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Abstract: Objective To explore the effects of different administration timings of esketamine before skin incision and during
abdominal closure on postoperative gastrointestinal function, pain levels and serum indexes in gastric cancer patients.
Methods This prospective study included 94 gastric cancer patients who underwent laparoscopic surgery at the Second
Affiliated Hospital of Hainan Medical University from January 10, 2022 to March 30, 2023. They were randomly divided into
control group, group A, and group B based on computer codes. After excluding 2 cases in both groups A and B, each group
had 30 cases, respectively. The patients in the control group were infused with equal volume of physiological saline before and
during abdominal closure. Group A received intravenous infusion of esketamine before incision and physiological saline during
abdominal closure. Group B was infused with physiological saline before skin incision, and esketamine at abdominal closure.
The dosage of administration for both group A and group B was 0.4 mg/kg. Surgical and anesthesia indicators, postoperative
gastrointestinal function indicators, pain levels [the degree of pain was assessed using the Visual Analogue Scale (VAS)at 4
hours postoperatively (T1), 8 hours postoperatively (T2), 24 hours postoperatively (T3), and 48 hours postoperatively (T4)] , and
serum indicators among three groups were compared. Results There was a statistically significant difference in the anesthesia
recovery time among group A, group B, and the control group [(10.56+1.51)min, (13.05+1.02)min, (9.86+1.15)min, F=54.489,
P<0.01] . The anesthesia recovery time of group A and the control group was shorter than that of group B (P<0.05), while there
was no statistically significant difference in surgical time and intraoperative bleeding among the three groups (P> 0.05). There
was no statistically significant difference (£>0.05) between group A and group B in the time of first postoperative exhaust,
defecation, eating, and recovery of bowel sounds, but both groups were significantly shorter than the control group (P<0.05).
Compared to T1, the VAS scores at T2-T4 were higher in all three groups (P<0.05). The VAS scores of group A at T2 and T3
were higher than those of group B, with statistical significance (P<0.05). The VAS scores of group A and group B at T2 - T4
points were both higher than those of the control group (P<0.05). levels of interleukin (IL)-6, IL-10, and C-reactive protein (CRP)
in group A were significantly lower than those in group B and control group 24 h postoperatively, while levels of IL-6, IL-10, and
CRP in group B were significantly lower than those in the control group (P<0.05). Conclusion There was no significant
difference in the effect of using esketamine before and after abdominal closure on postoperative gastrointestinal function in
patients undergoing gastric cancer surgery. However, compared to administration of anesthesia during abdominal closure,
administration of anesthesia before skin incision can reduce the levels of inflammatory factors in patients and shorten the time
of anesthesia recovery.
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Gastric cancer is a common digestive tract tumor, with
approximately 1.089 million new cases reported worldwide
each year. It ranks third in both incidence and mortality
among various malignant tumors in China [1-3]. Clinically,
surgery is the main treatment approach, and laparoscopic
surgery for gastric cancer is widely applied. However,
inadequate postoperative analgesia may lead to stress
responses in patients, a lowered pain threshold, hinder
wound healing, affect intestinal function recovery, and
prolong hospital stays [4]. High-quality analgesia is a
crucial element for promoting rapid recovery after surgery
and plays a positive role in improving the quality of
postoperative recovery. Esketamine, the enantiomer of
ketamine, is a non-specific N-methyl-D-aspartate (NMDA)

receptor antagonist with good analgesic effects and a high
safety profile. However, the impact of administering
esketamine before skin incision versus during abdominal
closure on postoperative gastrointestinal function and
serum markers in patients remains unclear [5-6]. This study
aims to explore the effects of the timing of esketamine
administration on postoperative gastrointestinal function
and serum markers in gastric cancer patients. The results
are reported as follows.

1 Materials and methods

1.1 General information
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This study was a prospective investigation, involving
94 gastric cancer patients who underwent laparoscopic
surgery under general anesthesia with endotracheal
intubation at the Second Affiliated Hospital of Hainan
Medical University between January 10, 2022, and March
30, 2023. Inclusion criteria: (1) histopathological diagnosis
of gastric cancer, clinical stage I-1I; (2) indications for
laparoscopic radical gastric cancer surgery; (3) informed
consent obtained. Exclusion criteria: (1) allergies to
dexmedetomidine, propofol, cisatracurium besilate,
sufentanil, or esketamine; (2) coagulation disorders; (3) use
of analgesics or sedatives within 3 months prior to
admission. Exclusion criteria: (1) conversion to open
surgery; (2) need for secondary surgery; (3) transfer to
another hospital or withdrawal from the study; (4)
postoperative infection; (5) postoperative blood loss >500
mL. Patients were randomly assigned into Group A
(patients 1-32), Group B (patients 33-64), and the control
group (patients 65-94) using computer-generated random
numbers. After excluding patients according to the
exclusion criteria, Group A included 30 patients, Group B
included 30 patients, and the control group included 30
patients. In Group A, 17 males and 13 females, with a body
mass index (BMI) ranging from 19.6 to 27.3 (24.26 £ 2.21)
kg/m?, and ages between 32 and 73 years (54.87 + 5.78),
American  Society of  Anesthesiologists  (ASA)
classification: 5 patients with ASA I, 25 patients with ASA
II. In Group B, 17 males and 13 females, with a BMI
ranging from 19.2 to 27.8 (23.93 + 2.39) kg/m?, and ages

between 31 and 75 years (55.17 + 5.74), ASA classification:

4 patients with ASA I, 26 patients with ASA II. In the
control group, 15 males and 15 females, with a BMI
ranging from 19.1 to 28.5 (23.84 + 2.45) kg/m?, and ages

between 30 and 76 years (53.63 + 8.08), ASA classification:

5 patients with ASA I, 25 patients with ASA II. There were
no statistically significant differences in gender, BMI, age,
or ASA classification among the three groups (P > 0.05).
This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Hainan Medical University
(Approval No. LW2021019).

1.2 Methods

All gastric cancer patients were instructed to fast for 8
hours and avoid drinking for 4 hours before surgery. Upon
entering the operating room, an intravenous access was
established, and Ringer's lactate (Manufacturer: Zhejiang
Shapais Pharmaceuticals Co., Ltd.; Drug approval No.
H20063251; Specification: 500 mL) was infused. The
patients' basic vital signs were closely monitored, including
heart rate, diastolic blood pressure, systolic blood pressure,
blood oxygen saturation, respiratory rate, and bispectral
index (BIS). Before anesthesia induction, oxygen was
inhaled through a mask for 5 minutes. Then, 1 pg/kg of
dexmedetomidine hydrochloride injection (Manufacturer:
Hunan Kelun Pharmaceutical Co., Ltd.; National Drug
Approval Number: H20183150; Specification: 1 mL: 100
ug) was intravenously pumped, followed by continuous
pumping of dexmedetomidine hydrochloride injection at
0.2 pg/(kg-h) until 40 minutes before the end of surgery.

Anesthesia  induction: Intravenous infusion of
propofol (Manufacturer: Xi'an Libang Pharmaceutical Co.,
Ltd.; National Drug Approval Number: H19990282;
Specification: 20 mL: 0.2 g) at 1.5-2 mg/kg, cisatracurium
besilate (Manufacturer: Beijing Tide Pharmaceutical Co.,
Ltd.; National Drug Approval Number: H20203696;
Specification: 5 mL: 10 mg) at 25 mg/kg, and Sufentanil
Citrate Injection (Manufacturer: Yichang Humanwell
Pharmaceutical Co., Ltd.; National Drug Approval Number:
H20054172; Specification: 2 mL: 100 pg) at 0.3-0.5 pg/kg.
Mechanical ventilation was initiated after satisfactory
muscle relaxation, with parameters set as follows: tidal
volume 6-8 mL/kg, respiratory rate 10-12 breaths/min, and
end-tidal carbon dioxide 35-40 mmHg. During the
operation, intravenous anesthesia was maintained with BIS
at 40-60. The maintenance drug doses were: sufentanil
10-20  pg/(kg-h), propofol 5-10 mg/(kg-h), and
cisatracurium besilate 0.15 mg/(kg-h). Anesthesiologists
adjusted the drug doses in real time according to the
patients' intraoperative vital signs and surgical progress.

Both Group A and Group B received intravenous
pumping of Esketamine Hydrochloride Injection
(Manufacturer: Jiangsu Hengrui Medicine Co., Ltd;
National Drug  Approval Number: H20193336;
Specification: 2 mL: 50 mg) at 0.4 mg/kg. Administration
timing: Group A received the drug before skin incision and
20 mL of normal saline during abdominal closure; Group B
received the drug during abdominal closure and 20 mL of
normal saline before skin incision. Control group: The
control group received equal volume of normal saline
before skin incision and during abdominal closure.

1.3 Observation indicators

(1) Surgical and anesthesia-related parameters,
including operation time, intraoperative blood loss, and
anesthesia recovery time. (2) Postoperative gastrointestinal
function indicators, including time to first flatus, first
bowel movement, resumption of eating, and return of
bowel sounds. (3) Pain levels assessed using the visual
analog scale (VAS) at 4 hours (T1), 8 hours (T2), 24 hours
(T3), and 48 hours (T4) postoperatively [7]. (4) Serum
markers, 4 mL of fasting elbow venous blood was collected
from patients in the morning when they entered the
operating room and 24 hours after surgery. The blood was
centrifuged for 10 minutes wusing a centrifuge
(Manufacturer: Fresenius Kabi AG; National Medical
Device Registration Number: Import 20183100418; Model:
AmiCORE). After serum separation, the levels of
interleukin (IL)-6, IL-10, and C-reactive protein (CRP)
were detected using an automatic chemiluminescence
immunoassay analyzer (Manufacturer: Beckman Coulter,
Inc., USA; National Medical Device Registration Number:
Import 20242220249; Model: DxI 9000).

1.4 Statistical methods
Data were analyzed using SPSS 26.0 software.

Kolmogorov-Smirnov test confirmed normal distribution
of continuous variables, which were expressed as x=s.
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Comparisons between groups were conducted using
one-way analysis of variance (ANOVA) and
repeated-measures analysis of variance for time-dependent
data. Pairwise comparisons were performed using LSD-¢
test. Categorical data were expressed as case (%), and
chi-square tests were used. P < 0.05 was considered
statistically significant.

2 Results

2.1 Comparison of surgery and anesthesia-related
indicators among the three groups

The anesthesia recovery time in Group A and the
control group was shorter than that in Group B (P < 0.05),
while there were no statistically significant differences in
operation time or intraoperative blood loss among the three
groups (P > 0.05). See Table 1.

2.2 Comparison of postoperative gastrointestinal
function-related indicators among the three groups

There were no statistically significant differences in
the time to first postoperative exhaust, defecation, eating,
or recovery of bowel sounds between Group A and Group
B (P> 0.05), but these times in Group A and Group B were
significantly shorter than those in the control group (P <
0.05). See Table 2.

2.3 Comparison of pain condition among the three
groups

Compared with T1, the VAS scores of the three
groups at T2-T4 were higher (P < 0.05). The VAS score of
Group A at T2-T3 was higher than that of Group B, with a
statistically significant difference (P < 0.05). The VAS
scores of Group A and Group B at T1-T4 were lower than
those of the control group (P < 0.05). In the repeated
measures ANOVA, the time effect, inter-group effect, and
time-group interaction effect of the three groups were

statistically significant (P < 0.05). See Table 3.

2.4 Comparison of serum indicators among the three
groups

When entering the operating room, there were no
statistically significant differences in the levels of IL-6,
IL-10, or CRP among the three groups (P > 0.05). At 24
hours after surgery, the serum indicators of each group
were significantly higher than those when entering the
operating room (P < 0.05). At 24 hours after surgery, the
levels of IL-6, IL-10, and CRP in Group A were
significantly lower than those in Group B and the control
group, and the levels in Group B were significantly lower
than those in the control group (P < 0.05). See Table 4.

Tab.1 Comparison of surgery and anesthesia-related indicators
among the three groups (n=30, x+s)

oo Operation Intraoperative  Anesthesia recovery
time (min)  blood loss (mL) time (min)

Group A 212.37+27.44 156.90+59.25 10.56+1.51°

Group B 215.27+24.84 158.67+63.34 13.05+1.02

Control group 216.35+26.17 165.25+58.74 9.86£1.152

F value 0.186 0.159 54.489

P value 0.831 0.853 <<0.001

Note: Compared with Group B, *P < 0.05.

Tab.2 Comparison of postoperative gastrointestinal
function-related indicators among the three groups (#=30, d, x+s)

Time to return of  Time to Time to Time to first
Group bowel sounds firstflatus resumption of defecation

bowel sounds (d) (d) eating (d) (d)
Group A 0.82+0.512 1.7940.58*  2.18+0.43*  2.69+0.53°
Group B 0.78+0.452 1.7340.53*  2.04+0.39*°  2.75+0.62°
Control group 1.36+0.74 2.35+0.82  2.88+0.45 3.55+0.65
F value 9.349 8.160 33.787 19.073
P value <<0.001 <0.001 <0.001 <<0.001

Note: Compared with the control group, *P < 0.05.

Tab.3 Comparison of VAS scores among the three groups (n=30,

Tab.4 Comparison of serum indicators among the three groups  (x+s)

IL-6 (pg/mL)

points, x+s)

Group T1 T2 T3 T4
Group A 1.09+0.60*  1.85+0.58* 2.17+0.62* 1.52+0.55°
Group B 0.99+0.41°  1.43+0.61%* 1.57+0.43% 1.34+0.40°
Control group 1.57£0.33  2.23+0.65 2.58+0.52  1.90+0.61
Fime/ Fgroup/ Finteraction 60.579/61.873/3.792
Piime/ Pyroup/ Pinteraction 0.001/0.001/0.013

IL-10 (pg/mL) CRP (mg/L)

Group At admiS§i0n to the 24 h after surgery At admission to the o 24, i sfterSurgery At admi5§ion to the op 24 h after surgery
operating room perating room erating room

Group A 1.52+0.58 36.38+2.85% 1.86+0.42 22.36+3.422 2.33+40.52 82.33+5.17

Group B 1.54+0.60 41.36+2.972¢ 1.88+0.50 28.30+3.182¢ 2.38+0.56 90.36+5.282b¢

Control group 1.49+0.45 45.2242.74* 1.87+0.48 32.45+3.65* 2.35+0.51* 95.45+5.88*

F value 0.063 72.295 0.014 65.887 0.068 44.155

P value 0.939 <0.001 0.986 <0.001 0.935 <0.001

3 Discussion

Laparoscopic gastric cancer surgery is invasive, which
can cause abnormal hemodynamics, affect the nervous and
immune systems, and result in moderate to severe
postoperative pain [8-10]. Poor pain control can affect the
recovery of body function. Esketamine has antidepressant,
anti-inflammatory, sedative, and analgesic effects. It can
achieve  sedative  and  analgesic  effects by
non-competitively antagonizing NMDA receptors, acting
on opioid receptors, gamma-aminobutyric acid (GABA)

receptors, cholinergic receptors to activate dopamine
receptors and L-type voltage-gated calcium channels,
thereby blocking sodium ion channels and activating
potassium ion channels [11-12]. Studies have shown that
esketamine has significantly better sedative and analgesic
effects than ketamine, and has less impact on patients'
mental state, circulatory system stability, and respiratory
depression, with faster postoperative recovery [13-15].
There were no statistically significant differences in
operation time or intraoperative blood loss between group
A and group B. However, from a neurobiological
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perspective, the anesthesia recovery time in group A and
the control group was shorter than that in group B. This
may be because esketamine administration before skin
incision (group A) allowed the drug to take effect in the
early stage of surgery, regulated the excitability of the
central nervous system, and reduced the continuous
stimulation of surgical trauma on the nervous system,
thereby helping patients recover from anesthesia earlier. In
contrast, esketamine administration during abdominal
closure (group B) may only affect the nervous system in
the late stage of surgery. At this time, surgical trauma has
caused a certain degree of cumulative damage to the
nervous system, leading to a relatively prolonged recovery
time. Consistent with previous studies, Zhang et al. [16]
also found that intravenous injection of esketamine during
skin suture prolonged patients' recovery time. However, the
prolonged recovery time in this study did not meet the
criteria for delayed recovery, indicating that although the
timing of esketamine administration affects recovery time,
it remains safe within a reasonable range. Future studies
can further explore the optimal timing of esketamine
administration before the end of surgery (e.g,
administering the drug in a specific stage shortly before the
end of surgery) to minimize recovery time without
affecting its sedative and analgesic effects.

Previous literature suggests that esketamine can
increase gastrointestinal motility indicators such as gastric
antral contraction frequency, gastric antral contraction
amplitude, and gastric antral motility index in intensive
care unit patients, and accelerate gastrointestinal peristalsis
[17]. In this study, the time to first postoperative exhaust,
defecation, eating, and recovery of bowel sounds in group
A and group B was significantly shorter than that in the
control group, which fully confirms the positive role of
esketamine in promoting the recovery of gastrointestinal
function. In addition, relevant Meta-analyses also suggest
that ketamine analgesia can significantly improve
gastrointestinal motility in patients with traumatic brain
injury [18]. However, there are few studies on the effect of
different administration timings on the recovery of
gastrointestinal function. In this study, there were no
statistically ~ significant differences in postoperative
gastrointestinal function indicators between gastric cancer
patients who received esketamine pumping before skin
incision and those who received it before abdominal
closure. The reason may be that the promoting effect of
esketamine on gastrointestinal function is persistent
throughout the entire process of surgical trauma and
anesthesia, and is not affected by the difference in
administration timing between the early and late stages of
surgery [19].

The analgesic mechanism of esketamine is mainly
related to its antagonism of NMDA receptors. By blocking
NMDA receptors, esketamine can inhibit the transmission
and amplification of pain signals in the central nervous
system, thereby reducing the degree of pain in patients.
This study compared the VAS scores of the three groups at
different time points. The results showed that esketamine
application significantly reduced the degree of early
postoperative pain, and patients who received the drug

before abdominal closure had lower pain degrees at 8 and
24 hours after surgery. This suggests that esketamine
administration during abdominal closure may provide more
effective analgesia in specific postoperative time periods,
which may be related to the body's sensitivity to pain and
the pharmacokinetics (distribution and metabolism) of the
drug in the body.

The quality of anesthesia and postoperative recovery
is a key indicator for evaluating patients' -early
postoperative recovery and anesthesia effect. Surgical
trauma and acute pain stimulation can activate the body's
inflammatory response system, leading to increased levels
of inflammatory factors such as IL-6, IL-10, and CRP. This
study showed that administering a certain dose of
esketamine to patients before surgical trauma and acute
pain stimulation can significantly reduce systemic
inflammation in the early postoperative period, which is
consistent with the research results of Lin ef al. [20]. The
reason may be that esketamine reduces the inflammatory
response by inhibiting the activation of inflammatory cells
and the synthesis of inflammatory factors. Early
administration can intervene in the early stage of
inflammatory response initiation, inhibit the transmission
and amplification of inflammatory signals, and thus reduce
the degree of inflammatory response.

In conclusion, for gastric cancer patients undergoing
laparoscopic surgery, there is no statistically significant
difference in the effect of 0.4 mg/kg esketamine
administration before skin incision and before abdominal
closure on the recovery of postoperative gastrointestinal
function. However, intravenous pumping of esketamine
before skin incision has better effects in reducing
postoperative inflammatory factor levels and promoting
early recovery. This study has the following limitations:
First, it is a single-center study with a small sample size,
resulting in poor representativeness. Second, it did not
analyze the antidepressant effect of different doses of
esketamine, nor its effect on the quality of postoperative
recovery. Therefore, it is still necessary to design
multicenter prospective studies with larger sample sizes,
set more influencing factors, increase observation
indicators and follow-up time, to finally determine the
optimal administration timing, dose, and safety of
esketamine.
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Abstract: Objective To explore the effects of different administration timings of esketamine before skin incision and
during abdominal closure on postoperative gastrointestinal function, pain levels and serum indexes in gastric cancer
patients. Methods This prospective study included 94 gastric cancer patients who underwent laparoscopic surgery at
the Second Affiliated Hospital of Hainan Medical University from January 10, 2022 to March 30, 2023. They were
randomly divided into control group, group A, and group B based on computer codes. After excluding 2 cases in both
groups A and B, each group had 30 cases, respectively. The patients in the control group were infused with equal
volume of physiological saline before and during abdominal closure. Group A received intravenous infusion of

esketamine before incision and physiological saline during abdominal closure. Group B was infused with physiological
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saline before skin incision, and esketamine at abdominal closure. The dosage of administration for both group A and
group B was 0.4 mg/kg. Surgical and anesthesia indicators, postoperative gastrointestinal function indicators, pain levels
[the degree of pain was assessed using the Visual Analogue Scale (VAS) at 4 hours postoperatively (T1) , 8 hours
postoperatively (T2), 24 hours postoperatively (T3), and 48 hours postoperatively (T4) |, and serum indexes among
three groups were compared. Results There was a statistically significant difference in the anesthesia recovery time
among group A, group B, and the control group [ (10.56+1.51) min, (13.05+1.02) min, (9.86%1.15) min, F=54.489,
P<0.01]. The anesthesia recovery time of group A and the control group was shorter than that of group B (P<0.05), while
there was no statistically significant difference in surgical time and intraoperative bleeding among the three groups (P>
0.05). There was no statistically significant difference (P>0.05) between group A and group B in the time of first
postoperative exhaust, defecation, eating, and recovery of bowel sounds, but both groups were significantly shorter than
the control group (P<0.05). Compared to T1, the VAS scores at T2-T4 were higher in all three groups (P<0.05). The
VAS scores of group A at T2 and T3 were higher than those of group B, with statistical significance (P<0.05). The VAS
scores of group A and group B at T2-T4 points were both higher than those of the control group (P<0.05). Levels of
interleukin (IL)-6, IL-10, and C-reactive protein (CRP) in group A were significantly lower than those in group B and
control group 24 h postoperatively, while levels of IL-6, 1L.-10, and CRP in group B were significantly lower than those in
the control group (P<0.05). Conclusion There was no significant difference in the effect of using esketamine before and
after abdominal closure on postoperative gastrointestinal function in patients undergoing gastric cancer surgery. However,
compared to administration of anesthesia during abdominal closure, administration of anesthesia before skin incision can
reduce the levels of inflammatory factors in patients and shorten the time of anesthesia recovery.
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Tab.2 Comparison of postoperative gastrointestinal function
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