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Abstract: Surgical trauma in elderly patients undergoing colorectal cancer resection often triggers a robust systemic
inflammatory response leading to delayed recovery. Esketamine, a noncompetitive NMDA receptor antagonist, may
possess anti-inflammatory properties. This study aimed to evaluate the effects of intraoperative low-dose esketamine
on serum tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6) levels, and clinical recovery outcomes in this
population. This was a single-center, prospective, randomized, double-blind, placebo-controlled trial. Sixty elderly
patients (60—85 years, ASA grade I-II) scheduled for elective laparoscopic radical resection of colorectal cancer were
randomized (1:1) to receive either low-dose esketamine (0.2 mg/kg/h) or normal saline (control) during anesthesia
maintenance. The primary outcome was the concentration of serum TNF-o at preoperative, 0.5h, and 16h
postoperative time points. Secondary outcomes included IL-6 levels, intraoperative propofol consumption, anesthesia
recovery and extubation times, postoperative Visual Analogue Scale scores, the frequency of patient-controlled
analgesia compressions, and the incidence of adverse events. Forty-six patients (n=26 in the esketamine group; n=20
in the control group) were finally included in the statistical analysis. Compared to the control group, the esketamine
group exhibited significantly lower TNF-a concentrations at 0.5h and 16h postoperatively (P < 0.05). After adjusting
for baseline imbalance, no statistically significant differences were observed in postoperative IL-6 levels between the
two groups (P > 0.05). The esketamine group showed significantly lower intraoperative propofol consumption (P <
0.001), shorter anesthesia recovery and extubation times (P < 0.05), and reduced VAS scores at 6h-48h post-surgery
(P < 0.05). Furthermore, hospitalization duration was shorter in the esketamine group (P < 0.001). There was no
significant increase in adverse events such as hallucinations or nausea. Intraoperative low-dose esketamine (0.2
mg/kg/h) effectively suppresses the postoperative release of TNF-a, reduces propofol requirements, and
enhances postoperative analgesia and clinical recovery in elderly patients undergoing colorectal surgery.

Trial Registration: The study was retrospectively registered in the Chinese Clinical Trial Registry (registration
number: ChiCTR2500101206) on April 22, 2025.

Keywords: Esketamine; TNF- a ; IL-6; colorectal cancer; elderly patients; postoperative inflammation; enhanced
recovery after surgery

1 Background

Epidemiological statistics indicate that by 2040, the annual incidence of new colorectal cancer
cases worldwide is projected to reach 3.2 million, with deaths expected to rise to 1.1 million [1]. Colorectal
cancer is the third most prevalent cancer and has the highest mortality rate among malignant tumors of the
digestive system, posing a significant threat to public health [2-4]. In China, colorectal cancer currently has
the highest prevalence among digestive diseases [5,6].



Laparoscopic surgery is frequently performed in patients with colorectal cancer. However, trauma,
postoperative pain, and other stimuli can elicit significant stress responses and hemodynamic fluctuations
during the procedure. This response results in the release of numerous inflammatory mediators, including
tumor necrosis factor-o, C-reactive protein (CRP), and interleukin-6 [7,8]. Additionally, various opioids
are required for perioperative analgesia. Excessive opioid use often increases the risk of adverse reactions,
such as nausea, vomiting, pruritus, constipation, and respiratory depression, which may subsequently delay
patient discharge and recovery and lead to a range of postoperative complications [9,10].

Currently, the necessity of low-opioid anesthesia is explicitly recognized within the framework of
enhanced recovery after surgery (ERAS) protocols [11]. Esketamine is an intravenous anesthetic agent that
provides both sedation and analgesia. It is a dextroisomer of high-purity ketamine which is obtained through
a specialized separation and purification process. Although its site of action is similar to that of ketamine,
esketamine exhibits higher receptor affinity, and its pharmacokinetics are more controllable [12]. Research
has demonstrated that esketamine can inhibit inflammation while concurrently reducing opioid
requirements [13-16]. However, few studies have investigated the perioperative anti-inflammatory effects
of esketamine in patients with colorectal cancer . Therefore, this study aims to examine the impact of
intraoperative low-dose esketamine on the levels of intraoperative and postoperative inflammatory markers
TNF-a and IL-6 in these patients. This study aimed to develop improved anesthesia protocols and clinical
medication strategies for patients undergoing colorectal cancer treatment.

2 Methods
2.1 Design and Study Subjects

This study is a prospective, randomized, double-blind clinical trial conducted in accordance with
the principles of the Declaration of Helsinki. Approval was granted by the Medical Ethics Committee of
the First People's Hospital of Jintang County (Approval No. 2021-017) on July 20, 2021. The trial was
retrospectively registered with the Chinese Clinical Trial Registry (registration number:
ChiCTR2500101206) on April 22, 2025 prior to manuscript submission. All study procedures were
conducted in accordance with the Declaration of Helsinki, and complete original medical records of all
participants are available for traceability. This study was reported in strict accordance with the Consolidated
Standards of Reporting Trials (CONSORT) 2025 Statement guidelines.

This prospective clinical trial was conducted from September 2021 to December 2023 at the First
People's Hospital of Jintang County. All patients were followed up until hospital discharge.

2.2 Eligibility Criteria

Inclusion criteria: (1) Participants aged 60 to 85 years with a Body Mass Index ranging from 18.5
to 25; (2) Individuals undergoing elective laparoscopic-assisted radical resection for colon or rectal cancer;
(3) American Society of Anesthesiologists classification of I to II, with NYHA cardiac function class I-II.

Exclusion criteria: (1) individuals with mental health disorders; (2) a history of esketamine use,
known allergies, use of sedative medications, or substance dependence; (3) individuals with infectious
diseases; (4) patients currently enrolled in other clinical trials; (5) patients with scoliosis or other conditions
that preclude the performance of epidural puncture; and (6) patients who declined to sign informed consent
forms.

Withdrawal criteria: (1) patients with blood loss exceeding 500 ml during surgery, along with
cardiovascular events such as severe hypotension and arrhythmia; (2) patients for whom laparoscopic
surgery is challenging, necessitating a transition to open surgery; (3) patients requiring postoperative



transfer to the ICU; (4) instances of withdrawal or death; and (5) unsuccessful or ineffective epidural
puncture.

2.3 Patient Population

The sample size was calculated based on the primary outcome of serum TNF-a concentration at 16
hours postoperatively. According to pre-experimental data, with a=0.05, B=0.1, test power=0.9, bilateral
test, and a 10% dropout rate, at least 30 patients were required in each group. Therefore, 60 patients were
planned to be randomly assigned in a 1:1 ratio.

From September 2021 to December 2023, a total of 89 patients scheduled for laparoscopic
colorectal cancer resection were consecutively screened. Among them, 29 patients were excluded before
randomization (25 did not meet the inclusion criteria, 4 declined to participate). Finally, 60 eligible patients
were enrolled and randomized into the esketamine group (n=30) and the control group (n=30). After
randomization, 14 patients were excluded according to the withdrawal criteria, and 46 patients were finally
included in the statistical analysis (26 in the esketamine group, 20 in the control group).

2.4 Randomization and Blinding

Participants were randomly assigned to the two groups in a 1:1 ratio using a computer-generated
random number sequence. Group allocation was concealed using sequentially numbered, opaque sealed
envelopes, which were opened by a dedicated anesthesiology nurse immediately before anesthesia
induction.

The dedicated nurse prepared study medications in identical 50 mL syringes: the esketamine group
received esketamine diluted with 0.9% sodium chloride, and the control group received an equal volume of
0.9% sodium chloride placebo at the same infusion rate. All attending anesthesiologists, postoperative
outcome assessors and patients were blinded to group allocation throughout the study.

2.5 Treatment Protocols

Preoperative fasting was standardized to 8—10 hours for solid foods and 2 hours for clear fluids in
accordance with ERAS protocols. Upon arrival in the operating room, multiparameter monitoring was
initiated, which included invasive arterial pressure measurement through radial artery cannulation,
continuous 5-lead electrocardiography with ST-segment analysis, and end-tidal carbon dioxide (EtCO 2)
monitoring.

Ultrasound-guided thoracic epidural catheterization was conducted in the T11-T12 interspace
using a 613 MHz linear transducer. A test dose of 3 mL of 1% lidocaine was administered to rule out
intravascular or intrathecal placement, followed by intermittent boluses of 0.75% ropivacaine (5 mL every
60 minutes). Central venous access was established via ultrasound-guided catheterization of the right
internal jugular vein after intubation.

General anesthesia induction involved pre-oxygenation with 100% oxygen at a flow rate of 6 L/min
for 3 minutes, followed by the sequential administration of propofol via target-controlled infusion (TCI)
using the Schnider model, achieving an effect-site concentration (Ce) of 4.0 ug/mL. This was accompanied
by rocuronium bromide at a dosage of 0.8 mg/kg and sufentanil at 0.3 pg/kg. Tracheal intubation was
performed using 7.0 mm—7.5 mm internal diameter tubes, with cuff pressures maintained below 25 cmH:O.

Intraoperative maintenance for the esketamine group consisted of sevoflurane at an end-tidal
concentration of 1.5%, combined with propofol TCI at a Ce of 2.0 ug/mL-3.0 pg/mL and esketamine at a



rate of 0.2 mg/kg/h. The control group received identical sevoflurane and propofol regimens with saline
placebo infused at matching rates. Hemodynamic targets were set to maintain a Bispectral Index of 40—60,
a heart rate of 50-80 bpm, and mean arterial pressure within +20% of baseline.

Esketamine and saline infusions were discontinued 40 minutes prior to fascial closure, whereas
sevoflurane was terminated 20 minutes before extubation. Propofol administration continued until 5
minutes before extubation, with a final 5 mL bolus of 0.75% ropivacaine administered epidurally 20
minutes prior to the completion of the procedure. The core temperature was maintained at or above 36.5°C
using forced-air warming.

2.6 Data Collection and Assessment

Primary Outcome: The concentration of TNF-a (pg/mL) in venous blood was compared between
the two groups one day before surgery (D0), 0.5 hours after surgery (D1), and 16 hours after surgery (D2).

Secondary Outcome:

1) The concentration of IL-6 in the venous blood (pg/mL) was compared between the two groups
at DO, D1, and D2.

2) The time from propofol cessation to recovery and extubation time (min) was recorded, along
with the intraoperative dosages of propofol (mg) and ropivacaine (mg).

3) VAS scores were recorded at five time points: 6 hours, 12 hours, 24 hours, 48 hours, and 72
hours after surgery.

4) The number of patients who experienced adverse reactions within 72 hours was documented in
detail to calculate the incidence of such reactions.

5) Time to first flatus and length of hospital stay for patients were recorded.
6) The total number of PCA compressions was counted.
2.7 Statistical Analysis

Statistical analysis of the experimental data was conducted using SPSS version 25.0. Quantitative
data were compared between the two groups using the t-test or rank-sum test. Repeated-measures ANOVA
was used to analyze quantitative index data collected at multiple time points. Sphericity was tested by
Mauchly's test, and the Greenhouse-Geisser correction was applied when sphericity was
violated.Categorical variables were analyzed using the chi-squared test or Fisher's exact test. Statistical
significance was set at p < 0.05.

3 Results

3.1 Patient Characteristics
The CONSORT flow diagram of patient enrollment and allocation is shown in Figure 1. No
statistically significant differences were found between the two groups in age, sex, body weight, tumor site,

or tumor differentiation degree (all P > 0.05), indicating comparable baseline characteristics (Table 1).



Post-randomization exclusions were more frequent in the control group (9/30, 30.0%) than in the
esketamine group (3/30, 10.0%; > = 3.75, P = 0.053), mainly due to conversion to open surgery,

intraoperative blood loss > 500 mL and postoperative ICU admission.

[ Enrollment ] Assessed for eligibility (n=89)

Excluded (n= 29)

+ Not meeting inclusion criteria (n= 25)
+ Declined to participate (n=4)

+ Other reasons (n= 0)

A 4

Randomized (n=60 )

v [ Allocation ] v
Allocated to esketamine group(n=30) Allocated to control group (n= 30)
+ Received allocated intervention (n=27 ) + Received allocated intervention (n=21)
+ Excluded after randomization: n=3 (Epidural + Excluded after randomization: n=9 (Conversion
puncture failure: n=1; Scoliosis: n=1; to open surgery: n=2; Transfer to ICU: n=2;
Intraoperative blood loss > 500 ml: n=1) Epidural puncture failure: n=2; Intraoperative

blood loss > 500 ml: n=3)

i [ Follow-Up l

Lost to follow-up (give reasons) (n=1) Lost to follow-up (give reasons) (n=1)
Discontinued intervention (give reasons) Discontinued intervention (give reasons) (n=
(n=0) 0)

l [ Analysis ] l
Analysed (n=26) Analysed (n=20)
« Excluded from analysis (give reasons) « Excluded from analysis (give reasons) (n=
(n=0) 0)

Figure 1. CONSORT flow diagram of patient enrollment, randomization and follow-up

Table 1: Baseline clinical characteristics of patients

. Esketamine | control erou
Variables group T, Z, or chi- Difference (95% P-
group (n= :
) (n=20) square values | confidence interval) | value




66 (63, 69 (61.25, 72
Age (years) 0.63 -1 (-5, 4 0.532
74.5) )
Sex, n (%) 2.56 / 0.114
Male 15 (57.7%) 16 (80%) /
Female 11 (42.3%) 4 (20%) /
-0.22 (-4.11, 3.67
Weight(kg) 55.23 +£5.83 55.45+7.25 0.11 ; 0.910
Tumor site, n
0.011 / 0916
(%)
Rectum 16 (61.5%) 12 (60%) /
Colon 10 (38.5%) 8 (40%) /
Tumor
differentiation, 0.086 0.958
n (%) /
High 12 (46.2%) 10 (50%) /
Moderate 8 (30.8%) 6 (30%) /
Low 6 (23.1%) 4 (20%) /

Notes: Data are presented as mean =+ standard deviation, median (IQR), or n (%).

3.2 Primary Outcome: Serum TNF-a Levels

Repeated-measures ANOVA indicated a significant groupxtime interaction (F=7.32, P=0.002).

The esketamine group demonstrated a 50.4% reduction in TNF-a levels at 16 hours compared to the
control group (A=11.71 pg/mL, 95% CI 8.93-14.49) (Table 2).

Table 2: Comparison of serum TNF-a levels at different time points (pg/mL)

2.09)

Difference
Control group Esketamine group (95%
Parameter P-value
(pg/mL) (pg/mL) confidence
interval)
0.44 (-1.21,
DO 7.51£2.00 7.95+3.84 0.601




, , -5.47 (-7.12, -
DI 13.48 + 9.64 * 8.01+3.13 <0.001
3.82)
. B 1171 (-14.49,
D2 23.17 + 5.56 * 11.46 + 4.99 * €o3) <0.001

Notes: Data are presented as mean + standard deviation. 1 day before surgery (DO0), 0.5 hours after
surgery (D1), 16 hours after surgery (D2). % vs. D0, P<0.05; # vs. the control group, P<0.05.

3.3 Secondary Outcome: Serum IL-6 Levels

Baseline IL-6 levels were significantly lower in the esketamine group than in the control group (P
= (.025). Repeated-measures ANOVA showed a significant time effect for IL-6 (F = 289.4, P < 0.001),
indicating that IL-6 levels increased significantly postoperatively in both groups in response to surgical
stress. The groupxtime interaction effect did not reach statistical significance after adjusting for baseline (F
=2.14,P=0.125).

After adjusting for baseline IL-6 levels using ANCOVA, there was no statistically significant
difference in IL-6 levels at 0.5 hours (adjusted P = 0.142) or 16 hours (adjusted P = 0.079) postoperatively
between the two groups. A downward trend in IL-6 was observed in the esketamine group, but did not reach
statistical significance (Table 3).

Table 3: Comparison of serum IL-6 levels at different time points (pg/mL)

Parameter

Control group
(pg/mL)

Esketamine group

(pg/mL)

Difference

(95%

confidence

interval)

P-value

Adjusted P-

value*

DO

5.76 +2.44

4.04+2.72

172 (3
-0.23)

21,

0.025

D1

64.16 £10.45 *

58.42+10.75 *

574 (-
12.03, -
0.55)

0.073

0.142

D2

116.61 £24.22 *

81.79£21.95*

-34.82 (-
50.11, -
19.53)

<0.001

0.079

Notes: Data are presented as mean + standard deviation. 1 day before surgery (DO0), 0.5 hours after
surgery (D1), 16 hours after surgery (D2). % vs. D0, P<0.05.Adjusted for baseline IL-6 level using

ANCOVA.

3.4 Intraoperative Drug Consumption




Intraoperative propofol consumption was 66.3% lower in the esketamine group than in the control
group (P <0.001). No significant difference was found in ropivacaine dosage between the two groups (P
=0.211) (Table 4).

Table 4: Comparison of intraoperative drug dosages

Esketamine .
Control group Difference (95%

group

Parameter Z-value | confidence P value
(n=20) i
(n=26) interval)

Dosage of 10 (10, 11.5

10 (10, 10> 1.25 0 (o, 0 0.211
ropivacaine(mg) | )
Dosage of 445 (400, 150 (120, 200 -295.0 (-340.0, -

4.89 <0.001

propofol (mg) 495) ) * 250.0)

Note: Data are presented as medians (interquartile ranges). #vs. the control group, P<0.05.

3.5 Anesthesia Recovery and Clinical Recovery

The esketamine group had significantly shorter anesthesia recovery time and extubation time than
the control group (both P <0.05). Postoperative hospital stay was 3.11 days shorter in the esketamine group
(P < 0.001). Time to first flatus showed a decreasing trend in the esketamine group but did not reach
statistical significance (P = 0.063) (Table 5).

Table 5: Comparison of anesthesia and clinical recovery indicators

Control Esketamine i
Difference (95%

group group

Parameter Z/T value | confidence P value
(n=20) (n=26) interval)
Recovery 10.5 (7.0, . 228 (z-
) } 7.0 (5.0, 11.0) -3.0 (-6.0, 0.0) 0.022

time (min) 16.0) value)

Extubation 17.0 (12.0, 10.0 (7.0, 17.0) | 2.83 (z-

. -7.0 (-11.0, -2.0) | 0.005
time (min) 22.0)

value)

Hospital stay . 5.34(T -3.11 (-4.28, -
23.80+£1.82 | 20.69 +£2.06 <0.001
(days) value) 1.93)




Time to first

flatus (days)

4 (325, 4
)

32, 3)

1.86 (z-

value)

-1.0 (-2.0, 0.0)

0.063

Note: Data are presented as mean + standard deviation or median (interquartile range). #vs. the control

group, P<0.05

3.6 Postoperative Pain and Analgesic Consumption

VAS pain scores were significantly lower in the esketamine group at 6 h to 48 h postoperatively.
No significant difference was observed at 72 hours (P = 0.079) (Table 6, Fig. 2).

The total number of PCA compressions was significantly lower in the esketamine group than in the

control group (P <0.001), indicating reduced demand for rescue analgesia (Table7).

Table 6: Comparison of VAS pain scores at different postoperative time points

) Difference (95%

Esketamine
Parameter | Control group confidence P-value

group .

interval)

6 h (T1) 4 (3, 4) 22, 7 -2.0 (2.5, -1.5) <0.001
12 h (T2) 3@, 4 202, 37 -1.0 (-1.5,-0.5) 0.003
24 h (T3) 3 (2, 3) 22, ° -1.0 (-1.0, -0.5) 0.008
48 h (T4) 22, 2 2 (175, 20 ¥ | -0.25(-0.5,0.0) 0.042
72 h (TS) 1 (1, 2) 1 (1, 1 -0.5 (-1.0, 0.0) 0.079




-~ Control group

.\g —@- Esketamine

VAS pain score (median)

a—
I

0 I T 1 1 I

T1 T2 13 T4 T5

Postoperative time

Figure 2: Line chart of VAS score changes over time

Notes: Data are presented as medians (interquartile ranges). T1:6 hours after surgery; T2:12 hours after
surgery; T3:24 hours after surgery; T4:48 hours after surgery; T5:72 hours after surgery. #vs. the control
group, P<0.05

Abbreviations: VAS, visual analogue scale.

Table 7: Comparison of total PCA compressions

Esketamine
Control group group Difference (95%
Parameter z-value P- value
(n=20) confidence interval)
(n=26)
PCA
compressions | 4.0 [3.0, 5.0] 2.0[1.0,2.0] 4.12 -2.0 (-3.0, -1.0) <0.001
(times)




Notes: Data are presented as median (interquartile range). Abbreviations: PCA, Patient-Controlled
Analgesia.

3.7 Safety Outcomes
No statistically significant differences were found in the incidence of nausea and vomiting, or
dizziness between the two groups (all P > 0.05). No cases of respiratory depression or

hallucinations/nightmares were reported in either group (Table 8).

Table 8: Comparison of adverse event incidence between groups [n (%)]

Nausea and o Respiratory o )
Parameter . Dizziness . Hallucinations/nightmares
vomiting depression
Control group (n
5 (25%) 7 (35%) 0 0
=20),n (%)
Esketamine
3 (11.54%
group (n=26),n |1 (3.85%) ) 0 0
(%)
6 (13.04% | 10 (21.74%
Total 0 0
) )
P-value (Fisher's
0.072 0.077 - -
exact test)

Note: Data are presented as n (%).
4 Discussion

Surgical trauma activates the sympathetic nervous system and triggers an immune response. This
process leads to the release of numerous inflammatory factors, including IL-6 and TNF-a, which promote
the growth, survival, and immune evasion of cancer cells [17-18]. There is a correlation between tumor
occurrence, progression, and inflammation [19]. TNF-a, one of the earliest identified inflammatory
cytokines with high sensitivity, induces the production of additional inflammatory factors. Notably, it
promotes the release of IL-6, thereby activating the cytokine network and promoting the inflammatory
response [20-21]. IL-6 is a reliable and significant indicator of inflammation in the context of tissue injury
or severe disease [22], and it plays a critical role in tumor initiation and progression.

This study examined the effects of low-dose esketamine on intraoperative inflammatory factors in
patients with colorectal cancer. In the control group, postoperative serum levels of TNF-a (13.48 £ 9.64
pg/mL at 0.5 h, 23.17 & 5.56 pg/mL at 16 h) and IL-6 (64.16 £ 10.45 pg/mL at 0.5 h, 116.61 + 24.22
pg/mL at 16 h) were significantly elevated compared with preoperative baseline levels (TNF-a: 7.51 &
2.00 pg/mL; IL-6: 5.76 * 2.44 pg/mL).In the esketamine group, TNF-a levels were significantly lower at



0.5 h and 16 h postoperatively [(8.01 £ 3.13) pg/mL, (11.46 * 4.99) pg/mL] compared with the control
group.This suggests that esketamine significantly inhibits the release of the inflammatory factor TNF-q.
Relevant studies conducted by domestic and international scholars support the conclusions of this research
[23-28]. Mechanistically, esketamine has been shown to inhibit the phosphorylation and nuclear
translocation of NF-kB p65 in both cellular and animal models, thereby suppressing the transcription of
downstream pro-inflammatory cytokines including TNF-a [29,30]. Multiple NF-kB binding sites have been
identified in the promoter regions of TNF-a-regulated inflammatory genes, forming a positive feedback
loop that amplifies the inflammatory cascade [31,32].

For IL-6, we observed a downward trend in the esketamine group, but the difference did not reach
statistical significance after adjusting for baseline imbalance. Several factors may explain this result. First,
the pro-inflammatory mechanisms of IL-6 differ from those of TNF-o; IL-6 can also exert a pro-
inflammatory effect through the activation of gp130 [33,34]. Second, the influence of other anesthetic
agents used during the procedure may have contributed to the observed discrepancies in the test results.
Another factor to be considered is the inhibitory effect of propofol on IL-6. Both domestic and international
studies have demonstrated that propofol can suppress the inflammatory response induced by surgical
stimulation, primarily by inhibiting IL-6, TNF-a, and other inflammatory mediators in a dose-dependent
manner [35-37].In our study, propofol consumption was markedly lower in the esketamine group;
theoretically, reduced propofol exposure would weaken anti-inflammatory effects. However, IL-6 levels
still trended lower in the esketamine group, suggesting that esketamine's anti-inflammatory effect offset the
reduction caused by lower propofol dosage, resulting in a net neutral to beneficial effect. Third, the
relatively small sample size and higher-than-expected dropout rate reduced the statistical power for
detecting differences in IL-6, which is a secondary outcome. The observed downward trend still suggests
potential anti-inflammatory value, which warrants verification in larger studies.

In this experiment, VAS pain scores were significantly lower in the esketamine group from 6 h to
48 h postoperatively, which was consistent with the reduced PCA compression frequency. This finding
suggests that the administration of small doses of esketamine during the procedure not only provided
effective analgesic and sedative effects, but also sustained these effects for an extended period
postoperatively, without increasing the incidence of adverse reactions. A meta-analysis of 28 randomized
controlled trials confirmed that perioperative esketamine significantly reduces postoperative pain intensity
and decreases rescue analgesia requirements by approximately 49%, with an overall opioid-sparing effect
ranging from 30% to 50% in laparoscopic surgery populations [38] . Numerous studies have reported that
intraoperative use of low-dose esketamine can reduce opioid requirements [15,39-40]. Following the
administration of small doses of esketamine, the N-methyl-D-aspartic acid receptor can be
noncompetitively blocked, contributing to antihyperalgesia, reducing abnormal pain, and enhancing pain
tolerance, thereby facilitating analgesia.

Notably, the esketamine group also showed reduced propofol consumption, faster anesthesia
recovery, and shorter hospital stay. These benefits align with the goals of ERAS protocols, and support the
use of low-dose esketamine as a multifunctional adjuvant in geriatric oncologic surgery.

5 Conclusion

Low-dose esketamine (0.2 mg/kg/h) serves as a multifaceted adjunct in the perioperative setting. It
exhibits anti-inflammatory properties, evidenced by a 50.4% reduction in TNF-a levels at 16 hours
postoperatively. Additionally, it demonstrates a propofol-sparing effect, resulting in a 66.3% decrease in
propofol demand (P<0.001). Furthermore, this regimen is associated with a reduction in hospitalization
duration by 3.11 days (P<0.001).Given these findings, the incorporation of this regimen into ERAS
protocols for geriatric oncological surgery is warranted.In clinical practice, this regimen provides a



reference for optimizing perioperative anesthesia protocols under the ERAS framework, and warrants
further validation in multicenter, large-sample prospective clinical trials.

6 Limitations

This study has several limitations. First, it is a single-center study with a relatively small sample
size, and the final sample size was lower than planned, which may result in insufficient statistical power
for some secondary outcomes, particularly IL-6. Second, baseline IL-6 levels were imbalanced between
groups; although ANCOVA was used for adjustment, residual confounding cannot be fully excluded. Third,
the trial was retrospectively registered, which may introduce potential reporting bias. Fourth, the dropout
rate in the control group (30%) was higher than the pre-specified 10%, with uneven dropout distribution
between groups, which may introduce selection bias. Finally, only short-term postoperative outcomes were
observed, and long-term oncologic prognosis was not evaluated. Multicenter, large-sample prospective
studies are needed to further verify these findings.

Availability of Data and Materials
The data supporting the findings of this study are available from the corresponding author upon reasonable
request.
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