5
points, postoperative gastrointestinal intolerance;>6
points, postoperative gastrointestinal dysfunction). Sleep
quality scores (0, unable to sleep, very poor quality of
sleep; 10, deep and satisfactory sleep) for the first preop-
erative night, the first and second postoperative nights
were recorded, so as the occurrence of nausea and vomit-
ing at 24 h postoperatively, the Ramsay sedation score (1
for anxious and agitated; 2 for tranquil; 3 for asleep but
responding to commands; 4 for asleep but can be awak-
ened; 5 for asleep and responding to stimuli; 6 for asleep
and cannot be awakened) at 0.5 h postoperatively, and
patient satisfaction scores (0 for "very dissatisfied", 10 for
"very satisfied").

Sample size calculation

The time to first postoperative flatus was the primary
outcome of this study. Based on our previous pilot study,
we conducted a power analysis to calculate the sample
size (G*power3.1 software). The means and standard
deviations of the time to first flatus in the four groups
(Group C, Group R, Group E, and Group RE) were 22+ 6,
18+6, 17+5, and 20 +5, respectively, with 8 patients in
each group. A common standard deviation of 6 and an
effect size of 0.32 were calculated for each group. Based
on an alpha error of 0.05 and a statistical power of 0.8,
prior ANOVA analyses (F test) estimated that a total of
112 patients would be required, with at least 28 patients
in each group. Considering a 20% dropout rate, a final
sample size of 140 patients was needed.

Statistical analysis

We performed statistical analysis using the SPSS 25.0.
Data were provided in the form of mean values+stand-
ard deviation (x £s) if the variables were normally
distributed, and a one-way ANOVA was used for the
intergroup comparisons. Conversely, a nonparametric
test was used for the intergroup comparisons of non-nor-
mally distributed variables, which appeared as medians
(M) and interquartile range (IQR). Categorical variables
were expressed as number (%), and intergroup compari-
sons were made using the y test. Comparisons of ranked
data were made using the rank-sum test. P<0.05 was
considered to be statistically significant.
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Results

A total of 156 patients were assessed for eligibility, and
12 patients were excluded (Fig. 1). Of the 12 excluded
patients, 4 patients refused consent, 6 patients did not
meet the inclusion criteria due to a preoperative VAS-A
score of zero, and 2 patients had their surgeries deferred.
Ultimately, 144 patients were randomized into the study.
In the C, R, and E groups, 1 patient from each group was
excluded due to surgery time exceeding 2 h. In the RE
group, 1 patient was excluded due to conversion to open
surgery. As a result, a total of 140 patients were included
in the final analysis, with 35 patients in each group.

There was no statistically significant difference between
the four groups in terms of gender, age, ASA, height,
weight, BMI, educational level, STAI score, duration of
surgery, duration of anaesthesia, duration of awakening,
and propofol and remifentanil dosages (Table 1).

Compared with group C, VAS-A scores were sig-
nificantly lower in groups E and RE after admission to
the operating room, and in groups R, E, and RE after
intravenously injecting remimazolam or normal saline
(P<0.05). VAS-A scores were significantly lower in
groups E and RE after admission to the operating room
and in groups R, E, and RE after intravenously injecting
remimazolam or normal saline compared with those at
the 1 d preoperative visit (?<0.05). Ten minutes after
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receiving either Remimazolam or normal saline, anxi-
ety was observed in 35 (100%), 33 (94%), 35 (100%), and
31 (89%) patients in groups C, R, E, and RE, respec-
tively, as indicated by a VAS-A score greater than zero.

There was no statistically significant difference in
VAS-A scores at the 1 d preoperative visit among the
four groups (Table 2).

Compared with group C, patients in groups R, E,
and RE had a significantly shorter time to first postop-
erative exhaust and defecation, and significantly lower
I-FEED scores (P<0.05). The differences in time to
first postoperative exhaust and defecation, and I-FEED
scores among groups R, E, and RE were not statisti-
cally significant. Compared with group C, groups E and
RE had significantly higher sleep quality scores on the
night before surgery, and groups R, E, and RE had sig-
nificantly higher sleep quality scores on the first night
after surgery and higher patient satisfaction (P<0.05).
There was no statistically significant difference between
the four groups in terms of sleep quality score on the
second night after surgery, postoperative Ramsay seda-
tion score, occurrence of postoperative nausea and
vomiting, and length of postoperative hospital stay. No
adverse reactions such as wound bleeding, infection, or
severe abdominal distension occurred in any of the four
groups of patients postoperatively (Table 3).

Excluded(n=12)
@ Patients refused consent(n=4)
®Not meeting the inclusion criteria (n=6)

®Surgery deferred(n=2)

[ Randomized(n=144) ]

Allocation
A

Allocated to control group(n=36)
Allocated to Remimazolam group(n=36)
@ Received allocated
@ Received allocated intervention(n=236)
intervention(n=36)

—

Allocated to Remimazolam and

Allocated to Estazolam group(n=36)

Estazolam group(n=36)

@ Received allocated intervention(n=36)

®Received allocated intervention(n=36)

Lost to follow-up(n=1) Lost to follow-up(n=1)

@®Surgical time > 2h(n=1) @Surgical time > 2h(n=1)

| Analyzed(n=35) l Analyzed(n=35)

Fig. 1 CONSORT diagram

Analysis

l
DI

Lost to follow-up(n=1)
Lost to follow-up(n=1)

@ Laparoscopic conversion to open
®Surgical time > 2h(n=1)

surgery(n=1)

Analyzed(n=35) l Analyzed(n=35) I
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Table 1 Patient characteristics and intraoperative data (n=35)
Group C Group R Group E Group RE
Gender(F/M) 17/18 16/19 16/19 15/20
Age (years) 453+105 441+£11. 464+10.2 460+124
ASA /Il (n) 17/18 18/17 18/17 16/19
Height (cm) 167.7£9.3 1694 +8.1 168.1+£8.7 167.7+£9.0
Weight (kg) 686+ 12.1 703£10.1 6824102 689+11.7
BMi(kg/m?) 242425 245+26 240+25 243424
Preoperative STAI score
S-Al 46.2+5.0 476+53 47.7+46 46.5+52
T-Al 424+39 43.6+4.1 420+38 429436
Educational level [n (%)]
Primary school 7 (20.0) 8(22.9) 9(25.7) 8(22.9)
Middle school 18 (51.4) 16 (45.7) 16 (45.7) 15 (42.9)
University and above 10 (28.6) 11(31.4) 10 (28.6) 12 (34.3)
Duration of surgery (min) 515+17.3 49.1+149 494+14.2 503+14.7
Duration of anesthesia (min) 672+16.1 65.6+15.8 65.7+£17.0 66.8+16.9
Propofol dosage (mg) 3385+61.2 3164+56.7 3123+506 3228+634
Remifentanil dosage (ug) 5446+1153 5188+1125 5059+118.1 5284+1206
Duration of awakening (min) 129+48 142+45 125+50 13.2+47

ASA: American Society of Anesthesiologists; BMI: body mass index; STAI: State—trait anxiety inventory; S-Al: State anxiety inventory; T-Al: Trait anxiety inventory

Table 2 VAS-A scores at different timepoints (min, X = s)

Group n 1d preoperative visit Upon admission to the operating 10 min after intravenous injection
room of remimazolam or normal saline
35 39+10 42412 41+1.2
R 35 38+1.1 43+14 19+1.120
E 35 38+10 32+09%® 28+09%®
RE 35 39409 33+10% 17+08%

Group C: Control group; Group R: Remimazolam group; Group E: Estazolam group; Group RE: Remimazolam combined with Estazolam group

Compared with group C
2 P<0.05; compared with 1 d preoperative visit
®P<0.05

Discussions

Postoperative gastrointestinal dysfunction is a com-
mon complication after abdominal surgery, which can
be clinically manifested as nausea, vomiting, abdominal
distension, delayed exhaustion or defecation, gastroin-
testinal haemorrhage, and can even cause enterogenic
infections and secondary multiorgan dysfunction,
which can increase the length of hospital stay and
decrease patient satisfaction [10]. Measures to accel-
erate the recovery of gastrointestinal function gener-
ally include optimal perioperative fluid management,
early bed mobility and feeding, and implementation of
an optimal analgesic programme [11]. Navarro-Tapia
et al’s study showed that anxiety can notably affect dif-
ferent physiological functions of the gastrointestinal

tract, such as gastric secretion, intestinal motility,
mucosal permeability, and visceral sensitivity, lead-
ing to the development of various gastrointestinal
disorders [12]. This study demonstrated that patients
using remimazolam and estazolam, either alone or in
combination, experienced significantly shorter time
to first exhaustion and defecation compared to those
who did not use these medications. The research also
showed that administering estazolam on the night
before surgery or remimazolam before the induction
of anesthesia, or a combination of both, can be effec-
tive in promoting postoperative gastrointestinal func-
tion recovery in patients with preoperative anxiety who
undergo laparoscopic surgery. In line with our results,
Li XR et al. [13] reported that the preoperative anxiety
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Table 3 Postoperative gastrointestinal function and other related data
Parameters Group C Group R Group E Group RE
Time to first exhaust (h) 224+53 18.7+5.1° 18.2+46° 183+4.9°
Time to first defecation (h) 435+97 385+7.7° 382+6.6° 379+7.0°
I-FEED 1(0~2) 0(0~1)° 00~1)° 00~1)°
Ramsay 22~2) 22~2) 22~2) 22~2)
Nausea [n (%)] 13(37.1) 10 (28.6) 9(25.7) 10 (28.6)
Vomiting [n (%)] 9(25.7) 7 (20.0) 6(17.1) 6(17.1)
Sleep quality scores
One night before surgery 6.1+09 59+12 70£1.1°9 724097
The first night after surgery 60+1.2 704147 69+0.9° 72+12°
The second night after surgery 7.7+£09 79408 78+09 79409
Patient satisfaction 8(8~9) 10(9~10)° 10(9~10)° 10(9~10)°
Length of postoperative hospital stay (d) 4(3~4) 3(3~4) 3(3~3) 3(3~4)

I-FEED: intake, feeling nauseated, emesis, physical exam, and duration of symptoms
Compared with group C
2P<0.05

state affects postoperative pain scores, as well as pro-
longs the time to first postoperative exhaustion.

Both remimazolam and estazolam belong to the class
of benzodiazepines and possess anxiolytic properties.
Remimazolam is a new type of benzodiazepine that has
a fast onset, short duration, quick recovery, and no drug
accumulation. It is metabolized independently of hepatic
and renal function and has few adverse reactions. Remi-
mazolam has the potential to serve as a pre-anaesthetic
medication in small doses, effectively mitigating the
patient’s unease and apprehension upon admission to
the operating room [14-16]. Estazolam belongs to the
benzodiazepine group with a medium half-life. It is effec-
tively absorbed upon oral administration, and its blood
concentration peaks at 2 h on average after oral adminis-
tration, with 10-24 h of half-life. It is usually used for the
treatment of short-term insomnia, anxiety, nervousness,
fear, and seizures (Petit Mal and Grand Mal seizures) or
preoperative sedation. Oral administration of 1 mg esta-
zolam on the night before surgery can alleviate the ten-
sion in patients and improve their sleep quality [17]. This
study found no significant difference in patients’ awaken-
ing time, despite benzodiazepines potentially impacting
post-anaesthesia recovery and quality. Gurunathan et al.
Error! Reference source not found [18].showed that the
addition of benzodiazepines as an adjuvant drug dur-
ing colonoscopy did not prolong the patients’ awakening
time or affect the overall quality of recovery. The results
of this study are in agreement with this finding. Likewise,
Sun et al. [19] showed that preoperative application of
remazolam in combination with eszopiclone significantly
reduced preoperative anxiety levels in patients under-
going laparoscopic gastrointestinal surgery, facilitated

intraoperative hemodynamic stabilization and reduced
postoperative pain intensity.

The results of this study showed that there was no
statistically significant difference in the time to first
postoperative exhaustion and defecation between the
remimazolam, estazolam, and combination groups
(Figs. 2, 3). The combined use of remimazolam and esta-
zolam theoretically yields a superior anxiolytic effect,
thereby enhancing the recovery of gastrointestinal func-
tion in the postoperative period. However, the findings of
the current study are incongruous with this hypothesis.
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Fig. 3 Time to the first postoperative defecation, *p <0.05 vs Group C

Although two anxiolytics can better relieve patients’ anx-
iety, the combination of the two drugs may weaken gas-
trointestinal dynamics and does not better promote the
recovery of gastrointestinal function. Muller-Lissner
et al. [20]demonstrated that intraoperative anaesthesia
medication can affect the recovery of gastrointestinal
function directly or indirectly.

The central nervous system has a strong correlation
with gastrointestinal function, and prolonged periods
of anxiety may lead to gastrointestinal symptoms, such
as indigestion, diarrhoea, or abdominal pain. The brain
communicates with the gut through multiple pathways,
including the autonomic nervous system, the hypotha-
lamic—pituitary—adrenal axis, and the immune system,
which are collectively referred to as the brain—gut axis
(BGA) [21]. In addition, the dysregulation of BGA can be
induced by anxiety, thereby resulting in various intestinal
disorders, and influencing the recuperation of gastroin-
testinal function after surgery. In addition, disturbances
in the composition of the gut microbiota have been asso-
ciated with anxiety and depression, and psychological
stress may lead to microbiota translocation, which in turn
exacerbates intestinal inflammation [22]. Stress can lead
to a reduction in certain intestinal epithelial tight junc-
tion proteins, which can compromise the integrity of the
intestinal epithelium. This can cause changes in intestinal
motility, affect secretion and mucoprotein production,
and ultimately result in changes in microbial composition
and intestinal permeability. These changes can further
impact gastrointestinal function [23].

Furthermore, according to this study, patients who
took a single estazolam or remimazolam, or a combina-
tion of both drugs, experienced significant improvement
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in their sleep quality on the night before their surgery.
Similarly, patients who received either drug alone or in
combination also reported a significant enhancement
in their sleep quality on the first night after the surgery.
The administration of estazolam and remimazolam prior
to surgery has been proven to be efficacious in enhanc-
ing the sleep quality of the patients, regardless of the
presence of any other factors that may have influenced
it. Poor sleep quality is associated with gastrointestinal
symptoms and poor nighttime sleep can lead to the exac-
erbation of gastrointestinal symptoms the following day
[24, 25]. A review indicated that sleep disruption acti-
vates the hypothalamic—pituitary—adrenal (HPA) axis
and the sympathetic nervous system (SNS) [26]. Activa-
tion of B-adrenergic signaling leads to the expression of
inflammatory genes, the production of pro-inflamma-
tory cytokines, and the increase in systemic inflamma-
tory markers, such as IL-6 and TNF-a [27]. Research has
shown that in elderly individuals with poor sleep qual-
ity, there is an increased expression of IL-6 and TNF-a
[28]. TNF-a has been shown to increase intestinal epithe-
lial cell shedding and apoptosis, induce changes in tight
junction morphology, and alter intestinal permeability,
thereby exacerbating intestinal inflammation [29]. Caro-
line Zhao et al. [28]showed that good sleep quality during
the perioperative period in patients undergoing abdomi-
nal surgery contributes to their postoperative recovery
of gastrointestinal function, which is consistent with
our research results. The concept of comfortable medi-
cal treatment has gained attention among anaesthesiolo-
gists and surgeons, leading to the increased focus on the
sleep of hospitalized patients before and after surgery.
Administering an appropriate dosage of benzodiazepines
before surgery can effectively reduce psychological stress,
improve the quality of sleep, and provide a solid foun-
dation for preoperative preparation and postoperative
recovery.

There are some shortcomings in this study. First, the
study only demonstrates that preoperative administra-
tion of Remimazolam, Estazolam, or their combination
can reduce preoperative anxiety levels and promote
postoperative gastrointestinal recovery. While the study
suggests that reducing preoperative anxiety may be
associated with postoperative gastrointestinal recovery,
it does not establish a causal relationship between the
two. Future studies should expand the sample size and
conduct subgroup analyses to explore the relationship
between preoperative anxiety and postoperative gastro-
intestinal function. Second, the sample size was small
and might be biased. Third, this study mainly focused
on patients undergoing laparoscopic cholecystectomy
surgery, which is a relatively low-risk procedure, and
the results of the study are not necessarily applicable to
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high-risk surgical patients. Fourth, it is yet to be con-
firmed whether similar outcomes can be observed with
other anxiolytic medications as this study exclusively
focused on benzodiazepines. Finally, support from objec-
tive indicators of gastrointestinal function such as gas-
trin and intestinal fatty acid binding protein (I-FABP) is
absent, and further validation is required in the future.

In conclusion, preoperative application of remima-
zolam or estazolam separately or in combination, can
effectively alleviate the preoperative anxiety state of
patients undergoing laparoscopic cholecystectomy
surgery and accelerate the postoperative recovery of
gastrointestinal function. In addition, the combined
administration of these two drugs can improve the qual-
ity of the patients’ sleep on the night before surgery and
increase patient satisfaction.
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