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Background and Objectives: Rebound pain (RP), characterised by an acute increase in pain levels, is usually observed after the 
effects of block anaesthesia have subsided. Severe RP can cause adverse effects, thus affecting patient prognosis. In this study, we 
investigated the incidence of RP and its risk factors after intercostal nerve block in three-port thoracoscopic surgery to provide 
a clinical basis for identifying high-risk patients and providing early intervention.
Methods: A single-centre retrospective study was conducted on 475 patients who underwent three-hole thoracoscopic surgery from 
September 2022 to September 2023 in Jiaxing First Hospital. Data were collected and compared between patients who developed RP 
and those who did not. IBM SPSS Statistics 25.0 software was used for statistical analysis.
Results: Data were collected from 700 patients. After applying the exclusion criteria, 475 cases were finally included and the 
incidence of RP was 23.8%. The results showed that the differences in body mass index (BMI), upper and lower chest diameters, 
anterior and posterior chest diameters, left and right chest diameters, and gender between patients with RP and those without RP were 
statistically significant (p < 0.05). In addition, the proportion of female patients with RP was significantly higher. BMI (advantage ratio 
[OR] = 0.835, 95% confidence interval [CI]: 0.375 ~ 1.859), upper and lower chest diameters (OR = 0.916, 95% CI: 0.827 ~ 1.014), 
anterior and posterior chest diameters (OR = 0.765, 95% CI: 0.635 ~ 0.921), left and right chest diameters (OR = 0.612, 95% CI: 0.421 
~ 0.891), and gender (OR = 1.170, 95% CI: 0.576 ~ 2.373).
Conclusion: The incidence of RP after three-hole thoracoscopic intercostal nerve block is high and associated with multiple risk 
factors. Early intervention is needed for patients at risk of RP to improve patient prognosis and satisfaction.
Keywords: intercostal nerve block, rebound pain, regional block anesthesia, thoracoscopic surgery

Introduction
With the introduction and implementation of the concept of enhanced recovery after surgery, peripheral nerve block 
(PNB), a crucial component of multimodal analgesia, has gained prominence because of its efficacy in reducing 
perioperative opioid consumption and shortening postoperative hospital stay. However, post-PNB rebound pain (RP) is 
commonly observed in patients when the analgesic effect wears off, thereby increasing the need for opioids, which 
reduces or negates the overall benefit of PNB.1 The incidence of severe RP after epidural analgesia for video-assisted 
thoracic surgery (VATS) is approximately 22%.2 In a large retrospective study, of the 972 outpatients receiving PNB, 482 
experienced severe RP (approximately 50%).3 RP, that is, acute postoperative pain after the disappearance of regional 
block anesthesia effects, has recently garnered increasing research attention in terms of its exact definition, pathological 
mechanisms, associated risk factors, and preventive and curative measures.4 Several studies have attempted to define RP 
after regional block anesthesia.5 In 2019, based on the mechanism of RP occurrence, Dada et al (2019) defined RP as 
a nociceptive hypersensitivity state occurring 8–24 h after local block anesthesia.6 Belete et al defined RP as the change 
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from good pain control at surgery to severe pain within 24 h of surgery.7 It is the sudden onset of substantial 
mechanosurgical pain induced by nonconfrontational injurious inputs after the regional nerve block effect has 
subsided.8 Many patients undergoing regional block anesthesia, either as the sole anesthetic technique or in combination 
with general anesthesia or sedation, experience severe pain after the sensory nerve block is released.9 This pain may 
reduce or even negate the overall benefit of PNB.6 Currently, domestic and international studies have investigated the 
incidence and risk factors associated with RP after abdominal surgery, spinal surgery, outpatient surgery combined with 
PNB, and VATS involving epidural analgesia. However, reports on the incidence of RP and the associated risk factors 
after intercostal nerve block in thoracic surgery are lacking.2,3,10,11

According to statistics, approximately 70% of thoracic surgeries are performed under VATS, with most performed 
under general anesthesia combined with regional block anesthesia. Chest drains are routinely left in place for drainage 
during the postoperative period.12 Postoperative analgesics routinely used in thoracic surgery by anesthesiology depart
ments are thoracic epidural analgesia (TEA), thoracic paravertebral block, and intercostal nerve block.13 Most open-heart 
surgeries are compounded with TEA for controlling postoperative pain. Recently, intercostal nerve block has become 
increasingly common in VATS surgeries because of the ease of its execution. It is routinely combined with intercostal 
nerve block for analgesia in thoracic surgeries at our institution. Although intercostal nerve block may be associated with 
lower pain scores in the early postoperative period, the effects may persist for a limited duration. Fewer clinical studies 
have investigated the time and degree of gradual diminution of the effect of intercostal nerve block and whether RP has 
any risk or specificity, warranting more in-depth studies on this topic.

Materials and Methods
The study was approved by the local research ethics committee (reference number: 2023-KY-237). The clinical registration 
number was ChiCTR2400083935. This single-center, retrospective observational study was conducted in the Department of 
Anaesthesiology, Jiaxing University Hospital, Jiaxing, People’s Republic of China. We collected the electronic medical 
records of 700 patients who underwent three-port thoracoscopic surgery with intercostal nerve blocks at the First Hospital of 
Jiaxing from September 2022 to September 2023. Patients’ general information and that of their diagnostic history and 
treatment plan were obtained by searching their records. RP was defined as the change from good pain control at surgery to 
severe pain 24 h after surgery. Good pain control was defined as the last postanesthesia care unit (PACU) pain score recorded 
after PNB. However, if the patient was not in the PACU, the pain score was recorded immediately before leaving the operating 
room. The change to severe pain within 24 h after surgery was defined as the sudden onset of pain at 24 h after surgery that 
either interfered with the patients’ sleep or required them to seek surgeon’s support.

Inclusion and Exclusion Criteria
In this study, we included 18- to 75-year old patients who underwent elective thoracoscopic lung surgery with intercostal 
nerve block analgesia under general anesthesia in our hospital, whose complete clinical data were available, and who 
scored American Society of Anesthesiology (ASA) class I–III.

We excluded patients experiencing an imperfect analgesic effect of the intercostal nerve block; patients with mental illness 
or inability to correctly and effectively identify their feelings; patients with long-term chronic pain; those who changed the 
operation mode during the operation, such as thoracoscopic surgery was changed to open surgery; those who encountered 
severe complications after the operation and were admitted to the intensive care unit; those who withdrew or lost of follow-up 
visits; those who used other analgesic drugs during the study period; those who violated the analgesic protocol of this study; 
those who were taken out of service during the period of using analgesic pumps due to clogging of the line in the middle of the 
process; those who experienced malfunctioning of analgesic pumps; and those in whom the use of analgesic pumps had to be 
discontinued within 24 h of the occurrence of postoperative adverse reactions.

After applying the exclusion criteria, the data of 475 patients were finally included in the study. These patients were 
finally divided into two groups: those who experienced RP and those who did not.
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Follow-Up
Eligible patients identified on the basis of the electronic inpatient medical record were followed up by telephone to obtain 
information about the occurrence of RP after surgery, such as incidence and time of occurrence.

Data Collection
Data were extracted from the hospital’s electronic database and from patients’ responses to the daily telephonic follow-up 
questionnaire. Regarding postoperative follow-up, all patients received follow-up telephone calls from the anesthetist 
daily, starting approximately 24 h after surgery. During this follow-up, relevant data regarding clinical pain and pain 
management measures were recorded.

Risk Factor Variables
Patients’ baseline data were collected, and potential risk factors were assessed (Table 1). Some of these risk factors were 
associated with postoperative pain, including patients’ age, body mass index (BMI), gender, comorbidities (hypertension/ 
diabetes mellitus), duration of surgery, and thoracic size (anteroposterior diameters, right and left diameters, and upper and 
lower meridians). The operation time was calculated as the end time of the patient’s operation minus the start time of the 

Table 1 Basic Information of Respondents

Variate Total 
Number of 
Patients

Number of 
Patients with 
Rebound Pain

Percentage of 
Rebound Pain 
Incidence

Length of stay (LOS) 475 – –

Height (cm) 475 – –

Weight (kg) 475 – –
BMI (kg/m2) 475 – –

Upper and lower thoracic diameters (cm) 475 – –

Anteroposterior thoracic diameters (anatomy) (cm) 475 – –
Left and right thoracic diameters (cm) 475 – –

Age 475 – –

First intraoperative blood glucose (mmol/L) 445 – –
Gender

Female 279 79 28.3

Male 196 34 17.3
High blood pressure

None 303 70 23.1
Exist 172 43 25.0

Diabetes

None 414 96 23.2
Exist 61 17 27.9

ASA grading

II 417 101 24.2
III 58 12 20.7

Affected side

Left 200 43 21.5
Right 275 70 25.5

Age group (years)

<66 348 87 25.0
≥66 127 26 20.5

First intraoperative blood glucose (mmol/L)

≤6.9 417 105 25.2
>6.9 28 3 10.7
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operation, as noted in the anesthesia record sheet. The anteroposterior thoracic diameters were the maximum of the values 
measured from the anterior to posterior in the aortic plane on the affected side of the patient, as observed on the most recent 
preoperative computed tomography (CT) scan. The upper and lower thoracic diameters were the maximum of the values 
measured from the apex of the lungs to its base on the affected side of the patient, as observed on the most recent preoperative 
CT scan. The right and left thoracic diameters were half of the maximum of the values measured from the left to right in the 
aortic plane on the affected side of the patient, as observed on the most recent preoperative CT scan.

Outcome Variable
In this study, the primary outcome variable was the incidence of RP. RP was defined as a dramatic change from 
well-controlled pain within 12–24 h of nerve block release to pain 24 h after surgery. Although severe pain is 
sudden and severe after PNB subsides, no threshold RPS value was determined for patients with RP.8,14 In a study 
investigating factors associated with RP after PNB release following major outpatient surgery, the incidence of RP 
was measured by evaluating the change from mild pain (NRS pain score = 3) at the time of the last measurement 
of block onset to severe pain (NRS pain score = 7) within 24 h of PNB release.3 Considering that all the present 
study patients were inpatients and had used sufentanil (100 μg) + ondansetron (8 mg/100 mL), with no background 
dosage for postoperative analgesia, the incidence of RP was measured by evaluating the change from mild pain at 
the time of the last measurement of block onset (NRS pain score <3) to moderately severe pain (NRS pain score 
≥ 4). All patients were free of residual numbness at 24-h follow-up. The discharge criterion for the PACU patients 
was adequate pain control (NRS < 3 or patient-reported satisfactory pain control).

Statistical Methods
Statistical analyses were performed using IBM SPSS Statistics 25.0 (IBM Corporation) software. Continuous variables are 
expressed as the mean [SD] or quartile. The two-sample t-test was employed to analyze normally distributed data, and the 
Mann–Whitney U-test was conducted to analyze data without normal distribution. Categorical variables are expressed as 
counts and percentages. Comparative analyses were performed using the chi-square test or Fisher’s exact probability method. 
RP-associated risk factors were analyzed through multifactorial logistic regression. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated. A p value < 0.05 was considered statistically significant.

Results
Basic Patient Information
In this survey, we included a total of 475 patients, of which 113 had RP, accounting for 23.8% of the total. Among the 279 female 
patients included in the study, 79 (28.3%) experienced RP, whereas 34 of 196 male patients (17.3%) had RP. In the total study 
population, 43 of the 172 patients with hypertension experienced RP (25.0%); 70 of the 303 patients without hypertension had RP 
(23.1%); 17 of the 61 patients with diabetes had RP (27.9%); 96 of the 414 patients without diabetes had RP (23.8%); 17 of the 61 
patients with pain experienced RP (27.9%); 101 of the 417 patients with ASAII had RP (24.1%); 12 of the 58 patients with 
ASAIII experienced RP (20.7%); 43 of the 200 patients in whom the left side was affected had RP (21.5%); 70 of the 275 patients 
in whom the affected side was the right side had RP (25.5%); 87 of the 348 patients aged age <66 years experienced RP (25.0%); 
26 of the 127 patients aged ≥66 years experienced RP (20.5%); 105 of the 417 patients with preoperative blood glucose levels of 
≤6.9 mmol/L had RP (25.2%); and three of the 28 patients with preoperative blood glucose levels of had RP (10.7%). Table 1 
presents the basic characteristics of the patients.

Univariate Analysis of the Factors Affecting RP Occurrence
The chi-square test was used to analyze the difference between patients with and without RP in terms of seven indicators 
(Table 2). The two groups did not differ significantly in terms of hypertension, diabetes mellitus, gender, affected side, 
ASA grading, age, and preoperative blood glucose levels (p > 0.05). Among these factors, gender was found to be 
associated with the occurrence of RP (p < 0.05), and the percentage of female patients with RP was significantly higher 
than that of male patients with RP.
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Ten indicators were analyzed using the independent samples t-test (Table 3). Height (t = 2.214, p < 0.05), weight (t = 3.615, 
p < 0.05), BMI (t = 2.868, p < 0.05), upper and lower thoracic diameters (t = 2.299, p < 0.05), anteroposterior diameters 
(t = 4.381, p < 0.05) (t = 4.381, p < 0.05), and left and right diameters (t = 5.089, p < 0.05) differed significantly between 
patients with and without RP. Other factors such as the length of hospital stay (t = −1.202, p = 0.230), age (t = 0.759, p = 0.448), 
length of surgery (min) (t = −0.389, p = 0.697), and preoperative blood glucose (mmol/L) (t = 1.555, p = 0.121) did not differ 
significantly between the two groups.

Table 2 Univariate Analysis of Categorical Variables

Variables Number of 
Patients Without 
Rebound Pain

Number of 
Patients with 
Rebound Pain

χ² P

High blood pressure 0 233 70 0.218 0.641

1 129 43
Diabetes 0 318 96 0.642 0.423

1 44 17

Gender 0 200 79 7.639 0.006
1 162 34

Affected side Left 157 43 0.999 0.318
Right 205 70

ASA grading 2 316 101 0.350 0.554

3 46 12
Age <66 261 87 1.052 0.305

≥66 101 26

First intraoperative blood glucose (mmol/L) ≤6.9 312 105 2.987 0.084
>6.9 25 3

Table 3 One-Way Analysis of Continuous Variables

Variables Classification  
(0 = no Rebound Pain, 
1 = Rebound Pain)

M SD t/F P

Length of stay (LOS) 0 9.21 4.02 −1.202 0.230

1 9.74 4.33
Height (cm) 0 162.78 8.15 2.214 0.027

1 160.91 6.88

Weight (kg) 0 63.31 10.23 3.615 0.000
1 59.46 8.71

BMI (kg/m2) 0 23.85 3.06 2.868 0.004

1 22.92 2.75
Upper and lower thoracic diameters (cm) 0 20.22 3.11 2.299 0.022

1 19.47 2.75

Anteroposterior thoracic diameters (anatomy) (cm) 0 16.80 1.77 4.381 0.000
1 16.01 1.30

Left and right thoracic diameters (cm) 0 12.35 0.89 5.089 0.000

1 11.86 0.91
Age 0 56.90 12.06 0.759 0.448

1 55.89 12.82
Length of surgery (min) 0 96.85 45.28 −0.389 0.697

1 98.73 42.41

First intraoperative blood glucose (mmol/L) 0 5.73 3.04 1.555 0.121
1 5.27 0.67
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Logistic Regression Analysis
Considering the occurrence of RP as the outcome, the probability of RP after three-port thoracoscopic surgery following 
intercostal nerve block release was 23.8%. Seven significant factors identifying using the univariate analysis were 
selected and established as independent variables. The values of categorical variables were assigned as shown in Table 4. 
Incidence of RP was set as a dependent variable (0 = no RP, 1 = RP occurred). Logistic regression was adopted to 
analyze potential risk factors for RP incidence (Table 5).

Forest plot of the multivariate logistic regression analysis of factors associated with the incidence of RP (Figure 1). 
The error bars represent 95% CIs; error bars to the left or right of the x = 1.0 axis indicate that a given factor protects 
against or is a risk factor for pain, respectively; error bars across the x = 1.0 axis indicate no significant difference 
between the factors for pain (no significant difference in the pain risk).

The results of the multifactorial analysis showed that the anteroposterior and left and right thoracic diameters were 
protective factors for pain. Each unit increase in the anteroposterior thoracic diameters decreased the probability of the 
RP by approximately 23.5%, and each unit increase in the left and right thoracic diameters decreased the probability of 
RP by approximately 38.8%.

Table 4 Assignment of Factors Influencing 
Rebound Pain

Independent Variable Assign a Value

Gender 0 = Female, 1 = Male

Table 5 Multifactorial Logistic Regression Analysis of Factors Influencing Rebound Pain Incidence in 
Patients

B SE p value OR 95% CI

BMI (kg/m2) −0.181 0.409 0.658 0.835 0.375–1.859
Upper and lower thoracic diameters (cm) −0.088 0.052 0.092 0.916 0.827–1.014

Anteroposterior thoracic diameters (anatomy) (cm) −0.268 0.095 0.005 0.765 0.635–0.921

Left and right thoracic diameters (cm) −0.491 0.191 0.01 0.612 0.421–0.891
Gender 0.157 0.361 0.664 1.170 0.576–2.373

Height (cm) 0.001 0.118 0.998 1.000 0.793–1.259

Weight (kg) 0.045 0.156 0.775 1.046 0.77–1.419
Constant 12.392 19.156 0.518 240,867.031

Figure 1 Forest plot of the multivariate logistic regression analysis of factors associated with the incidence of RP.
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Discussion
In this retrospective study, we found that RP occurred in approximately 23% patients who underwent thoracic surgery. 
One-way analysis of variance was conducted to examine variables with significant differences between the patients with 
and without RP, and logistic regression was used to further identify variables significantly associated with RP. The 
anteroposterior and left and right thoracic diameters were protective factors for the occurrence of RP. Each unit increase 
in anteroposterior thoracic diameters decreased the probability of RP by approximately 23.5%, and each unit increase in 
the left and right thoracic diameters decreased the probability of RP by approximately 38.8%. Additionally, the 
occurrence of RP differed significantly between male and female patients, indicating a close association between sex 
and RP incidence in patients, with the percentage of female patients experiencing RP being significantly higher than that 
of male patients with RP.

Compared with the recent large retrospective study in which the incidence of RP after a single PNB was approximately 
50%,3 the incidence of RP after intercostal nerve block was 23% in the present study. In our hospital, postoperative analgesia is 
routinely provided using analgesic pumps on postoperative day 1. Moreover, surgeons routinely administer oral medications, 
such as ketorolac tromethamine BID or aminophenol hydrocodone TID, for postoperative analgesia. A significant increase in 
pain intensity and opioid requirements is frequently observed in patients experiencing RP at 24 h after postoperative analgesia. 
Despite adequate postoperative analgesic management, RP was noted in 20%–30% of the study patients, and postoperative 
analgesia with sufentanil 100 μg + ondansetron 8 mg/100 mL, a background-free dose, could not adequately control RP. 
Furthermore, an appropriate management strategy for RP after nerve block remains to be developed. The incidence and risk 
factors for RP after PCEA discontinuation have been evaluated in a previous study; however, the study involved thoracoscopic 
surgical patients who had undergone PCEA, and not patients receiving intercostal nerve blocks.

In the present study, the univariate analysis revealed that six factors, namely hypertension, diabetes mellitus, gender, 
affected side, ASA classification, age, and first intraoperative blood glucose levels did not differ significantly between the 
RP and non-RP groups. Other factors such as the length of hospital stay (t = −1.202, p = 0.230), age (t = 0.759, p = 
0.448), duration of surgery (min) (t = −0.389, p = 0.697), and intraoperative first blood glucose (mmol/L) (t = 1.555, p = 
0.121) also exhibited no significant association with RP incidence. By contrast, height (t = 2.214, p < 0.05), weight (t = 
3.615, p < 0.05), BMI (t = 2.868, p < 0.05), upper and lower thoracic diameters (t = 2.299, p < 0.05), anteroposterior 
diameters (t = 4.381, p < 0.05), and left and right diameters (t = 5.089, p < 0.05) differed significantly between patients 
with and without RP. Seven factors exhibiting statistically significant differences between the two patient groups, as 
determined through the univariate analysis, were selected as independent variables. Logistic regression was performed to 
analyze the factors that might affect RP incidence. The anteroposterior and right and left thoracic diameters were 
protective factors for the occurrence of RP. The probability of RP reduced by approximately 23.5% for each unit increase 
in the anteroposterior thoracic diameters and by approximately 38.8% for each unit increase in the right and left thoracic 
diameters. This suggests that the anatomical size of the thorax is closely related to the occurrence of postoperative RP.

In addition, sex was identified as a significant factor for the occurrence of RP in this study, with the percentage of 
female patients with RP being significantly higher. Studies have identified three non-modifiable patient and surgical risk 
factors for RP, namely younger age, female gender, and bone surgery.3 Our finding indicating a significantly higher 
proportion of female patients with RP is consistent with those of previous studies. Female sex is an independent risk 
factor for RP development. In various surgical procedures, women are at an increased risk of experiencing postoperative 
pain.15,16 Gender differences in pain perception are related to complex psychosocial and biological factors, such as 
women’s greater willingness to communicate regarding their pain and subjective pain experiences. Although gender is an 
immutable risk factor for RP in the postoperative period, these characteristics remain crucial for optimizing pain 
management in the perioperative period in patients with relevant risk factors.

RP has recently been introduced as a term for describing acute pain that begins after the regional anesthesia-associated 
sensory block has worn off. RP has various definitions, and, to date, no consensus has been formed on a formal definition of 
RP.9 RP has not been universally accepted as a distinct pain phenomenon. One can argue that the sudden onset of typical 
injurious pain is a consequence of revealing inadequate multimodal analgesia.17 Multimodal analgesic approaches are 
currently used for postoperative pain management, including acetaminophen, nonsteroidal anti-inflammatory analgesics, 
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opioids, and PNBs. PNB plays a crucial role in anesthesia and postoperative multimodal analgesia for extremity surgery.18 

PNB offers multiple benefits in various surgeries, including good early analgesia, a high safety profile, reduced opioid 
consumption, better early postoperative pain control, and earlier discharge from the hospital.19,20 Current studies have 
suggested that regional block anesthesia is effective in the first 6–8 h after administration.3 However, after the anesthetic 
effects wear off, pain may rebound, and sometimes, this pain may be worse than that before the operation.21 This severe pain 
sets in rapidly, thus counteracting measures that offer adequate analgesia, such as non-opioid multimodal systemic and local 
analgesia.22 RP after regional block anesthesia, characterized by nociceptive hypersensitivity, occurs less frequently in the 
PACU, and it suddenly intensifies and become intolerable after the patient is shifted from the PACU to the ward, reducing the 
quality of postoperative recovery as well as patients’ satisfaction.23 The outcome of treatment of severe RP with conventional 
non-opioid medications is poor because of the different action mechanisms of drugs involved. Patients who experience severe 
RP during three-port thoracoscopic surgery usually exhibit various behavioral responses such as limb tremors, strong vocal 
responses, and attempts to remove the chest tube.2 These responses may increase the risk of postoperative complications, such 
as surgical incision splitting, bleeding from the surgical site, wound suture breakage, and dislodgement of various catheters. It 
may also lead to cardiovascular system complications such as elevated blood pressure, increased heart rate, and cardiac 
arrhythmias. Patient with RP may also agitate during the awakening period and experience postoperative delirium and 
increased pain, leading to a prolonged hospital stay. Moreover, in mostly elderly patients, lung masses10 are often combined 
with cardiopulmonary insufficiency, reduced arterial elasticity, myocardial and autonomic function, severe pain, and psycho
logical burden. These can easily cause hemodynamic instability, and even cardiovascular and cerebrovascular accidents, 
thereby endangering health of the elderly patients.12 Therefore, anesthesiologists and surgeons should consider the cases of RP 
seriously, carefully weighing the pros and cons of nerve blocks before finalizing a treatment plan.

The characteristics of RP experienced by the patients were as follows: (1) acute in nature, (2) occurred after PNB effect had 
subsided, and (3) clinically significant in terms of intensity and impact on psychological well-being, quality of recovery, and 
activities of daily living.24 RP often occurs at night, but this may be because most single PNB injections last 8–12 h, and most 
elective surgeries are performed during the daytime.8 RP is also often described as “burning” in nature, but it lacks other 
neuropathic features such as anomalous pain, which typically occurs 12–24 h after the PNB is administered. However, 
sometimes, predicting the exact time at which the blocking effect wears off is difficult. RP intensity usually remains high for 
2–6 h, but the subsequent pain trajectory is constant with the expected recovery and healing process after a surgical injury.25 

Understandably, RP is a distressing situation, significantly affecting the total amount of analgesics used, patient satisfaction, 
and recovery.26 Severe RP can increase opioid requirements in patients, thereby increasing the risk of opioid-related adverse 
drug events.27 The possible pathophysiological mechanisms underlying the occurrence of RP after regional anesthesia are as 
follows: abnormal spontaneous overexcitation of specific nerve fibers, tissue injury-induced local inflammatory response, and 
surgical injury triggering abnormal sensory remodeling of the central nervous system.28,29 These proposed mechanisms 
remain hypothetical currently, warranting further studies to gain a deeper understanding.

Patients who develop RP postoperatively can be treated with a combination of pharmacological and psychother
apeutic interventions. Additionally, they should be informed preoperatively of the possibility of RP to avoid disputes.

Currently, specific treatments for RP are still insufficient. In order to reduce the occurrence of RP, a combination of 
preoperative education, multimodal combined analgesic strategies, and psychological interventions can be considered. 
Preoperative education can help patients understand the surgical and analgesic process, thus reducing postoperative 
anxiety and pain; multimodal analgesic strategies can improve the analgesic effect through the use of different analgesic 
drugs in combination with peripheral nerve block techniques; and psychological interventions can help patients to adjust 
their perception of and response to pain. Future research should focus on exploring the mechanism of rebound pain after 
nerve block in order to develop individualised treatment plans. There is also a need to explore new therapeutic tools, to 
promote the progress of clinical research, and to apply new technologies to improve the understanding of RP so that more 
specific and effective treatments and strategies can be provided.

Limitations
This study has some limitations. First, it was a single-center retrospective observational study. The reliability of the 
conclusions needs to be confirmed in a multicenter randomized-controlled trial. Second, the effect of unrecorded variables 
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on the classification of postoperative pain trajectories could not be evaluated further because of the retrospective design of the 
study. Additionally, due to the lack of available data, the role of hormonal drugs during nerve block could not be assessed, as 
these drugs are rarely compounded during nerve block at our institution. Third, the sample size was small. Fourth, we 
examined only acute pain intensity and the effect of a single procedure at 24 h after the surgery.

Conclusions
Anteroposterior and left and right thoracic diameters are protective factors for pain, with each additional unit of 
anteroposterior and left and right thoracic diameters decreasing the probability of patient pain by approximately 23.5% 
and 38.8%, respectively. In addition, the proportion of female patients with RP was significantly higher than that of male 
patients with RP, indicating a strong association between sex and RP incidence. For patients who are likely to experience 
RP after intercostal nerve block release following three-port thoracoscopic surgery, advanced interventions must be 
considered to improve their prognosis and satisfaction.
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