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Background: The anesthetic characteristics of ultrasound-guided bi-level erector spinae plane block (ESPB) plus dexmedetomidine (Dex) remain unclear. We compared the efficacy and safety of ultrasound-guided bi-level ESPB plus different doses of Dex in patients undergoing video-assisted thoracic surgery (VATS).

Methods: One-hundred eight patients undergoing VATS were randomized into three groups: R group (n = 38, 15 ml of 0.375% ropivacaine with 0.1 mg/kg dexamethasone), RD1 group (n = 38, 15 ml of 0.375% ropivacaine plus 0.5 μg/kg DEX with 0.1 mg/kg dexamethasone) and RD2 group (n = 38, 15 ml of 0.375% ropivacaine plus 1.0 μg/kg DEX with 0.1 mg/kg dexamethasone). The primary outcome was the pain 12 h after surgery. Secondary outcomes included the Prince Henry Hospital Pain Score; hemodynamics; consumption of sufentanil; anesthetized dermatomal distribution; recovery time; rescue analgesia; satisfaction scores of patients and surgeon; quick recovery index; adverse effects; the prevalence of chronic pain and quality of recovery.

Results: The visual analog scale (VAS) and the Prince Henry pain score were significantly lower in both the RD1 and RD2 groups during the first 24 h after surgery (P < 0.05). Both VAS with coughing and the Prince Henry pain score were significantly lower in the RD2 group than in the RD1 group 8–24 h after surgery (P < 0.05). Both heart rate and mean arterial pressure were significantly different from T2 to T6 in the RD1 and RD2 groups (P < 0.05). The receipt of remifentanil, propofol, Dex, and recovery time was significantly reduced in the RD2 group (P < 0.05). The requirement for sufentanil during the 8–72 h after surgery, less rescue medication, and total press times were significantly lower in the RD2 group (P < 0.05). The time to the first dose of rescue ketorolac was significantly longer in the RD2 group (P < 0.05). Further, anal exhaust, removal of chest tubes, and ambulation were significantly shorter in the RD2 group (P < 0.05). The incidence of tachycardia, post-operative nausea and vomiting, and chronic pain was significantly reduced in the RD2 group, while the QoR-40 score was significantly higher in the RD2 group (P < 0.05).

Conclusions: Pre-operative bi-level, single-injection ESPB plus 1 μg/kg DEX provided superior pain relief and long-term post-operative recovery for patients undergoing VATS.

Clinical Trial Registration: http://www.chictr.org.cn/searchproj.aspx.
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INTRODUCTION

Guidelines for enhanced recovery after thoracic surgery (ERATS) aimed at early mobilization and minimal perioperative opioid use without increasing hospital readmission or mortality have been published recently. Video-assisted thoracic surgery is one of the most minimally invasive techniques that allow faster recovery after thoracic surgery in this guideline (1). However, the optimal multimodal analgesia regimen for video-assisted thoracic surgery (VATS) has not been well-established (2). The poor management of post-operative pain after VATS may result in pulmonary complications, increase chronic pain and the duration of hospital stay, and subsequently, affect the quality of life of patients (3, 4). Previous study also reported that the most important risk factor for chronic pain after VATS was the occurrence of moderate-to-severe post-operative pain (5).

Regional anesthesia blocks should be considered as a vital component of the multimodal analgesia regimen. These techniques can decrease complications of opioid use, reduce the length of hospital stay, and improve the efficiency of healthcare resources (6). In recent decades, thoracic epidural block (TEB) and paravertebral block (PVB) have been successfully used for analgesia in thoracic surgery (7). Thoracic epidural block is considered the gold standard technique for pain control after thoracotomy, however, it is not compatible with the concept of ERATS owing to technical complexities and significant potential complications (8). Besides, PVB can cause pneumothorax and total spinal anesthesia (9).

Ultrasound-guided regional anesthesia allows the real-time visualization of anatomical structures, needle advancement, and local anesthetic (LA) spread. Ultrasound-guided thoracic fascial plane blocks, which are relatively simple and safe to perform, can provide alternative analgesic options (10). Ultrasound-guided erector spinae plane block (ESPB), a novel interfacial plane block first described in 2016, has recently been applied in clinical practice as it is less invasive, however, the exact mechanism and its injectate spread are still controversial (11–13). Recent studies have shown that ESPB is a potentially promising effective and safer alternative to TEB and PVB without significant complications (14, 15). Local anesthetic combined with dexmedetomidine (DEX) has been reported to prolong analgesia in TEB, PVB, brachial plexus blocks, and serratus anterior plane block (SAPB) (16). However, it is presently unclear whether adjuncts such as DEX will significantly prolong the duration of ESPB in the same manner. We hypothesized that ultrasound-guided, bi-level ESPB plus different doses of dexmedetomidine (DEX) could improve post-operative analgesia and post-operative recovery in patients undergoing VATS.



METHODS


Patients

The institutional review board of the Liaocheng People's Hospital provided ethics approval to conduct the trial (No. 2014001); this trial is an extension of our initial protocol which has been registered at chictr.org.cn (ChiCTR-TRC-14004191 and ChiCTR-IPR-15007229). Written informed consent was obtained from patients or their guardians. Patients undergoing VATS at the Liaocheng People's Hospital between May 2018 and November 2019 were recruited. Eligible patients were those between 45 and 65 years old, scheduled for lobectomy under complete VATS (17), and had an American Society of Anesthesiologists (ASA) status of I or II. Patients were excluded if they had clinically serious cardiovascular or peptic ulcer diseases; history of allergy to LA, DEX, or non-steroidal anti-inflammatory drugs (NSAIDs); body mass index (BMI) >30 kg/m2; infection at the puncture site; history of chronic pain or analgesic use for nearly 6 months; diabetes; unable to use the visual analog scale (VAS) or patient-controlled intravenous analgesia (PCIA) system.



Randomization and Blinding

Randomization was performed using a computer-generated randomization table. The anesthetic nurses in the acute pain services (APS) instructed the patients on how to use a 10-cm VAS scale (0 = no pain, 10 = maximum pain imaginable) and PCIA system and performed all the post-operative assessments. Another anesthetic nurse who did not participate in the study prepared the drugs for ESPB and PCIA according to the randomization table. The patients, anesthesiologists, anesthetic nurses, and the surgeon were all blinded to this study. One-hundred eight patients undergoing VATS were randomized into three groups: R group (n = 36, 30 ml 0.375% ropivacaine with 0.1 mg/kg dexamethasone), RD1 group (n = 36, 30 ml 0.375% ropivacaine with 0.1 mg/kg dexamethasone plus 0.5 μg/kg DEX), and RD2 group (n = 36, 30 ml of 0.375% ropivacaine with 0.1 mg/kg dexamethasone plus 1.0 μg/kg DEX).



Ultrasound-Guided Bi-Level ESPB

Erector spinae plane block was performed as described in a previous study (18). Briefly, a unilateral ultrasound-guided ESPB (SonoSite, Washington, USA) was administered under aseptic conditions by the same experienced anesthesiologist in the anesthesia preparation room. The patients were under standardized monitoring with 2–3 L/min oxygen through a nasal cannula. Then, 2 mg midazolam and 5 μg sufentanil were administered intravenously before the patients were placed in a lateral position. The T4 spinous process was identified by palpation starting from C7 downward; then, a high-frequency probe was placed 2–3 cm lateral to the T4 transverse process longitudinally. After visualizing the trapezius, rhomboid major, erector spinae muscles, and transverse processes, an in-plane approach was adopted. An 8 cm, 22-gauge needle (Stimuplex Ultra 360; B. Braun, Melsungen, Germany) was inserted in the cephalad-to-caudad direction with a shallow trajectory (30–40°) in the fascial plane, deep to the erector spinae muscle. Afterward, 2 ml saline was injected to confirm the proper injection site and 15 ml 0.375% ropivacaine with 0.1 mg/kg dexamethasone and different doses of DEX were then injected. The same procedure was performed at the T6 transverse process level. The range of the dermatomal distribution was tested by the pinprick method 30 min after the block.



Anesthesia Management

No pre-operative medication and the same multimodal analgesia regimen were used in all patients. To facilitate the endotracheal intubation, 1.5–2.5 mg/kg propofol, 0.2 μg/kg sufentanil, 0.2 mg/kg cisatracurium, and 1 mg/kg lidocaine were used. The position of the tube was verified using fiberoptic bronchoscopy. Next, 1 mg/kg flurbiprofen axetil was administered intravenously for pre-emptive analgesia and 0.1 mg/kg dexamethasone was administered for the prophylaxis of post-operative nausea and vomiting (PONV) before the surgical incision. We adopted the total intravenous anesthesia (TIVA) technique during the surgery to decrease the risk of PONV (19). Target controlled infusion (TCI) 2–4 μg/ml propofol, 0.2–0.7 μg/kg/h Dex, and 0.1–0.2 μg/kg/min remifentanil administration was adjusted to target a bispectral index (BIS) between 40 and 60. Further, 0.1 mg/kg cisatracurium was infused as necessary to help maintain one to two twitches in response to the train-of-four (TOF) stimulus of the ulnar nerve. One-lung mechanical ventilation was set with a tidal volume of 4–6 ml/kg and a peak airway pressure of <25 cm H2O according to the protective lung ventilation strategy (20). The neuromuscular blockade was antagonized by 0.01 mg/kg atropine and 0.02 mg/kg neostigmine because residual paralysis was associated with a higher risk of post-operative pulmonary complications. Additionally, 5 mg of intravenous tropisetron was given at the end of the surgery for PONV prophylaxis. All VATS procedures were performed by the same surgeon.



Post-operative Pain Management

All the patients were extubated at the end of surgery and transferred to the post-anesthesia care unit (PACU). Patient-controlled intravenous analgesia was programmed to deliver 0.02 μg/kg/h sufentanil and 0.02 μg/kg sufentanil bolus, followed by a 15-min lockout period. Post-operative analgesia with 1 g of intravenous acetaminophen was provided every 8 h; a 30 mg rescue dose of intravenous ketorolac if the VAS at rest is >3 or according to the demands of the patients; 4 μg of sufentanil was administered if the VAS at rest was still >3 after 30 min. Hypotension was defined as systolic arterial pressure (SAP) <90 mmHg or a decrease of >20% compared with the baseline and was treated with 6 mg of intravenous ephedrine. Tachycardia was defined as heart rate increased by >20% compared with the baseline and was treated with 10 mg of intravenous esmolol.



Measurements

The primary outcome was VAS both at rest and with coughing during the 12 h after surgery. The secondary outcomes included the Prince Henry Hospital Pain Score (0 = no pain on coughing, 1 = pain on coughing, but not on deep breathing, 2 = pain on deep breathing but not at rest, 3 = slight pain at rest, 4 = severe pain at rest) (21); requirement of sufentanil (recorded at 1, 4, 8, 12, 24, 48, and 72 h post-operatively); hemodynamics [recorded at the following time points: arrival at the operating room (T0), before intubation (T1), after intubation (T2), before incision (T3), 30 min after one-lung ventilation (T4), at extubation (T5), and 1 (T6), 4 (T7), 8 (T8), and 12 (T9) h post-operatively]; anesthetized dermatomal distribution; PACU recovery time; total number of PCIA presses; number of patients needing rescue analgesia; time to first rescue analgesic; satisfaction scores of patients and surgeon (assessed using an 11-point Likert scale: 0 = entirely unsatisfied, 10 = fully satisfied); time of feeding, ambulation, exhaust, and removal of chest tubes; adverse effects; and length of hospital stay. Additionally, the prevalence of chronic pain and the quality of recovery [40-item QoR questionnaire (QoR-40): scores ranging from 40 to 200, representing very poor to excellent] were assessed 3 months after surgery (22).



Statistical Analysis

Our sample size was calculated based on VAS with coughing 12 h post-operatively. According to our preliminary study, VAS with coughing 12 h post-operatively was 3.2 ± 0.7. Assuming an alpha value of 0.05 and a beta value of 0.2 for a 1.0-point difference, the calculated sample size was 32 patients per group. Considering the dropout rate, we enrolled a total of 108 patients in this study.

Statistical analysis was performed with SPSS for Windows Version 22.0 (IBM, Ney York, USA). The Kolmogorov–Smirnov test was used to assess the distribution of variables. The homogeneity of variance was determined using Levene tests. Normally distributed data were expressed as mean SD, non-normally distributed data were expressed using median (interquartile range), and categorical data were expressed as number (n) and percentage (%). Repeated-measures two-way ANOVA was used to evaluate the differences at different time points among the groups. Bonferroni multiple comparisons were performed for multiple comparisons. The non-normally distributed data were analyzed with the Kruskal–Wallis test, chi-square tests, or Fisher's exact tests. Probability (P) values <0.05 were considered statistically significant.




RESULTS


Baseline Characteristics

Figure 1 shows the details of patient enrollment according to the consolidated standards of reporting trials (CONSORT) guidelines. Two hundred sixteen patients undergoing VATS at our hospital between May 2018 and November 2019 were recruited. Of these, 102 patients were excluded for the following reasons: 14 patients with clinically serious cardiovascular diseases, 27 with serious peptic ulcers, six with a history of allergy to LA, Dex, or NSAIDs, 18 patients with BMI >30 kg/m2, eight with infection at the puncture site, 18 with a history of chronic pain or analgesic use for nearly 6 months, and 11 patients who were unable to use the VAS or PCIA system. Further, three patients were excluded because the sensory block did not reach the required level (two patients from the RD1 group, and one from the RD2 group), and three patients were excluded because of conversion to open thoracotomy (two patients from the R group, and one patient from the RD2 group). Finally, 108 patients were enrolled in this study (n = 36, each group). There were no significant differences with respect to age, sex, BMI, ASA grade, location, pulmonary function, or pre-operative comorbidities among the three groups (P > 0.05, Table 1).


[image: Figure 1]
FIGURE 1. Patient consort flow diagram.



Table 1. Demographic characteristics.
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Intraoperative Variables

Both heart rate and mean arterial pressure were significantly decreased from T2 to T6 in the RD1 and RD2 groups compared with the R group (P < 0.05, Figure 2). However, there were no significant differences between the RD1 and RD2 groups (P > 0.05, Figure 2). The requirement of propofol, remifentanil, and Dex was significantly lower in the RD1 and RD2 groups than in the R group (P < 0.05, Table 2). Further, the requirement of remifentanil and Dex were significantly lower in the RD2 group than in the RD1 group (P < 0.05, Table 2). The duration of surgery, anesthesia, estimated blood loss, urine output, infusion volume, and cisatracurium dosage did not differ significantly among the three groups (P > 0.05, Table 2). The number of patients needing vasoactive agents during surgery was significantly less in both the RD1 and RD2 groups (P < 0.05, Table 2). Additionally, the recovery time was significantly shorter only in the RD2 group (P < 0.05, Table 2). The dermatomal distribution along the midclavicular line of the blocked side was comparable among the three groups (P > 0.05, Table 2).


[image: Figure 2]
FIGURE 2. Intraoperative hemodynamic changes. T0, arrival at the operating room; T1, before intubation; T2, after intubation; T3, before incision; T4, 30 min after one-lung ventilation; T5, extubation; T6, 1 h post-operatively; T7, 4 h post-operatively; T8, 8 h post-operatively; T9, 12 h post-operatively. *P < 0.05 vs. group R.



Table 2. Intraoperative variables.
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Post-operative Variables

The VAS both at rest and with coughing and the Prince Henry pain score were significantly lower in both the RD1 and RD2 groups than in the R group during the first 24 h after surgery (P < 0.05, Figure 3). Furthermore, both VAS with coughing and the Prince Henry pain score were significantly lower in the RD2 group than the RD1 group 8–24 h after surgery (P < 0.05, Figure 3). The requirement of sufentanil during the first 72 h after surgery was significantly lower in the RD2 group than the R and RD1 groups (P < 0.05, Figure 4).


[image: Figure 3]
FIGURE 3. Post-operative pain intensity (at rest and with coughing and Prince Henry pain score) during the first 72 h after surgery among the three groups. *P < 0.05 vs. group R, #P < 0.05 vs. group RD1.



[image: Figure 4]
FIGURE 4. Post-operative sufentanil requirement during the first 72 h after surgery among the three groups. *P < 0.05 vs. group R, #P < 0.05 vs. group RD1.


The total number of press times of PCIA was significantly lower during the first 72 h after surgery in both the RD1 and RD2 groups than the R group (P < 0.05, Table 3). Less rescue medication was used in the RD2 group in the post-operative 72 h (P < 0.05, Table 3). The time to the first dose of rescue ketorolac was significantly longer in both the RD1 and RD2 groups than in the R group (P < 0.05, Table 3). Between the RD1 and RD2 groups, the time to the first dose of rescue ketorolac was significantly longer in the latter (P < 0.05, Table 3). Moreover, the satisfaction scores of the patients and surgeons were significantly higher in both the RD1 and RD2 groups than the R group (P < 0.05, Table 3). Compared with the R and RD1 groups, time to anal exhaust, removal of chest tubes, and ambulation were significantly shorter in the RD2 group (P < 0.05, Table 3). There were no significant differences concerning hemodynamics (from T7 to T9) and time until the first feeding among the three groups (P > 0.05, Figure 2, Table 3).


Table 3. Post-operative variables.
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The incidence of tachycardia and PONV was significantly reduced in the RD2 group (P < 0.05, Table 4). Pneumonia was more frequent in the R group than the other two groups, but this difference was not significant. No patients experienced puncture-related complications and respiratory inhibition during the study. The prevalence of chronic pain was lower and QoR-40 scores higher in the RD2 group than the other two groups 3 months after surgery (P < 0.05, Table 4).


Table 4. Adverse effects and post-operative recovery.
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DISCUSSION

This double-blind randomized controlled trial (RCT) showed that 30 ml 0.375% ropivacaine with 0.1 mg/kg dexamethasone plus 1.0 μg/kg DEX for bi-level ESPB provided superior analgesia for patients undergoing VATS, especially during the first 24 h after surgery. The discharge from the PACU; time to the first dose of rescue analgesia; the number of rescue medications; total press times of PCIA; and time to anal exhaust, removal of chest tubes, and ambulation were all lower and the QoR-40 scores higher in the RD2 group. Additionally, the incidence of tachycardia, PONV, and chronic pain were all reduced.

With fewer invasive surgical techniques being performed in thoracic surgery, anesthesiologists need to identify less invasive analgesia regimens (23). A previous study found that delayed mobilization was independent of predictors of delayed discharge (24). The increased awareness of opioid dependence and overuse, opioid-related tolerance, and hyperalgesia has inspired anesthesiologists to take action to minimize the use of perioperative opioids (25). Under ultrasound guidance and with a better understanding of the nervous system anatomy, multimodal and regional analgesia have emerged as the important opioid-sparing techniques. The failure rate of TEB and PVB was up to 15% and may be associated with severe complications. Although intercostal nerve block is highly effective, it requires multiple injections and is time-consuming (26). Hence, more precise dermatomal blocks that can facilitate effective analgesia and minimize the risk of puncturing adjacent structures away from the midline are needed (27). As a result, several thoracic wall blocks ranging from the parasternal to the intercostal plane have been described. These rely on the passive spread of LA to target nerves within the plane or in adjacent tissue. The effect of analgesia is dependent on multiple factors such as the volume of LA and the direction and speed of injection. This results in an inevitable individual variation in the extent and intensity of sensory loss (28, 29). Considering the cardiotoxicity of bupivacaine and the sensory-motor separation of ropivacaine, we decided to use 0.375% ropivacaine in this study.

Erector spinae plane block was first described by Forero et al. in 2016 for both post-thoracotomy neuropathic and acute postsurgical pain. The authors proposed that the dorsal and ventral rami of the thoracic spinal nerves were the ESPB action sites, which also produced a multidermatomal sensory block (11). A subsequent study reported that when ESPB was performed at the level of the T5 vertebra, LA could spread between T3 and L2 (30). Briefly, the 20 ml LA administered in the ESPB at the T5 level was shown to spread to five levels in the intercostal plane, while the neuronal foraminal and epidural spread was only limited to 2–3 levels in one cadaver study (31). However, another cadaver study stated that it expanded to the outer surface of the thoracic wall with no spread to the paravertebral space and minimal spread to the dorsal ramus (32). The analgesic duration of ESPB in the RD2 group was longer than that reported in a previous study (27). This is likely because of the different comprehensive effects of pre-emptive and multimodal analgesia in our study, especially due to the opioid-sparing mechanisms of DEX which include centrally mediated analgesia, action on peripheral nerve α2B-adrenoceptors, and attenuation of the inflammatory response (33). Besides, we used smaller incisions and improved muscle-sparing techniques as described in a previous study (17). It must be noted that the pattern of sensory innervation is complex and non-segmental because of the communication and anastomosis between adjacent spinal nerves and their branches in the chest (34). As a result, ESPB can only be used as part of a multimodal analgesia regimen or as a valid alternative to conventional regional techniques, especially for high-risk patients such as full heparinization for perioperative pain management in cardiac surgery although research about this area is still in its infancy (14, 35).

Previous studies have shown the analgesic effect of using a single-shot ESPB after breast surgery, rib fractures, and laparoscopic cholecystectomy (36–38). Additionally, Gaballah KM et al. reported that single-shot ESBP provided superior analgesia and longer time to the first required analgesia than serratus anterior plane block (SAPB), which is another recent analgesia technique done by blocking the intercostal nerves and their lateral cutaneous branches (39). However, we still adopted the bi-level ESPB technique based on a previous study that reported that bi-level ESPB was better than a single, large-volume injection in reducing opioid rescue (13). Our study showed lower VAS both at rest and with coughing and lower Prince Henry pain scores than those reported in a previous study (21). This is probably because ESPB could provide both somatic and visceral analgesia, particularly at early post-operative time points (36). Another previous study reported that rebound pain is a very severe type of pain that appears when the peripheral nerve block wears off (40). We also observed this phenomenon in some patients despite adopting the multimodal analgesia regime in our study.

Twenty-three patients in the R group were treated with a vasoactive agent during the operation, while only 12 and 13 patients in the RD1 and RD2 groups, respectively, needed the vasoactive agent. We considered that the higher number of using vasoactive agents may be a result of the lesser consumption of general anesthetics in the RD1 and RD2 groups. In this study, there was no significant difference in the post-operative feeding time among the three groups. However, the overall time was significantly shorter than that reported in a previous study (41). The time for anal exhaust, removal of chest tubes, and ambulation were reduced in the RD2 group, which may be because of the significantly reduced need for sufentanil and appropriate control of post-operative pain.

Ultrasound-guided ESPB may be relatively simpler and safer than conventional standard techniques because transverse processes offer convenient sonographic landmarks and act as an anatomical barrier to avoid needle insertion into the pleura. Because the targets for injection are distant from the midline of the spine, there is little risk of spinal cord or nerve injury, epidural hematoma or infection, major vascular injury, pleural puncture, and lung injury (42). Consistent with a previous study, we also did not record any puncture-related complications in our study, which may be because too few patients were recruited to adequately detect differences (22). The numbers of patients with tachycardia were significantly reduced in the RD2 group, demonstrating the stability of the cardiovascular system which is probably due to the combination with higher dosages of DEX (16). A previous study showed that the total plasma levobupivacaine concentrations in the ESPB group were significantly lower than those in the TPVB group even with the continuous infusion of 0.2% levobupivacaine (8 ml/h). However, no patients showed LA systemic toxicity (LAST) (43). As a result, we did not measure the plasma ropivacaine concentration in this study. Although there are no reported published cases of LAST after thoracic wall blocks, the toxic plasma concentration of LA is still considered to be established (27). Besides, the following precautions should be taken routinely: within minimum recommended weight-based LA limits and availability of the LAST rescue kit (44). A previous study has reported that ESPB could partially block C7–C8 including VATS (30). Therefore, future studies should explore the untoward effects of blocking the lower cervical dermatomes.

Chronic post-surgical pain is defined as recurring or persisting pain for more than 2 months after surgery. The reported incidence of chronic postsurgical pain (CPSP) is between 20 and 60% among VATS (45). Erector spinae plane block with 25 mg of levobupivacaine and 40 mg of triamcinolone has been used safely and effectively to treat CPSP in a case series of seven patients undergoing different surgical procedures. The reason for this is perhaps the local corticosteroid dose could suppress a continuous inflammatory condition and ectopic discharge in neural membranes (46). Therefore, we added 0.1 mg/kg of dexamethasone during the ESPB in each group in this study. The patients in the RD2 group demonstrated higher QoR-40 scores which proved better long-term post-operative recovery than for patients in the R and RD1 groups.

Our study has some limitations. First, this was a single-center study. More patients from different centers should be included to test the reproducibility of our results. Second, we only explored 30 ml 0.375% ropivacaine with two different doses of DEX in this study; the optimal dosing regimen of different combinations of drugs for ESPB needs to be further explored. Besides, we did not compare the analgesic effect between the ultrasound-guided continuous and bi-level ESPB for technical and economic reasons (47). Third, several factors influenced the outcome of the study such as the cultural level, behavior of smoking, and drinking. Fourth, VATS can greatly shorten the length of hospital stay and reduce the cost of hospitalization. However, we did not record these indicators though the time to anal exhaust, removal of chest tubes, and ambulation were significantly shorter in this study (7). Fifth, the removal of chest tubes and ambulation initiated by the caregivers could be biased although they have received consistent professional training and obtained corresponding qualifications. Last, we adopted the Chinese version of the QoR-40 questionnaire in this study. Cultural differences may have biased the results of this study (48).

In summary, performing a pre-emptive ultrasound-guided bi-level ESPB plus 1 μg/kg DEX provided superior analgesic effects and long-term post-operative recovery for patients undergoing VATS, while adverse effects were also reduced. More randomized controlled trials are needed to explore the efficacy and safety of ultrasound-guided bi-level ESPB with different combinations of drugs for patients undergoing VATS.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Review Board of Liaocheng People's Hospital provided Ethics Approval to conduct the trial. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



REFERENCES

 1. Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, Brunelli A, Cerfolio R, Gonzalez M, et al. Guidelines for enhanced recovery after lung surgery: recommendations of the Enhanced Recovery After Surgery (ERAS1) Society and the European Society of Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg. (2019) 55:91–115. doi: 10.1093/ejcts/ezy301

 2. Piccioni F, Segat M, Falini S, Umari M, Putina O, Cavaliere L, et al. Enhanced recovery pathways in thoracic surgery from Italian VATS group: perioperative analgesia protocols. J Thorac Dis. (2018) 10(Suppl. 4):S555–63. doi: 10.21037/jtd.2017.12.86

 3. Fagundes CP, Shi Q, Vaporciyan AA, Rice DC, Popat KU, Cleeland CS, et al. Symptom recovery after thoracic surgery: measuring patient-reported outcomes with the MD Anderson symptom inventory. J Thorac Cardiovasc Surg. (2015) 150:613–9.e2. doi: 10.1016/j.jtcvs.2015.05.057

 4. Bayman EO, Parekh KR, Keech J, Selte A, Brennan TJ. A prospective study of chronic pain after thoracic surgery. Anesthesiology. (2017) 126:938–51. doi: 10.1097/ALN.0000000000001576

 5. Wildgaard K, Ravn J, Kehlet H. Chronic post-thoracotomy pain: a critical review of pathogenic mechanisms and strategies for prevention. Eur J Cardiothorac Surg. (2009) 36:170–80. doi: 10.1016/j.ejcts.2009.02.005

 6. El-Boghdadly K, Madjdpour C, Chin KJ. Thoracic paravertebral blocks in abdominal surgery - a systematic review of randomized controlled trials. Br J Anaesth. (2016) 117:297–308. doi: 10.1093/bja/aew269

 7. Yeung JH, Gates S, Naidu BV, Wilson MJ, Gao Smith F. Paravertebral block versus thoracic epidural for patients undergoing thoracotomy. Cochrane Database Syst Rev. (2016) 2:CD009121. doi: 10.1002/14651858.CD009121.pub2

 8. Raft J, Richebé P. Anesthesia for thoracic ambulatory surgery. Curr Opin Anaesthesiol. (2019) 32:735–42. doi: 10.1097/ACO.0000000000000795

 9. Hutchins JL, Grandelis AJ, Kaizer AM, Jensen EH. Thoracic paravertebral block versus thoracic epidural analgesia for post-operative pain control in open pancreatic surgery: a randomized controlled trial. J Clin Anesth. (2018) 48:41–5. doi: 10.1016/j.jclinane.2018.04.013

 10. Franco CD, Inozemtsev K. Refining a great idea: the consolidation of PECS I, PECS II and serratus blocks into a single thoracic fascial plane block, the SAP block. Reg Anesth Pain Med. (2019). doi: 10.1136/rapm-2019-100745. [Epub ahead of print].

 11. Forero M, Adhikary SD, Lopez H, Tsui C, Chin KJ. The erector spinae plane block: a novel analgesic technique in thoracic neuropathic pain. Reg Anesth Pain Med. (2016)41:621–7. doi: 10.1097/AAP.0000000000000451

 12. Ciftci B, Ekinci M, Celik EC, Tukac IC, Bayrak Y, Atalay YO. Efficacy of an ultrasound-guided erector spinae plane block for post-operative analgesia management after video-assisted thoracic surgery: a prospective randomized study. J Cardiothorac Vasc Anesth. (2020)34:444–9. doi: 10.1053/j.jvca.2019.04.026

 13. Tulgar S, Selvi O, Ozer Z. Clinical experience of ultrasound-guided single and bi-level erector spinae plane block for postoperative analgesia in patients undergoing thoracotomy. J Clin Anesth. (2018)50:22–3. doi: 10.1016/j.jclinane.2018.06.034

 14. Nagaraja PS, Ragavendran S, Singh NG, Asai O, Bhavya G, Manjunath N, et al. Comparison of continuous thoracic epidural analgesia with bilateral erector spinae plane block for perioperative pain management in cardiac surgery. Ann Card Anaesth. (2018) 21:323–7. doi: 10.4103/aca.ACA_16_18

 15. Nielsen MV, Moriggl B, Hoermann R, Nielsen TD, Bendtsen TF, Børglum J. Are single-injection erector spinae plane block and multiple-injection costotransverse block equivalent to thoracic paravertebral block? Acta Anaesthesiol Scand. (2019) 63:1231–8. doi: 10.1111/aas.13424

 16. Schnabel A, Reichl SU, Weibel S, Kranke P, Zahn PK, Pogatzki-Zahn EM, et al. Efficacy and safety of dexmedetomidine in peripheral nerve blocks: a meta-analysis and trial sequential analysis. Eur J Anaesthesiol. (2018) 35:745–58. doi: 10.1097/EJA.0000000000000870

 17. Ismail NA, Elsaegh M, Dunning J. Novel techniques in video-assisted thoracic surgery (VATS) lobectomy. Surg Technol Int. (2015) 26:206–9.

 18. BalabanO, Aydin T. Ultrasound guided bi-level erector spinae plane block for pain management in Herpes Zoster. J Clin Anesth. (2019) 52:31–2. doi: 10.1016/j.jclinane.2018.08.016

 19. De la Gala F, Pineiro P, Reyes A, Vara E, Olmedilla L, Cruz P, et al. Postoperative pulmonary complications, pulmonary and systemic inflammatory responses after lung resection surgery with prolonged one-lung ventilation. Randomized controlled trial comparing intravenous and inhalational anaesthesia. Br J Anaesth. (2017) 119:655–63. doi: 10.1093/bja/aex230

 20. Ahn HJ, Kim JA, Yang M, Shim WS, Park KJ, Lee LL. Comparison between conventional and protective one-lung ventilation for ventilator-assisted thoracic surgery. Anaesth Intensive Care. (2012) 40:780–8. doi: 10.1177/0310057X1204000505

 21. Qiu Y, Wu J, Huang Q, Lu Y, Xu M, Yang D, et al. Acute pain after serratus anterior plane or thoracic paravertebral blocks for video-assisted thoracoscopic surgery: a randomised trial. Eur J Anaesthesiol. (2020) 37:1–7. doi: 10.1097/EJA.0000000000001196

 22. Yao Y, Fu S, Dai S, Yun J, Zeng M, Li H, et al. Impact of ultrasound-guided erector spinae plane block on postoperative quality of recovery in video-assisted thoracic surgery: a prospective, randomized, controlled trial. J Clin Anesth. (2020) 63:109783. doi: 10.1016/j.jclinane.2020.109783

 23. Semyonov M, Fedorina E, Grinshpun J, Dubilet M, Refaely Y, Ruderman L, et al. Ultrasound-guided serratus anterior plane block for analgesia after thoracic surgery. J Pain Res. (2019) 12:953–60. doi: 10.2147/JPR.S191263

 24. Rogers LJ, Bleetman D, Messenger DE, Joshi NA, Wood L, Rasburn NJ, et al. The impact of enhanced recovery after surgery (ERAS) protocol compliance on morbidity from resection for primary lung cancer. J Thorac Cardiovasc Surg. (2018) 155:1843–52. doi: 10.1016/j.jtcvs.2017.10.151

 25. Gostin L, Hodge J, Noe S. Reframing the opioid epidemic as a national emergency. JAMA. (2017) 318:1539–40. doi: 10.1001/jama.2017.13358

 26. Fiorelli S, Leopizzi G, Menna C, Teodonio L, Ibrahim M, Rendina EA, et al. Ultrasound-guided erector spinae plane block versus intercostal nerve block for post-minithoracotomy acute pain management: a randomized controlled trial. Cardiothorac Vasc Anesth. (2020) 34:2421–9. doi: 10.1053/j.jvca.2020.01.026

 27. Zhao H, Xin L, Feng Y. The effect of preoperative erector spinae plane vs. paravertebral blocks on patient-controlled oxycodone consumption after video-assisted thoracic surgery: a prospective randomized, blinded, non-inferiority study. J Clin Anesth. (2020) 62:109737. doi: 10.1016/j.jclinane.2020.109737

 28. Chin KJ. Thoracic wall blocks: from paravertebral to retrolaminar to serratus to erector spinae and back again - a review of evidence. Best Pract Res Clin Anaesthesiol. (2019) 33:67–77. doi: 10.1016/j.bpa.2019.02.003

 29. Nau C, Vogel W, Hempelmann G, Bräu ME. Stereoselectivity of bupivacaine in local anesthetic-sensitive ion channels of peripheral nerve. Anesthesiology. (1999) 91:786–95. doi: 10.1097/00000542-199909000-00031

 30. Adhikary SD, Pruett A, Forero M, Thiruvenkatarajan V. Erector spinae plane block as an alternative to epidural analgesia for post-operative analgesia following video-assisted thoracoscopic surgery: a case study and a literature review on the spread of local anaesthetic in the erector spinae plane. Indian J Anaesth. (2018) 62:75–8. doi: 10.4103/ija.IJA_693_17

 31. Adhikary SD, Bernard S, Lopez H, Chin KJ. Erector spinae plane block versus retrolaminar block: a magnetic resonance imaging and anatomical study. Reg Anesth Pain Med. (2018) 43:756–62. doi: 10.1097/AAP.0000000000000798

 32. Ivanusic JJ, Konishi YY, Barrington MJ. A cadaveric study investigating the mechanism of action of erector spinae blockade. Reg Anesth Pain Med. (2018) 43:567–71. doi: 10.1097/AAP.0000000000000789

 33. Chabot-Doré AJ, Schuster DJ, Stone LS, Wilcox GL. Analgesic synergy between opioid and α2 -adrenoceptors. Br J Pharmacol. (2015) 172:388–402. doi: 10.1111/bph.12695

 34. Chin KJ, Pawa A, Forero M, Adhikary S. Ultrasound-guided fascial plane blocks of the thorax: pectoral I and II, serratus anterior plane, and erector spinae plane blocks. Adv Anesth. (2019) 37:187–205. doi: 10.1016/j.aan.2019.08.007

 35. Macaire P, Ho N, Nguyen T, Nguyen B, Vu V, Quach C, et al. Ultrasound-guided continuous thoracic erector spinae plane block within an enhanced recovery program is associated with decreased opioid consumption and improved patient postoperative rehabilitation after open cardiac surger -a patient-matched, controlled before-and-after study. J Cardiothorac Vasc Anesth. (2019) 33:1659–67. doi: 10.1053/j.jvca.2018.11.021

 36. ElHawary H, Abdelhamid K, Meng F, Janis JE. Erector spinae plane block decreases pain and opioid consumption in breast surgery: systematic review. Plast Reconstr Surg Glob Open. (2019) 7:e2525. doi: 10.1097/GOX.0000000000002525

 37. Luftig J, Mantuani D, Herring AA, Dixon B, Clattenburg E, Nagdev A. Successful emergency pain control for posterior rib fractures with ultrasound-guided erector spinae plane block. Am J Emerg Med. (2018) 36:1391–6. doi: 10.1016/j.ajem.2017.12.060

 38. Tulgar S, Kapakli MS, Senturk O, Selvi O, Serifsoy TE, Ozer Z. Evaluation of ultrasound-guided erector spinae plane block for postoperative analgesia in laparoscopic cholecystectomy: a prospective, randomized, controlled clinical trial. J Clin Anesth. (2018) 49:101–6. doi: 10.1016/j.jclinane.2018.06.019

 39. Gaballah KM, Soltan WA, Bahgat NM. Ultrasound-guided serratus plane block versus erector spinae block for postoperative analgesia after videoassisted thoracoscopy: a pilot randomized controlled trial. J Cardiothorac Vasc Anesth. (2019) 33:1946–53. doi: 10.1053/j.jvca.2019.02.028

 40. Rice DC, Cata JP, Mena GE, Rodriguez-Restrepo A, Correa AE, Mehran RJ. Posterior intercostal nerve block with liposomal bupivacaine: an alternative to thoracic epidural analgesia. Ann Thorac Surg. (2015) 99:1953–60. doi: 10.1016/j.athoracsur.2015.02.074

 41. Wang HJ, Liu Y, Ge WW, Bian LD, Pu LF, Jiang Y, et al. [Comparison of ultrasound-guided serratus anterior plane block and erector spinae plane block perioperatively in radical mastectomy]. Zhonghua Yi Xue Za Zhi. (2019) 99:1809–13. doi: 10.3760/cma.j.issn.0376-2491.2019.23.012

 42. Fang B, Wang Z, Huang X. Ultrasound-guided preoperative single-dose erector spinae plane block provides comparable analgesia to thoracic paravertebral block following thoracotomy: a single center randomized controlled double-blind study. Ann Transl Med. (2019) 7:174. doi: 10.21037/atm.2019.03.53

 43. Taketa Y, Irisawa Y, Fujitani T. Comparison of ultrasound-guided erector spinae plane block and thoracic paravertebral block for postoperative analgesia after video-assisted thoracic surgery: a randomized controlled non-inferiority clinical trial. Reg Anesth Pain Med. (2019). doi: 10.1136/rapm-2019-100827. [Epub ahead of print].

 44. Neal JM, Barrington MJ, Fettiplace MR, Gitman M, Memtsoudis SG, Mörwald EE, et al. The Third American Society of Regional Anesthesia and Pain Medicine Practice Advisory on Local Anesthetic Systemic Toxicity: executive summary 2017. Reg Anesth Pain Med. (2018) 43:113–23. doi: 10.1097/AAP.0000000000000720

 45. Fiorelli S, Cioffi L, Menna C, Ibrahim M, De Blasi RA, Rendina EA, et al. Chronic pain after lung resection: risk factors, neuropathic pain, and quality of life. J Pain Symptom Manage. (2020) 60:326–35. doi: 10.1016/j.jpainsymman.2020.03.012

 46. Piraccini E, Biondi G, De Lorenzo E, Corso RM, Maitan S. Ultrasound-guided erector spinae block for post-thoracotomy pain syndromein video-assisted thoracic surgery. Tumori. (2020) 106: NP46–8. doi: 10.1177/0300891620912024

 47. Rao Kadam V, Currie J. Ultrasound-guided continuous erector spinae plane block for postoperative analgesia in videoassisted thoracotomy. Anaesth Intensive Care. (2018) 46:243–5. 

 48. Myles PS, Weitkamp B, Jones K, Melick J, Hensen S. Validity and reliability of a postoperative quality of recovery score: the QoR-40. Br J Anaesth. (2000) 84:11–5. doi: 10.1093/oxfordjournals.bja.a013366

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Gao, Zhao, Xu, Ren, Liu and Du. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-577885-t001.jpg
Age (years)

Sex (ferale/male, n)
BMI (kg-m~2)

ASAlto Il n

Location (left/right), n
FEVI/FVC (%)
Comorbidty, n (%)
Hypertension

Diabetes melltus
Coronary heart disease

Group R (n = 36)

57.23 +6.31
16/20
22.39+2.16
11/26
21/15
89.22 £3.35

11 (30.56%)
8(22.22%)
4(11.11%)

Group RD1 (n = 36)

65.72 + 4.67
13/23
22.32 +1.90
927
23/13
87.85 £3.43

12 (33.33%)
6(16.67%)
3(8.33%)

Group RD2 (n = 36)

56.56 + 5.02
15/21
22.47 +£1.88
10/26
18/18
88.41 +£3.62

13(36.11%)
9(25.00%)
6(16.67%)

P-values

0.493
0.765
0.950
0871
0.487
0.246
0.956

Variables presented as mean = SD or number of patients n (%). BMI, body mass index; ASA, American Society of Anesthesiology; FEV1/FVC, Forced vital capacity rate of 1 s/Forced

vital capacity.





OPS/images/fmed-08-577885-t002.jpg
Group R (n = 36)

Duration of surgery (min) 125.74 + 18.78
Duration of anesthesia (min) 159.61 & 20.81
Intraoperative bleeding (ml) 105.61 + 30.45
Fluids (mi) 1537.59 & 203.82
Urine output (m) 557.12 + 62.29
Dexmedetomidine (g-kg™'-h~T) 0.42£0.13
Remifentanil (g-kg™"-min~") 0.16+0.06
Propofol (ug-mi~") 356035
Cisatracurium dosage (mg-kg™") 037 0,06
Recovery time (mir) 18.78 £ 6.46
Number of using vasoactive agent, n (%) 23 (63.89%)
Dermatornal distribution 5 (T3-T9)

Group RD1 (n = 36)

136.02 £ 23.03
167.35 £ 27.46
98.23 +21.99
1625.09 + 178.35
529.08 £ 53.16
034 011"
0.11 £ 0.06"
259+0.18"
0.34 £0.05
19.95 +7.88
12 (33.33%)"
T5 (T2-T8)

Group RD2 (n = 36)

129.04 & 21.45
165.72 + 23.52
112,03+ 30.34
1668.35 & 216.66
537.72 £ 45.25
0.25+0.04"
0.08 +0.04
252+0.12"
0.35 £ 006
15.02 4 4.78%
13(36.11%)"
5 (T2-T9)

Variables presented as mean + SD, number of patients n (%) or median (interquartile range). *P < 0.05 vs. Group R, *P < 0.05 vs. Group DR1.

P-values

0.114
0.360
0.115
0.062
0.083
0.001
0.007
0.001
0.058
0.005
0.020
0.893





OPS/images/fmed-08-577885-g003.gif
1
§,
g,

g:

2,
:

Se e

Teve

nnnnnnnnnnnnnn

sssss





OPS/images/fmed-08-577885-g004.gif
Comsumptonofsfertanl - GrawR






OPS/images/fmed-08-577885-t003.jpg
Total press times of PCIA
Patient satisfaction score

Surgeon satisfaction score

Number of rescue medication, n (%)
Time to first dose of rescue ketorolac ()
Post-operative rehabiltation indexes
Anal exhaust (h)

Time until the first feeding ()

Removal of chest tubes (d)

Ambulation (d)

Group R (n = 36)

18.23 (12.24-27.14)
7.75 (7.25-9.00)
8,00 (7.50-8.75)

14(38.89%)
1.75 (0.47-8.25)

2434 (13.56-33.19)
474 (4.08-6.17)
2.65 (2.31-3.67)
3.25(2.42-3.70)

Group RD1 (n =36)

11.08 (8.37-17.69)"
9.0 (7.75-9.75)"
9.25 (8.50-9.50)"

12 (33.33%)
469 (3.24-7.42)"

2157 (12.41-81.78)
4.65(4.11-5.02)
2.42 (1.98-3.03)
2.74(2.06-3.31)

Group RD2 (n = 36)

10.73 (7.24-19.25)"
9.00 (8.25-9.50)"
925 8.75-9.75)"

5(18.89%)"

6.46 (3.88-10.28)""

17.39 (13.97-25.23)*
483 (4.16-5.12)
1.95 (1.47-2.98)*
2.17 (1.81-3.05)*

P-values

0.082
0.045
0.037
0.044
0.013

0.039
0375
0.048
0.013

Variables presented as median (interquartile range) or number of patients n (%). PCIA, patient controlled intravenous analgesia. *P < 0.05 vs. Group R, *P < 0.05 vs. Group RD1.





OPS/images/fmed-08-577885-t004.jpg
Group R (n = 36) Group RD1 (n = 36) Group RD2 (n = 36) P-values

Hypotension 5(13.89%) 3(8.33% 4(11.119%) 0927
Tachycardia 11 (30.56%) 9(25.00%) 2(5.56%)" 0018
Pruritus 4(11.11%) 5(13.89%) 1(2.78%) 0.335
PONV 18 (50.00%) 15 (41.67%) 6(16.67%)" 0008
Preumonia 8 (22.22%) 3(8.33%) 2(5.56%) 0.116
Respiratory inhibition 0 0 9 1.000
Puncture related complications 0 o o 1.000
Prevalence of chronic pain 14 (38.89%) 6(16.67%) 5(13.89%)" 0038
QoR-40 scores 160 (1565-170) 169 (166-172) 181 (177-184)* 0.041

Variables presented as number of patients n (%) or median (interquartile range). *P < 0.05 vs. Group R, *P < 0.05 vs. Group RD1.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Efficacy and Safety of Ultrasound-Guided, Bi-Level, Erector Spinae Plane Block With Different Doses of Dexmedetomidine for Patients Undergoing Video-Assisted Thoracic Surgery: A Randomized Controlled Trial



		Introduction



		Methods



		Patients



		Randomization and Blinding



		Ultrasound-Guided Bi-Level ESPB



		Anesthesia Management



		Post-operative Pain Management



		Measurements



		Statistical Analysis







		Results



		Baseline Characteristics



		Intraoperative Variables



		Post-operative Variables







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

The Efficacy and Safety of
Ultrasound-Guided, Bi-Level, Erector
Spinae Plane Block With Different
Doses of Dexmedetomidine for
Patients Undergoing Video-Assisted
Thoracic Surgery: A Randomized
Controlled Trial





OPS/images/fmed-08-577885-g001.gif
210 g oo VAT ot o s eonn
oy 2013 oo s 201 v ko

R (014)
G0 G2
% oo ot 10 pmanToven oy
Excns 2o oo i3 o Exciios 2 ot 3 1ot oo | Exchcd T prrt comto oon
oy nadton a5 ot o g otec|
Lot iowis (:0) Lot tons (-0) Lot mep (0-0)

o3 430 s 439 osysos (039






OPS/images/fmed-08-577885-g002.gif
e - oot
< oo

PPNPIP I ey









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





