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Abstract
BACKGROUND
Thoracic surgery for radical resection of lung tumor requires deep anesthesia which can lead to an adverse inflammatory response, loss of hemodynamic stability, and decreased immune function. Herein, we evaluated the feasibility and benefits of ultrasound-guided paravertebral nerve block anesthesia, in combination with general anesthesia, for thoracic surgery for lung cancer. The block was performed by diffusion of anesthetic drugs along the paravertebral space to achieve unilateral multi-segment intercostal nerve and dorsal branch nerve block. 

AIM
To evaluate the application of ultrasound-guided paravertebral nerve block anesthesia for lung cancer surgery to inform practice. 

METHODS
The analysis was based on 140 patients who underwent thoracic surgery for lung cancer at our hospital between January 2018 and May 2020. Patients were randomly allocated to the peripheral + general anesthesia (observation) group (n = 74) or to the general anesthesia (control) group (n = 66). Patients in the observation group received ultrasound-guided paravertebral nerve block anesthesia combined with general anesthesia, with those in the control group receiving an epidural block combined with general anesthesia. Measured outcomes included the operative and anesthesia times, as well as the mean arterial pressure (MAP), heart rate (HR), and blood oxygen saturation (SpO2) measured before surgery, 15 min after anesthesia (T1), after intubation, 5 min after skin incision, and before extubation (T4).

RESULTS
The dose of intra-operative use of remifentanil and propofol and the postoperative use of sufentanil was lower in the observation group (1.48 ± 0.43 mg, 760.50 ± 92.28 mg, and 72.50 ± 16.62 mg, respectively) than control group (P < 0.05). At the four time points of measurement (T1 through T4), MAP and HR values were higher in the observation than control group (MAP, 90.20 ± 9.15 mmHg, 85.50 ± 7.22 mmHg, 88.59 ± 8.15 mmHg, and 90.02 ± 10.02 mmHg, respectively; and HR, 72.39 ± 8.22 beats/min, 69.03 ± 9.03 beats/min, 70.12 ± 8.11 beats/min, and 71.24 ± 9.01 beats/min, respectively; P < 0.05). There was no difference in SpO2 between the two groups (P > 0.05). Postoperative levels of epinephrine, norepinephrine, and dopamine used were significantly lower in the observation than control group (210.20 ± 40.41 pg/mL, 230.30 ± 65.58 pg/mL, and 54.49 ± 13.32 pg/mL, respectively; P < 0.05). Similarly, the postoperative tumor necrosis factor-α and interleukin-6 levels were lower in the observation (2.43 ± 0.44 pg/mL and 170.03 ± 35.54 pg/mL, respectively) than control group (P < 0.05). There was no significant difference in the incidence of adverse reactions between the two groups (P > 0.05).

CONCLUSION
Ultrasound-guided paravertebral nerve block anesthesia improved the stress and hemodynamic response in patients undergoing thoracic surgery for lung cancer, with no increase in the rate of adverse events. 
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Core Tip: Ultrasound-guided paravertebral nerve block anesthesia has good indication for lung cancer surgery, with little effect on patients’ stress and hemodynamic responses.


INTRODUCTION
Lung cancer is a common malignant tumor of the chest, with radical excision recommended to lower the mortality risk. Although this treatment is effective, the need for general anesthesia, even for minimally invasive surgery, has been associated with pain and patient restlessness during the perioperative period, leading to abnormal hemodynamic fluctuations. Therefore, effective anesthesia methods would be needed to improve patient outcomes during surgical treatment for lung cancer[1,2].
General anesthesia combined with epidural anesthesia is generally used for surgery. However, this approach carries a risk for postoperative complications, including serious negative effects on respiratory and circulatory function[3]. As an alternative form of anesthesia, ultrasound-guided paravertebral nerve block anesthesia has been used in clinical practice in recent years. By diffusion of anesthetic drugs along the paravertebral space, unilateral multi-segment intercostal nerve and dorsal branch nerve can be blocked, with ultrasound-guidance ensuring accurate localization of application[4-6]. Therefore, the aim of this study was to evaluate the application of ultrasound-guided paravertebral nerve block anesthesia for lung cancer surgery to inform practice. 

MATERIALS AND METHODS
Study sample
The study sample included 140 patients [85 men; mean age 54.02 ± 9.11 (range, 45-80) years] with lung cancer treated at our hospital between January 2018 and May 2020. Inclusion criteria were as follows: Pathological diagnosis of non-small cell lung cancer; elective surgical treatment performed at our hospital; American Society of Anesthesiologists physical status grade I or II; and provision of informed consent by the patient and family. The exclusion criteria were: coagulation disorders, cardiovascular and cerebrovascular diseases, acute and chronic infections, liver and kidney dysfunction; cognitive impairment; and obesity.
After enrollment, patients were allocated to either the observation (n = 74) or control (n = 66) group, according to the odd and even number at the end of their medical record number, respectively. The clinical data for the two groups is summarized in Table 1. 

Anesthesia method
Patients in the control group received an epidural block combined with general anesthesia. General anesthesia was induced using vecuronium (0.1 mg/kg), etomidate (0.2 mg/kg), midazolam (0.1 mg/kg), and sufentanil (0.5 μg/kg). The thoracic 6-7 space was selected for epidural puncture, with placement of a cephalic tube. Epidural anesthesia was maintained using 0.375% ropivacaine, injected intermittently (8-15 mL). The surgery proceeded once anesthesia was established. During the surgery, target-controlled infusion of propofol was used to maintain anesthesia, with intermittent intravenous injection of sufentanil and cis-atracurium. Symptomatic treatment was selected according to each patient’s condition during the surgery.
For patients in the observation group, ultrasound-guided paravertebral nerve block anesthesia was used before induction of general anesthesia. The puncture was performed 2-3 cm lateral to the lower edge of the 4th thoracic spinous process on the operative side, using a probe frequency of 8 MHz. The position of the puncture needle was adjusted under the ultrasound guidance to penetrate the skin, intercostal external muscle, and intercostal internal muscle for location in the paravertebral space. Once the needle was positioned, 0.375% ropivacaine (2 mg/kg) was injected and a catheter then inserted through a puncture needle toward the paravertebral space at a depth of 3-4 cm. The needle was then withdrawn and the catheter was fixed in place. Once the level of anesthesia was stable, general anesthesia was induced as per the control group. 

Inspection method
The stress response was evaluated using a fasting blood sample (5 mL). The serum was separated by centrifugation (3000 r/min). The concentrations of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were determined by enzyme-linked immunosorbent assay, with the concentrations of epinephrine, norepinephrine, and dopamine determined by radio-immunity turbidimetry. The reagents provided by Shanghai Ximei Biotechnology Co., Ltd. were used as per the manufacturer’s instructions. 

Measured outcomes
Measured outcomes were operative and anesthesia time, the mean arterial pressure (MAP), heart rate (HR), blood oxygen saturation (SpO2), quantified at baseline, before surgery (T0), and at 15 min after anesthesia (T1), after intubation (T2), 5 min after skin incision (T3), and before extubation (T4).

Statistical analysis
The stress response and hemodynamic data were reported as a mean ± SD. Between-group differences were evaluated using Student’s t-test, with repeated analysis of variance used to evaluate differences between time points of assessment. The sex distribution within each group and adverse events were reported as a count (%), with between-group differences evaluated using a χ2 test. All analyses were performed using SPSS (version 22.0), with a P-value of 0.05 deemed significant.

RESULTS
Comparison of operative and anesthesia time
Operative time, anesthesia time, and intra-operative volume of blood loss are reported for the two groups in Table 2, with no between-group differences (P > 0.05). However, the use of intra-operative remifentanil and propofol and of postoperative sufentanil was significantly less in the observation than the control group (P < 0.05). 

Comparison of hemodynamics across the different time periods
The changes in hemodynamic variables from baseline and between groups are reported in Table 3. The MAP and HR were lower at T1 through T4, compared to values at baseline T0 (P < 0.05) in both groups. However, these values at T1 through T4 were higher for the observation than control group (P < 0.05). There were no between-group differences in SpO2 (Figure 1). 

Comparison of preoperative and postoperative stress response indices 
Levels of epinephrine, norepinephrine and dopamine are reported for both groups at each time point in Table 4. The postoperative levels of epinephrine, norepinephrine and dopamine were higher after surgery than at baseline for both groups (P < 0.05). However, these levels were lower in the observation than control group at all time points, T1 through T4 (P < 0.05; Figure 2).

Comparison of preoperative and postoperative inflammatory response indices
The levels of TNF-α and IL-6 are reported in Table 5. Again, levels of these inflammatory markers increased from baseline after surgery in both groups (P < 0.05). The postoperative TNF-α and IL-6 levels after surgery were lower in the observation than control group (P < 0.05; Figure 3).

Comparison of adverse reactions 
There were two cases of nausea and vomiting, three cases of dizziness, and one case of hypotension in the observation group, for an overall incidence rate of 8.11%. In the control group, there were three cases of nausea and vomiting, four cases of dizziness, and three cases of hypotension, for an overall incidence rate of 15.15%. This difference in incidence rate of adverse reactions was not different (χ2 = 1.710, P = 0.191).

DISCUSSION
Thoracic surgeries are extremely complex and the operative time is long. As such, thoracic surgeries can easily have a negative impact on a patient’s respiratory and circulatory function. Moreover, the trauma from the surgery itself can lead to increased release of inflammatory mediators, which are likely to cause postoperative pain[7,8]. As such, effective perioperative anesthesia management is important to ensure respiratory stability and tissue oxygenation. This is of specific importance for lung cancer surgery. A decrease in alveolar oxygen content in the human body under physiological conditions may lead to hypoxic pulmonary vasoconstriction. With vasoconstriction, the pulmonary blood pressure on the unventilated side cannot return to the heart for oxygenation, leading to an increased volume of venous blood and, thus, a decrease in oxygen partial pressure and saturation. Low blood oxygen content will lead to an increase in acidic substances that can cause serious damage to important organs, such as the kidneys and brain during the surgery[9-11]. The negative effect of anesthesia on immune function is a further concern, increasing the risk for postoperative infection. Anesthetic drugs exert a direct negative effect on cellular immune activity, as well as an indirect regulatory effect on the neuroendocrine system of the human body, especially in cancer patients. In these patients, immune function is seriously constrained, with a reduction in the concentration of T cells and a weakened ability of the body to respond to antigen stimulation. Surgery as an external source of stress on the immune function will aggravate the deterioration of the immune response in cancer patients[12].
In recent years, there has been significant progress in the application of ultrasound technology in the field of anesthesia. Specifically, ultrasound-guidance for peripheral nerve block anesthesia has improved the accuracy of the technique and its overall success rate. At the same time, as ultrasound is a non-ionizing imaging source, it will not cause additional damage to the tissues of the body[13,14]. For thoracic surgery, the peripheral nerve block is performed in the paravertebral space. In the thoracic region, the paravertebral space is a wedge-shaped cavity located between the head and neck of the ribs. The outer boundary is the parietal pleura and the inner boundary is the posterolateral vertebral body, the intervertebral disc, and the contents. The posterior wall of the thoracic paravertebral space includes the transverse process ligament of the rib and its lateral extension, as well as the intercostal intima, extending from the lower edge of the upper transverse process to the upper edge of the lower transverse process. This area contains the intercostal nerve, dorsal branch of the spinal nerve, traffic branch, and blood vessel. Therefore, the anesthesia effect for surgery can be improved by a nerve block in this area[15].
Our findings show that peripheral nerve block anesthesia for thoracic surgery reduced the use of intraoperative remifentanil and propofol and postoperative use of sufentanil. Therefore, ultrasound-guided paravertebral nerve block anesthesia can reduce the overall use of anesthetics during lung cancer surgery. Ultrasound guidance allows for careful identification of anatomical structures to avoid injury during injection of the anesthetic drugs. During the surgery, the pleural pressure of the drug is injected to determine whether the puncture is successful to avoid the risk of vascular injury[16]. As a paravertebral nerve block improves anesthesia overall, it can lower the patient’s stress response during anesthesia, decreasing the release of harmful stimuli and pain substances in the body and, thus, reduce hemodynamic fluctuations. Moreover, blocking of the ipsilateral sensory and sympathetic nerves provides anesthesia without having an effect on the heart, resulting in more stable hemodynamics. At the same time, it can improve the myocardial oxygen supply and blood supply, which are generally reduced by the drugs used for general anesthesia. Moreover, as the area of nerve block area is limited, the potential for perioperative complications is decreased[17].
Generally, patients undergoing thoracotomy have a strong traumatic stress response, which increases blood levels of metabolic hormones, such as glucagon and cortisol, thus increasing the risk for glucose metabolism disorders during surgery. This is a significant issue when profound anesthesia is required, which can lead to difficulty in maintaining hemodynamic stability, including blood flow to the heart and brain[18]. Traditional thoracoscopic surgery uses a combination of general anesthesia and local infiltration anesthesia. The local infiltration anesthesia is important as general anesthesia cannot completely block sensation in the surgical area, which will cause an increase in the secretion of adrenal medullary hormones and synthesis of catecholamines, with resultant hemodynamic fluctuations. Therefore, patients are prone to restlessness during incision suture during thoracotomy. Some patients will also experience complications, such as uneven breathing and hypoxia due to pain, which delays their postoperative recovery. Local infiltration anesthesia, however, must be carefully monitored as a rapid rate of vascular injection can lead to high blood concentrations leading to drug poisoning, and the puncture site is prone to infection and nerve injury[19]. 
The MAP and HR at T1 through T4 were significantly higher in the observation than control group. These findings suggest that ultrasound-guided paravertebral nerve block anesthesia can improve stability of respiratory and circulatory functions compared to general anesthesia only in patients during lung cancer surgery. Postoperative epinephrine, norepinephrine, dopamine, TNF-α, and IL-6 Levels were significantly lower in the observation than control group, suggesting that ultrasound-guided paravertebral nerve block anesthesia can further significantly reduce the degree of stress response and inflammatory response during lung cancer surgery. Lung cancer is are common clinical malignant tumors. In recent years, the incidence of lung cancer has increased, with the age incidence progressively becoming younger and the mortality rate increasing. At present, surgical tumor resection is the only radical cure available. Thoracoscopic surgery is the most common surgical method for clinical treatment of lung and esophageal cancer. Compared to tradition thoracotomy, thoracoscopic surgery decreases operative time and trauma, improves visualization during surgery and postoperative recovery, and has an overall positive impact on postoperative quality of survival. It is for these advantages that thoracoscopic surgery has become an important method for thoracic surgical treatment. Studies have found[20] that in patients undergoing thoracoscopic radical surgery for lung cancer, general anesthesia combined with paraspinal nerve block plus postoperative intravenous analgesia has a significant analgesic effect while, at the same time, improving stability of the circulatory system. These findings are consistent with those of our study. 
Overall, our study confirmed the positive effects of ultrasound-guided paravertebral nerve block anesthesia for lung cancer surgery, improving the overall convenience of the surgery, with fewer complications. The reliable and targeted anesthesia provided by this technique makes it feasible to use in a wide range of surgical applications, including lung cancer surgery. It is noteworthy, however, that ultrasound does not provide an image of the spatial conformation of the catheter. Resulting distortion and/or compromise of the paravertebral space by the catheter may lead to complications. More in-depth studies are needed to solve this issue.

CONCLUSION
Ultrasound-guided paravertebral nerve block anesthesia can be indicated for lung cancer surgery, with little effect on patients’ stress and hemodynamic responses.

ARTICLE HIGHLIGHTS
Research background
Thoracic surgery for radical resection of lung tumor requires deep anesthesia which can lead to an adverse inflammatory response, loss of hemodynamic stability, and decreased immune function.

Research motivation
We evaluated the feasibility and benefits of ultrasound-guided paravertebral nerve block anesthesia in combination with general anesthesia for thoracic surgery for lung cancer.

Research objectives
This study aimed to evaluate the application of ultrasound-guided paravertebral nerve block anesthesia for lung cancer surgery to inform practice. 

Research methods
Patients in the control group received an epidural block combined with general anesthesia. For patients in the observation group, ultrasound-guided paravertebral nerve block anesthesia was used before induction of general anesthesia. The concentrations of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were determined by enzyme-linked immunosorbent assay, with the concentrations of epinephrine, norepinephrine, and dopamine determined by radio-immunity turbidimetry. The mean arterial pressure (MAP), heart rate (HR) and oxygen saturation (SpO2) were measured at baseline, before surgery and anesthesia, 15 min after anesthesia (T1), induction intubation, 5 min after skin incision and before extubation (T4) in both groups. The stress response and hemodynamic data were reported as a mean ± SD. 

Research results
The use of intra-operative remifentanil and propofol and of postoperative sufentanil was significantly less in the observation than the control group. The MAP and HR at T1 through T4 were higher for the observation than control group. The postoperative levels of epinephrine, norepinephrine and dopamine were higher after surgery than at baseline for both groups. However, these levels were lower in the observation than control group at T1 through T4. The postoperative TNF-α and IL-6 levels after surgery were lower in the observation than in the control group. This difference in incidence rate of adverse reactions was not different.

Research conclusions
Ultrasound-guided paravertebral nerve block anesthesia has good indication for lung cancer surgery, with little effect on patients’ stress and hemodynamic responses.

Research perspectives
Large sample studies need to performed in the future. 
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Figure Legends
[image: ][image: ][image: ]
Figure 1 Trend diagram of mean arterial pressure, heart rate and partial pressure of oxygen for different time periods. A: Mean arterial pressure; B: Heart rate; C: Partial pressure of oxygen. The time periods are shown on the horizontal axis. T0: Baseline time; T1: 15 min after anesthesia; T2: After induction of intubation; T3: 5 min after skin incision; T4: Before extubation; MAP: Mean arterial pressure; HR: Heart rate; SpO2: Partial pressure of oxygen.
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Figure 2 Between-group comparison of the pre- and postoperative stress response indices. A: Levels of adrenaline, B: Levels of norepinephrine; C: Levels of dopamine.
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Figure 3 Between-group comparison of the pre- and postoperative inflammatory response markers. A: Levels of tumor necrosis factor-α; B: Levels of interleukin-6. TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6.

Table 1 Between-group comparison of clinical data, n (%)
	Clinical data
	Observation group (n = 74)
	Control group (n = 66)
	t/χ2
	P value

	Sex
	　
	　
	1.134
	0.287

	Male
	48 (64.86)
	37 (56.06)
	
	

	Female
	26 (35.14)
	29 (43.94)
	
	

	Age (yr)
	54.40 ± 9.92
	53.19 ± 8.82
	0.759 
	0.449 

	Body mass index (kg/m2)
	22.27 ± 3.02
	22.14 ± 2.83
	0.262 
	0.794 

	Karnofsky score (Points)
	82.20 ± 9.92
	83.03 ± 8.95
	-0.517 
	0.606 

	ASA
	
	
	0.078
	0.780

	I
	42 (56.76)
	39 (59.09)
	
	

	II
	32 (43.24)
	27 (40.91)
	
	

	TNM
	
	
	0.586
	0.444

	I
	44 (59.46)
	35 (53.03)
	
	

	II
	30 (40.54)
	31 (46.97)
	
	

	Pathological type
	
	
	0.023
	0.88

	Adenocarcinoma
	48 (64.86)
	42 (63.64)
	
	

	Squamous cell carcinoma
	26 (35.14)
	24 (36.36)
	
	


ASA: American Society of Anesthesiologists; TNM: Tumor node metastasis.


Table 2 Between-group comparison of the operative time, anesthesia time, intra-operative bleeding volume, and anesthetic drug use
	Group
	Cases
	Operation time (min)
	Anesthesia time (min)
	Intraoperative blood loss (mL)
	Intraoperative remifentanil dosage (mg)
	Intraoperative propofol dosage (mg)
	Postoperative sufentanil use (μmg)

	Observation group
	74
	175.59 ± 23.39
	183.39 ± 21.15
	180.40 ± 33.59
	1.48 ± 0.43
	760.50 ± 92.28
	72.50 ± 16.62

	Control group
	66
	176.60 ± 24.45
	185.50 ± 24.44
	177.80 ± 35.52
	2.18 ± 0.50
	920.40 ± 91.15
	90.40 ± 17.80

	t
	
	-0.250
	-0.548
	0.445
	-8.905
	-10.294
	-6.152

	P value
	
	0.803
	0.585
	0.657
	0.000
	0.000
	0.000



Table 3 Between-group comparison of the mean arterial pressure, heart rate and partial pressure of oxygen at the different time periods
	Index
	Group
	Cases
	T0
	T1
	T2
	T3
	T4

	MAP (mmHg)
	Observation group
	74
	94.40 ± 8.11
	90.20 ± 9.15a
	85.50 ± 7.22a
	88.59 ± 8.15a
	90.02 ± 10.02a

	
	Control group
	66
	93.32 ± 9.05
	78.80 ± 8.81a
	76.50 ± 8.03a
	78.45 ± 9.21a
	84.40 ± 8.11a

	
	Ftime × group = 20.022; Ftime = 13.282; Fgroup = 6.261.

	
	Ptime × group = 0.000; Ptime = 0.000; Pgroup = 0.000.

	HR (beats/min)
	Observation group
	74
	75.40 ± 9.11
	72.39 ± 8.22a
	69.03 ± 9.03a
	70.12 ± 8.11a
	71.24 ± 9.01a

	
	Control group
	66
	74.30 ± 8.06
	64.40 ± 9.21a
	65.50 ± 8.03a
	66.72 ± 6.72a
	69.11 ± 7.22a

	
	Ftime × group=17.281; Ftime = 9.822; Fgroup = 7.201.

	
	Ptime × group=0.000; Ptime = 0.000; Pgroup = 0.000.

	SpO2 (%)
　
	Observation group
	74
	99.20 ± 8.21
	99.32 ± 10.11
	99.03 ± 9.72
	99.83 ± 9.15
	99.20 ± 9.04

	
	Control group
	66
	99.02 ± 9.50
	99.15 ± 9.54
	99.89 ± 9.12
	99.01 ± 9.45
	99.01 ± 8.89

	
	Ftime × group = 2.291; Ftime = 1.822; Fgroup = 0.782.

	
	Ptime × group = 0.103; Ptime = 0.322; Pgroup = 0.554.


aP < 0.05 vs baseline time.
T0: Baseline time; T1: 15 min after anesthesia; T2: After induction of intubation; T3: 5 min after skin incision; T4: Before extubation; MAP: Mean arterial pressure; HR: Heart rate; SpO2: Partial pressure of oxygen.


Table 4 Between-group comparison of pre- and postoperative stress response indices
	Group
	Cases
	Adrenaline (pg/mL)
	Norepinephrine (pg/mL)
	Dopamine (pg/mL)

	
	
	Pre-
operation
	Post-
operation
	Pre-
operation
	Post-
operation
	Pre-
operation
	Post-
operation

	Observation
group
	74
	175.50 ± 34.43
	210.20 ± 40.41a
	191.20 ± 62.23
	230.30 ± 65.58a
	32.29 ± 9.92
	54.49 ± 13.32a

	Control
group
	66
	172.29 ± 32.20
	260.40 ± 45.59a
	194.40 ± 67.70
	265.59 ± 68.82a
	33.50 ± 10.03
	64.49 ± 12.25a

	t
	
	0.568 
	-6.907 
	-0.291 
	-3.105 
	-0.717 
	-4.605 

	P value
	
	0.571 
	0.000 
	0.771 
	0.002 
	0.475 
	0.000 


aP < 0.05 vs pre-operative.


Table 5 Between-group comparison of pre- and postoperative inflammatory response indices 
	Group
	Cases
	TNF-α (pg/mL)
	IL-6 (pg/mL)

	
	
	Pre-operation
	Post-operation
	Pre-operation
	Post-operation

	Observation group
	74
	1.32 ± 0.32
	2.43 ± 0.44a
	65.50 ± 9.89
	170.03 ± 35.54a

	Control group
	66
	1.30 ± 0.30
	3.19 ± 0.54a
	63.38 ± 9.82
	201.15 ± 40.40a

	t
	
	0.380
	-9.167
	1.270
	-4.849

	P value
	
	0.704
	0.000
	0.206
	0.000


aP < 0.05 vs preoperative.
TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6.
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