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Comparison of thoracoscopy-guided thoracic paravertebral block and patient-controlled intravenous analgesia for postoperative analgesia after uniportal thoracoscopic pulmonary wedge resection: a prospective randomized controlled trial
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Introduction: Patients often experience persistent, intense pain following uniportal thoracoscopic pulmonary wedge resection (UTPWR). This pain is usually intervened with patient-controlled intravenous analgesia (PCIA) or thoracoscopic-guided thoracic paravertebral block (TG-TPB), a novel peripheral nerve block technique. Herein, we compared the analgesic effects of TG-TPB and PCIA post-UTPWR.

Methods: Sixty patients allocated into two groups: T and P. Group T patients were administered TG-TPB with 20 mL 0.375% ropivacaine at the fourth intercostal plane before sealing the chest, and connected to a PCIA pump containing 0.9% sodium chloride (NaCl). Group P patients received TG-TPB with 20 mL 0.9% NaCl and were connected to a PCIA pump containing sufentanil. The Visual Analogue Scale (VAS) scores were recorded at 2, 6, 12, 24, 36, and 48 h postoperatively. Data on sufentanil consumption, number of PCIA presses, number of rescue analgesia interventions, adverse reactions (ARs), and the 15-item Quality of Recovery Scale (QoR-15) scores were also recorded within 24 h postoperatively.

Results: Compared to the P group, the T group showed lower VAS scores at 2, 6, 12, and 24 h postoperatively, as well as lower sufentanil consumption levels, number of PCIA presses, number of rescue analgesia interventions, and ARs incidences within 24 h postoperatively (all p < 0.05). Furthermore, the T group showed higher QoR-15 scores within 24 h postoperatively than the P group (90.5 ± 7.3 vs. 76.6 ± 6.2; p < 0.001).

Conclusion: Compared to PCIA, TG-TPB exerted a better analgesic effect post-UTPWR, with less opioid drug use, fewer ARs, and a significantly better recovery quality within 24 h postoperatively.

Clinical trial registration: https://www.chictr.org.cn/, ChiCTR2000034726.
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Introduction

With advancements in endoscopic and minimally invasive technologies, thoracoscopic surgery has emerged as the mainstay surgical intervention (1–3). Compared to three-or multi-hole thoracoscopic surgery, uniportal thoracoscopic surgery offers the benefits of fewer incisions, mild trauma, light postoperative pain, and quick recovery (4). Rocco et al. first reported uniportal thoracoscopic pulmonary wedge resection (UTPWR) is 2005 (5). Since then, the uniportal thoracoscopy technology has been widely used for lobar or segmental lung resection (6). According to research, UTPWR is particularly well-suited for early-stage peripheral lung cancer treatment and lung tissue biopsy (7). Notably, although UTPWR has been associated with minimal surgical trauma at the operative level, it has a longer surgical incision and involves postoperative drainage tube stimulation, which causes severe pain. Additionally, the pain following UTPWR is mostly intense within 24 h post-surgery. Furthermore, the severe post-UTPWR pain could prevent patients from taking deep breaths and coughing, potentially causing postoperative pulmonary complications and affecting postoperative recovery (8).

Currently, there are no more straightforward, more effective, and safer analgesic methods for reducing post-UTPWR pain. The current standard analgesic interventions following thoracic surgery include thoracic epidural analgesia (TEA), ultrasound-guided thoracic paravertebral block (UG-TPB), and patient controlled intravenous analgesia (PCIA). Although TEA and UG-TPB can effectively reduce thoracic surgery-related postoperative pain and opioid consumption, they have high operational requirements, as well as failure and complication rates, limiting their clinical application (9, 10). Furthermore, the operation of epidural analgesia and UG-TPB is cumbersome, making them unsuitable for postoperative analgesia after UTPWR. On the other hand, PCIA, a commonly used postoperative analgesia method in clinical practice, offers the benefits of simple operation and convenient postoperative care. However, its systemic use of opioid drugs is relatively high, leading to more adverse reactions (ARs) (11).

Our research team previously validated thoracoscopic-guided thoracic paravertebral block (TG-TPB), a novel thora11ic paravertebral block technique. This intervention involves the injection of local anesthetics (LAs) into the thoracic paravertebral space via the intra-thoracic approach under thoracoscopic guidance (12). Following TG-TPB, LAs diffused into the paravertebral space across multiple levels. Consequently, our research team concluded that TG-TPB was simple to operate and could effectively relieve post-UTPWR pain (Figure 1) (13). However, they used PCIA in both the observation and control groups. In this regard, it remains unclear whether TG-TPB could be used alone to reduce postoperative pain following UTPWR. This study compared the analgesic effects of TG-TPB and PCIA post-UTPWR and aimed to establish whether TG-TPB alone, when applied for analgesia post-UTPWR, could meet analgesia needs and decrease opioid consumption.
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FIGURE 1
 Horizontal plane of paravertebral space: the gray area represents paravertebral space and site of scalp needle puncture.




Methods


Study design and population

This prospective, double-blind, randomized controlled trial (RCT) was approved by the Medical Ethics Committee of the Ningbo University-Affiliated Lihuili Hospital (Grant No. KY2020PJ015) and submitted to the Chinese Clinical Trial Registry (Registration No. ChiCTR2000034726; 16/07/2020). The study protocol adhered to the ethical guidelines of the 1975 Helsinki Declaration and the Consolidated Standards of Reporting Trials (CONSORT) statement. The study began actual research and enrollment of the first patient on January 5, 2021. Between January and June 2021, 60 patients undergoing UTPWR were enrolled from the Ningbo University-affiliated Lihuili Hospital. All patients signed an informed consent form before participating in the study. The inclusion criteria were as follows: (1) patients aged 18–70 years; and (2) patients with pulmonary nodules or early-stage peripheral lung cancer and require thoracoscopic surgery. On the other hand, the exclusion criteria were as follows: (1) patients on anticoagulant medication or with coagulopathy; (2) patients who refused to undergo UTPWR; (3) patients whose intraoperative pathologies confirmed an invasive malignancy; (4) patients who were allergic to LAs; (5) patients with severe pleural adhesion; (6) patients undergoing an unplanned surgery after the surgery; (7) patients with chronic pain, especially chronic pain in the chest; (8) patients with long term use of painkillers; (9) patients whose procedure was changed to multi-hole thoracoscopy or open chest surgery; and (10) patients that requested withdrawal from the study.



Randomization and blindness

Herein, participants were randomly allocated to two groups: P and T (1:1). We used SPSS v24.0 (IBM Corp. Armonk, NY, United States) to generate sequential numbers from 1 to 60 and prepared 60 envelopes. In the second step, we utilized SPSS’s random number generator to produce a random sequence of these 60 numbers. In the third step, we ranked the random numbers and placed the ranking results into the envelopes. In the fourth step, we assigned those with odd rankings to P group and those with even rankings to T group. In the fifth step, a envelope was randomly selected after patients were enrolled. A non-blind nurse responsible for grouping assigned patients to their respective groups based on the ranking inside the envelope. This non-blinded nurse prepared a 20 mL 0.375% ropivacaine or 0.9% sodium chloride (NaCl) solution per the grouping results. The nurse also prepared 100 mL sufentanil or 0.9% NaCl for the PCIA pump. This nurse did not participate in the follow-up study. Other surgeons and anesthesiologists involved in the aforementioned processes did not also participate in the subsequent aspects of the research. All patients, surgeons, anesthesiologists, and data collectors were unaware of the grouping. The same surgical team managed the surgical and anesthesia procedures.



Anesthesia procedures

All surgeries were performed under total intravenous anesthesia, which was induced using 0.06 mg/kg midazolam, 0.4 μg/kg sufentanil, 1.0–1.5 mg/kg propofol, and 0.9 mg/kg rocuronium. A double-lumen bronchial tube was then inserted after rapid intravenous induction. The ventilator was connected to the bronchial tube for mechanically controlled ventilation, with tidal volumes of 6 mL/kg and 8–10 times/min (13).



Surgical procedures

After anesthesia induction and endotracheal intubation, the patients underwent UTPWR. Specifically, a ≤4 cm incision was made at the fourth intercostal levels of the mid-axillary line. Pathological examination was then performed to confirm the nature of the tumor. The surgeon closed the chest and ended the operation if the tumor was benign or an early-stage malignancy. On the other hand, if it was an infiltrating malignant tumor, the surgeon performed lobectomy or segmental resection and cleaned the hilar lymph nodes. Such cases were to be excluded from this study (13). An Fr16 (5.33 mm) thoracic drainage tube was left in place at the end of the surgery and was later removed 24 h post-surgery.



Analgesia management

Both groups received 0.2 μg/kg sufentanil 30 min before the end of surgery. Furthermore, T group patients received TG-TPB before the chest was closed. Under thoracoscopic guidance, a 25G (0.5 mm) needle with an infusion tube was vertically inserted into the thoracic paravertebral space at the fourth intercostal plane and 0.2 cm lateral to the sympathetic chain. The puncture depth was ~0.5 cm below the parietal pleura. Subsequently, 20 mL 0.375% ropivacaine was injected (Figure 2). Conversely, P group patients received TG-TPB with 20 mL 0.9% NaCl.
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FIGURE 2
 Thoracoscopic guided thoracic paravertebral block at fourth intercostal levels. The white raised area indicates the diffusion of local anesthetics in the paravertebral space.


At the end of the procedure, P group patients were connected to a PCIA pump containing 100 ug sufentanil and 5 mg tropisetron diluted to a 100 mL solution with 0.9% NaCl. On the other hand, T group patients were connected to a PCIA pump containing 100 mL 0.9% NaCl and 5 mg tropisetron. The PCIA execution parameters were a 2 mL/h continuous dose, a 2 mL/time bolus dose, and a 15-min lock.

The patients were administered rescue analgesia (2 mg morphine injected intravenously) if the pain did not relieved 15 min after PCIA compression.



Data collection

The primary outcomes included the Visual Analogue Scale (VAS) scores (during rest and coughing) recorded at 2, 6, 12, 24, and 48 h postoperatively and total sufentanil consumption within 24 h postoperatively. Total sufentanil consumption within 24 h postoperatively encompassed sufentanil consumption during PCIA administration and the morphine dose for rescue analgesia converted to the equivalent dose of sufentanil.

On the other hand, the secondary outcomes included the number of PCIA presses, rescue analgesia interventions, and AR incidences recorded within 24 h postoperatively. The time points of PCIA presses and rescue analgesia were also recorded. The number of additional analgesia in each time period was recorded (number of PCIA presses and rescue analgesia). Key ARs included nausea, vomiting, drowsiness, pruritus, respiratory depression, and atelectasis. The time taken to remove the thoracic drainage tube and bleeding incidences at the puncture point of T group patients were also recorded. Furthermore, the 15-item Quality of Recovery Scale (QoR-15) scores were recorded 24 h postoperatively.



Sample size

A Pilot test with 10 patients revealed that the mean (standard deviation) postoperative VAS scores at 6 h were 2.8 (0.6) and 3.4 (0.6) in the T and P groups, respectively. Based on the power and alpha values of 0.8 and 0.05, respectively, the MedSci Sample Size Tools revealed that the minimum number of cases per group was 17. However, considering the 20% probability of missing or withdrawn data, ≥ 21 patients were recruited for each group.



Statistical analysis

Statistical analyses were performed using SPSS v24.0 (IBM Corp. Armonk, NY, United States). Normally distributed quantitative data were expressed as mean ± standard deviation (SD). Inter-group differences were evaluated using the t-test. On the other hand, intra-group comparisons were conducted using repeated-measures analysis of variance (ANOVA). The Bonferroni correction was chosen to control the type I error. Non-normally distributed data were presented as medians and interquartile ranges (IQRs) and compared using the Kruskal–Wallis H test. Inter-group differences in the counting data were evaluated using Fisher’s exact test or the chi-square (χ2) test. In all analyses, results with p < 0.05 were considered statistically significant.




Results


Patients’ baseline and intraoperative data

This study involved 60 patients. Among them, one patient in the P group was lost to follow-up, and one patient in the T group had an intraoperative pathological indication of an infiltrating tumor and underwent lobectomy and lymph node dissection instead. Consequently, 58 participants were included in the final analysis. Figure 3 shows the CONSORT flow diagram. The two groups showed no significant differences in baseline and intraoperative data (p > 0.05, Table 1).
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FIGURE 3
 Flow diagram of study.




TABLE 1 The baseline data and intraoperative data of patients.
[image: Table1]



Primary outcomes

The T group showed significantly lower VAS scores during rest and coughing at 2, 6, 12, and 24 h postoperatively compared to at 36 and 48 h postoperatively (p < 0.001). On the other hand, the P group showed no significant differences in VAS scores (rest and coughing) across various time points (p > 0.05). Notably, compared to the P group, the T group showed significantly lower VAS scores (rest and coughing) at 2, 6, 12, and 24 h postoperatively (p < 0.001). Furthermore, the two groups showed no statistically significant differences in VAS scores at 36 and 48 h postoperatively (p > 0.05) (Table 2 and Figures 4, 5). Moreover, total sufentanil consumption within 24 h postoperatively was lower in the T group than in the P group [0 (0, 0) vs. 58.8 (60.1, 64.2) μg, z = −6.786, p < 0.001].



TABLE 2 The VAS score after surgery.
[image: Table2]
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FIGURE 4
 The VAS score (during rest) after surgery. *p < 0.001 T group vs. P group.


[image: Figure 5]

FIGURE 5
 The VAS score (while coughing) after surgery. *p < 0.001 T group vs. P group.




Secondary outcomes

The T group showed a lower number of PCIA presses within 24 h postoperatively than the P group [1 (1, 2) vs. 6 (6, 7), z = −6.624, p < 0.001]. Five T group patients were administered one rescue analgesia intervention each. Furthermore, the T group had a significantly lower number of rescue analgesia interventions within 24 h postoperatively than the P group [0 (0, 0) vs. 2 (1, 3.5) times, z = −5.818, p < 0.001]. The number of additional analgesia during each 6 h period within 24 h postoperatively were significantly lower in the T group than in the P group [0 (0, 0) vs. 3 (2, 4), z = −6.882, p < 0.001; 0 (0, 0) vs. 3 (2, 4), z = −6.832, p < 0.001; 0 (0, 1) vs. 2 (1, 2), z = −5.416, p < 0.001; 0 (0, 1) vs. 1 (1, 1), z = −2.139, p = 0.032] (Table 3).



TABLE 3 Additional analgesia in different time periods within 24 h after surgery.
[image: Table3]

Compared to the P group, the T group had lower incidences of nausea and vomiting (p < 0.05). Furthermore, the two groups showed no statistical differences in the incidences of drowsiness, pruritus, respiratory depression, and atelectasis (Table 4). Notably, two cases of puncture site bleeding occurred in the T group. Additionally, the two groups showed no differences in the removal time of thoracic drainage tubes (22.2 ± 2.2 vs. 22.7 ± 2.4, p = 0.349).



TABLE 4 The incidence of adverse reactions after surgery.
[image: Table4]

The two groups also showed no statistical differences in the pre-operative QoR-15 scores (120.4 ± 15.0 vs. 118.7 ± 8.6, p = 0.600). Nonetheless, the T group had a higher postoperative QoR-15 score at 24 h than the P group (90.5 ± 7.3 vs. 76.6 ± 6.2, p < 0.001) (Table 5).



TABLE 5 The QoR-15 of each group.
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Discussion

Herein, we discovered that TG-TPB exerted a better analgesic effect than PCIA within 24 h post-UTPWR, with less opioid consumption and AR incidences and significantly better postoperative recovery quality.

Conventional thoracotomy has been established to cause severe trauma and pain, affecting postoperative rehabilitation (14). Consequently, thoracoscopic minimally invasive surgical approaches have recently gained significant traction as alternatives to conventional thoracotomy (15). Among them is UTPWR, which is particularly useful in treating pulmonary bullae, pneumothorax, or pulmonary nodules, especially when considering carcinoma in situ (16). Compared to traditional multi-hole thoracoscopic surgery, UTPWR offers the benefits of fewer incisions, shorter surgical durations, less postoperative pain, and faster recovery (4). However, it is noteworthy that surgical staff often overlook the significance of postoperative pain relief precisely due to the aforementioned advantages of UTPWR. Furthermore, in UTPWR, the surgical incision is extended to 3–4 cm, further exacerbating the damage to the intercostal nerve. Additionally, UTPWR involves the stimulation of the postoperative thoracic drainage tube, increasing the persistence of the postoperative pain and thus delaying recovery post-surgery. Patients undergoing thoracic surgery also experience decreased postoperative lung function reserve, severe postoperative pain, and challenges in deep breathing and coughing, potentially leading to additional postoperative pulmonary complications. Therefore, adequate postoperative analgesia is critical for faster patient rehabilitation and ambulation, potentially enhancing respiratory function, reducing the incidence of pulmonary complications, and accelerating postoperative recovery (17).

Presently, TEA, UG-TPB, and PCIA are the most commonly used forms of postoperative analgesia following thoracic surgery. Among them, TEA is considered the gold standard for postoperative analgesia in thoracic surgery, particularly for procedures involving considerable trauma, such as thoracotomy. However, TEA has many drawbacks, such as puncture failure, epidural perforation, epidural hematoma or abscess, and nerve damage (9). On the other hand, the thoracic paravertebral space, where UG-TPB is often performed, is anatomically triangular and contains the intercostal nerves and sympathetic nerve chains originating from the intervertebral foramen. The thoracic paravertebral nerve blockade is mainly achieved via ultrasound-guided single dose blocks or inserting a catheter into the extra-pleural paravertebral space for a continuous block via ultrasound-guided percutaneous punctures. Following UG-TPB, the LAs spread in the paravertebral space across 4–8 segments, leading to the simultaneous blockade of all the nerves in the paravertebral space. Notably, paravertebral nerve blocks can effectively reduce incision and visceral pain (18, 19); hence, they have been widely used in clinical settings (20). However, they also have some drawbacks, such as higher medical and resource requirements, limited operation space, and a low success rate. Finally, although PCIA, a commonly used clinical postoperative analgesic approach, offers the benefits of simple operation and precise analgesic effects, its systemic use of opioid drugs is relatively high, and it has also been associated with various ARs such as postoperative nausea, vomiting, drowsiness, and respiratory depression (11).

Since UTPWR has a short surgical duration and minimal surgical trauma, the resulting postoperative pain is mainly concentrated within 24 h post-surgery. Compared to other types of thoracic surgery, UTPWR has shown a significant improvement in the degree and duration of postoperative pain (21). Given that TEA and UG-TPB are cumbersome and with many complications and a high failure rate, they are not considered ideal for postoperative analgesia post-UTPWR. This leaves PCIA as the primary postoperative analgesia technique following UTPWR. Nonetheless, the many ARs resulting from opioid use, which is common in PCIA, remain a challenge (11, 22). Fortunately, with the application of the concept of accelerated rehabilitation surgery and the multimodal opioid-sparing analgesic strategy, the perioperative use of few or no opioids is gaining traction (23, 24).

Notably, TG-TPB, a novel TPB technique, involves the thoracoscopy-guided puncturing of the blocking needle through the parietal pleura before directly injecting LAs into the paravertebral space. Our previous findings validated the effectiveness and safety of TG-TPB. Specifically, in addition to its simplicity and convenience, we found that TG-TPB could significantly reduce postoperative pain and enhance recovery after minimally invasive esophageal cancer surgery (12). In another study, we discovered that compared to UG-TPB, TG-TPB was a simpler surgical intervention, with shorter surgical time and superior analgesic effects (25). Our other study revealed that TG-TPB paired with PCIA reduced pain and ARs and accelerated postoperative recovery in patients that underwent UTPWR (13). Based on these findings, we sought to establish whether TG-TPB alone could effectively reduce postoperative pain after UTPWR. Therefore, we compared the postoperative analgesic effects, opioid consumption levels, number of complications, and postoperative recovery quality between surgical patients treated with TG-TPB and PCIA. Besides assessing its postoperative analgesic effects, we also sought to establish whether TG-TPB alone could reduce opioid consumption during the perioperative period.

Herein, consistent with previous studies (12, 13, 25), which demonstrated the successful implementation of the thoracic paravertebral block, LAs were effectively diffused in the paravertebral space across 4–8 vertebral segments under thoracoscopy. Compared to the P group, the T group, at each time point within 24 h post-surgery, showed lower VAS scores, sufentanil consumption levels, number of PCIA presses, and number of rescue analgesia interventions, indicating that TG-TPB exerted better analgesic effects than PCIA and further proving the former’s effectiveness and feasibility. Furthermore, LAs diffused in the paravertebral space of several segments, covering the entire range of the surgical and chest wall incision, thus significantly alleviating postoperative pain. Additionally, the duration of a single thoracic paravertebral block correlated with LA concentration, typically ranging between 12 and 24 h (26). In the T group, the VAS scores at each time point within 24 h postoperatively were markedly lower than those at 36 and 48 h postoperatively, further confirming the efficacy and feasibility of TG-TPB. Although PCIA still exerted analgesic effects 24 h post-surgery in the P group, there were no statistically significant differences between the two groups in VAS scores at 36 and 48 h postoperatively. This phenomenon could be attributed to the fact that UTPWR has less trauma, and its postoperative pain is mostly intense within 24 h post-surgery. Therefore, a single TG-TPB dose can fully meet the postoperative analgesia needs post-UTPWR.

Total sufentanil consumption within 24 h postoperatively encompassed consumption during PCIA administration and the morphine dose for rescue analgesia converted to a sufentanil equivalent dose. Since the PCIA pump of T group patients only contained 0.9% NaCl, the postoperative consumption of opioid drugs among T group patients was only for rescue analgesia. In addition, the T group had a significantly lower number of rescue analgesia interventions within 24 h postoperatively than the P group. This finding suggests that TG-TPB can effectively alleviate postoperative pain within 24 h after UTPWR and achieve postoperative analgesia with little or no opioid drug consumption. In order to more accurately analyze the analgesic effect and rescue analgesia within 24 h postoperatively, this study divided 24 h postoperatively into four time periods every 6 h for comparison. The number of rescue analgesia during each 6 h period within 24 h postoperatively were significantly lower in the T group than in the P group. This suggested that the TG-TPB block was successful in the T group, while the TG-TPB block in the P group was unsuccessful because only saline was used. In particular, the T group did not give any form of additional analgesia during the 0–6 h and 7–12 h periods, which was significantly lower than that in the P group. Although five patients in T group received rescue analgesia intervention within 13-24 h after surgery, the number of rescue analgesia in T group was also significantly lower than that in P group during 13-18 h and 19-24 h. This suggest that the analgesic effect of TG-TPB may attenuate in the postoperative 13-24 h stage, but it still has a good analgesic effect. TG-TPB can meet the postoperative analgesia needs after 24 h of UTPWR and can achieve no or less opioid consumption for postoperative analgesia. We administered T group patients with a PCIA pump containing only 0.9% NaCl to achieve a double-blind study design and make the research results more reliable. Furthermore, PCIA pumps containing only physiological saline may have a potential placebo effect. To minimize the potential placebo effect of PCIA, we told all patients in both groups that they would be connected to the PCIA pump after surgery, while all patients were not aware of the drug allocation in the PCIA pump.

Herein, the T group had a lower incidence of nausea and vomiting than the P group, attributable to the fact that P group patients used a large amount of opioid drugs for pain relief post-surgery, whereas only a few T group patients used opioid drugs. This finding further suggests that TG-TPB can achieve postoperative analgesia post-UPTWR with little or no opioid drug use. Furthermore, no atelectasis occurred in either group, potentially due to less lung tissue removed, a shorter surgical duration, and a shorter one lung ventilation time, among other factors. Additionally, two cases of puncture site bleeding occurred in the T group. To stop bleeding at the puncture point, a gentle press with gauze is required (24). Moreover, thoracoscopy has an amplification function, through which blood vessels could be avoided as much as possible during the blocking operation, thus reducing bleeding incidences. The entire operation of TG-TPB is performed under thoracoscopic vision, which also helps to reduce or avoid complications of TG-TPB operation. This also fully reflects the security of TG-TPB.

The QoR-15 scale is a simplified version of the 40-item Quality of Recovery Scale. It is a patient-centered self-rating scale for evaluating early postoperative recovery quality (27–29). The QoR-15 scale has excellent validity, reliability, responsiveness, clinical acceptability, and feasibility, making it a valuable measure for assessing patient’s early health status, quality of life, and efficacy of anesthesia after surgery. Herein, the T group showed higher QoR-15 scores than the P group at 24 h postoperatively, implying that T group patients had a higher postoperative recovery quality than P group patients. This outcome could be attributed to the lighter postoperative pain and fewer ARs in the observation group. Notably, severe or persistent pain, nausea, and vomiting, among other ARs could also lead to anxiety and depression in patients, causing both physical and psychological complications, which may directly affect their early postoperative recovery quality.

This study had some limitations. First, we did not examine the sensory block level of TG-TPB. Second, we only observed the pain within 48 h after surgery, and did not observe pain scores at 48–72 h or longer. Third, we did not consider the influence of any stratification factors (age, gender, baseline pain tolerance, anxiety, and pain perception) on the grouping balance. Fourth, we did not evaluate the pain levels during thoracic drainage tube removal. Fifth, only specific patient populations such as pulmonary nodules were selected for this study, and patients with lobes or segment resection were not considered. They are also what we should consider in our subsequent study.



Conclusion

Compared to PCIA, TG-TPB exerted superior analgesic effects, with less opioid consumption, fewer ARs, and a more significant improvement in prognostic quality within 24 h post-UTPWR. In other words, TG-TPB is a simple and convenient analgesia induction approach which can fully meet analgesia needs post-UTPWR, with little or no opioid drug use.
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