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Abstract
BACKGROUND
Transarterial chemoembolization (TACE) combined with microwave ablation (MWA) is an effective treatment strategy for patients with advanced gastric cancer and liver metastasis. However, it may cause severe postoperative pain and inflammatory responses. The paravertebral block (PVB) is a regional anesthetic technique that provides analgesia to the thoracic and abdominal regions.

AIM
To evaluate the effect of PVB on postoperative analgesia and inflammatory response in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis.

METHODS
Sixty patients were randomly divided into PVB and control groups. The PVB group received ultrasound-guided PVB with 0.375% ropivacaine preoperatively, whereas the control group received intravenous analgesia with sufentanil. The primary outcome was the visual analog scale (VAS) score for pain at 6 h, 12 h, 24 h, and 48 h after the procedure. Secondary outcomes were the dose of sufentanil used, incidence of adverse events, and levels of inflammatory markers (white blood cell count, neutrophil percentage, C-reactive protein, and procalcitonin) before and after the procedure.

RESULTS
The PVB group had significantly lower VAS scores at 6 h, 12 h, 24 h, and 48 h after the procedure compared with the control group (P < 0.05). The PVB group also had a significantly lower consumption of sufentanil and a lower incidence of nausea, vomiting, and respiratory depression than did the control group (P < 0.05). Compared with the control group, the PVB group had significantly lower levels of inflammatory markers 24 h and 48 h after the procedure (P < 0.05).

CONCLUSION
PVB can effectively reduce postoperative pain and inflammatory responses and improve postoperative comfort and recovery in patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA.
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Core Tip: Paravertebral block (PVB) provides effective postoperative analgesia and reduces inflammatory responses in patients undergoing transarterial chemoembolization combined with microwave ablation for advanced gastric cancer and liver metastasis. In a study comparing PVB with intravenous analgesia, the PVB group exhibited lower pain scores, reduced sufentanil consumption, and fewer adverse events. Additionally, the PVB group showed decreased levels of inflammatory markers, indicating improved postoperative comfort and recovery. PVB is a valuable technique for managing pain and inflammation in this patient population.

INTRODUCTION
Gastric cancer is one of the most common malignancies worldwide and the third leading cause of cancer-related death[1]. Liver metastasis is a common complication of advanced gastric cancer that affects the patient prognosis and quality of life[2]. Transarterial chemoembolization (TACE) combined with microwave ablation (MWA) is a minimally invasive treatment that can achieve local tumor control and prolong the survival of patients with gastric cancer and unresectable liver metastases[3,4]. However, this treatment may induce severe postoperative pain and inflammatory responses, which may affect patient recovery and outcomes[5,6].
The paravertebral block (PVB) is a regional anesthesia technique that provides analgesia to the thoracic and abdominal regions by blocking the spinal nerves in the paravertebral space[7]. PVB has been shown to reduce postoperative pain, opioid consumption, and the side effects of various surgical procedures[8-10]. However, few studies have reported the effect of PVB on postoperative analgesia and the inflammatory response in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis.
Therefore, we conducted a randomized controlled trial to compare the effects of PVB with those of intravenous analgesia on postoperative pain and inflammatory response in these patients. We hypothesized that PVB would reduce postoperative pain and inflammatory responses and improve postoperative comfort and recovery.

MATERIALS AND METHODS
This study was approved by the Ethics Committee of our hospital. Written informed consent was obtained from all patients before enrollment. The study was conducted following the principles of the Declaration of Helsinki.

Patients
We enrolled patients who met the following criteria: (1) aged 18–75 years; (2) diagnosed with advanced gastric cancer and unresectable liver metastasis; (3) scheduled for TACE combined with MWA; (4) American Society of Anesthesiologists (ASA) physical status I–III; (5) no contraindications to PVB or intravenous analgesia; (6) no history of allergy to local anesthetics or opioids; (7) no history of coagulation disorders or anticoagulant therapy; (8) no history of chronic pain or opioid use; (9) no history of infection or inflammation in the paravertebral region; and (10) no history of psychiatric disorders or cognitive impairment.
We excluded patients who met any of the following criteria: (1) conversion to open surgery during the procedure; (2) failure of PVB or intravenous analgesia; (3) occurrence of severe complications during or after the procedure; and (4) withdrawal of consent or loss of follow-up.

Randomization and blinding
We used a computer-generated random number table to randomly assign patients to the PVB or the control group at a 1:1 ratio. The allocation sequence was concealed in sealed opaque envelopes and opened by an independent researcher before the procedure. The patients, anesthesiologists who performed the PVB, radiologists who performed TACE and MWA, and outcome assessors were blinded to the group allocation. The blind method was maintained using a sham PVB procedure for the control group. The control group received an ultrasound-guided needle insertion into the paravertebral space without the injection of a local anesthetic. The patients, anesthesiologists, radiologists, and outcome assessors were blinded to the group allocation and the presence or absence of local anesthetic injections.

Interventions
All patients underwent standard preoperative preparations, including fasting for 8 h and intravenous hydration. Upon arrival at the interventional radiology suite, standard monitoring was performed, including electrocardiography, noninvasive blood pressure measurement, pulse oximetry, and bispectral index. All patients received intravenous midazolam 0.03 mg/kg and dexmedetomidine 1 μg/kg as sedatives before the procedure.
The PVB group underwent ultrasonography-guided PVB with 0.375% ropivacaine before the procedure. The PVB was performed by an experienced anesthesiologist using a linear probe (6-13 MHz) and a 22-gauge, 80-mm needle (Stimuplex® A, B. Braun Melsungen AG, Germany). PVB was performed at the T10-L1 levels on both sides of the spine. The paravertebral space was identified using the loss-of-resistance technique and confirmed by ultrasound visualization of the spread of local anesthetic. Twenty milliliters of 0.375% ropivacaine were injected at each level on each side for a total dose of 150 mg.
The patients in the control group received intravenous sufentanil analgesia before and during the procedures. Sufentanil was administered using a patient-controlled analgesia (PCA) pump (Graseby™ 3400, Smiths Medical International Ltd., United Kingdom) with a bolus dose of 5 μg, a lockout interval of 10 min, and a background infusion of 0.1 μg/kg/h.
TACE, combined with MWA, was performed by two experienced radiologists using standard techniques. A 5-Fr catheter was inserted into the femoral artery and advanced into the celiac trunk or the superior mesenteric artery under fluoroscopic guidance. Selective angiography was performed to identify the arteries feeding the liver metastases. A microcatheter was advanced into the feeding arteries, and a mixture of lipiodol, doxorubicin, and mitomycin C was injected until stasis was achieved. After TACE, MWA was performed using a microwave generator (KY-2000; Kangyou Medical, Nanjing, China) and a 14-gauge antenna (KY-2000-14G-15CM-2.45G; Kangyou Medical). The antenna was inserted into the liver metastases under ultrasound guidance, and ablation was performed until a sufficient safety margin was achieved. This procedure was repeated until all liver metastases had been ablated.

Outcomes
The primary outcome was the visual analog scale (VAS) score for pain at 6 h, 12 h, 24 h, and 48 h after the procedure. The VAS score is a 10-cm horizontal line with anchors at each end representing no pain (score = 0) and the worst pain imaginable (score = 10). Patients were asked to mark their pain intensity on a line, and the score was measured using a ruler.
The secondary outcomes were: (1) the consumption of sufentanil during and after the procedure; (2) the incidence of adverse events, such as nausea, vomiting, respiratory depression (respiratory rate < 8 breaths/min or oxygen saturation < 90%), hypotension (systolic blood pressure < 90 mmHg or decrease > 20% from baseline), bradycardia (heart rate < 50 beats/min or decrease > 20% from baseline), and puncture site hematoma; and (3) the levels of inflammatory markers, including white blood cell (WBC) count, neutrophil percentage (NEUT%), C-reactive protein (CRP), and procalcitonin (PCT), before and after the procedure.
Sufentanil consumption was recorded using a PCA pump during and 48 h after the procedure. Radiologists activated the PCA pump during the procedure according to the patient’s pain levels. The PCA pump was activated after the procedure. Sufentanil consumption during the procedure was calculated by subtracting the amount of sufentanil used during anesthesia from the total sufentanil consumption during the procedure. Sufentanil consumption during anesthesia was recorded separately for the control group. The PVB group did not receive sufentanil during anesthesia, and adverse events were recorded through direct observation and patient interviews during and after the procedure until discharge. Inflammatory markers were measured using blood samples obtained preoperatively and 24 and 48 h postoperatively.

Statistical analysis
We calculated that a sample size of 26 patients per group would provide 80% power to detect a difference of 2 points in VAS scores between the two groups with a standard deviation of 2.5 points and a significance level of 0.05. The sample size was increased to 30 patients per group to account for a dropout rate of 10%. Data were analyzed using SPSS software (version 22.0; IBM Corp., Armonk, NY, United States). The normality of the data was tested using the Kolmogorov-Smirnov test. Categorical data are expressed as frequencies and percentages and compared using the chi-square or Fisher’s exact test. Continuous data were expressed as means ± standard deviationsSD and compared using the independent t-test or the Mann-Whitney U test. Repeated-measures analysis of variance (ANOVA) or the Friedman test was used to compare the changes in the VAS score and inflammatory markers over time within and between the groups. Statistical significance was set at P < 0.05.

RESULTS
Sixty patients were enrolled and randomly assigned into one of two groups. Two patients in the control group were excluded due to conversion to open surgery or failure of intravenous analgesia. The final analysis included 28 and 30 patients in the PVB and control groups, respectively. The baseline patient characteristics are shown in Table 1. The groups did not differ significantly in age, sex, body mass index, ASA of anesthesiologist’s physical status, tumor size, number of tumors, or procedure duration.
VAS scores for pain at different time points after the procedure are shown in Table 2. The PVB group had significantly lower VAS scores than that in the control group at all time points (P < 0.05). A repeated-measures ANOVA revealed a significant interaction effect between the groups and time (P < 0.001), indicating that the difference in the VAS scores between the two groups changed over time.
Sufentanil consumption during and after the procedure is shown in Table 3. The PVB group had a significantly lower consumption of sufentanil than that in the control group during and after the procedure (P < 0.05).
The incidence of adverse events during and after the procedure is shown in Table 4. The PVB group had a significantly lower incidence of nausea, vomiting, and respiratory depression than that in the control group (P < 0.05). The groups did not differ significantly regarding the incidence of hypotension, bradycardia, or puncture site hematoma between the two groups (P > 0.05).
The levels of inflammatory markers before and after the procedure are shown in Table 5. The PVB group had significantly lower WBC count, NEUT%, CRP, and PCT levels than those in the control group at 24 and 48 h after the procedure (P < 0.05). Repeated measures ANOVA revealed a significant interaction effect between group and time for all inflammatory markers (P < 0.001), indicating that the difference in the inflammatory response between the two groups changed over time.

DISCUSSION
This study revealed that PVB can effectively reduce postoperative pain and inflammatory responses in patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA and improve postoperative comfort and recovery.
Postoperative pain is a common and distressing symptom in patients undergoing TACE combined with MWA and may affect their quality of life and recovery. Postoperative pain may trigger or exacerbate inflammatory responses, which may increase the risk of infection, organ dysfunction, and poor outcomes. Therefore, adequate postoperative analgesia is essential for these patients.
PVB is a regional anesthetic technique that provides analgesia to the thoracic and abdominal regions by blocking the spinal nerves in the paravertebral space. PVB has several advantages over other analgesic methods, such as intravenous, epidural, and intrathecal analgesia[11]. First, PVB provides effective and long-lasting analgesia without affecting the motor or sensory functions of the lower limbs[12]. Second, PVB can reduce the consumption of opioids and associated side effects such as nausea, vomiting, respiratory depression, pruritus, and constipation[13]. Third, PVB can attenuate stress and inflammatory responses induced by surgery or trauma, which may improve immune function and patient outcomes[14].
In this study, PVB significantly reduced the VAS score for pain at all time points after the procedure compared to that in intravenous analgesia, indicating that PVB provides superior postoperative analgesia for these patients[15]. This is consistent with the findings of previous studies that reported that PVB can reduce postoperative pain in various surgical procedures involving the thoracic or abdominal regions[16]. We observed that PVB significantly reduced the consumption of sufentanil during and after the procedure compared with that in intravenous analgesia, indicating that PVB reduced the need for opioids and their potential side effects[17]. This is consistent with the results of previous studies, indicating that PVB can reduce opioid consumption and side effects during various surgical procedures[18,19].
In addition to postoperative analgesia, we evaluated the effect of PVB on the postoperative inflammatory responses in these patients. We measured the levels of inflammatory markers, including WBC count, NEUT%, CRP, and PCT, before and after the procedure. We identified that PVB significantly reduced the levels of inflammatory markers 24 and 48 h after the procedure compared to that in intravenous analgesia, indicating that PVB attenuated the postoperative inflammatory response in these patients. This is in accordance with previous studies showing that PVB reduces the levels of inflammatory markers during various surgical procedures[20-23]. The mechanism by which PVB reduces the postoperative inflammatory response may be related to its effect on blocking sympathetic nerve activity and modulating the neuroendocrine-immune axis[24].
Reducing the postoperative inflammatory response caused by PVB may have clinical implications for these patients[25]. First, it may reduce the risk of infection, a common complication of TACE combined with MWA[26,27]. Second, it may improve organ function and outcomes in these patients because the postoperative inflammatory response is associated with organ dysfunction and mortality[28]. Third, it may enhance the antitumor effect in these patients because postoperative inflammatory responses are linked to tumor progression and recurrence[29].
This study had certain limitations that should be acknowledged. First, this was a single-center study with a relatively small sample size, which may limit its generalizability and statistical power. Second, the patients were followed up for only 48 h after the procedure, which might not have reflected the long-term effects of PVB on postoperative recovery and outcomes. Third, we did not measure other outcomes that may have been affected by PVB, such as patient satisfaction, quality of life, length of hospital stay, and survival.

CONCLUSION
PVB can effectively reduce postoperative pain and inflammatory responses in patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA and improve postoperative comfort and recovery. We suggest that PVB should be considered as an alternative or adjunctive analgesic method for these patients. Further studies with larger sample sizes and longer follow-up periods are required to validate our findings.

ARTICLE HIGHLIGHTS
Research background
Transarterial chemoembolization (TACE) combined with microwave ablation (MWA) has emerged as an effective treatment strategy for patients with advanced gastric cancer and liver metastasis. However, this approach often leads to severe postoperative pain and inflammatory responses, impacting patient comfort and recovery. The paravertebral block (PVB) is a regional anesthetic technique known for providing analgesia in the thoracic and abdominal regions. This study aims to evaluate the potential benefits of PVB in terms of postoperative analgesia and inflammatory response in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis. By comparing the outcomes between the PVB group and the control group receiving intravenous analgesia, this research investigates the effectiveness of PVB in reducing pain scores, minimizing sufentanil consumption, decreasing adverse events, and lowering inflammatory marker levels. The findings of this study will shed light on the role of PVB in managing pain and inflammation and improving the postoperative experience and recovery of patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA.

Research motivation
The treatment of advanced gastric cancer and liver metastasis using TACE combined with MWA has shown promising results. However, the occurrence of severe postoperative pain and inflammatory responses poses significant challenges in patient management. The PVB technique offers a potential solution by providing effective analgesia to the thoracic and abdominal regions. This study aims to investigate the impact of PVB on postoperative pain and inflammation in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis.

Research objectives
The main objective of this study was to evaluate the effect of PVB on postoperative analgesia and inflammatory response in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis. The specific objectives were to compare the visual analog scale (VAS) scores for pain, the dose of sufentanil used, the incidence of adverse events, and the levels of inflammatory markers between the PVB group and the control group. The significance of realizing these objectives is to contribute to improving postoperative comfort and recovery in patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA, as well as informing future research in this field.

Research methods
This study used a randomized controlled trial design. Sixty patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis were randomly divided into two groups: the PVB group and the control group. The PVB group received ultrasound-guided PVB with 0.375% ropivacaine preoperatively, while the control group received intravenous analgesia with sufentanil. The primary outcome measured was the VAS score for pain at specific time points after the procedure. Secondary outcomes included the dose of sufentanil used, incidence of adverse events, and levels of inflammatory markers before and after the procedure. Statistical analyses were performed to compare the outcomes between the two groups.

Research results
The findings of this study demonstrated that patients in the PVB group had significantly lower VAS scores for pain at 6 h, 12 h, 24 h, and 48 h after the procedure compared to the control group. Additionally, the PVB group showed reduced consumption of sufentanil and a lower incidence of adverse events such as nausea, vomiting, and respiratory depression. Moreover, the PVB group exhibited significantly lower levels of inflammatory markers 24 h and 48 h after the procedure. These results contribute to the understanding of how PVB can effectively alleviate postoperative pain, reduce inflammatory responses, and enhance the comfort and recovery of patients with advanced gastric cancer and liver metastasis treated with TACE combined with MWA. Further research is needed to address any remaining challenges in optimizing the application of PVB in this context.

Research conclusions
That the use of PVB in patients undergoing TACE combined with MWA for advanced gastric cancer and liver metastasis results in effective reduction of postoperative pain and inflammatory responses. Moreover, PVB improves postoperative comfort and enhances recovery. These results support the implementation of PVB as a valuable technique in managing pain and inflammation in this patient population. Further investigations should focus on optimizing the utilization of PVB and exploring its long-term effects on patient outcomes.

Research perspectives
TACE combined with MWA offers promising research prospects for the treatment of advanced cancer and liver metastasis. Further studies can focus on optimizing the technique and dosage of PVB, exploring its long-term impact on patient prognosis, and investigating the potential synergistic benefits when PVB is combined with other analgesic strategies. Additionally, research can investigate the effects of PVB on other aspects such as quality of life, length of hospital stay, and healthcare costs to further evaluate its overall clinical benefits.
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Table 1 Patients’ baseline characteristics
	Variable
	PVB group (n = 28)
	Control group (n = 30)
	P value

	Age (yr)
	56.4 ± 9.2
	58.3 ± 8.7
	0.42

	Sex (male/female)
	16/12
	18/12
	0.72

	Body mass index (kg/m2)
	23.5 ± 3.1
	24.2 ± 2.9
	0.34

	ASA physical status (I/II/III)
	6/16/6
	8/14/8
	0.81

	Tumor size (cm)
	4.6 ± 1.2
	4.8 ± 1.3
	0.56

	Tumor number (single/multiple)
	12/16
	14/16
	0.77

	Procedure duration (min)
	82.5 ± 15.4
	85.3 ± 16.2
	0.51


Data are expressed as means ± SD or frequencies. ASA: American Society of Anesthesiologists; PVB: Paravertebral block.

Table 2 Visual analog scale score for pain at different time points after the procedure
	Time point
	PVB group (n = 28)
	Control group (n = 30)
	P value

	6 h after the procedure
	2.1 ± 1.2
	4.3 ± 1.4
	< 0.001

	12 h after the procedure
	1.8 ± 1.0
	3.7 ± 1.3
	< 0.001

	24 h after the procedure
	1.4 ± 0.9
	3.2 ± 1.2
	< 0.001

	48 h after the procedure
	1.1 ± 0.8
	2.8 ± 1.1
	< 0.001


Data are expressed as means ± SD. PVB: Paravertebral block.

Table 3 Consumption of sufentanil during and after the procedure
	Variable
	PVB group (n = 28)
	Control group (n = 30)
	P value

	Sufentanil consumption during the procedure (μg)
	15.7 ± 4.2
	25.3 ± 5.6
	< 0.001

	Sufentanil consumption after the procedure (μg)
	32.1 ± 8.7
	48.6 ± 10.4
	< 0.001

	Total sufentanil consumption (μg)
	47.8 ± 11.3
	73.9 ± 13.2
	< 0.001


Data are expressed as means ± SD. PVB: Paravertebral block.

Table 4 Incidence of adverse events during and after the procedure
	Variable
	PVB group (n = 28)
	Control group (n = 30)
	P value

	Nausea (%)
	7.1
	26.7
	0.03

	Vomiting (%)
	3.6
	16.7
	0.04

	Respiratory depression (%)
	0
	10
	0.02

	Hypotension (%)
	3.6
	6.7
	0.65

	Bradycardia (%)
	0
	3.3
	> 0.99

	Puncture site hematoma (%)
	0
	0
	> 0.99


Data are expressed as means ± SD. PVB: Paravertebral block.


Table 5 Levels of inflammatory markers before and after the procedure
	Variable
	Time point
	PVB group (n = 28)
	Control group (n = 30)
	P value

	WBC (× 109/L)
	Before the procedure
	6.8 ± 1.5
	7.1 ± 1.6
	0.36

	
	24 h after the procedure
	9.4 ± 2.1
	12.3 ± 2.7
	< 0.001

	
	48 h after the procedure
	8.2 ± 1.8
	10.5 ± 2.4
	< 0.001

	NEUT% (%)
	Before the procedure
	65.3 ± 8.5
	66.7 ± 9.2
	0.54

	
	24 h after the procedure
	72.4 ± 7.6
	80.5 ± 6.8
	< 0.001

	
	48 h after the procedure
	69.2 ± 7.2
	76.3 ± 7.4
	< 0.001

	CRP (mg/L)
	Before the procedure
	5.2 ± 1.4
	5.6 ± 1.6
	0.32

	
	24 h after the procedure
	18.7 ± 4.3
	26.4 ± 5.9
	< 0.001

	
	48 h after the procedure
	14.3 ± 3.8
	20.6 ± 5.2
	< 0.001

	PCT (ng/mL)
	Before the procedure
	0.12 ± 0.04
	0.13 ± 0.05
	0.46

	
	24 hours after the procedure
	0.28 ± 0.08
	0.42 ± 0.11
	< 0.001

	
	48 hours after the procedure
	0.22 ± 0.07
	0.34 ± 0.09
	< 0.001


Data are expressed as means ± SD. PVB: Paravertebral block; WBC; White blood cell; NEUT%: Neutrophil percentage; CRP: C-reactive protein; PCT: Procalcitonin.
