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Background

Breast cancer has overtaken lung cancer as the most commonly diagnosed malignancy and is the leading cause of cancer-related death in women. Surgery is the only possible cure for breast cancer, and the incidence of acute postoperative pain (APP) is high in breast surgery. Previous reports suggested that ultrasound-guided deep serratus anterior plane block (dSAPB) provided effective blockade to relieve pain after modified radical mastectomy for breast cancer. In fact, despite the long-acting local anesthetic agents used, the patient’s pain cannot completely be eliminated due to the short duration of anesthesia. Dexmedetomidine as an adjunct to local anesthetics can prolong peripheral nerve block duration. However, no study has investigated the role of dSAPB with dexmedetomidine in the quality of recovery scores undergoing modified radical mastectomy. Thus, this study was conducted aiming at this aspect.



Material and Methods

This single-center, double-blind, randomized clinical trial was conducted at Bethune International Peace Hospital. A total of 88 participants of elective modified radical mastectomy were enrolled from May and November 2021. Ultrasound-guided dSAPB combined with 30 ml of 0.375% ropivacaine or 30 ml of 0.375% ropivacaine with dexmedetomidine (1 μg/kg) was administrated before anesthesia at the fourth to fifth ribs of the axillary midline. The primary outcome was quality of recovery, measured 24 h postoperatively using the QoR-15. Secondary outcomes were the Visual Analogue Scale (VAS) scores at rest and movement at 1, 6, 12, 24, and 48 h after surgery, 48 h sufentanil consumption postoperatively, the incidence of postoperative nausea and vomiting (PONV), length of post-anesthesia care unit (PACU) stay, dizziness, delirium, SAPB-related adverse events, and patient’s satisfaction with pain management.



Results

Among the 88 participants, 8 did not meet the inclusion criteria; the other 80 were randomized to receive dSAPB combined with ropivacaine (Group R, N=40) and dSAPB combined with ropivacaine plus DEX (Group RD, N=40), of which a total of 7 (4 in Group R and 3 in Group RD) were excluded due to protocol deviation. Eventually,73 participants (36 in Group R and 37 in Group RD) were included for final analysis, with age (SD, years, 54.08[6.28] vs. 54.62[7.44], p=0.740), body mass index (BMI) (SD, 27.96[1.67] vs. 27.57[2.38], p=0.428), and median preoperative global QoR-15 score (interquartile range (IQR), 127[123.25–131] vs. 126[121–130], p=0.662). The median postoperative global QoR-15 score (IQR, 107[103–112] vs. 109.5[107–114], p=0.016), VAS score at rest at 12th hour (IQR, 1[1–2] vs. 1[1–2], p=0.033), VAS score in movement at 12th hour (IQR, 2[1–3] vs. 2[1–3], p=0.014) and at 24th hour (IQR, 3[2–3] vs. 3[2–3], p=0.040), and median sufentanil rescues consumption (IQR, 14[12–17 vs. 14[12–15], p=0.022] of Group RD were significantly lower than those of the Group R. Patient satisfaction score (SD, 8.28[0.70] vs. 8.62[0.59], p=0.024) of Group RD were significantly higher than those of the Group R.



Conclusion

The ultrasound-guided dSAPB combined with dexmedetomidine plus ropivacaine may improve the QoR-15 in patients undergoing modified radical mastectomy and indicates that it may be a useful intervention to aid recovery following breast cancer surgery. Furthermore, participants in the ropivacaine with DEX group met the superior pain relief in the early postoperative period, reduced postoperative cumulative opioid consumption, increased patient satisfaction, and no increase in the incidence of complications.
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Introduction

Breast cancer has overtaken lung cancer as the most commonly diagnosed malignancy and is the leading cause of cancer-related death in women (1, 2). During the past recent years, various therapies emerged in the era of breast cancer. Breast cancer is a heterogeneous disease in which genetic and environmental factors are involved (3). Despite that the breast cancer age-standardized mortality rates have decreased by 2%–4% per year since the 1990s (4), the incidence of breast cancer was 11.7% in total new cases in 2020, both sexes and in all ages (5). Breast cancer treatment methods include surgery, radiotherapy, chemotherapy, hormone therapy, targeted therapy, and immunotherapy (6). Surgery is the only possible cure for breast cancer, so surgical resection of the tumor is the preferred treatment for early breast cancer (7, 8).

The incidence of acute postoperative pain (APP) is high in breast surgery, and opioids are the most commonly used drugs to treat APP. However, they are not without systemic side effects, which may increase comorbidities (9). Although there is no evidence that perioperative pain management reduces patient mortality, perioperative pain might influence the oncological outcome in major tumor resection surgery (10, 11).

There are some local or regional nerve blocks in breast cancer performed as core components of multimodal analgesia and enhanced recovery after surgery (ERAS) (12), including thoracic epidural (13), interscalene brachial plexus (14), paravertebral (15), pectoral nerve blocks (16, 17), and erector spinae plane block (18). Ultrasound-guided serratus anterior plane block (SAPB) is a new analgesic technique applied to the clinic proposed by Blanco (19); it is a block in which local anesthetic is deposited within an interfascial plane either superficial or deep into the serratus anterior muscle at the mid-axillary line (20). Some clinical trials reported that both superficial and deep SAPB provided effective blockade to alleviate the pain after modified radical mastectomy for breast cancer (21–23), but Edwards et al. suggested that the deep SAPB may improve analgesia to a greater degree than the superficial SAPB (24). In fact, despite the use of long-acting local anesthetic agents, the patient’s pain cannot completely be eliminated due to the short duration of anesthesia. Dexmedetomidine is a highly selective alpha-2 adrenal receptor agonist (25); as an adjunct to local anesthetics, the duration of peripheral nerve block can be prolonged. Notably, dexmedetomidine assisted with local anesthetics has been reported to accelerate the onset of action and prolong the duration of block (18, 26, 27). However, to the best of our knowledge, there are no reports on the efficacy and safety of dexmedetomidine combined with local anesthetic in dSAPB. The purpose of this study was to compare the efficacy of dexmedetomidine combined with dSAPB in breast cancer surgery.



Methods


Study Participants

The study was a prospective, single-center, parallel-group, randomized, double-blind clinical trial, approved by the ethics committee of Bethune International Peace Hospital, Shijiazhuang, Hebei Province, China (2021-KY-128), and registered in the Chinese Clinical Trial Registry (ChiCTR2100045264). This study followed the Consolidated Standards of Reporting Trials (CONSORT) statement and principles of the Declaration of Helsinki. One day before surgery, all patients were evaluated and signed written informed consent to participate in the trial. A total of 88 female patients aged 33–65 years with BMI ≤30 kg/m2 and American Society of Anesthesiologists (ASA) I–II who were scheduled for modified radical mastectomy for breast cancer between May and November 2021 were included in this study. The exclusion criteria included a history of allergy to any trial drugs, presence of coagulation disorders, infection at the nerve block puncture site, ingestion of any analgesic drug within 48 h before surgery, history of chronic pain medication use, trauma or history of thoracic spine surgery, sinus bradycardia, and atrioventricular block and any other conditions that were not appropriate for this study.



Random Selection of Patients

The study participants were using a computer-generated list of random numbers, randomly grouped on a scale of 1:1. The distribution results were sealed in an opaque envelope and kept by the study manager. On the surgical day, the study administrator handed the envelope to the anesthesia assistant who dispensed the anesthetic fluid. The patients were randomly assigned to two groups: the ropivacaine group (Group R) and the ropivacaine plus dexmedetomidine group (Group RD), with 36 patients in each group. An indwelling intravenous needle and noninvasive blood pressure, electrocardiogram, oxygen saturation, and Bispectral index were monitored to the patient who entered the operating room. Before the nerve block, all patients received intravenous 1 μg/kg of dexmedetomidine for 10 min, and 5 ml of 0.9% isotonic saline was prepared for positioning. The anesthesia assistant prepared a total of 30 ml of 0.375% ropivacaine or 30 ml of 0.375% ropivacaine with dexmedetomidine (1 μg/kg). The assistant handed the syringe filled with the potion to the anesthesiologist, who has mastered the anesthesia but did not know which group the patient belongs to. Thus, group assignments were blinded by patients, healthcare providers (anesthesiologists who performed SAPB and were responsible for intraoperative care and surgeons), and data collectors.



Deep Serratus Anterior Plane Block Process

After patients entered the operating room and received intravenous dexmedetomidine of 1 μg/kg for 10 min, the patient was placed in the lateral decubitus position, facing upward, with the patient’s independent arm comfortably resting above the head, exposing the lateral chest wall. A 6–13-MHz linear array ultrasonic sensor probe (HFL38x; FUJIFILM SonoSite, Bothell, Washington) identified the fourth to fifth ribs of the axillary midline. Intercostal muscles between the ribs and the serratus anterior muscles and the latissimus dorsi muscles on the surface of the ribs were identified. The thoracic dorsal artery is also identified as an additional anatomical marker to identify the serratus anterior superficial plane. The skin at the needle insertion site was sterilized with 1% iodophor, and 1% lidocaine was used for local anesthesia where block needles enter into the skin. Under the guidance of continuous ultrasound, a short inclined non-stimulating puncture needle (Pajunk, 22 gauge) was inserted through the skin wound, and the needle was pushed with saline until the puncture tip was on the appropriate plane; then, ropivacaine with or without dexmedetomidine was deposited and adequately spread in schedule, respectively, and confirmed by direct ultrasound visualization.



Standard Procedure for General Anesthesia

Standardized general anesthesia regimens for all patients. After a 3-min preoxygenation, general anesthesia was induced with 0.1 mg/kg of dezocine, 2 mg/kg of etomidate, 2 mg/kg of propofol, and 0.4 μg/kg of sufentanil intravenously after the nerve block was completed. Upon loss of consciousness, 0.6 mg/kg of rocuronium was used for laryngeal mask airway (LMA) placement. All patients were given 10 mg of dexamethasone and 5 mg of tropisetron immediately after induction of anesthesia. To maintain anesthesia in the patients, 4–6 mg/kg of propofol and 0.1–1 μg/kg of remifentanil were used; 0.2 mg/kg rocuronium was maintained for 40–60 min intraoperatively. Sufentanil (0.1 μg/kg) was intravenously injected when the patient’s hemodynamic parameters exceeded 20% of the baseline. Patients were given 0.25 mg of atropine at a heart rate below 50 beats/min. The bispectral index system value during anesthesia maintenance was between 40 and 60. Pressure-controlled ventilation was used to maintain end-tide partial pressure of carbon dioxide (PaCO2) between 35 and 45 mmHg. At the end of the surgery, if necessary, 1 mg of neostigmine and 0.5 mg of atropine were antagonized with neuromuscular blockers. After the LMA was removed, the patients were transferred to the post-anesthesia care unit (PACU) for observation. The postoperative analgesic regimen consisted of routine intravenous administration of 50 mg of flurbiprofen every 12 h and patient-controlled intravenous analgesia (PCIA) accompanied by sufentanil (PCIA), which was set to deliver a bolus dose of 4 μg sufentanil (2 μg/ml) on-demand, with a lockout interval of 15 min and without basal infusion. Postoperative pain was assessed using a Visual Analogue Scale (VAS) on a scale of 0 (no pain) to 10 (the worst pain imaginable). If the VAS pain score exceeded 3 or the patient required, intravenous 2 μg of sufentanil was administered as a rescue analgesic by using the PCIA device. Five milligrams of tropisetron and 10 mg of metoclopramide were administered intravenously, if postoperative nausea or vomiting occurred, as rescue antiemetics.



Primary and Secondary Outcomes

This study was conducted to determine whether preoperative deep serratus anterior plane block combined with ropivacaine or ropivacaine plus dexmedetomidine is superior in improving the quality of rehabilitation after modified radical mastectomy. The primary outcome was quality of recovery, measured 24 h postoperatively using the QoR-15, a development and Psychometric Evaluation of a Postoperative Quality of Recovery Score (28, 29), which comprises five domains of testing: pain (two questions), physical comfort (five questions), physical independence (two questions), psychological support (two questions), and emotional state (four questions).

Secondary outcomes were the VAS scores at rest and movement at 1, 6, 12, 24, and 48 h after surgery, 48 h sufentanil consumption postoperatively, the incidence of postoperative nausea and vomiting (PONV), length of PACU stay, dizziness, delirium, SAPB-related adverse events, and patient’s satisfaction with pain management. The interval as PACU admission to the Aldrete score reaching 9 was defined as the length of PACU stays (30). Patient satisfaction with pain management was assessed 24 h after surgery using an 11-point Likert scale (range, 0–10; 0 equals entirely unsatisfied, and 10 equals fully satisfied) (31). All the above results were assessed by an independent researcher unaware of the group assignment.



Sample Size Estimation

The sample size was calculated based on global QoR-15 points 24 h after surgery. A change of 8.0 on the QoR-15 score was considered as a clinically significant improvement in QoR after surgery and anesthesia (32). According to the pilot study, the QoR-15 scores at 24 h postoperatively were equivalent to 117.6 (11.2) in the dSAPB with the ropivacaine group. Assuming a two-tailed alpha threshold of 0.05 and a power (1-beta) of 90% to detect an increment of 8.0 in the QoR-15 scores at a significance, 36 participants in each group were required. Taking into consideration a 20% withdrawal and loss for follow-up, we finally recruited 88 patients in this study.



Statistical Analysis

All statistical analyses were performed using IBM SPSS software Version.23.0 (IBM, Armonk, NY: IBM Corp). The normality of quantitative variables was examined with the Kolmogorov–Smirnov test. Quantitative variables are expressed as mean or median (IQR). Student’s t-test was used to compare the mean values of age, weight, height, operation time, and PACU discharge time. The overall QoR-15 score and the cumulative use of sufentanil after surgery are reported as the median (interquartile range [IQR]) and were analyzed using the Mann–Whitney U-test. A 95% CI of differences was given for each statistical comparison. Categorical variables were reported as numbers and percentages. The proportion of ASA classification and the number of PONV patients were compared by χ2-test. Fisher’s precise test was used to compare rates of dizziness or delirium between groups. In addition, analysis of variance was performed on multiple comparisons to assess pain scores within 24 h after surgery. A p-value <0.05 was considered statistically significant in the two-sided test.




Results

The CONSORT 2010 flowchart is shown in Figure 1. Between May and November 2021, we screened 88 potential participants who planned an elective unilateral modified radical mastectomy under general anesthesia. Based on inclusion criteria, six participants were deemed ineligible, and two declined to participate. A total of 80 participants participated in the trial. After randomization, four patients in the dSAPB with ropivacaine group and three in the dSAPB with DEX plus ropivacaine group were excluded for protocol violation. Therefore, data from 73 patients were used in the final analysis. Patient statistics and operation time were similar between the two groups (Table 1).




Figure 1 | CONSORT 2010 flow diagram.




Table 1 | Demographic characteristics of the participants.



The global QoR-15 scores are shown in Figure 2. The global QoR-15 scores were significantly higher 24 h postoperatively (better recovery) in the dSAPB with ropivacaine plus DEX group than in the ropivacaine group (estimated median difference: 4; 95% CI 1–6, p=0.016).




Figure 2 | Violin plots of the global QoR-15 scores (73 patients) before surgery and 24 h after surgery. The global QoR-15 scores in the group RD were higher than those in the group R (median difference: 4, 95% CI 1–6, p=0.016 by the Mann–Whitney U-test). *p<0.05.



Preoperative dSAPB administration of 0.375% ropivacaine with DEX reduced acute VAS pain scores at rest at 12th hour, exercise at 12th and 24th hour after surgery (both p < 0.05, Table 2). There was no significant difference between resting (p =0.125) and exercise (p =0.104) 48 h after surgery. The dSAPB of 0.375% ropivacaine with DEX group had lower cumulative consumption of opioids (sufentanil) 24 h after surgery compared with the ropivacaine group (median, 14 μg; IQR 12–15, compared with median, 14 μg; IQR 12–17; p=0.022). The median difference between the dSAPB with DEX group and the ropivacaine group was −2 μg (95% CI -2 to 0, p = 0.022).


Table 2 | Outcomes for patients receiving deep serratus anterior plane block with ropivacaine or ropivacaine plus DEX.



As shown in Table 2, the incidence of PONV 24 and 48 h after surgery was 6 (16.2%) in the dSAPB of 0.375% ropivacaine with DEX group vs. 11 (30.6%) in the ropivacaine group, and 5 (13.5%) in the dSAPB of 0.375% ropivacaine with DEX group vs. 8(22.2%) in the ropivacaine group, and the difference was not statistically significant (p =0.147, p =0.331, respectively). Dizziness occurred in three and four patients in the dSAPB of 0.375% ropivacaine with the DEX group and the ropivacaine group, respectively.



Discussion

Consistent with the recent focus on functional recovery, rather than simply measures of postoperative opioid consumption and pain scores (33). Our study demonstrated that the combination of dSAPB of 0.375% ropivacaine with DEX improves the QoR-15 compared with ropivacaine alone, although these improvement differences do not amount to 8, and maybe no obvious clinical significance. Therefore, we believe these differences will become more pronounced and biases will be avoided as more people are enrolled. Furthermore, participants in the dSAPB of 0.375% ropivacaine with DEX group met the superior pain relief in the early postoperative period, reducing the postoperative cumulative opioid consumption. No dSAPB -related adverse events (eg, local anesthetic toxicity, pneumothorax, bleeding or infection) were observed in the study. Taken together, these findings may still indicate that preoperative administration of dSAPB of 0.375% ropivacaine with DEX may be a useful intervention to aid recovery following breast cancer surgery.

Recovery after surgery and anesthesia is a multidimensional, inter-related, and complex process that involves many areas beyond the scope of postoperative pain (34). QoR-15 is a recently developed patient-reported outcome measure of the quality of postoperative recovery. It was developed from the QoR-40, which has been widely used and validated as a measure of the quality of postoperative recovery (35). Compared to QoR-40, QoR-15 has the same psychometric properties but is more feasible to use (28). QoR-15 is a validated quality assessment tool that can evaluate the efficacy of the post-surgical intervention on QoR-15 from a patient’s perspective (36). Meanwhile, postoperative pain remains a challenge for breast surgery patients (37); strategies to limit pain are increasingly being elaborated. Regional anesthesia technique has provided excellent postoperative analgesia and improved the quality of recovery after surgery (12). The recent emergence of ultrasound-guided regional anesthesia techniques for breast surgery includes thoracic paravertebral block, vertical ridge plane block, and thoracic nerve block, etc. provides an alternative to thoracic epidural/paraspinal block for postoperative analgesia (38). As a result, implementing patient-centered outcomes has been proposed by healthcare organizations in several countries to improve the quality of care. In this study, preoperative ultrasound-guided single-injection dSAPB of 0.375% ropivacaine plus DEX resulted in a change of 4 in QoR-15 score, indicating relevant improvement in patients’ early postoperative health status.

Dexmedetomidine has an anti-sympathetic effect that activates the vagus nerve and reduces plasma catecholamine levels, thereby providing stable hemodynamics. The analgesic effect of dexmedetomidine is the result of multiple mechanisms. A previous study suggested that the addition of dexmedetomidine to ropivacaine for sciatic nerve block in rats not only prolonged the duration of sensory and motor block of the sciatic nerve but also markedly alleviated ropivacaine−induced neurotoxicity by decreasing caspase−3−dependent sciatic nerve cell apoptosis (39). Intrathecal dexmedetomidine (5 μg) reduced the ED of intrathecal hyperbaric ropivacaine by approximately 18% for cesarean section in healthy parturients under combined spinal-epidural anesthesia (40). Lower postoperative pain scores and reduced perioperative opioid consumption are thought to be important causes. The mechanism of dexmedetomidine is mainly to activate sodium and potassium pumps to enhance membrane hyperpolarization (18). The analgesic effect of dexmedetomidine around the nerve is due to the enhancement of the cation channel activated by hyperpolarization, which prevents the neuromembrane potential from recovering from hyperpolarization to discharge in the resting state (41). Compared with placebo, dexmedetomidine prolonged sensory block time of ulnar nerve by 60% and systemic dexmedetomidine extended sensory block time by 10% (42). Therefore, local anesthetics combined with dexmedetomidine can enhance the inhibition of nerve conduction, and its analgesic effect is superior to that of local anesthetics alone.

The analgesic effect of postoperative single nerve block remains to be further elucidated due to the unsatisfactory and difficult management of indignant peripheral nerve catheter (43). Ropivacaine is a long-acting amide local anesthetic that is thought to be better at separating sensory and motor effects and less cardiotoxic (44). However, the time of using ropivacaine alone for a nerve block is short and the postoperative analgesic effect is limited. Dexmedetomidine combined with ropivacaine can enhance peripheral nerve block and prolong sensory block time (45, 46). Our present study showed that ropivacaine plus dexmedetomidine (μg/kg−1) had better analgesic efficacy than ropivacaine alone. The postoperative pain score of the RD group was significantly lower than that of the R group in the resting and exercise state, similar to previous reports of erector spinae plane block, dexmedetomidine combined with ropivacaine reduced pain scores at 24 h after breast cancer surgery (18). Our rat model (41), which showed that the combination of dexmedetomidine and ropivacaine can increase the block time of the sensory drinking motor, and the block time is related to the concentration of the dexmedetomidine and ropivacaine. On the contrary, Abdallah et al. suggested that the addition of deep serratus anterior block to general analgesia cannot improve the quality of rehabilitation in patients undergoing outpatient breast cancer surgery (47), this may be related to the small number of cases enrolled and the selection of patients with larger weight (BMI < 35) undergoing ambulatory surgery. Patients with antepartum obesity may require decreased ropivacaine concentration for epidural labor analgesia when co-administered with 0.5 µg/ml dexmedetomidine (48). However, it was a very meaningful study, and more studies are needed to confirm the effect of serratus anterior block in breast cancer surgery.

Reducing perioperative opioid use is one of the current goals of enhanced recovery after surgery, which aims to reduce potential opioid-related side effects. Regional nerve block plays an important role in opioid reduction. In this study, dexmedetomidine combined with ropivacaine can reduce the postoperative dosage of sufentanil and improve patient satisfaction. Previous reports indicate that dexmedetomidine combined with a paravertebral block was found to reduce opioid dosage during thoracoscopic surgery (49). Paraspinal thoracic block can reduce the consumption of opioids in early postoperative breast surgery, which may be related to the anesthetic time of ropivacaine (50) avoided the complications of epidural block in breast surgery patients (51). Unilateral ESPB was administered during modified radical mastectomy, similar to a unilateral thoracic epidural block and without hemodynamic side effects, can reduce the use of opioids after breast cancer (52).


Limitations

First, despite the results showing a statistically significant difference in postoperative QoR-15 scores between the two groups, the difference was not clinically significant. More patient enrollment is needed to reduce this bias. Second, this study is a single-center randomized controlled study, which requires more centers and more cases to verify our conclusions. Third, we did not investigate the different doses of dexmedetomidine on the intrathecal ropivacaine for modified radical mastectomy. Fourth, the study also did not evaluate preoperative skin diffusion of the blocker as a proxy for analgesic efficacy. Fifth, we did not regulate the postoperative pain management of patients after discharge from the hospital. With focusing on short-term pain, we also need to focus on chronic pain in patients. The last but not least, some confounding factors, such as environment, anxiety, stress, and post-traumatic stress disorder, may affect the resolution of postoperative pain. We did not include all confounding factors affecting postoperative pain, and further relevant studies are needed.




Conclusions

In conclusion, under the conditions of the present study, the ultrasound-guided deep serratus anterior plane block combined with dexmedetomidine plus ropivacaine may improve the QoR-15 with ropivacaine alone in patients undergoing modified radical mastectomy and indicate that it may be a useful intervention to aid recovery following breast cancer surgery. Furthermore, participants in the ropivacaine with DEX group met the superior pain relief in the early postoperative period, reduced the postoperative cumulative opioid consumption, and increased patient satisfaction, and there was no increase in the incidence of complications.
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