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Retrospective Study
Influences of dexmedetomidine on stress responses and postoperative cognitive and coagulation functions in patients undergoing radical gastrectomy under general anesthesia
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Abstract
BACKGROUND
Radical gastrectomy (RG) is commonly used in the treatment of patients with gastric cancer (GC), but this procedure may lead to stress responses, postoperative cognitive dysfunction, and blood coagulation abnormalities in patients.

AIM
To investigate the influences of dexmedetomidine (DEX) on stress responses and postoperative cognitive and coagulation functions in patients undergoing RG under general anesthesia (GA).

METHODS
One hundred and two patients undergoing RG for GC under GA from February 2020 to February 2022 were retrospectively reviewed. Of these, 50 patients had received conventional anesthesia intervention [control group (CG)] and 52 patients had received DEX in addition to routine anesthesia intervention [observation group (OG)]. Inflammatory factor (IFs; tumor necrosis factor-α, TNF-α; interleukin-6, IL-6), stress responses (cortisol, Cor; adrenocorticotropic hormone, ACTH), cognitive function (CF; Mini-Mental State Examination, MMSE), neurological function (neuron-specific enolase, NSE; S100 calcium-binding protein B, S100B), and coagulation function (prothrombin time, PT; thromboxane B2, TXB2; fibrinogen, FIB) were compared between the two groups before surgery (T0), as well as at 6 h (T1) and 24 h (T2) after surgery.

RESULTS
Compared with T0, TNF-α, IL-6, Cor, ACTH, NSE, S100B, PT, TXB2, and FIB showed a significant increase in both groups at T1 and T2, but with even lower levels in OG vs CG. Both groups showed a significant reduction in the MMSE score at T1 and T2 compared with T0, but the MMSE score was notably higher in OG compared with CG.

CONCLUSION
In addition to a potent inhibitory effect on postoperative IFs and stress responses in GC patients undergoing RG under GA, DEX may also alleviate the coagulation dysfunction and improve the postoperative CF of these patients.
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Core Tip: Radical gastrectomy (RG), a minimally invasive procedure, is reported to be the optimal cure for gastric cancer (GC) with the advantages of lesser pain and faster recovery. Dexmedetomidine (DEX) is used in a wide range of clinical scenarios. Available evidence suggests that DEX can reduce perioperative inflammation and stress and exert a certain protective effect on cognitive function (CF) in elderly patients after laparoscopic cholecystectomy. In this study, we aimed to assess the influence of DEX on stress responses, CF, and coagulation function of GC patients undergoing RG under general anesthesia, with a view to contributing to the improvement of prognosis in these patients.


INTRODUCTION
Despite the advances in the diagnosis and treatment of gastric cancer (GC), the postoperative prognosis of patients remains unsatisfactory[1]. Radical gastrectomy (RG), a minimally invasive procedure, is reported to be the optimal cure for GC with the advantages of lesser pain and faster recovery[2,3]. However, this procedure may induce physiological abnormalities such as excessive release of inflammatory factors (IFs), stress responses, and blood hypercoagulability[4]. The excessive release of IFs is known to adversely affect the central nervous system, resulting in neurological impairment and increased risk of postoperative cognitive dysfunction[5,6]. Studies have shown that cognitive dysfunction is a common adverse event after cardiac surgery, with approximately one-third of patients suffering from cognitive decline at 6 wk after surgery[7]. Thus, it is incumbent on researchers to search for effective measures to improve the postoperative cognitive function (CF) of GC patients undergoing RG under general anesthesia (GA) from the perspectives of IFs, stress responses, CF, and coagulation function.
Optimization of anesthesia strategy can help reduce postoperative adverse events in patients undergoing RG for GC, with a certain protective effect on vital organ functions and postoperative CF[8,9]. Dexmedetomidine (DEX) is a multipotent central α-2 adrenergic agonist with sedative, analgesic, and anti-sympathetic functions, which is often used as an anesthetic adjuvant[10]. It is used in a wide range of clinical scenarios. Besides RG, it can also be used in colorectal cancer surgery, joint replacement, cardiac surgery, and other clinical scenarios, helping to reduce the risk of delirium in elderly patients[11]. Available evidence suggests that DEX can reduce perioperative inflammation and stress and exert a certain protective effect on CF in elderly patients after laparoscopic cholecystectomy[12,13].
In this study, we aimed to assess the influence of DEX on stress responses, CF, and coagulation function of GC patients undergoing RG under GA, with a view to contributing to the improvement of prognosis in these patients.

MATERIALS AND METHODS
General data
This was a retrospective study approved by the Ethics Committee of The Second Affiliated Hospital of Guangxi Medical University. The study population comprised of 102 patients with GC who underwent RG under GA at our hospital between February 2020 and February 2022. Patients who received routine anesthesia intervention were included in the control group (CG; n = 50) while those who received DEX in combination with conventional anesthesia intervention were included in the observation group (OG; n = 52). The two groups were comparable with respect to baseline clinical characteristics (P > 0.05).

Criteria for patient enrollment and exclusion
All the included patients met the surgical indications for GC and underwent GA, with the America Society of Anesthesiologist (ASA) classification II or III[14], intact case data, no mental illness or mental disorders, and active cooperation with the research.
The exclusion criteria for this study were as follows: severe arrhythmia as confirmed by electrocardiograph (ECG); diseases such as severe malnutrition, anemia and abnormal liver function; diabetes, hypertension or coronary heart disease; infectious diseases.

Intervention methods
CG group received routine anesthesia intervention. OG group received was DEX in addition to routine anesthesia intervention.
For all the patients, blood pressure, ECG, and pulse oxygen saturation were routinely monitored after entering the operating room, and venous access was established. DEX infusion was initiated before conventional induction and discontinued before the heart resumed beating. In OG, DEX was injected intravenously at a loading dose of 0.5 μg/kg followed by a continuous infusion at a rate of 0.2–0.6 μg/kg/h; patients in the CG were administered normal saline at the same dose. After the above procedure, both groups of patients underwent routine anesthesia induction in the same manner, namely, administration of intravenous midazolam, fentanyl, atracurium, and propofol. Endotracheal intubation and mechanical ventilation were then performed with a tidal volume of 8–10 mL/kg and a ventilation frequency of 12–20 times/min; the PETCO2 was maintained at 35–40 mmHg. Propofol, remifentanil, and atracurium were injected intravenously for anesthesia maintenance.

Evaluation indices
After anesthesia, five milliliters of peripheral elbow venous blood was collected before surgery (T0), as well as at 6 h (T1) and 24 h (T2) after surgery. Serum was separated via centrifugation after 2 h of standing, and refrigerated at -20℃ for later use.

IFs: Serum levels of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were determined by enzyme-linked immunosorbent assay (ELISA).

Stress responses: ELISA was performed to quantify blood cortisol (Cor) and adrenocorticotropic hormone (ACTH) levels.

CF: According to the Mini-Mental State Examination (MMSE), the CF of patients at T0, T1, and T2 was evaluated from seven aspects: time orientation, place orientation, registration, attention and calculation, recall, language, and copying. The lower the score, the more significant the cognitive dysfunction.

Neurological function: ELISA was employed to measure neuron-specific enolase (NSE) and S100 calcium-binding protein B (S100B) levels.

Coagulation function: An automatic hemagglutination analyzer was used to quantify coagulation function indicators prothrombin time (PT), thromboxane B2 (TXB2), and fibrinogen (FIB).

Statistical analysis
Continuous variables were presented as mean ± SD and between-group differences were assessed using the independent sample t test. Multi-group and within-group differences were assessed using one-way ANOVA. Categorical variables were presented as frequency (percentage) and between-group differences were assessed using the χ2 test. Statistical analysis was performed using SPSS 19.0. P values < 0.05 were considered indicative of statistical significance.

RESULTS
Comparison of baseline data between the two groups
There was no significant difference between the two groups with respect to sex, age, disease course, body weight, tumor staging, ASA grade, or history of hypertension and diabetes (P > 0.05) (Table 1). 

Influence of DEX on IFs
Serum levels of TNF-α and IL-6 were not significantly different between the two groups at T0 (P > 0.05). The levels showed a marked increase in both groups at T1 and T2 (P < 0.05), with significantly lower levels in OG as compared to CG (P < 0.05) (Figure 1).

Influence of DEX on stress responses
The stress responses of both groups were evaluated by measuring Cor and ACTH (Figure 2). There were no significant between-group differences with respect to Cor and ACTH at T0 (P > 0.05). Compared with T0, Cor and ACTH in both groups showed a significant increase at T1 and T2 (P < 0.05), especially in OG (P < 0.05).

Impact of DEX on CF
There was no significant between-group difference in the MMSE score at T0 (P > 0.05). MMSE scores at T1 and T2 were significantly lower than that at T0 in both groups (P < 0.05), but the scores of OG were still higher than those of CG (P < 0.05) (Figure 3).

Effect of DEX on neurological function
The effects of two anesthesia methods on neurological function were evaluated by detecting NSE and S100B (Figure 4). There were no significant between-group differences with respect to NSE and S100B at T0 (P > 0.05). Significant increase in NSE and S100B was observed in both groups at T1 and T2 (P < 0.05), with lower levels in OG as compared to CG (P < 0.05).

Influence of DEX on coagulation function
There were no significant between-group differences with respect to PT, XB2, or FIB at T0 (P > 0.05). At T1 and T2, both groups showed a significant increase in PT, TXB2 and FIB compared with the respective levels at T0 (P < 0.05), with lower levels in OG vs CG (P < 0.05) (Figure 5).

DISCUSSION
RG is the main treatment modality for GC, but the inflammation, stress responses, and neurological dysfunction induced by surgical trauma have a negative impact on patient postoperative recovery and survival[2]. The influence of DEX on postoperative stress responses, CF, and coagulation function of GC patients undergoing RG under GA remains poorly elucidated in the contemporary literature.
Several studies have investigated the application value of DEX in RG for GC. In the study by Guo et al[15], DEX outperformed epidural anesthesia in terms of sedative and analgesic effects in elderly adults undergoing RG for GC and accelerated their recovery. Liu et al[16] focused on the influence of DEX combined with propofol on postoperative analgesia and cellular immune function during RG. The combination of the two was found to suppress postoperative stress responses, improve analgesia effects, enhance immune function, and reduce the occurrence of postoperative adverse events. In the present study, we investigated the clinical effects of DEX in GC patients undergoing RG under GA from five aspects: inflammation, stress, CF, neurological function, and coagulation function. In terms of inflammation, postoperative TNF-α and IL-6 levels were significantly lower in OG, suggesting the anti-inflammatory effect of DEX in these patients. TNF-α and IL-6 are known inflammatory indices of RG, both of which mediate the inflammatory process and participate in organ involvement and can be inhibited to some extent postoperatively under the intervention of DEX, consistent with our observations[17,18]. The anti-inflammatory mechanism of DEX may be related to the activation of cholinergic anti-inflammatory pathway to suppress systemic inflammatory responses[19]. In the stress response evaluation, Cor and ACTH in OG were found to be significantly elevated after surgery but were still lower than those in CG, suggesting that DEX used in RG has a more prominent inhibitory effect on stress responses. Consistently, Yang et al[20] also reported that DEX can alleviate stress responses in patients undergoing laparoscopic cholecystectomy, which was reflected in significant reductions in Cor and ACTH levels. Further, CF evaluation results showed that although the postoperative MMSE score of OG reduced notably just like CG, it was still significantly higher than CG, indicating a significant protective effect of DEX on the CF of patients undergoing RG under GA, which is in line with the findings of Yang et al[21]. When evaluating neurological function, NSE and S100B in OG were also found to be significantly increased as those in CG, but were still markedly lower in OG vs CG, indicating that DEX intervention can inhibit NSE and S100B in patients. NSE and S100B are known to be neurological function indices related to brain injury; the former can reflect neuronal abnormalities, while the latter is a marker of glial cell damage[22]. Zhao et al[23] also reported a neuroprotective effect of DEX in patients with hypertensive cerebral hemorrhage in the perioperative period by inhibiting NSE and S100B levels, which is consistent with our results. Finally, we verified the effect of DEX on coagulation function, and found that PT, TXB2, and FIB in OG after the intervention of DEX were significantly increased but significantly lower than those in CG, indicating that DEX can significantly improve coagulation function in patients undergoing RG under GA. Chen et al[24] also found that the application of DEX in patients undergoing RG under GA inhibited postoperative blood hypercoagulability by weakening the activation of coagulation function, which is related to the direct or indirect regulation of platelet function by DEX.
Some limitations of our study should be considered. This was a single-center retrospective study with a relatively small sample size, which may have introduced an element of bias. A larger multi-center study is required to obtain more definitive evidence.

CONCLUSION
In this study, the use of DEX demonstrated a significant clinical benefit in patients undergoing RG under GA. DEX was found to inhibit inflammation and stress reactions, as well as improve the postoperative cognitive, neurological, and coagulation functions in these patients. Our findings may provide a new reference for anesthesia management optimization and prognosis improvement of such patients.

ARTICLE HIGHLIGHTS
Research background
Radical gastrectomy (RG) is often used to treat patients with gastric cancer (GC), but it may cause stress responses, postoperative cognitive dysfunction and abnormal coagulation function.

Research motivation
The effects of dexmedetomidine (DEX) on stress responses, postoperative cognitive function and coagulation function of GC patients undergoing RG under general anesthesia were analyzed retrospectively.

Research objectives
This study aimed to optimize anesthesia strategy to help reduce the perioperative risk of GC patients receiving RG.

Research methods
One hundred and two patients undergoing RG for GC under general anesthesia were included. Of them, 50 cases receiving routine anesthesia were set as a control group (CG) and 52 cases receiving routine anesthesia plus DEX were set as an observation group (OG). Then inflammatory factors, stress responses, cognitive function, neurological function, and coagulation function of the two groups were comparatively analyzed at various time points [before (T0), and 6 h (T1) and 24 h (T2) after surgery].

Research results
Compared with T0, tumor necrosis factor-α, interleukin-6, cortisol, adrenocorticotropic hormone, neuron-specific enolase, S100 calcium-binding protein B, prothrombin time, thromboxane B2, and fibrinogen were markedly elevated at T1 and T2 in both groups, with even lower levels of these parameters in OG compared with CG. In addition, a marked reduction in the Mini-Mental State Examination (MMSE) score was observed at T1 and T2 compared with T0 in both groups, with a significantly higher MMSE score in OG vs CG at each postoperative time point.

Research conclusions
In addition to effective inhibition of inflammatory factors and stress responses in GC patients undergoing RG under general anesthesia, DEX can also alleviate coagulation dysfunction and improve postoperative cognitive function in these patients.

Research perspectives
Our findings may provide a novel reference for optimizing anesthesia management and improving outcomes in patients undergoing RG for GC. 
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Figure Legends
[image: ]
Figure 1 Influence of dexmedetomidine on inflammatory factors in gastric cancer patients undergoing radical gastrectomy under general anesthesia. A: Tumor necrosis factor-α at different time points in two groups of gastric cancer (GC) patients undergoing radical gastrectomy (RG) under general anesthesia (GA); B: Interleukin-6 at different time points in two groups of GC patients undergoing RG under GA. aP < 0.05 vs T1; dP < 0.05 vs T0; gP < 0.05 vs control group. T0: Before surgery; T1: 6 h after surgery; T2: 24 h after surgery; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6.
[image: ]
Figure 2 Influence of dexmedetomidine on stress responses of gastric cancer patients undergoing radical gastrectomy under general anesthesia. A: Cortisol at different time points in two groups of gastric cancer (GC) patients undergoing radical gastrectomy (RG) under general anesthesia (GA); B: Adrenocorticotropic hormone at different time points in two groups of GC patients undergoing RG under GA. aP < 0.05 vs T1; dP < 0.05 vs T0; gP < 0.05 vs control group. T0: Before surgery; T1: 6 h after surgery; T2: 24 h after surgery; Cor: Cortisol; ACTH: Adrenocorticotropic hormone.
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Figure 3 Effect of dexmedetomidine on cognitive function (Mini-Mental State Examination) of gastric cancer patients undergoing radical gastrectomy under general anesthesia. aP < 0.05 vs T1; dP < 0.05 vs T0; gP < 0.05 vs control group. T0: Before surgery; T1: 6 h after surgery; T2: 24 h after surgery; MMSE: Mini-Mental State Examination.

[image: ] 
Figure 4 Effect of dexmedetomidine on neurological function of gastric cancer patients undergoing radical gastrectomy under general anesthesia. A: Neuron-specific enolase at different time points in two groups of gastric cancer (GC) patients undergoing radical gastrectomy (RG) under general anesthesia (GA); B: S100 calcium-binding protein B at different time points in two groups of GC patients undergoing RG under GA. aP < 0.05 vs T1; dP < 0.05 vs T0; gP < 0.05 vs control group. T0: Before surgery; T1: 6 h after surgery; T2: 24 h after surgery; NSE: Neuron-specific enolase; S100B: S100 calcium-binding protein B.
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Figure 5 Influence of dexmedetomidine on neurological function of gastric cancer patients undergoing radical gastrectomy under general anesthesia. A: Prothrombin time at different time points in two groups of gastric cancer (GC) patients undergoing radical gastrectomy (RG) under general anesthesia (GA); B: Thromboxane B2 at different time points in two groups of GC patients undergoing RG under GA; C: Fibrinogen at different time points in two groups of GC patients undergoing RG under GA. aP < 0.05 vs T0; dP < 0.05 vs control group. T0: Before surgery; T1: 6 h after surgery; T2: 24 h after surgery; PT: Prothrombin time; TXB2: Thromboxane B2; FIB: Fibrinogen.

Table 1 Comparison of baseline data of two groups of gastric cancer patients undergoing radical gastrectomy under general anesthesia
	Classification
	Control group (n = 50)
	Observation group (n = 52)
	χ2 value
	P value

	Gender (male/female)
	32/18
	29/23
	0.718
	0.397

	Age (yr)
	50.82 ± 6.65
	49.85 ± 7.63
	0.683
	0.496

	Course of disease (yr)
	2.32 ± 0.55
	2.25 ± 0.56
	0.637
	0.526

	Weight (kg)
	63.76 ± 8.02
	64.38 ± 8.43
	0.380
	0.705

	Tumor staging (I/II)
	28/22
	27/25
	0.171
	0.680

	ASA classification (II/III)
	26/24
	30/22
	0.334
	0.564

	History of hypertension (yes/no)
	10/40
	15/37
	1.078
	0.299

	Medical history of diabetes (yes/no)
	7/43
	12/40
	1.386
	0.239


ASA: America Society of Anesthesiologist.
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