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Purpose: Thoracic epidural analgesia (TEA) remains the current gold standard for postoperative pain control after thoracotomy, but is 
associated with significant complications and contraindications. This study evaluated whether continuous erector spinae plane block 
(ESPB) provides non-inferior analgesia to TEA.
Patients and Methods: Adult patients scheduled for elective thoracotomy were randomized 1:1 to receive continuous TEA or 
ESPB. Outcome assessors were blinded to group allocation. In the TEA group, an epidural catheter was inserted at T6–7 under 
fluoroscopic guidance with tip confirmation at T5. In the ESPB group, a catheter was placed under ultrasound guidance at the T5 
transverse process. Both groups received 0.2% ropivacaine boluses before incision, followed by patient-controlled analgesia for three 
days. The primary endpoint was resting numeric rating scale pain score on postoperative day 1 with a 2-point non-inferiority margin. 
Secondary endpoints included pain scores on days 2–3, opioid consumption, QoR-15K scores, and chronic pain assessments at 3 and 6 
months.
Results: Fifty-three patients were enrolled; 44 were included in the modified intention-to-treat analysis (ESPB n=23; TEA n=21). Mean 
resting NRS scores on postoperative day 1 were 4.22±1.93 (ESPB) versus 4.81±1.78 (TEA). The between-group difference was −0.59 (95% 
CI, −1.72–0.54; P=0.296), meeting the predefined non-inferiority margin. Secondary outcomes, including pain scores, opioid consumption, 
Quality of Recovery-15 scores, and chronic pain assessments at 3 and 6 months, were comparable between groups. No major complications 
occurred.
Conclusion: Continuous ESPB demonstrated analgesic efficacy comparable to TEA for postoperative pain control after thoracotomy. 
Combined with its superior safety profile and technical simplicity, ESPB may serve as an effective alternative to TEA in thoracic surgery.
Keywords: postoperative pain management, multimodal analgesia, thoracic anesthesia, regional anesthesia, quality of recovery

Introduction
Thoracotomy is widely recognized as one of the most painful surgical procedures, and inadequate postoperative pain 
control has been associated with increased pulmonary complications, delayed recovery, and higher mortality.1,2 Because 
intravenous opioids often fail to provide adequate analgesia after thoracotomy, thoracic epidural analgesia (TEA) has 
been established as the gold standard for postoperative pain control.3

Despite its effectiveness, TEA is associated with several complications. Sympathetic blockade can reduce systemic 
vascular resistance and cardiac output, leading to hypotension, particularly when upper thoracic levels are involved.4 It 
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may also cause orthostatic hypotension, which can delay postoperative ambulation.5 Although rare, serious complications 
such as epidural hematoma have been reported, limiting its use in patients with coagulopathy or recent anticoagulant 
therapy.6,7 Additionally, TEA has a reported failure rate of up to 15%, often due to technical difficulties or inaccurate 
catheter placement.8

The erector spinae plane block (ESPB), first introduced by Forero et al in 2016, represents a promising alternative 
regional analgesic technique9 This interfascial plane block involves injection of local anesthetic deep to the erector spinae 
muscle, with the injectate hypothesized to spread through connective tissues to reach spinal nerve rami and potentially 
diffuse into paravertebral and epidural spaces. ESPB offers several advantages, including technical simplicity, improved 
safety profile, and no neuraxial contraindications.10 Since its introduction, studies have reported variable analgesic 
efficacy of ESPB across surgical procedures,11–13 and its clinical effectiveness remains controversial. Notably, healthy 
volunteer studies have demonstrated limited or absent sensory changes over the anterior thorax.14 Nevertheless, case 
reports have described continuous ESPB as a rescue technique in thoracotomy patients with failed epidural analgesia.15,16

While a recent randomized controlled trial reported similar analgesic efficacy between ESPB and TEA in thoracot
omy patients, methodological limitations, including small sample size and lack of a non-inferiority design, warrant 
further investigation.17 Therefore, this study was designed as a randomized, assessor-blinded non-inferiority trial to 
determine whether continuous ESPB provides comparable analgesic effectiveness and safety to TEA, and whether ESPB 
could serve as a viable alternative to TEA in patients undergoing thoracotomy.

Materials and Methods
Study Design and Participants
This single-center, prospective, randomized, assessor-blinded, non-inferiority trial was approved by the Institutional 
Review Board (No. 2104–142-1214, 05/17/2021) and registered at ClinicalTrials.gov (ID: NCT05008614, 08/03/2021). 
Written informed consent was obtained from all participants before enrollment.

Adult patients scheduled for elective thoracotomy with unilateral pulmonary resection were enrolled and randomized in 
a 1:1 ratio to receive either continuous TEA or continuous ESPB for postoperative analgesia. Randomization was performed 
using a computer-generated sequence with allocation concealed in sealed opaque envelopes. Anesthesiologists performing the 
procedures were necessarily unblinded, but postoperative outcome assessment was conducted by a dedicated research nurse 
who was not involved in block placement or postoperative analgesia management. The assessor did not access procedural 
details or inspect catheter sites or pump settings during assessments. PCA pump screens were covered, and dosage data were 
retrieved from the devices after catheter removal for separate analysis.

Inclusion criteria were as follows: age ≥18 years; Eastern Cooperative Oncology Group (ECOG) performance status 
of 0 or 1; American Society of Anesthesiologists (ASA) physical status classification I to III; and ability to understand 
study procedures, complete patient-reported outcome questionnaires, and provide written informed consent. We excluded 
patients with a history of thoracic surgery with persistent postoperative pain, planned chest wall resection, contra
indications to neuraxial or interfascial plane blocks (including coagulopathy, ongoing anticoagulant therapy, or known 
hypersensitivity to fentanyl or ropivacaine), significant renal or hepatic dysfunction, inability to operate a patient- 
controlled analgesia (PCA) device, cognitive or language barriers precluding questionnaire completion, chronic opioid 
use for more than three months before surgery, and pregnancy.

Sample Size Calculation
The sample size was calculated using the SampleSize4ClinicalTrials package in R software (version 3.5.1; R Foundation 
for Statistical Computing, Vienna, Austria). The non-inferiority margin (Δ) was set at 2 points on the 0–10 numeric rating 
scale (NRS) pain scores, based on Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials 
(IMMPACT) recommendations indicating that an approximately 2-point reduction represents a moderate clinically 
important improvement and supported by more recent psychometric evidence suggesting that 2 points may be considered 
an upper bound for a clinically meaningful difference on 0–10 pain scales.18,19 Based on previous literature20,21 and 
institutional clinical experience, the standard deviation of NRS pain scores was assumed to be 3.
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Assuming 80% power and a one-sided type I error of 0.05, the minimum required sample size was 56 patients (28 per 
group). To account for an anticipated dropout rate of approximately 24%, the target enrollment was set at 74 patients 
(37 per group).

Intervention
All patients received their assigned regional analgesia before surgery. All procedures were conducted at the pain clinic by 
anesthesiologists experienced in thoracic regional anesthesia.

In the TEA group, a thoracic epidural catheter was inserted at the T6–7 interspace under fluoroscopic guidance using 
a 17-gauge Tuohy needle. The catheter tip was positioned at the mid-body level of T5, and correct placement was 
confirmed with up to 2 mL of contrast agent. In the operating room, 10 mL of 0.2% ropivacaine was administered before 
skin incision with hemodynamic monitoring. One hour before the end of surgery, a patient-controlled epidural analgesia 
pump (0.2% ropivacaine; 3 mL/h basal, 1 mL bolus, 20-min lockout) was initiated with an additional 4 mL loading dose. 
Epidural analgesia was continued through postoperative day 3.

In the ESPB group, continuous ESPB was performed under ultrasound guidance at the T5 level. An 18-gauge 
echogenic needle was advanced in a caudocranial direction to the transverse process, followed by minimal hydrodisse
cion using approximately 3–5 mL of saline to open the fascial plane. The catheter was then advanced 5 cm beyond the 
needle tip. In the operating room, 20 mL of 0.2% ropivacaine was administered before skin incision with vital sign 
monitoring. One hour before the end of surgery, an additional 10 mL was injected, and a PCA pump was initiated (0.2% 
ropivacaine; basal rate 10 mL/h, bolus 5 mL, lockout 20 min). ESPB was continued until postoperative day 3.

Catheter failure was predefined as catheter dislodgement, occlusion, leakage, or suspected malposition requiring 
catheter replacement or removal. Catheter-related complications and any catheter replacement or removal were recorded.

Perioperative Management
All patients underwent open posterolateral thoracotomy through the fifth intercostal space. General anesthesia was 
induced with propofol, remifentanil, and rocuronium, and maintained with total intravenous anesthesia using target- 
controlled infusion of propofol and remifentanil with bispectral index monitoring (target 40–60). Intraoperative monitor
ing included invasive arterial pressure monitoring, urine output, and esophageal temperature monitoring, and lung- 
protective ventilation strategies were applied. Detailed protocols are provided in Supplementary Methods 1.

Postoperative Pain Management Protocol
All patients received standardized multimodal analgesia in addition to their assigned regional technique. Intravenous 
acetaminophen 1000 mg was administered every 8 hours for the first three postoperative days as baseline analgesia. 
Rescue analgesics were administered when NRS pain scores exceeded 5, following a standardized protocol. First-line 
rescue agents included ketorolac 15 mg IV every 6 hours as needed (maximum 60 mg/day, limited to 2 days) and 
tramadol 50 mg IV every 6 hours as needed (maximum 400 mg/day). For patients with contraindications to nonsteroidal 
anti-inflammatory drugs or inadequate response to first-line agents, morphine 2–4 mg or fentanyl 50 μg IV was 
administered every 6 hours as needed. Rescue medication selection was individualized based on clinical judgment and 
patient-specific factors.

Outcome Measures
The primary outcome was the resting NRS pain score on postoperative day 1, defined as the higher of the morning and 
afternoon measurements. Secondary pain-related outcomes included resting NRS pain scores on postoperative days 2 and 3, 
movement-associated NRS scores during the same periods, and the maximum NRS score recorded within each 24-hour 
postoperative period. Additional secondary outcomes included total rescue opioid consumption during the first three post
operative days, converted to oral morphine equivalents (OME).22 Non-opioid analgesics were not included in OME 
calculations. The proportion of patients requiring any rescue analgesia, opioid rescue, and non-opioid rescue were also 
recorded. Recovery-related outcomes included Quality of Recovery-15K (QoR-15K) scores measured on postoperative day 3, 
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duration of urinary catheter placement, intensive care unit and hospital length of stay, and chest tube drainage duration. 
Chronic pain was evaluated at 3 and 6 months postoperatively using the painDETECT questionnaire.

Safety outcomes included adverse events such as hypotension, nausea, vomiting, sedation, respiratory depression, and 
urinary retention. Technical complications, including catheter dislodgement, migration, or infection, were recorded. 
Postoperative complications were classified according to the revised Clavien–Dindo classification.

Statistical Analysis
Efficacy and safety analyses were performed on both the modified intention-to-treat (mITT) and per-protocol (PP) popula
tions. The mITT population included all randomized patients who received the allocated intervention and had at least one 
postoperative pain assessment. The PP population excluded patients with major protocol violations or missing primary 
endpoint data.

Continuous variables were assessed for normality using the Shapiro–Wilk test. Normally distributed data were 
presented as mean ± standard deviation and compared using Student’s t-test. Non-normally distributed data were presented 
as median [interquartile range] and analyzed using the Mann–Whitney U-test. Categorical variables were expressed as 
frequencies and percentages and analyzed using the chi-square test or Fisher’s exact test as appropriate. The primary 
analysis assessed non-inferiority by comparing the mean resting NRS pain score on postoperative day 1 between groups. 
Based on previous studies and clinical judgment, the non-inferiority margin was set at 2 points. Non-inferiority was 
concluded if the upper bound of the 95% confidence interval for the between-group difference did not exceed 2 points. 
Secondary endpoints were analyzed using appropriate statistical tests without adjustment for multiple comparisons, as they 
were considered exploratory. Missing data were handled using available case analysis without imputation. To assess the 
robustness of 3- and 6-month chronic pain outcomes to loss to follow-up, attrition sensitivity analyses were performed using 
three approaches: complete-case analysis, best-case/worst-case scenario analysis, and group-specific mean imputation. 
Baseline characteristics were compared between completers and non-completers to evaluate potential attrition bias.

Post-hoc power analysis was performed using the observed variability from the study data. Bayesian analysis was 
conducted using the brms package (version 2.20.1) in R with Markov Chain Monte Carlo (MCMC) sampling to provide 
probabilistic inference complementary to the frequentist non-inferiority test. Weakly informative priors were specified: 
Normal (0, 5) for the treatment effect, Half-Cauchy (0, 5) for residual standard deviation, and Normal (5, 5) for the intercept. 
Four parallel MCMC chains were run with 4000 iterations each (2000 warmup, 2000 sampling). Convergence was assessed 
using bR statistics and effective sample sizes. Detailed methodology is provided in Supplementary Methods 2 and 3.

The primary non-inferiority test used a one-sided significance level of 0.05; the 95% confidence interval reported 
above provides a more conservative criterion. A two-sided P-value of <0.05 was considered statistically significant for all 
other analyses. The full statistical analysis plan is provided in Supplementary Methods 4. All analyses were performed 
using R software (version 4.3.0; R Foundation for Statistical Computing, Vienna, Austria) and SPSS (version 25.0; IBM 
Corp., Armonk, NY, USA).

Results
Between July 2021 and May 2024, 56 patients were assessed for eligibility, of whom 53 were randomized to receive either 
continuous ESPB (n=26) or TEA (n=27) (Figure 1). Although the initial target enrollment was 74 patients to account for 
anticipated dropouts, recruitment was stopped at 53 patients due to external circumstances, including a nationwide healthcare 
workforce disruption and a subsequent decrease in thoracotomy case volume. Of 53 randomized patients, 44 (83.0%) were 
included in the mITT analysis (ESPB: 23/26 [88.5%]; TEA: 21/27 [77.8%]); 9 patients were excluded due to changes in 
surgical procedure (n=8) or the need for postoperative mechanical ventilation (n=1). The PP population comprised 40/53 
patients (75.5%; ESPB: 20/26 [76.9%]; TEA: 20/27 [74.1%]), with 4 additional patients excluded for catheter-related protocol 
deviations. At 6 months, follow-up was completed by 37/44 mITT patients (84.1%; ESPB: 18/23 [78.3%]; TEA: 19/21 
[90.5%]), with 7 patients lost due to death (n=3), refused survey (n=3), and postoperative complications (n=1). Baseline 
characteristics were well balanced between groups in both mITT and PP populations (Table 1 and Supplementary Table S1).

ESPB was non-inferior to TEA for the resting NRS pain score on postoperative day 1. In the mITT analysis, the mean 
(SD) score was 4.22 (1.93) in the ESPB group and 4.81 (1.78) in the TEA group (mean difference −0.59, 95% CI −1.72 
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Assessed for eligibility
n = 56

Excluded n = 3
   Did not meet inclusion criteria n = 2
   Cancellation of surgery n = 1

Randomized
n = 53

Allocated to ESPB group n = 26
Received intervention n = 23
Did not receive intervention n = 3
   Change in surgical procedure n = 3

Allocated to TEA group n = 27
Received intervention n = 22
Did not receive intervention n = 5
   Change in surgical procedure n = 5

POD 1 to 3 Assessment
Loss to follow-up n = 0
Discontinued intervention n = 3
   Accidental catheter removal 
   within postoperative day 1 n = 2
   Device problems n = 1

POD 1 to 3 Assessment
Loss to follow-up n = 1
   Mechanical ventilation n =1
Discontinued intervention n = 1
   Device problems n = 1

Modified intention-to-treat analysis n = 23
Per-protocol analysis n = 20

Modified intention-to-treat analysis n = 21
Per-protocol analysis n = 20

6-Month Follow-up
Additional loss to follow-up in mITT n = 5
   Refused survey n = 3
   Complication n = 1
   Death n = 1
Additional loss to follow-up in PP n = 2
   Complication n = 1
   Death n = 1

6-Month Follow-up
Additional loss to follow-up in mITT n = 2
   Refused survey n = 1
   Death n = 1
Additional loss to follow-up in PP n = 1
   Death n = 1

Modified intention-to-treat analysis n = 18
Per-protocol analysis n = 18

Modified intention-to-treat analysis n = 19
Per-protocol analysis n = 19

Figure 1 CONSORT flow diagram of patient recruitment and analysis. 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia; POD, postoperative day.
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to 0.54, P=0.296). In the PP analysis, corresponding values were 4.10 (1.94) vs 4.65 (1.66) (mean difference −0.55, 95% 
CI −1.71 to 0.61, P=0.343). Non-inferiority was concluded as the upper bound of the 95% confidence interval did not 
exceed the predefined margin of 2 points in both analyses (Figure 2).

Table 1 Baseline Characteristics

ESPB Group (n=23) TEA Group (n=21)

Sex, male 19 (82.6%) 19 (90.5%)
Age, years 66.5 (8.9) 66.9 (8.1)

Height, cm 165.4 (6.7) 166.3 (6.4)

Weight, kg 66.8 (8.5) 65.9 (9.4)
BMI, kg m−2 24.4 (2.3) 23.8 (3.1)

Preoperative smoking status

Non-smoker 6 (26.1%) 4 (19.0%)
Ex-smoker 12 (52.2%) 14 (66.7%)

Current 5 (21.7%) 3 (14.3%)
Preoperative FEV1, L 2.6 (0.5) 2.3 (0.5)

ASA physical status, II/III 20 (87.0%)/3 (13.0%) 16 (76.2%)/5 (23.8%)

Preoperative QoR-15K (0–150) 142.0 (11.2) 141.4 (13.9)
Type of operation

Lobectomy 13 (56.5%) 7 (33.3%)

Sleeve Lobectomy 4 (17.4%) 6 (28.6%)
Bilobectomy 4 (17.4%) 1 (4.8%)

Pneumonectomy 2 (8.7%) 7 (33.3%)

Operation time, min 184.3 (44.3) 182.4 (65.9)
Anesthesia time, min 227.5 (43.0) 227.0 (68.9)

Note: The data are expressed as either the mean (standard deviation), or as a count (percentage). 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia; BMI, body 
mass index; FEV1, Forced Expiratory Volume in 1 second; ASA, American Society of 
Anesthesiologists; QoR-15K, Quality of Recovery-15 Korean version
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Figure 2 Non-inferiority analysis of resting pain scores on postoperative day 1. Forest plots showing the mean difference in numeric rating scale (NRS) pain scores between 
continuous erector spinae plane block (ESPB) and thoracic epidural analgesia (TEA) groups. (A) Modified intention-to-treat analysis (n=44; ESPB n=23, TEA n=21). (B) Per- 
protocol analysis (n=40; ESPB n=20, TEA n=20). The vertical dashed line represents no difference between groups. The non-inferiority margin was predefined as 2 points. 
Non-inferiority is demonstrated when the upper bound of the 95% confidence interval does not exceed the non-inferiority margin of 2 points. 
Abbreviation: CI, confidence interval.

https://doi.org/10.2147/JPR.S585519                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2026:19 6

Cho et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



No significant differences were observed between groups for any secondary pain outcomes (Table 2, Supplementary 
Tables S2 and S3). The mean (SD) movement-associated NRS scores on POD 1 were 6.10 (2.13) vs 6.90 (1.58) 
(P=0.179), and maximum NRS scores were 6.80 (1.40) vs 7.38 (1.47) (P=0.202) for ESPB and TEA groups, respectively. 

Table 2 Comparison of Postoperative Pain Score and Need of Rescue Analgesics at Each Time Point

Pain Outcomes ESPB Group (n=23) TEA Group (n=21) Mean Difference (95% CI) P-value

POD 1
NRS at rest 4.22 (1.93) 4.81 (1.78) −0.59 (−1.72, 0.54) 0.296

NRS with movement 6.10 (2.13) 6.90 (1.58) −0.80 (−2.00, 0.39) 0.179

NRS maximum 6.80 (1.40) 7.38 (1.47) −0.58 (−1.49, 0.32) 0.202
Rescue Opioids OME, mg 8.2 (11.1) 3.1 (4.5) 5.1 (−0.0, 10.2) 0.114

POD 2
NRS at rest 3.74 (2.00) 3.67 (1.56) 0.07 (−1.02, 1.16) 0.894
NRS with movement 6.15 (1.90) 5.76 (1.95) 0.39 (−0.83, 1.60) 0.522

NRS maximum 6.45 (1.85) 5.85 (1.84) 0.60 (−0.58, 1.78) 0.311
Rescue Opioids OME, mg 3.9 (9.6) 4.3 (9.7) −0.5 (−6.4, 5.4) 0.963

POD 3
NRS at rest 2.96 (1.77) 2.95 (1.28) 0.00 (−0.93, 0.94) 0.993
NRS with movement 5.10 (2.05) 5.00 (1.56) 0.10 (−1.07, 1.27) 0.863

NRS maximum 5.35 (1.73) 5.37 (1.74) −0.02 (−1.19, 1.16) 0.979

Rescue Opioids OME, mg 2.6 (5.4) 3.2 (7.1) −0.5 (−4.4, 3.3) 0.911
Total (POD 1 to 3) rescue Opioids OME, mg 14.6 (19.9) 10.6 (15.8) 4.0 (−6.9, 14.9) 0.564

Note: Data are presented as the mean (standard deviation). 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia; POD, postoperative day; NRS, numeric rating scale; OME, oral morphine 
equivalents.
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Figure 3 Resting pain scores over time. Box plots showing numeric rating scale (NRS) pain scores at rest from postoperative day (POD) 1 morning through POD 3 evening. 
Box plots display the median (center line), interquartile range (box), and maximum and minimum values (upper and lower whiskers, respectively). Dots show the individual 
data points. 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia.
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Pain scores progressively decreased over the 3-day observation period in both groups, with no significant between-group 
differences at any time point in the mITT population (Figure 3), with consistent findings observed in the per-protocol 
analysis (Supplementary Figure S1). By POD 3, resting pain scores had decreased to 2.96 (1.77) in the ESPB group and 
2.95 (1.28) in the TEA group (P=0.993). Total rescue opioid consumption during the first 3 postoperative days, expressed 
as OME, did not differ significantly between groups (ESPB: 14.6 ± 19.9 mg vs TEA: 10.6 ± 15.8 mg; mean difference 
4.0 mg, 95% CI −6.9 to 14.9; P=0.564, mITT population, Table 2). The proportion of patients requiring any rescue 
analgesia was also comparable (ESPB: 73.9% [17/23] vs TEA: 81.0% [17/21]; P=0.724 Supplementary Table S4).

Postoperative recovery quality as measured by the QoR-15K on POD3 was similar (mean (SD), ESPB group 104.0 
(25.0) vs TEA group 105.4 (18.6), P=0.85). The total dose of intraoperative remifentanil, duration of chest tube drainage, 
urinary catheterization, length of ICU or hospital stay, and postoperative 3-month FEV1 were comparable across groups 
(Table 3 and Supplementary Table S5). Chronic pain assessments using the painDETECT questionnaire at 3 and 6 
months postoperatively showed no significant group differences (Table 4). The incidence of adverse events, including 
hypotension, sedation, respiratory depression, and urinary retention, was low and not statistically different between 
groups (Table 3 and Supplementary Table S5). No catheter-related complications, such as hematoma or infection, were 
reported in either group. Attrition sensitivity analyses for the 3- and 6-month outcomes, including best-case/worst-case 
scenarios and mean imputation, yielded results consistent with the complete-case analysis, indicating that loss to follow- 
up did not meaningfully alter the chronic pain findings (Supplementary Table S6).

Post-hoc power analysis using the observed pooled standard deviation (1.86 points) showed that the achieved sample 
size of 44 patients provided approximately 65% power to detect the predefined non-inferiority margin of 2.0 points with 
a one-sided alpha of 0.05, substantially below the target 80% power (Supplementary Table S7).

Table 3 Postoperative Secondary Outcomes and Recovery Parameters

Outcomes ESPB Group  
(n=23)

TEA Group  
(n=21)

Risk Ratio (95% CI) Mean diff  
(95% CI) Median diff (95% CI)

P-value

Intraoperative remifentanil, μg 1690.9 (560.6) 1444.1 (580.2) 246.8 (−101.1, 594.7) 0.16

PACU
Rescue analgesia 16 (69.6%) 9 (42.9%) 1.62 (0.92, 2.85) 0.127

PONV 1 (4.3%) 3 (14.3%) 0.30 (0.03, 2.70) 0.335

Antiemetics use 0 (0%) 2 (9.5%) 0.22 (0.01, 4.81) 0.222
Recovery parameters
POD 3 QoR-15 104.00 (25.00) 105.41 (18.64) −1.41 (−16.55, 13.73) 0.85

Chest tube duration, days 4.0 [3.0–6.0] 4.0 [1.0–5.0] 1.00 (−1.00, 2.00) 0.449
Foley catheter duration, hr 19.2 [1.4–21.6] 20.3 [2.3–24.5] −1.50 (−15.10, 0.90) 0.222

Postoperative complications 1 (4.3%) 1 (4.8%) 0.91 (0.06, 13.69) >0.999

Hospital stay, days 6.0 [5.0–9.5] 7.0 [6.0–9.0] −1.00 (−3.00, 1.00) 0.413
ICU care 12 (52.2%) 16 (76.2%) 0.68 (0.43, 1.08) 0.125

ICU stay, days 1.0 [0.0–1.0] 1.0 [1.0–1.0] −0.00 (−1.00, 0.00) 0.104

Postoperative 3 mo FEV1, L
a 2.10 (0.51) 1.82 (0.47) 0.28 (−0.03, 0.59) 0.071

Adverse events
Nausea 3 (13.0%) 3 (14.3%) 0.91 (0.21, 4.04) >0.999

Vomiting 0 (0%) 1 (4.8%) 0.45 (0.02, 12.96) 0.477
Hypotension 0 (0%) 2 (9.5%) 0.22 (0.01, 4.81) 0.222

Respiratory depression 0 (0%) 0 (0.0%) – –

Urinary retention 3 (13.6%) 3 (14.3%) 0.95 (0.22, 4.21) >0.999

Note: Data are presented as mean (standard deviation), median [interquartile range] or number (percentage). a: n=18 (ESPB group) and 
n=19 (TEA group). 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia; PACU, post-anesthesia care unit; PONV, postoperative 
nausea and vomiting; POD, postoperative day; QoR-15, Quality of Recovery-15 score; ICU, intensive care unit; FEV1, Forced Expiratory 
Volume in 1 second.
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Bayesian analysis with weakly informative priors yielded a posterior mean treatment difference of −0.58 points (95% 
credible interval: −1.69 to 0.52), consistent with the frequentist analysis. The posterior probability that the true difference 
is within the non-inferiority margin of 2.0 points was >99.9%, providing strong probabilistic evidence for non-inferiority. 
Model convergence was excellent with all bR values = 1.00 and effective sample sizes >3500. Detailed Bayesian results 
are presented in Supplementary Table S8.

Discussion
In this randomized, assessor-blinded non-inferiority trial, continuous ESPB was non-inferior to TEA for postoperative 
pain control after thoracotomy. The between-group difference in NRS scores was −0.59 points (95% CI −1.72 to 0.54) in 
the modified intention-to-treat analysis and −0.55 points (95% CI −1.71 to 0.61) in the per-protocol analysis, both 
meeting the predefined non-inferiority criterion of 2 points with a substantial margin. This clinically negligible difference 
demonstrates that ESPB provides equivalent analgesic efficacy to the current gold standard while offering potential 
advantages in safety and applicability.

Establishing non-inferiority between ESPB and TEA extends beyond simple pain control, validating ESPB as a viable 
first-line option for thoracotomy analgesia, particularly when TEA may be contraindicated or technically challenging. 
This represents a meaningful advancement in perioperative pain management, potentially expanding high-quality 
analgesia to a broader patient population.

Although the secondary outcomes and chronic pain assessments did not show statistically significant between-group 
differences, several endpoints demonstrated numerically meaningful differences that may be clinically important. These 
included rescue analgesia use (69.6% vs 42.9%), hospital length of stay (6 vs 7 days), ICU admission (52.2% vs 76.2%), 
and the need for analgesics at 3 months and 6 months (16.7% vs 36.8% and 16.7% vs 31.6%) in the ESPB and TEA 
groups, respectively. Given the reduced sample size and the exploratory nature of these comparisons, the corresponding 
estimates are imprecise and should be interpreted cautiously. These findings are preliminary, suggest possible differences, 
and should be confirmed in larger, adequately powered trials.

Recent meta-analyses have consistently demonstrated ESPB’s analgesic efficacy across multiple surgical specialties, with 
significant reductions in postoperative opioid consumption and pain scores.23–25 Systematic reviews including thoracic 
surgery have reported that ESPB is associated with significant reductions in postoperative pain compared with non-block 
care (standard systemic analgesia without a regional block) and, in some studies, thoracic paravertebral block (TPVB).12 Our 
findings support this evidence base while extending it to the most challenging thoracic procedure in terms of postoperative 
pain. However, recent network meta-analyses comparing regional analgesic techniques for thoracic surgery have generally 
ranked TEA and/or TPVB highly for early postoperative pain outcomes, while suggesting that ESPB may offer a more 

Table 4 Chronic Pain Assessment

Outcomes ESP Group  
(n=18)

TEA Group  
(n=19)

Risk Ratio (95% CI)  
Median Diff (95% CI)

P-value

Postoperative 3 months
Pain DETECT score (−1–38) 28.5 [24.2–31.8] 24.0 [17.0–39.0] 3.00 (−8.00, 9.00) 0.447

12 or lower 0 (0%) 1 (5.3%) 0.566
13–18 3 (16.7%) 5 (26.3%)

19 or higher 15 (83.3%) 13 (68.4%)

Need for analgesics, n 3 (16.7%) 7 (36.8%) 0.41 (0.12, 1.36) 0.159
Postoperative 6 months
Pain DETECT score (−1–38) 19.0 [13.0–21.8] 17.0 [11.0–23.5] 1.00 (−6.00, 6.00) 0.761

12 or lower 3 (16.7%) 7 (36.8%) 0.331

13–18 6 (33.3%) 3 (15.8%)

19 or higher 9 (50.0%) 9 (47.4%)
Need of analgesics, n 3 (16.7%) 6 (31.6%) 0.48 (0.14, 1.65) 0.277

Note: Data are presented as median [interquartile range] or number (percentage). 
Abbreviations: ESPB, erector spinae plane block; TEA, thoracic epidural analgesia.
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favorable adverse-event profile in some analyses.26–28 Importantly, relative performance appears to vary by surgical approach 
and outcome domain. Thus, while analgesic superiority may be procedure- and endpoint-dependent, beyond analgesic 
efficacy, ESPB offers distinct safety advantages as a superficial interfascial block outside the neuraxis, classified as low 
risk for bleeding complications by major international guidelines.29–31 Comprehensive systematic reviews analyzing nearly 
2000 patients reported no cases of pneumothorax, motor blockade, or local anesthetic systemic toxicity.32 In our study, no 
hypotension events occurred in the ESPB group compared to 9.5% (2/21 patients) in the TEA group, with comparable rescue 
analgesic requirements (73.9% vs 81.0%).

Our findings align with studies demonstrating comparable efficacy between ESPB and TEA, though with variations. 
Van den Broek et al found that while TEA provided superior dermatomal spread in video-assisted thoracoscopic surgery, 
ESPB offered tolerable analgesia with fewer adverse events.33 A pediatric randomized controlled trial by Singh et al 
comparing ESPB with TEA for thoracotomy reported hypotension in 40% of TEA patients but none receiving ESPB.34 

However, not all studies demonstrated equivalent efficacy. Van den Broek et al concluded that ESPB may be inferior to 
TEA, with higher morphine consumption despite similar recovery scores.33 Zapletal et al reported higher opioid 
requirements with ESPB compared to TEA.35 Additionally, ESPB success rates of 83–85% indicate block failure in 
15–17% of cases,10,36 and the mechanism of action remains incompletely understood with variable sensory spread.37,38

Our use of continuous infusion protocols for both techniques contrasts with studies employing single-bolus ESPB that 
reported inferior outcomes. The timing of block placement and delivery method may significantly impact efficacy, 
particularly given the importance of establishing adequate neural blockade before surgical stimulation. Image-guided 
techniques—fluoroscopy for TEA and ultrasound for ESPB—likely contributed to our consistent results by minimizing 
technical failures.39 This dual approach to precision placement minimized technical failures and enhanced the internal 
validity of our comparison, representing current best practices for both techniques.

The complementary Bayesian analysis provides additional insights beyond the frequentist framework. While frequentist 
non-inferiority testing evaluates whether the upper confidence bound exceeds a pre-specified margin, Bayesian analysis 
directly quantifies the probability that ESPB is non-inferior given the observed data. The >99.9% posterior probability of non- 
inferiority represents strong evidence supporting comparable efficacy, even in the context of an underpowered study design. 
This probabilistic interpretation may be more intuitive for clinicians than traditional P-values and provides a continuous 
measure of evidence strength rather than a binary reject/fail-to-reject decision. The consistency between Bayesian credible 
intervals and frequentist confidence intervals further supports the robustness of our findings.

Our study has several important limitations that warrant consideration. First, patient enrollment was prematurely 
terminated due to external circumstances, resulting in a final sample size of 44 patients that fell short of the calculated 
requirement of 56 patients, which may have reduced statistical power. Second, complete blinding cannot be guaranteed 
because catheter insertion sites and infusion devices could have been visible during routine postoperative care. However, 
practical measures were implemented to minimize assessment bias: PCA pump screens were covered, dosage data were 
collected separately after device retrieval, and outcome assessment was performed by a research nurse who was limited 
to pain score recording and patient interviews without access to procedural or analgesic management details. Third, our 
single-center design at a high-volume academic institution may limit generalizability to centers with different patient 
populations or levels of regional anesthesia expertise. Fourth, the non-inferiority margin of 2-point, while clinically 
justified based on previous literature, may be considered generous by some standards, though our actual difference was 
substantially smaller. Moreover, the minimal clinically important difference is primarily defined at the individual level 
and may not directly translate to between-group differences in trial design.40 Notably, the observed upper bound of the 
95% confidence interval (0.54 points) was well below the pre-specified margin, and Bayesian analysis demonstrated 
posterior probabilities of non-inferiority exceeding 98% even at a more stringent margin of 1.5 points. Although 
a predefined non-inferiority margin for opioid consumption would have provided a more comprehensive assessment of 
analgesic efficacy, opioid consumption was included as a secondary outcome rather than a co-primary endpoint in the 
present study and should be considered in future non-inferiority designs.

Future research should prioritize large-scale, multicenter trials and standardization of continuous ESPB protocols. Significant 
heterogeneity exists regarding optimal local anesthetic concentration, infusion rates, bolus volumes, and therapy duration. Our 
protocol (0.2% ropivacaine, 10 mL/h basal rate, 5 mL bolus every 20 minutes) was based on institutional experience rather than 
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evidence-based guidelines. This lack of standardization represents a barrier to widespread adoption and may contribute to 
variable efficacy across studies. Dose-finding studies should establish optimal concentration-volume relationships, appropriate 
infusion rates for different procedures, and minimum effective therapy duration while minimizing local anesthetic exposure. 
Economic analyses, investigations into enhanced recovery protocols, and research identifying patient-specific predictors of ESPB 
success would further advance clinical application.

Conclusion
In conclusion, continuous ESPB met the pre-specified non-inferiority criterion compared with TEA for controlling post
operative pain after thoracotomy, as the upper bound of the 95% confidence interval for the between-group difference (0.54 
points) was below the non-inferiority margin (Δ=2). The comparable analgesic efficacy, combined with ESPB’s favorable 
safety profile, technical simplicity, and broad applicability, suggests that it may be a practical alternative to TEA. However, 
given the reduced sample size, these findings should be interpreted cautiously and warrant confirmation in adequately 
powered trials. Taken together, these findings represent a step toward expanding access to postoperative analgesia options 
and support further evaluation of ESPB within thoracic surgery analgesic pathways.
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