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Objective: Serratus anterior plane block (SAPB) is a new perioperative analgesia for patients undergoing thoracic and breast surgery. The primary purpose of this systematic review and meta-analysis was to investigate whether ultrasound-guided SAPB combined with general anesthesia provides safer and more effective postoperative analgesia than general anesthesia alone or general anesthesia combined with incisional local infiltration anesthesia in patients receiving thoracic and breast surgery.

Methods: We systematically searched PubMed, Embase, Web of Science and the Cochrane Library databases for clinical randomized controlled trials (RCTs) of SAPB for postoperative analgesia in thoracic and breast surgery. The primary outcome was the postoperative pain score. Secondary outcomes included intraoperative opioid consumption, 24-h postoperative opioid consumption, time to first use of analgesics, number of patients requiring urgent additional analgesics, opioid complications (postoperative nausea, vomiting, respiratory depression, constipation, dizziness, sedation) and length of hospital stay. The risk of bias was assessed using the Cochrane method and Jadad score.

Results: A total of 29 RCTs with 1,978 patients were included. Twelve studies included thoracic surgery, and 17 studies included breast surgery. The results of the meta-analysis showed that the rest or movement pain scores of the SAPB group were significantly lower than those of the control group at each postoperative time point. In addition, morphine consumption was significantly reduced in the SAPB group at 24 h postoperatively (standardized mean differences [SMD], −2.77; 95% confidence interval [CI], −3.56 to −1.97; P < 0.01). Intraoperative opioid consumption was significantly reduced in the SAPB group (SMD, −0.66; 95% CI, −1.03 to −0.28; P < 0.01); and the number of patients requiring urgent additional pain medication postoperatively (risk ratio [RR], 0.34; 95% CI, 0.27 to 0.42; P < 0.01) was significantly lower; and the time to first use of analgesics was significantly longer (SMD, 3.49; 95% CI, 2.23 to 4.74; P < 0.01); and the incidence of postoperative nausea and vomiting (PONV) (RR, 0.43; 95% CI, 0.34 to 0.54; P < 0.01), constipation (RR, 0.12; 95% CI, 0.03 to 0.52; P < 0.01; I2 = 0), dizziness (RR, 0.24; 95% CI, 0.06 to 0.92; P < 0.05; I2 = 0) and sedation (RR, 0.07; 95% CI, 0.01 to 0.52; P < 0.01; I2 = 0) were significantly lower; the length of hospital stay was significantly shorter (SMD, −0.28; 95% CI, −0.46 to −0.09; P < 0.01) and the SAPB group have a significantly reduced the incidence of postoperative pain syndrome at 3 months.

Conclusions: Compared with no SAPB block, ultrasound-guided SAPB provides superior postoperative analgesia by reducing postoperative pain scores, the incidence of postoperative pain syndrome at 3 months and perioperative opioid consumption in patients after thoracic and breast surgery. At the same time, SAPB reduces the incidence of side effects of opioids and shortens the length of hospital stay. SAPB can be used as a feasible technique for multimodal analgesia in the perioperative period.
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Introduction

Due to the rich nerve distribution of the chest wall, postoperative pain is particularly pronounced after thoracic and breast surgery. Studies have found that approximately 78% of patients undergoing thoracotomy experience moderate to severe postoperative pain [1], ~50% of breast surgery patients experience varying degrees of postoperative pain [2]. In recent years, with the rapid development of minimally invasive surgery, most operations are performed under minimally invasive procedures, and the surgical incision is significantly smaller, but postoperative incision pain still exists, and postoperative pain control is still challenging, especially in major surgeries such as thoracic surgery. Severe postoperative pain seriously affects the postoperative recovery of patients and prolongs the length of hospital stay [3]. In addition, acute pain after surgery is at risk for progression to chronic pain, which also affects psychological changes, quality of life, and satisfaction of patients [4, 5]. At present, the analgesic effect is usually improved by increasing the use of opioids. However, drug-related side effects such as respiratory depression and PONV that come at any time cannot be ignored. Especially for elderly patients, repeated high-dose opioids may lead to cognitive impairment and even coma, which seriously affects the prognosis of elderly patients [6]. Generally, pain is caused by rib, muscle, and soft tissue injury at the incision in the chest [7]. In recent years, many articles have reported the application of various nerve tissues in postoperative analgesia after thoracic and breast surgery, such as thoracic epidural analgesia, intercostal nerve blocks, erector spinae plane blocks and paravertebral nerve blocks, which can relieve severe postoperative pain. However, each has its own disadvantages. For example, paravertebral nerve blocks have complications such as pneumothorax, spinal cord block, and neuronal damage [8]. Intercostal block provides significant analgesic effect, however, due to the limited diffusion of the local anesthetic after a single injection, multiple injections must be administered to increase pain relief. As a result, this approach often results in increased pain, prolonged procedure time, and an increased incidence of pneumothorax [9]. Thoracic epidural analgesia also has some disadvantages, such as inadvertently causing high block, local anesthesia toxicity, general spinal anesthesia, hypotension, vomiting, etc. [10].

Ultrasound-guided serratus anterior plane block (SAPB) is a new ultrasound-guided interfascial plane block technique. The serratus anterior originates from the surface of the anterior eight ribs and attaches to the medial border of the scapula and posterior to the latissimus dorsi. Therefore, SAPB can be achieved by blocking the lateral cutaneous branches of the T2-T9 spinal nerves by injecting a local anesthetic of a certain concentration and volume between the latissimus dorsi and serratus anterior muscles under linear ultrasound guidance [11]. It is a safe procedure under ultrasound-guided, and there is no possibility of neurological complications like epidural hematoma [12]. Due to its technical simplicity and relative safety, SAPB can be used for regional nerve blocks for intraoperative and postoperative lateral chest wall analgesia [5, 7]. In 2013, Blanco et al. [13] first described analgesia by SAPB after breast cancer surgery, and later, SAPB rapidly gained popularity for different types of operations, such as thoracic surgery [14], breast surgery [15], rib fracture surgery [16], and liver surgery [17]. Several studies have shown that SAPB can be used as a topical analgesic technique to reduce pain after surgery [18–20]. Therefore, SAPB may be an attractive option for pain relief after thoracic and breast surgery. Given the large number of thoracic and breast surgeries performed around the world and the varying levels of postoperative pain [21, 22], it is important to determine the analgesic effect of SAPB. However, there is no comprehensive meta-analysis to evaluate the analgesic efficacy and safety of SAPB after thoracic and breast surgery. Therefore, we conducted a systematic review and meta-analysis of eligible clinical randomized controlled trials (RCTs) to evaluate the analgesic efficacy and safety of perioperative ultrasound-guided SAPB combined with general anesthesia in patients undergoing thoracic and breast surgery.



Methods

This systematic review and meta-analysis was conducted according to the criteria of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement [23]. This meta-analysis has been prospectively registered in the PROSPERO database (registration number: CRD42022322904).


Search strategy

We conducted a comprehensive database search of PubMed, Embase, the Web of Science and the Cochrane Library for RCTs that met the listed inclusion criteria. The last update time is March 2022. The search keywords were as follows: (“serratus anterior plane block” OR “serratus anterior block” OR “SAPB” OR “SAP block” OR “sap block”) and (“thoracic surgery” OR “thoracoscopic surgery” OR “thoracotomy” OR “ lobectomy” OR “rib fractures” OR “modified radical mastectomy” OR “mastectomy” OR “breast surgery” OR “lumpectomy” OR “postoperative pain” OR “postoperative analgesia”). Specific search strategies are detailed in the Supplementary material for terms. We also searched the gray literature by supplementary hand searching because SAPB is a new regional anesthesia technique first introduced in 2013.



Study selection criteria

Studies identified in the above databases were screened, and after the removal of duplicates, all references were further screened according to the title and abstract of the reference, with the following screening criteria: (1) all patients >18 years of age, placed under general anesthesia and undergoing studies involving thoracic and breast surgery; (2) use of ultrasound-guided SAPB for postoperative analgesia; (3) controls consisting of studies with no intervention, sham block, or incision infiltration; (4) studies reporting opioid consumption, postoperative visual analog scale (VAS) or numeric rating scale (NRS) assessment of pain scores; (5) study design: RCTs. Studies were excluded in the following cases: (1) letters, case reports, reviews, technical reports; (2) animal trials or studies involving body anatomy; (3) unavailable outcome data and authors who could not be contacted, (4) articles devoted to other types of regional blocks; (5) trials that were unpublished or ongoing, or were reported in conference abstracts only. All published full-text clinical RCTs were eligible for inclusion without language restrictions. Subsequently, full-text manuscripts of eligible studies were reviewed for inclusion, and the articles were independently assessed for inclusion by two authors (WFZ and YTW).



Data extraction

Two different authors checked the authenticity of the article titles and abstracts and carefully assessed the full texts to ensure that the articles met the eligibility criteria for this study, and any disagreements in opinions were resolved and discussed with a third reviewer (WDL) after the search. The data collected included the first author's name, publication time, sample size, ASA classification, injection site of interventional SAPB and use of local anesthetics (type, volume and concentration of local anesthetic), interventions used in the control group, etc. Extracted primary outcome measures were as follows: pain scores at rest and during movement 1, 2, 4, 6, 8, 12, 24, and 48 h after surgery in both groups. Secondary outcome measures were as follows: intraoperative opioid consumption (morphine equivalent), 24 h postoperative opioid consumption (morphine equivalent), time to first use of analgesics, number of patients requiring emergency additional analgesics, opioid complications (postoperative nausea, vomiting, respiratory depression, constipation, dizziness, sedation), length of hospital stay and the incidence of postoperative pain syndrome at 3 months. To facilitate meta-analysis, the Australian and New Zealand College of Anesthetists Opioid Calculator was used to convert various opioid doses to analgesic doses, such as oral morphine equivalents, and to normalize the doses analyzed [24, 25]. For incomplete data, the reviewer attempted to contact the author of the original article by email to request additional and complete data, and if the data values were represented in a graph format, the numerical data were extracted from the graph using WebPlotDigitizer [26]. If the data were presented as the median and quartile, Hozo's validation formula was used to convert the data to the mean and standard deviation [27]. The included studies assessed pain scores using the VAS or NRS, and the results were converted to a 0–10 scale for statistical evaluation.



Quality assessment

Methodological quality assessments were assessed independently by two authors, and any disagreements were resolved by a third author using the Cochrane risk of bias tool and Jadad scores. The Cochrane risk of bias tool provides descriptions, comments, and a judgment of “high”, “unclear” or “low” risk of bias for each included study: random sequence generation; allocation concealment; double-blind, outcome-assessed blinding; incomplete outcome data; selective outcome reporting; and other biases [28]. Each study was analyzed independently by two reviewers and was divided into three groups: low risk, unclear risk, and high risk. Studies with a high risk of bias in any one or more key areas were considered to be at high risk of bias. Studies with a low risk of bias in all key areas were considered to have a low risk of bias. Otherwise, they were considered to have unclear bias risks. The Jadad score (total 7 points) uses a score based on appropriate randomization (0–2), allocation concealment (0–2), double-blinding (0–2), and possible withdrawal (0-1) standards [29]. We considered studies to be moderate to high quality if they scored 3 or higher on these criteria.



Statistical analysis

We performed meta-analysis using Review Manager (version 5.3; the Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, Denmark, 2014). Standardized mean differences (SMDs) and corresponding 95% confidence intervals (CIs) were calculated for continuous data using a random-effects model, while risk ratios (RRs) for dichotomous data were analyzed using the Mantel–Haenszel method with 95% confidence intervals. We calculated the I2 statistic to assess heterogeneity, and an I2 value >50% was considered the cutoff point for significant heterogeneity. Where significant heterogeneity was observed, a random-effects model was used; otherwise, a fixed-effects model was used. Sensitivity analyses were performed by the leave-one-out method to assess whether the results varied significantly. Subgroup analyses were also used to assess heterogeneity. Potential publication bias was determined by funnel plots. A P value < 0.05 with 95% CI was considered statistically significant.




Results


Results of the literature search

Our study selection process is shown in the PRISMA flow chart (Figure 1). The literature search initially retrieved 1076 studies of SAPB related to thoracic and breast surgery; 621 remained after excluding duplicates, and 77 remained after reviewing titles and abstracts after careful reading of the full text. Twenty-nine articles were finally included for systematic review and meta-analysis [4, 5, 14–16, 22, 30–52]. Forty-eight studies were excluded, including 5 case reports, 4 conference abstracts, 3 reviews, 3 nonrandomized controlled studies, 18 with SAPB compared to other types of regional blocks, and 15 in which SAPB was not the only intervention.


[image: Figure 1]
FIGURE 1
 Flow chart of study retrieval. SAPB, serratus anterior plane block.


We analyzed 29 studies involving thoracic and breast surgery with a total of 1,978 patients, of whom 982 patients were randomly assigned to the SAPB group and the remaining 996 to the control group. Surgical procedures performed in 29 studies included 12 thoracic surgeries [4, 14, 16, 22, 31, 32, 36, 39–43] and 17 breast surgeries [5, 15, 30, 33–35, 37, 38, 44–52]. Most studies accepted single-segment techniques at the level of the T4 or T5 vertebral body, with only two studies using a catheter placed and connected to a patient-controlled device for continuous peripheral nerve block [4, 31]. In 4 studies, the control group used local incision infiltration [14, 32, 40, 50]; in 5 studies, the control group received no intervention. The level of SAPB blocking was deep in the serratus anterior in 10 studies [4, 5, 15, 31, 34, 38, 42, 44, 50, 51] and in the superficial serratus anterior in 16 studies [14, 16, 30, 33, 35–37, 39–41, 43, 45–49], and one used double-point injection (superficial + deep) [32]. In addition, 25 studies used VAS for pain scores [4, 14, 15, 22, 30–33, 35–42, 44–52], and 4 studies used NRS [5, 16, 34, 43]. All studies were identified as moderate to high quality according to the Jadad score (Table 1). Details of all studies included in this meta-analysis are shown in Tables 1, 2.


TABLE 1 Main characteristics of included studies.
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TABLE 2 Block characteristics of included studies.(between latissimus dorsi and serratus anterior (superficial plane) or between serratus anterior and intercostal muscles (deep plane).
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Assessment of methodological quality

The risk assessment of the included studies is shown in Figure 2. All included studies in the analysis were clinical RCTs, 10 studies were judged as having a low risk of bias [5, 14, 15, 22, 31, 33, 35, 36, 46, 51], 3 studies were judged as having a high risk of bias [30, 34, 50], and the remaining 16 studies were judged to have an unclear risk of bias. Additionally, 4 studies did not provide enough information about allocation concealment [16, 30, 47, 49]. In terms of participant and personnel blinding, 3 studies were not blinded [30, 34, 50], and 13 were not described [4, 16, 32, 37–42, 44, 45, 49, 52]. Among the result-blinding methods, one item was not blinded [49], and 7 studies did not specify whether they have blinded [16, 30, 32, 38, 45, 47, 49]. All studies were not selectively reported. There were 3 studies with other bias [42, 43, 49]. Overall, the quality of the included studies was good.


[image: Figure 2]
FIGURE 2
 Risk of bias summary: authors' judgments about each risk of bias item for each included study. Green, red, and yellow circles indicate low, high, and unclear risk of bias, respectively.





Study outcomes


Postoperative pain scores

Of all studies, 12 analyzed postoperative resting pain scores in patients undergoing thoracic or breast surgery [4, 5, 31, 32, 34–37, 40, 44, 47, 49]. Compared with the control group, the SAPB group had significantly lower resting pain scores at different time points except for 6 h postoperatively (Figures 3, 4), indicated as follows: at 1 h (SMD, −1.54; 95% CI, −2.14 to −0.94; P < 0.01; I2 = 90%); at 2 h (SMD, −1.57; 95% CI, −2.32 to −0.82; P < 0.01; I2 = 92%); at 4 h (SMD, −1.43; 95% CI, −2.18 to −0.67; P < 0.01; I2 = 93%); at 6 h (SMD, −0.91; 95% CI, −2.14 to 0.33; P = 0.15; I2 = 92%); at 8 h (SMD, −1.46; 95% CI, −2.06 to −0.86; P < 0.01; I2 = 91%); at 12 h (SMD, −0.32; 95% CI, −0.46 to −0.17; P < 0.01; I2 = 5%); at 24 h (SMD, −0.80; 95% CI, −1.31 to −0.28; P < 0.01; I2 = 91%); and at 48 h (SMD, −0.49; 95% CI, −0.91 to −0.08; P < 0.05; I2 = 56%). No significant difference was shown 6 h after surgery, probably due to the limited number of included studies. Additionally, 24 studies analyzed postoperative movement or cough pain scores with the use of SAPB in patients undergoing thoracic or breast surgery [4, 5, 15, 16, 30–38]. Meta-analysis showed that compared with the control group, the SAPB group showed significantly reduced movement or cough pain scores at different postoperative time points, except for 48 h postoperatively (Figures 5–7), as follows: 1 h (SMD, −1.25; 95% CI, −1.76 to – 0.74; P < 0.01; I2 = 91%); 2 h (SMD, −1.33; 95% CI, −1.67 to −0.98; P < 0.01; I2 = 81%); 4 h (SMD, −1.37; 95% CI, −1.84 to −0.91; P < 0.01; I2 = 88%); 6 h (SMD, −1.04; 95% CI, −1.43 to −0.65; P < 0.01; I2 = 78%); 8 h (SMD, −1.18; 95% CI, −1.57 to −0.80; P < 0.01; I2 = 84%): 12 h (SMD, −0.76; 95% CI, −1.01 to −0.51; P < 0.01; I2 = 81%); 24 h (SMD, −0.71; 95% CI, −0.97 to −0.45; P < 0.01; I2 = 84%); and 48 h (SMD, −0.38; 95% CI, −0.84 to 0.08; P = 0.1; I2 = 80%).


[image: Figure 3]
FIGURE 3
 Forest plot of VAS pain scores at rest in the serratus anterior plane block group vs. the nonblock group at 1 h to 6 h after surgery. VAS, visual analog scale; SAPB, serratus anterior plane block; h, hour.



[image: Figure 4]
FIGURE 4
 Forest plot of VAS pain scores at rest in the serratus anterior plane block group vs. the nonblock group at 8–48 h after surgery. VAS, visual analog scale; SAPB, serratus anterior plane block; h, hour.



[image: Figure 5]
FIGURE 5
 Forest plot of VAS pain scores at movement in the serratus anterior plane block group vs. the nonblock group at 1 h to 6 h after surgery. VAS, visual analog scale; SAPB, serratus anterior plane block; h, hour.



[image: Figure 6]
FIGURE 6
 Forest plot of VAS pain scores at movement in the serratus anterior plane block group vs. the nonblock group at 8–12 h after surgery. VAS, visual analog scale; SAPB, serratus anterior plane block; h, hour.



[image: Figure 7]
FIGURE 7
 Forest plot of VAS pain scores at movement in the serratus anterior plane block group vs. the nonblock group at 24 h to 48 h after surgery. VAS, visual analog scale; SAPB, serratus anterior plane block; h, hour.




Postoperative opioid consumption at 24h

Nineteen studies reported 24 h postoperative opioid consumption in patients undergoing thoracic or breast surgery [5, 15, 16, 32, 33, 36–38, 45–48]. Meta-analysis showed that SAPB significantly reduced 24 h postoperative opioid consumption compared with the control group (Figure 8) (SMD, −2.77; 95% CI, −3.56 to −1.97; P < 0.01; I2 = 97%). We performed subgroup analyses, thoracic surgery (SMD, −0.98; 95% CI, −1.40 to −0.55; P < 0.01; I2 = 75%) and breast surgery (SMD, −3.79; 95% CI, −5.01 to −2.56; P < 0.01; I2 = 97%), and the results of the subgroup analysis were consistent.


[image: Figure 8]
FIGURE 8
 Forest plot for the comparison of oral morphine equivalents (mg) in the first 24 h after surgery. SAPB, serratus anterior plane block; h,hour.




Intraoperative opioid consumption

Seventeen studies reported intraoperative opioid consumption in patients undergoing thoracic or breast surgery [5, 14, 15, 30, 32, 33, 35, 36, 38, 39, 44, 49]. Meta-analysis showed that SAPB significantly reduced intraoperative opioid consumption compared with that in the control group (Supplementary Figure 1) (SMD, −0.66; 95% CI, −1.03 to −0.28; P < 0.01; I2 = 90%). We performed subgroup analyses of thoracic surgery (SMD, −0.37; 95% CI, −0.73 to −0.00; P = 0.05; I2 = 76%) and breast surgery (SMD, −0.91; 95% CI, −1.46 to −0.36; P < 0.01; I2 = 92%). The subgroup analysis results showed that there was no significant difference in intraoperative opioid consumption after SAPB in patients undergoing thoracic surgery, but the overall results showed that there was a significant difference between the two groups.



Number of patients requiring urgent additional analgesia after surgery

Thirteen studies including 781 patients [14, 31, 32, 34, 36, 38, 39, 42, 44–47, 52] reported the number of patients who required emergency additional analgesia after surgery for thoracic or breast surgery. Meta-analysis showed that SAPB significantly reduced the number of patients requiring rescue analgesia compared with the control group (Supplementary Figure 2) (RR, 0.34; 95% CI, 0.27 to 0.42; P < 0.01; I2 = 0). We performed subgroup analyses, including thoracic surgery (RR, 0.30; 95% CI, 0.21–0.44; P < 0.01; I2 = 17%) and breast surgery (RR, 0.36; 95% CI, 0.27–0.48; P < 0.01; I2 = 0), and the subgroup analysis results were consistent.



Time to first use of analgesics

Eleven studies including 685 patients [31, 32, 34, 36, 38, 44–47, 50, 52] reported the time to first use of analgesics in patients undergoing thoracic or breast surgery. Meta-analysis revealed that SAPB significantly prolonged the time to first use of analgesics compared with the corresponding time in controls (Supplementary Figure 3) (SMD, 3.49; 95% CI, 2.23 to 4.74; P < 0.01; I2 = 97%). We performed subgroup analyses, thoracic surgery (SMD, 0.80; 95% CI, 0.23 to 1.38; P < 0.01; I2 = 72%) and breast surgery (SMD, 4.65; 95% CI, 2.67 to 6.63; P < 0.01; I2 = 98%), and the subgroup analysis results were consistent.



Side effects of opioids and block-related complications

Twenty-one studies reported postoperative nausea and vomiting (PONV) [4, 5, 14–16, 22, 30–34, 36, 39, 40, 42, 43, 45, 46, 48–50]. Forest plots showed a significantly lower incidence of PONV in the SAPB group (as shown in Supplementary Figure 4) (RR, 0.43; 95% CI, 0.34–0.54; P < 0.01; I2 = 16%). We performed subgroup analyses, including thoracic surgery (RR, 0.47; 95% CI, 0.34–0.65; P < 0.01; I2 = 41%) and breast surgery (RR, 0.40; 95% CI, 0.29–0.55; P < 0.01; I2 = 0), and the subgroup analysis results were consistent. In addition, the incidence of respiratory depression was reported in three studies [31, 32, 42]. The forest plot showed no significant difference between the two groups (as shown in Supplementary Figure 4) (RR, 0.25; 95% CI, 0.05 to 1.14; P = 0.07; I2 = 0); the incidence of constipation was reported in three studies [4, 32, 45]. The forest plot showed a significant difference between the two groups (as shown in Supplementary Figure 5) (RR, 0.12; 95% CI, 0.03–0.52; P < 0.01; I2 = 0); the incidence of dizziness was reported in three studies [5, 43, 48]. The forest plot showed a significant difference between the two groups (as shown in Supplementary Figure 5) (RR, 0.24; 95% CI, 0.06–0.92; P < 0.05; I2 = 0); the incidence of sedation was reported in two studies [4, 32]. The forest plot showed a significant difference between the two groups (as shown in Supplementary Figure 5) (RR, 0.07; 95% CI, 0.01–0.52; P < 0.01; I2 = 0). In the trials included in this analysis, complications related to SAPB (e g., pleural puncture, pneumothorax, local anesthesia toxicity, or puncture site infection) were not reported.



Length of hospital stay and the incidence of postoperative pain syndrome at 3 months

Five studies reported the length of hospital stay [4, 5, 31, 34, 40]. The forest plot showed that the SAPB group have a significantly shortened length of hospital stay, and there was no heterogeneity between the two groups (as shown in Supplementary Figure 6) (SMD, −0.28; 95% CI, −0.46 to −0.09; P < 0.01; I2 = 0).Two studies reported the incidence of postoperative pain syndrome at 3 months [4, 33].The forest plot showed that the SAPB group have a significantly reduced the incidence of postoperative pain syndrome at 3 months (as shown in Supplementary Figure 7).



Sensitivity analysis and subgroup

We performed sensitivity analyses by one-by-one exclusion. For the resting pain score, heterogeneity decreased after excluding one study (except at the 12 h time point), and the heterogeneity of the rest and movement pain scores remained high at the other time points. In addition, the heterogeneity of intraoperative opioid consumption, 24 h postoperative opioid consumption, and time to first use of analgesics did not change significantly after one-by-one exclusion and subgroup analysis. Some publication bias was found among the included studies by visual inspection of the funnel plot (Supplementary Figure 8).




Discussion

This systematic review and meta-analysis demonstrates the potential postoperative analgesic effect of SAPB in patients after thoracic and breast surgery. The results of the analysis showed that compared with the control group, first, the SAPB group was able to obtain a significantly reducd pain score (VAS/NRS) within 48 h after the operation, except for 48 h postoperatively at movement, second, the SAPB group was able to obtain a significantly reduced the incidence of postoperative pain syndrome at 3 months. In addition, SAPB significantly reduced the consumption of intraoperative and postoperative opioids and the need for emergency additional analgesia after surgery; and significantly prolonged the time of first use of analgesics and shortened the length of hospitalization of patients. In terms of side effects of opioids, there was no statistically significant difference in the incidence of postoperative respiratory depression, but in the incidence of PONV, constipation, dizziness and sedation, SAPB can reduce the incidence of side effects of opioids. There was no incidence of SAPB-related complications (e g., pleural puncture, pneumothorax, local anesthesia toxicity, or puncture site infection) in all trials. Our results are similar to those of Chong et al. [53]. SAPB can reduce patients' pain scores and reduce intraoperative and postoperative opioids consumption, and this block appeared safe with no study reporting any block- related complications. Compared to Chong et al. 's article, we mainly compared SAPB to non-block care for postoperative analgesia, And we collected postoperative pain scores at 1, 2, 4, 6, 8, 12, 24, and 48 h and more information on opioid adverse reactions. These results confirm that ultrasound-guided SAPB can provide safe and effective postoperative analgesia for patients undergoing thoracic and breast surgery.

In recent years, with the development of multimodal analgesia, several strategies, including regional and peripheral nerve blocks, may reduce postoperative pain. As a new analgesic method, SAPB was first used to block the lateral cutaneous branch of the thoracic intercostal nerve in breast cancer surgery in 2013 and achieved a satisfactory regional block effect [13]. Anatomically, there may be two potential gaps on the surface of the serratus anterior, the superficial serratus anterior plane between the serratus anterior and the latissimus dorsi and the deep serratus anterior plane between the serratus anterior and the intercostal muscles. Intercostal nerve blockage achieved by the operator injecting a dose of local anesthetic in these two planes provides effective analgesia and reduces the surgical stress response as well as postoperative chest wall pain [34]. The mechanism of postoperative pain is currently unclear and may be related to persistent inflammation during surgery (through the release of histamine, prostaglandins, bradykinin, and cytokines) and injury-induced peripheral nerve sensitization [54]. Preoperative SAPB can significantly reduce postoperative pain by blocking the transmission of noxious stimuli, reducing the risk of central and peripheral nerve sensitization, and reducing the release of inflammatory pain-causing factors in the blocked area [55]. Ultrasound-guided SAPB is a promising mode of postoperative analgesia due to its obvious anatomical and bony landmark positioning under ultrasound and easy operation under ultrasound guidance [56].

In addition, as a new regional nerve block technology, the specific effect of SAPB in various surgeries is still being explored. Different types of surgery also have different effects on patients' postoperative pain and postoperative recovery. For example, most lobectomy procedures are performed thoracoscopically, which is associated with lower pain intensity and shorter recovery times than traditional thoracotomy [19, 40]. There have been relevant meta-analyses comparing the effectiveness of SAPB in different surgical types. For example, a meta-analysis by Zhang et al. [57] compared anterior serratus muscle block combined with general anesthesia for perioperative analgesia in patients undergoing video-assisted thoracoscopic surgery (VATS). The results showed that ultrasound-guided SAPB reduced postoperative pain scores after VATS and analgesic consumption after general anesthesia. The meta-analysis by Liu et al. [58] evaluated the analgesic effect of SAPB after thoracotomy. The results also showed that SAPB can reduce postoperative pain scores and opioid consumption at 24 h after surgery, and reduce the incidence of PONV after surgery. Regarding breast surgery, a meta-analysis by Hu et al. showed that SAPB can reduce opioid consumption, relieve pain after breast surgery, and decrease the incidence of PONV to a certain extent [53, 59]. Although the above studies have shown that SAPB can produce certain analgesic effects in different types of surgery, due to the prevalence of thoracic and breast surgery and the high heterogeneity between studies, it is necessary to further consider the effect of SAPB on postoperative pain in different types of surgery. The results of our meta-analysis suggest that SAPB can provide good analgesia and reduce intraoperative and postoperative opioid consumption in both thoracic and breast surgery. Studies have shown that common side effects of opioids include dizziness, PONV, constipation, and respiratory depression. Opioid-induced respiratory depression is due to activation of mu-opioid receptors, which are expressed on respiratory control neurons in the brainstem [60, 61]. In addition, the meta-analysis results showed that the incidence of PONV was significantly lower in patients treated with SAPB. This may have been due to less opioid use after surgery. Effective prevention of PONV can not only promote postoperative recovery but also shorten the discharge time of patients [55].

Although strict inclusion and exclusion criteria were used to standardized the included studies, this meta-analysis was highly heterogeneous. In terms of sensitivity analysis, analysis by omitting one study or subgroup analysis did not change the final conclusions of the combined analysis. The main reasons for the heterogeneity may include the following: First, different anesthesiologists skilled in the use of SAPB may achieve different analgesic effects, and this evidence comes from the study itself. Second, there were different levels of local anesthetic block; different concentrations, different volumes, and different types of local anesthetics; and different pain thresholds of patients. The types and optimal doses of local anesthetics in SAPB for thoracic and breast surgery are currently unknown, and well-designed RCTs are still needed. Third, we found that the higher heterogeneity was mainly in the pain score, which may be related to the inconsistency of the pain score scale, as well as the type and duration of surgery. Finally, in terms of opioid consumption, despite the eventual switch to equivalent doses of oral morphine, the use of analgesics for postoperative analgesia in each study was inconsistent, and some studies used nonsteroidal anti-inflammatory drugs such as paracetamol to supplement analgesics, which makes comparing opioids across trials more difficult and may also lead to significant heterogeneity.



Limitations

Although the above mentioned factors inevitably present heterogeneity in the above mentioned results, our results still support the good analgesic effect of SAPB in thoracic and breast surgery. However, our meta-analysis has other potential limitations. First, we did not perform other subgroup analyses, such as different procedures (e.g., lung resection, thoracic trauma, etc) and evaluation of the effect of different local anesthetics and analysis of the depth of block. Second, all included studies were performed only on thoracic and breast surgery, not all surgical procedures, and consequently selection bias may have overestimated the analgesic effect of SAPB. Third, we did not compare SAPB with other regional anesthesia techniques and cannot reflect the analgesic effect of SAPB in other regional blocks. Fourth, most of the literature consisted of small sample sizes, so it is necessary to expand the sample size to make the evidence more robust. Finally, A considerable number of included studies did not report other secondary outcomes, such as SAPB and opioid side effects (time to first exhaust, dizziness, postoperative delirium, etc.), duration of postanesthesia care unit (PACU) stay, and length of hospital stay. In addition, the incidence of postoperative pulmonary complications (e.g., pneumonia, atelectasis, respiratory failure) and mortality, and the incidence of postoperative pain syndrome (e.g., 3, 6 months or more) are very important, future studies should also focus on the incidence of pulmonary complications and mortality and postoperative pain syndromes. In the process of data collection, we did not collect pulmonary complications and mortality, which are critical to the prognosis of patients. Only 2 studies reported the incidence of postoperative pain syndrome. Acute postoperative pain is not controlled, and this pain can easily turn into chronic pain. The mechanism may be that pain leads to peripheral sensitization, which leads to abnormal spinal cord regulation, leading to central sensitization and further pain [55, 62]. Therefore, future studies should conduct more analyses of SAPB, which will provide a further basis for developing guidelines for perioperative pain management.

In contrast to these limitations, our systematic review has several strengths. First, we chose an important primary outcome (VAS pain scores). Our VAS pain scores included more time points, including 48 h after surgery, which would be more conducive to observe the pain degree of patients after surgery. Second, we also collected other adverse reactions to opioids, including constipation, dizziness, and sedation. These make our systematic review more comprehensive.



Conclusion

In conclusion, our systematic review and meta-analysis showed that SAPB has shown promise as a beneficial pain-relief technique. Compared with no block, ultrasound-guided SAPB provided better postoperative pain control by reducing VAS or NRS pain scores and reducing perioperative opioid consumption in patients following thoracic and breast surgery. At the same time, SAPB reduced the incidence of side effects of opioids and shortened the length of hospital stay. SAPB can be used as a feasible technique for multimodal analgesia in the postoperative perioperative period. However, due to the high degree of heterogeneity among studies, our results should be interpreted with caution, and more large-scale and high-quality RCTs are needed to validate and strengthen our results in the future.
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Supplementary Figure 1. Forest plot for the comparison of oral morphine equivalents (mg) in the intraoperative opioid consumption. SAPB, serratus anterior plane block.

Supplementary Figure 2. Forest plot of the number of patients requiring rescue analgesia after surgery in the serratus anterior plane block group vs. the nonblock group. SAPB, serratus anterior plane block.

Supplementary Figure 3. Forest plot of the time to first use of analgesics in the serratus anterior plane block group vs. the nonblock group. SAPB, serratus anterior plane block.

Supplementary Figure 4. Forest plots showing the serratus anterior plane block-related side effects of opioids (nausea and vomiting and respiratory depression). PONV, postoperative nausea and vomiting; SAPB, serratus anterior plane block.

Supplementary Figure 5. Forest plots showing the serratus anterior plane block-related side effects of opioids (constipation, dizziness and sedation). SAPB, serratus anterior plane block.

Supplementary Figure 6. Forest plot of the hospital length of stay in the serratus anterior plane block group vs. the nonblock group. SAPB, serratus anterior plane block.

Supplementary Figure 7. Forest plot of the incidence of postoperative pain syndrome at 3 months in the serratus anterior plane block group vs. the nonblock group. SAPB, serratus anterior plane block.

Supplementary Figure 8. Funnel plot (A) oral morphine equivalents (mg) in the first 24 h after surgery; (B) oral morphine equivalents (mg) in the intraoperative opioid consumption; (C) number of patients requiring rescue analgesia after surgery; (D) time to first use of analgesics; (E) incidence of postoperative nausea and vomiting.
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Type of
surgery

Thoracoscopic

Thoracic

tumors

Thoracoscopic

Breast cancer

MRM

Breast cancer

Rib fractures

MRM
MRM
Unilateral
partial or
simple
mastectomy

Thoracoscopic

lobectomy

Thoracoscopic

Video-assisted
thoracoscopic
lobectomy or

segmentectomy

MRM

MRM
MRM

MRM

Breast
reduction

surgery

MRM

Breast cancer

surgery

Radical

mastectomy

Breast surgery

Thoracic

surgery

Oncologic

breast surgery

VATS

Thoracotomy

MRM

VATS

VATS

Control group (postoperative
analgesia)

PCIA: initial dose of 0.03 pg/kg
sufentanil, followed by a background
infusion of 0.03 p.g/kg/h sufentanil and
patient-controlled bolus of 0.03 pg/kg
sufentanil with a lockout interval of 15
minutes; intravenous tramadol;
flurbiprofen

PCIA: morphine 0.4 mg/ml, 8 mg of
ondansetron and 180 mg of ketorolac.
The infusion rate was 5 ml/h with a
lockout interval of 15 min,until the end
of the 1st postoperative week;
pregabalin; amitriptyline; paracetamol
or NSAIDs, tramadol,oxycodone
PCIA: 90 ml of saline and 100 mg of
morphine hydrochloride,a bolus dose of
2 ml, lockout time of 15 min without
basal infusion and loading dose;
tramadol; dexketoprofen

PCIA: 100 pg sufentanil diluted with
saline to 100 ml, background dose 1
ml/h, single 1 ml dose, and a locking
time 15 min; lornoxicam

IV diclofenac 1.5 mg kg-1 (rounded off
to nearest 50 mg or 75 mg) in 100 ml of
normal saline was
administered.diclofenac was given after

every 8 h; intravenous (IV) paracetamol

PCIA: 100 mg flurbiprofen axetil plus
800 mg tramadol were successively
dissolved in 54 ml saline, with 0.5 ml/h
as the parameter background, 5 ml load
dose, 2ml PCA dose, and 15 min as the

locking time

Lock-up for 20 min and to administer
10 mg of tramadol in each press ata

maximum of 3 times/h,without infusion

Abolus dose of morphine 2 mg, a
lockout interval of 10 min, and no
background infusion; parecoxib sodium
Fentanyl intravenous; hydromorphone

intravenous; and oxycodone oral intake

PCA: a total of 100 ml of Tug/ml
sufentanil in saline. The PCA device was
programmed to provide 2 ug boluses on
demand, with a lockout period of 10
minutes and a background infusion at
the rate of 2 ml/hour

PCIA: butorphanol tartrate 0.1 mg/kg +
flurbiprofen axetil 2.5 mg/kg in 0.9%
NaCl injection for a total volume of

100 ml, flow rate 2 ml/h; flurbiprofen
axetil; oral oxycodone with
acetaminophen

PCA (sufentanil, L5 ug k g-1, and
dezocine 0.3 mg kg-1 was diluted with
0.9% saline into 100 ml in PCA pump
and was infused at a rate of 2ml h-1);

tramadol; flurbiprofen axetil

IV-PCA morphine in the strength of 1
mg/ml with a bolus of 1 ml and lock out
interval of 5 minutes and maximum
dose of morphine being 0.2 mg/kg body
weight in 4 hours; paracetamol;
morphine

Morphine intravenous; IV paracetamol,
1 g every 8 hours; IV ketorolac

IV morphine sulfate; IV Paracetamol;
1V ketorolac

PCA: 0.5 mg concentration in 1
milliliter of morphine hydrochloride, set
as 1 mg bolus, 8 minutes lockout time, 6
pushes in 1h dose limit; IV morphine
PCA: fentanyl at a concentration of 10
ug/ml was programmed to deliver a
loading dose of 50 ug, to maintain a
15-min lockout time, and to deliver a
dose of 25 ug without any
administration of basal infusion;

Fentanyl PCA

PCIA; deliver a background infusion of
sufentanil 2 ug/h, and a bolus of
sufentanil 2 ug on demand with a
10-min lockout interval; flurbiprofen
axetil 50 mg

PCIA: 100 ug sufentanil and 10 mg
tropisetron hydrochloride were diluted
to 100 ml with physiological salt water,
background dose was 1 ml/h, single dose
was 2 ml, locking time was 10 min

pethidine (50 mg IV)

IV paracetamol in a single dose of 1 g
and IV morphine in incremental doses
of 5mg

PCA: a bolus dose of 1 mg, witha
lockout interval of 10 min, and
maximum dose of 6 mg/hour without
continuous perfusion.; intravenous
paracetamol 1 g/8 hours and
dexketoprofen 50 mg/8 hours

PCA: sufentanil 0.5 pg/ml and saline at
a total volume of 200 ml. The PCA
device was programmed to provide
2-p.g boluses on demand, with a lockout
period of 10 mins and no background
infusion; IV tramadol

IV morphine

PCA: a loading dose of fentanyl 7.5 jug
ml-1 (42.5 ml normal saline solution
was added to 7.5 ml (375 pg) fentanyl)
followed by bolus injection of 2 ml
fentanyl, with a lock-out interval of 15
minutes;

PCA: tramadol infusion: 400 mg
tramadol, IV 4 mg/ml tramadol solution
into 100 ml normal saline; PCA settings:
0.3 mg/kg bolus, 10 mg demand dose
and 20 min lock out interval, six h limit
infusion to attain 100 mg

PCA: PCA regimen consisted of
fentanyl 10 ug/kg and palonosetron
0.075 mg, mixed with normal saline to a

total volume of 100 ml

SAPB group (postoperative Pain
analgesia) measurement

Initial dose of 5 ml/h of 0.2% VAS
ropivacaine as well as a

patient-controlled bolus of 5 ml 0.2%
ropivacaine with a 30 minutes lockout;

intravenous tramadol; flurbiprofen

maintained with 0.125% VAS
levobupivacaine infusion at a rate of

7-12 ml/h until the end of the 1st

postoperative week; pregabalin;

amitriptyline; paracetamol or NSAIDs,

tramadol,oxycodone

PCIA: 90 ml of saline and 100 mg of VAS
morphine hydrochloride,a bolus dose of

2ml, lockout time of 15 min without

basal infusion and loading dose;

tramadol; dexketoprofen

PCIA: 100 p.g sufentanil diluted with VAS
saline to 100 ml, background dose 1

ml/h, single 1 ml dose, and a locking

time 15 min; lornoxicam

IV diclofenac 1.5 mg kg-1 (rounded off ~ NRS
to nearest 50 mg or 75 mg) in 100 ml of

normal saline was

administered.diclofenac was given after

every 8 hours intravenous (IV)

paracetamol

500 mg 1% ropivacaine was dissolved in ~ VAS
250 ml saline, with 5 ml/h as the

parameter background, 5 ml load dose,

5ml PCA dose, and 45 min as the

locking time

Locked-up for 20 min and to administer ~ NRS
10 mg of tramadol in each press at a

maximum of 3 times/h,without infusion

- VAS

A bolus dose of morphine 2 mg, a NRS
lockout interval of 10 min, and no

background infusion; parecoxib sodium
Fentanyl intravenous; hydromorphone ~ VAS

intravenous; and oxycodone oral intake

PCA: a total of 100 ml of Tug/ml VAS
sufentanil in saline. The PCA device was
programmed to provide 2 ug boluses on
demand, with a lockout period of 10

minutes and a background infusion at

the rate of 2 ml/hour

PCIA: butorphanol tartrate 0.1 mg/kg +  VAS
flurbiprofen axetil 2.5 mg/kg in 0.9%

NaCl injection for a total volume of

100 ml, flow rate 2 ml/h; flurbiprofen

axetil; oral oxycodone with

acetaminophen

PCA (sufentanil, 1.5 ug k g-1, and VAS
dezocine 0.3 mg kg-1 was diluted with

0.9% saline into 100 ml in PCA pump

and was infused at a rate of 2ml h-1);

tramadol; flurbiprofen axetil;

IV-PCA morphine in the strengthof 1~ VAS
mg/ml with a bolus of 1 ml and lock out
interval of 5 minutes and maximum

dose of morphine being 0.2 mg/kg body

weight in 4 hours; paracetamol;

morphine

Morphine intravenous; IV paracetamol, ~ VAS
1 g every 8 hours; IV ketorolac

IV morphine sulfate;IV Paracetamol; IV VAS
ketorolac

PCA: 0.5 mg concentration in 1 VAS
milliliter of morphine hydrochloride, set

as 1 mg bolus, 8 minutes lockout time, 6

pushes in 1 h dose limit; IV morphine

PCA: fentanyl at a concentration of 10 VAS
ug/ml was programmed to deliver a

loading dose of 50 ug, to maintain a

15-min lockout time, and to deliver a

dose of 25 ug without any

administration of basal infusion;

Fentanyl PCA VAS

PCIA; deliver a background infusion of ~ VAS
sufentanil 2 ug/h, and a bolus of

sufentanil 2 ug on demand with a

10-min lockout interval; flurbiprofen

axetil 50 mg

PCIA: 100 ug sufentanil and 10 mg VAS
tropisetron hydrochloride were diluted

to 100 ml with physiological salt water,
background dose was 1 ml/h, single dose

was 2ml, locking time was 10 min

pethidine (50 mg IV) VAS

IV paracetamol in a single dose of 1 g~ VAS
and IV morphine in incremental doses

of 5mg

PCA: abolus dose of 1 mg, with a VAS
lockout interval of 10 min, and

maximum dose of 6 mg/hour without
continuous perfusion.; intravenous
paracetamol 1 g/8 hours and

dexketoprofen 50 mg/8 hours

PCA: sufentanil 0.5 ug/ml and salineat ~ VAS
a total volume of 200 ml. The PCA

device was programmed to provide

2-p.g boluses on demand, with a lockout

period of 10 mins and no background

infusion; IV tramadol

IV morphine VAS

PCA: aloading dose of fentanyl 7.5 g~ VAS
ml-1 (42.5 ml normal saline solution

was added to 7.5 ml (375 pg) fentanyl)

followed by bolus injection of 2 ml

fentanyl, with a lock-out interval of 15

minutes

PCA: tramadol infusion: 400 mg VAS
tramadol, IV 4 mg/ml tramadol solution

into 100 ml normal saline; PCA settings:

0.3 mg/kg bolus, 10 mg demand dose

and 20 min lock out interval, six h limit
infusion to attain 100 mg

PCA: PCA regimen consisted of NRS
fentanyl 10 ug/kg and palonosetron

0.075 mg, mixed with normal saline to a

total volume of 100 ml

Serratus anterior plane block group: Control group; SAPB, Serratus anterior plane blocks; RCT, randomized controlled trial; PCIA, patient-controlled intravenous analgesia; PCA, patient-controlled analgesia; MRM, Modified Radical Mastectomy;
video-assisted thoracoscopic surgery; VAS:visual analog scale; NRS, numeric rating scores; IV, intravenous.
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Control group

No block

No block

Infiltration
block(IB)+General

Anesthesia
No block
No block
No block
No block
No block

Sham block:0.9% normal
saline

Sham block: 1 ml sterile saline
subcutaneously

No block

20 mL 0.5% ropivacaine at the

marked incision site

No block
No block

No block; morphine sulfate
0.1 mg/kg

No block

No block

Sham block: 2 ml saline was
injected subcutaneously
Sham block: 2 ml saline was
injected subcutaneously
Sham block: physiological
saline

No block

Infiltrated with 0.4 ml/kg of
bupivacaine 0.25% and 20 ug
fentanyl

No block

No block

Pre-infiltration of incision,
0.25% ropivacaine

No block

No block

No block

No block

Level of injection

Between the rib and the serratus anterior

muscle(deep)

Under the plane of serratus anterior muscle (deep)

The serratus anterior muscle at the Ist stage and
then advanced between the serratus anterior and
the latissimus dorsi in the 2nd
stage(superficial)+(deep)

Between the latissimus dorsi and the serratus
anterior muscle (superficial)

Between the serratus anterior muscle and the
external intercostal muscle (deep)

Surface of the anterior serratus muscle space
(superficial)

Over the serratus anterior muscle (superficial)

Between the pectoralis major and the serratus
anterior (superficial)

Between the serratus anterior muscle and the
corresponding surface of the rib (deep)

beneath the serratus anterior muscle (deep)

Between the latissimus dorsi and the serratus
anterior muscle (superficial)

superior to the serratus anterior muscle
(superficial)

Between the latissimus dorsi muscle and serratus
anterior muscles (superficial)

Between the latissimus dorsi muscle and serratus
anterior muscles (superficial)

under the serratus muscle (deep)

Between the serratus and the 4th rib (deep)
Between the serratus anterior and latissimus dorsi
(superficial)

the latissimus dorsi and serratus muscles
(superficial)

between the latissimus dorsi and the serratus
anterior muscle (superficial)

Between the latissimus dorsi and serratus anterior
muscles (superficial)

superior to the serratus anterior muscle
(superficial)

Between serratus anterior muscle and intercostal

muscles (deep)

Between the serratus muscle and the teres major
and latissimus dorsi muscles (superficial or deep)
Between the serratus anterior muscle and external
intercostal muscles (deep)

above serratus anterior muscle (superficial)

the plane superficial to serratus anterior muscle
(superficial)

Unclear

Between serratus anterior and intercostal muscle
(deep)
Between the serratus anterior and latissimus dorsi

muscles (superficial)

Serratus anterior plane block group

Local Anesthetic

20 ml of 0.375% ropivacaine (continuous):initial
dose of 5 ml/h of 0.2% ropivacaine as well as a
patient-controlled bolus of 5 ml 0.2% ropivacaine
with a 30 minutes lockout

20 ml of 0.25% levobupivacaine (continuous):
maintained with 0.125% levobupivacaine infusion
atarate of 7-12 ml/h

Injection of 0.25 ml/kg of 0.25% bupivacaine was

administered on both sites

A single injection of 30 ml of 0.375% ropivacaine
hydrochloride

A single injection of 0.4 ml/kg of 0.375%
Ropivacaine

A single injection of 30 ml of 0.33% ropivacaine
A single injection of 30 mL of 0.25% bupivacaine
A single injection of 20 ml of 0.5% ropivacaine
A single injection of 30 ml of 0.5% ropivacaine

A single injection of 20 ml of ropivacaine 0.5%
with adrenaline 1:400,000

A single injection of 0.4 ml/kg of 0.375%
ropivacaine

A single injection of 20 mL 0.5% ropivacaine

A single injection of 30 ml of 0.375% ropivacaine
A single injection of 20 ml of 0.2% ropivacaine

25ml of 0.25% bupivacaine

A single injection of 30ml of 0.25% bupivacaine

A single injection of 40 ml of 0.25% bupivacaine
A single injection of 30 ml of 0.25% bupivacaine
A single injection of 20 ml of 0.25% bupivacaine
A single injection of 25 ml of 0.5% ropivacaine

A single injection of 20 ml of 0.375% ropivacaine

A single injection of 0.4 ml/kg of 0.25%
bupivacaine and 20 pg fentanyl

A single injection of 0.25% bupivacaine
hydrochloride 2 mg/kg

A single injection of 30 ml of 0.25%
levobupivacaine

A single injection of 0.4 ml/kg 0.25% ropivacaine
A single injection of 30 ml of 0.5% bupivacaine

A single injection of 0.3 ml/kg of 0.2% bupivacaine

A single injection of 20 ml of 0.25% bupivacaine

A single injection of 30 ml of 0.375% ropivacaine

Patient
position

Lateral

Lateral

Lateral

Lateral
Supine
Lateral
Supine
Supine
Lateral
Lateral
Lateral
Lateral
Lateral
Lateral
Lateral

Lateral

Supine
Lateral
Lateral
Lateral
Lateral

Lateral

Lateral
Supine
Unclear
Lateral
Lateral
Supine

Lateral

Awake/General
Anesthesia

At the end of surgery

After the induction of

anesthesia

Before starting surgery

Prior to the induction of
anesthesia

Prior to the induction of
anesthesia

Prior to the induction of
anesthesia

After the induction of
anesthesia

Not descried

Prior to the induction of
anesthesia
Prior to the induction of
anesthesia

After surgery
After the induction of

anesthesia

After the induction of
anesthesia

After the induction of
anesthesia

After induction of anesthesia
and before surgical

Before the general anesthesia
After induction of anesthesia
and before surgical

Before the general anesthesia
Before the general anesthesia
Before the general anesthesia

Before the general anesthesia

Before the general anesthesia

Prior to surgery

After the general anesthesia

Before the general anesthesia

After the general anesthesia

After the general anesthesia

Unclear

After the general anesthesia
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