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Background: Chronic post-surgical pain (CPSP) is a frequent complication after thoracic and cardiothoracic surgery; however, 
reported risk factors remain heterogeneous and inconsistent.
Objective: To map and synthesize the factors associated with CPSP after thoracic and cardiac surgery and to determine the strength 
of evidence supporting each predictor category.
Methods: An exploratory review was conducted following PRISMA-ScR guidelines. Searches were performed in PubMed, Scopus, 
and Web of Science, identifying 20 eligible studies. A complementary qualitative synthesis was undertaken: statistically significant 
p-values (p < 0.05) were extracted, and predictors were categorized by evidence strength (strong, moderate, limited/inconsistent).
Results: Severe acute postoperative pain during the first postoperative days emerged as the strongest and most reproducible predictor 
of CPSP across designs and populations. Psychological distress, particularly anxiety, depression, and catastrophizing, also showed 
strong and consistent associations. Moderate evidence supported the influence of young age, female sex, low BMI, and pre-existing 
chronic pain. Surgical determinants such as operative duration, minimally invasive approaches, tissue trauma, and postoperative 
complications showed variable associations, as did anesthetic factors, especially high intraoperative remifentanil doses. Evidence for 
single-dose S-ketamine and regional blocks was limited or inconsistent. Preliminary findings related to inflammatory cytokines, 
microRNA phenotypes, and geriatric prediction models suggest additional biological contributors but remain exploratory.
Conclusion: CPSP after thoracic and cardiothoracic surgery results from interacting nociceptive, psychological, procedural, and 
biological factors. Although heterogeneity across studies requires cautious interpretation, this synthesis highlights early postoperative 
pain control and psychological vulnerability screening as priority strategies in perioperative care, and underscores the need for 
standardized, prospective, biomarker-informed research.
Keywords: chronic post-surgical pain, thoracic surgery, predisposing factors

Introduction
Long-term pain following thoracic surgery presents a significant clinical challenge, affecting more than 50% of patients 
and posing concerns for both individuals and healthcare providers. Thoracic surgeries encompass a diverse range of 
procedures, from lung resections to corrections of thoracic wall deformities, with the potential for patients to develop 
acute and chronic pain that significantly impacts their quality of life and recovery process.1

According to the International Association for the Study of Pain (IASP), chronic post-surgical pain (CPSP) is defined 
as pain that develops after a surgical procedure, persists for at least three months, cannot be explained by other causes 
such as infection or disease recurrence, and results in significant functional or psychological impact.2 Within this 
classification, the IASP specifically recognizes chronic post-thoracotomy pain syndrome as a distinct condition char
acterized by persistent pain in the thoracic or chest wall region following thoracic surgery. This review adopts these 
definitions as the conceptual framework for identifying and interpreting CPSP-related predictors in thoracic and 
cardiothoracic procedures.
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The incidence of thoracic surgeries has been steadily rising due to factors such as population aging, the increasing 
prevalence of respiratory and cardiovascular diseases, and advancements in surgical techniques. Recent epidemiological 
data reveals a global increase in the incidence of thoracic surgeries, with procedures like lobectomy, pneumonectomy, 
and thoracoscopic surgeries becoming more commonplace. For example, in the United States alone, it is estimated that 
over 530,000 thoracic surgeries are performed annually.1 This trend is expected to continue with the aging population and 
the rising burden of thoracic diseases.3

However, this surge in surgical interventions also underscores the critical need for effective postoperative pain 
management to minimize patient suffering and facilitate optimal recovery.4 Inadequate pain control not only affects 
patient comfort but can also lead to complications such as respiratory compromise, delayed mobilization, prolonged 
hospital stays, and the development of chronic pain syndromes.5

Despite advances in thoracic surgery and perioperative management, a significant gap remains in understanding why 
some patients develop CPSP after thoracotomy. Available evidence shows that CPSP is a complex and multidimensional 
phenomenon involving interacting biological, emotional, and social factors, consistent with the biopsychosocial model 
described by Giusti et al.6 Similarly, recent reviews highlight that the transition from acute to chronic pain depends on 
a dynamic interaction between intense nociception, psychological vulnerability, and procedural characteristics.7 

However, these authors agree that the evidence remains fragmented, particularly in thoracic surgery, where an integrative 
framework that systematically synthesizes these different domains is lacking. This review seeks to help close this gap 
through a broad and structured synthesis of the factors associated with CPSP in thoracic and cardiac surgery.

Therefore, a synthesis that systematically incorporates these determinants is needed to clarify how these domains 
combine to influence CPSP risk after thoracotomy. In this context, we formulated the following research question: Which 
factors have been associated with chronic post-surgical pain (CPSP) after thoracic and cardiac surgery, and what level of 
evidence supports each category of predictors? Accordingly, the objective of this scoping review was to map and 
synthesize the factors associated with CPSP after thoracic and cardiac surgery and to determine the strength of evidence 
for each predictor category. Addressing this question requires a methodological approach capable of encompassing the 
wide variability in procedures, CPSP definitions, factor domains, and study designs found in the current literature. For 
this reason, we chose to conduct a scoping review, as the evidence on CPSP after thoracic surgery is extensive yet highly 
heterogeneous, limiting the feasibility of a traditional quantitative synthesis and constraining direct comparability across 
studies.8

Materials and Methods
This review aimed to map and synthesize the factors associated with CPSP after thoracic and cardiac surgery and to 
determine the strength of evidence for each predictor category. The study was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR), ensuring 
a transparent and structured mapping of the existing evidence.9 A comprehensive secondary search was conducted across 
the PubMed, Scopus, and Web of Science databases.

The research question guiding this review was: Which factors have been associated with chronic postsurgical pain 
(CPSP) after thoracic and cardiac surgery, and what level of evidence supports each category of predictors?

Given the exploratory nature of the topic and the expected heterogeneity among studies in design, population, surgical 
and anesthetic techniques, and pain-assessment methods, a scoping-review design was selected as the most appropriate 
methodological approach. According to the Joanna Briggs Institute and PRISMA-ScR guidance, scoping reviews are 
particularly suitable for mapping broad and variable bodies of literature, identifying knowledge gaps, and organizing 
diverse factors when a meta-analysis is neither feasible nor appropriate.9,10 This design allowed us to comprehensively 
chart, categorize, and interpret the breadth of available evidence without restricting inclusion to methodologically 
homogeneous studies.

The search strategy used MeSH and DeCS terms: “thoracic surgery”, “postoperative”, “pain”, “chronic pain”, and 
“risk factors” (Table 1). Peer-reviewed, open-access, full-text articles published between 2019 and 2025, in English or 
Spanish, were included if they aligned with the study question and examined chronic postsurgical pain in adult or 
pediatric patients who had undergone thoracic or cardiothoracic surgery. These parameters were selected to ensure 
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contemporaneity of evidence and methodological rigor; however, restricting the search to two languages may represent 
a limitation. Eligible study designs included prospective and retrospective observational studies, randomized controlled 
trials, secondary analyses of clinical trials, cross-sectional studies, systematic reviews, and analytical models, reflecting 
the exploratory nature of a scoping review and its goal of mapping a broad and heterogeneous evidence base.

Studies were excluded if they were opinion papers, editorials, letters to the editor, biographies, conference proceed
ings, non–peer-reviewed publications, or if they did not align with the study objectives (Figure 1), to ensure methodo
logical rigor and consistency with PRISMA-ScR recommendations. The last search was performed in June 2025.

Two authors (Authors 2 and 3) independently conducted the search, removed duplicates, and screened titles and 
abstracts. Full-text selection and data extraction were also performed independently, with discrepancies resolved by 
a third author (Author 1). Extracted data included authorship, year, study design, country, sample size, interventions, and 
main findings. Zotero was used to identify duplicates, and Mendeley was employed for reference management.

Table 1 Search Strategies

Database Search Equation Result Exclusion and 
Inclusion Criteria

PubMed (“Thoracic Surgery” [MeSH Terms] OR “thoracic surgery”[All Fields]) AND (“Chronic Pain” 

[MeSH Terms] OR “chronic postsurgical pain”[All Fields] OR “CPSP”[All Fields])

440 10

WOS “Thoracic surgery” AND (“chronic pain” OR “chronic postsurgical pain” OR “CPSP”) 277 6

Scopus TITLE-ABS-KEY (thoracic surgery) AND TITLE-ABS-KEY (chronic postsurgical pain) 116 4

Figure 1 Diagram of extraction of selected articles.
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Consistent with JBI guidance, this study employed a descriptive analytical approach appropriate for a scoping review, 
whose purpose is to map and organize the available evidence rather than to statistically aggregate results.10 Accordingly, 
no meta-analysis was planned or conducted, as this technique is not compatible with the objectives or methodological 
foundations of a scoping review. To enhance the clinical utility of the findings, we incorporated a complementary simple 
quantitative synthesis, extracting and comparing the p-values (p < 0.05) reported in the included studies to identify which 
factors have been associated with chronic postsurgical pain (CPSP) after thoracic and cardiac surgery, and what level of 
evidence supports each category of predictors. To ensure clarity and facilitate interpretation, the results were first 
organized according to the strength of statistical evidence (high, moderate, or limited/inconsistent). Within each evidence 
tier, findings were further grouped thematically into demographic, psychological, surgical, anesthetic, postoperative pain, 
and immunological–genetic domains. This two-level structure allows for a clearer synthesis: the hierarchy reflects the 
robustness of the associations, while the thematic grouping highlights the multidimensional mechanisms underpinning 
CPSP. This structured descriptive approach, fully aligned with recommended practices for scoping reviews, allowed us to 
highlight patterns of consistency across the literature while preserving the exploratory and non-aggregative nature of this 
review.

Results
A total of 833 records were identified across databases. After removing 283 duplicates, 535 studies were excluded based 
on the inclusion and exclusion criteria, title, or objective. Following full-text screening, 45 articles were assessed, and 25 
were excluded for not meeting the eligibility criteria. Finally, 20 studies encompassing 7559 patients were included in the 
scoping review (Figure 1).

Most of the included studies were conducted in Asia—particularly China—followed by Canada, Japan, Italy, the 
United States, and the United Kingdom, reflecting an uneven global distribution of evidence. This geographic pattern 
indicates that the current understanding of CPSP after thoracic and cardiac surgery is shaped predominantly by Asian and 
North American cohorts, with limited representation from other regions. Such imbalance may influence the general
izability of findings, as perioperative practices, analgesic protocols, and patient characteristics vary across healthcare 
systems. Study designs comprised 7 prospective observational studies, 4 randomized controlled trials, 3 retrospective 
studies, 2 secondary analyses, and 4 cross-sectional or analytical studies, including mediation analyses and propensity- 
score models (Table 2).

Table 2 Articles

Authors/ 
Year

Title Types of 
Studies

Number of 
Participants

Interventions Results of the Study

Zhao et al, 
2023. China

The effects of different analgesic 
methods on chronic pain in patients 

undergoing video-assisted 
thoracoscopic surgery.

Randomized 
controlled 

prospective study

199 patients Investigate the effects of epidural 
block, paravertebral block, and 

intercostal nerve block on 
postoperative chronic pain in patients 

undergoing VATS.

The epidural group had a lower 
incidence of chronic pain within 6 

months, and it was less severe within3 
months compared with the control 

group.

Liu et al, 
2021. Canada

Predictors of one-year chronic post- 
surgical pain trajectories following 

thoracic surgery

Prospective 
cohort study

279 patients Followed-up patients during their 
immediate postoperative period and 
at the three-, six- and 12-month time- 
points to track their postoperative 
pain, complications and pain-related 

outcomes

Higher levels of immediate 
postoperative pain and preoperative 
pain catastrophizing were associated 

with moderately severe CPSP.

Toscano et al, 
2022. Italy

Chronic postsurgical pain and quality 
of life after right Mini thoracotomy 

mitral valve operations

Prospective 
observational 

study

100 patients Follow up of patients undergoing right 
Mini thoracotomy MV surgery treated 

with specific drugs

Pain severity index was lower than 10 
in 81 patients, and no differences were 
recorded between groups (p =0.59). 
No patients reported chronic use of 
medications for pain management or 

severe pain interference

(Continued)
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Table 2 (Continued). 

Authors/ 
Year

Title Types of 
Studies

Number of 
Participants

Interventions Results of the Study

Zhang et al, 
2024. 
China

Risk factors and related miRNA 
phenotypes of chronic pain after 

thoracoscopic surgery in lung 
adenocarcinoma patients

Prospective study 232 patients Explore the risk factors for chronic 
pain and related miRNA phenotypes 
inpatients with lung adenocarcinoma 
after video-assisted thoracoscopic 

lobectomy

Preoperative body mass index, history 
of chronic pain, peripheral blood, and 
postoperative numerical rating scale 
score were independent risk factors 

for CPSP after thoracoscopic 
lobotomy in patients with early 
invasive lung adenocarcinoma.

Yang et al, 
2022. China

Intraoperative Intravenous Infusion of 
Esketamine Has Opioid-Sparing Effect 
and Improves the Quality of Recovery 

in Patients Undergoing Thoracic 
Surgery: A Randomized, Double- 
Blind, Placebo-Controlled Clinical 

Trial

Randomized 
Controlled Study

120 patients To explore the opioid-sparing effect 
of different doses of esketamine 

infusion during thoracic surgery and 
its impact on patient recovery.

The consumption of hydromorphone 
during the first 24 and 48 

postoperative hours was significantly 
reduced in patients of group K2 

compared to those of group 
C (placebo) and group K1. The time to 
extubate and post anesthesia care unit 
(PACU) stay was significantly shorter 

in group K2 than in group K1 and 
group C.

Khan et al, 
2024. Canada

Prevalence and Risk Factors for 
Chronic Postsurgical Pain After 
Thoracic Surgery: A Prospective 

Cohort Study

Prospective 
cohort study.

285 patients Determine the prevalence, 
characteristics, and risk factors 

associated with CPSP after thoracic 
surgery.

Approximately 1 in 3 patients will 
continue to have pain for 3 months 

after surgery, with a large proportion 
reporting neuropathicfeatures. Risk 
factors for pain in 3 months may 
include preoperative anxiety and 

depression and acute postoperative 
pain.

Zhou et al, 
2023. China

A Single Preoperative Dose of 
S-Ketamine Has No Beneficial Effect 

on Chronic Postsurgical Pain in 
Patients Undergoing Video-Assisted 
Thoracoscopic Surgical Lung Lesion 

Resection: A Prospective Randomized 
Controlled Study

Prospective 
randomized, 
double-blind 

controlled study.

434 patients The experiment was divided into an 
S-ketamine group (0.5 mg/kg 
intravenous injection before 

anesthesia induction) or 
a placebogroup (the same volume of 

normal saline).

A single preoperative dose of 
S-ketamine in patients undergoing 

VATS had no significant effect on either 
acute or chronic postoperative pain, 

nor on postoperative analgesic 
consumption. However, it may 

improve sleep quality on the first day 
after surgery, while showing no 

significant impact on anxiety levels.

Xiao et al, 
2023. Canada

Prevalence and Risk Factors for 
Chronic Postsurgical Pain after 

Cardiac Surgery: A Single-center 
Prospective Cohort Study

Prospective 
cohort study

767 patients Patients undergoing cardiac surgery 
were followed and completed chronic 

pain questionnaires at 3, 6, and 12 
months after surgery.

The incidence of postsurgical pain 
(more than 0 out of 10) at 3, 6, and 12 
months after surgery was 191 of 663 

(29%), 118 of 625 (19%), and 89 of 605 
(15%), respectively.

Harrogate 
et al, 2021. 
United 
Kingdom

Seven-year follow-up of persistent 
postsurgical pain in cardiacsurgery 

patients

Prospective 
observational 
cohort study

174 patients Follow-up of patients who underwent 
median sternotomy for cardiac 

surgery, assessed at 6 months and 7 
years postoperatively for persistent 

postsurgical pain (PPP) and associated 
risk factors

At 7 years, 9.6% of patients reported 
persistent postsurgical pain. Risk 

factors included younger age, higher 
acute postoperative pain, 

intraoperative remifentanil use, and 
longer surgery duration.

Matsuda et al, 
2019. Japan

Post-surgical chronic pain and quality 
of life in children operated for 

congenital heart disease

Cross-sectional 
study

141 patients Investigate the prevalence of 
continuous or recurrent pain and its 
association with the PedsQL score in 
patients who previously underwent 
cardiac surgery during childhood.

Pain was present in 17% of the patients 
who underwent cardiac surgery during 
childhood. The presence of pain had 

a negative impact on long-term health- 
related quality of life after pediatric 

cardiac surgery.

Mi et al, 2021. 
United States

Effects of Patient and Surgery 
Characteristics on Persistent 

Postoperative Pain

Mediation 
Analysis

284 patients To evaluate in patients undergoing 
major surgery whether acute 

postoperative pain mediates the 
relationship between clinical factors 

and persistent pain at 90 days

Higher acute postoperative pain during 
the first 7 days was associated with 
greater persistent pain at 90 days. 
Factors such as female sex, type of 

surgery, anesthesia duration, 
preoperative pain, and catastrophizing 
influenced persistent pain outcomes.

(Continued)
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Table 2 (Continued). 

Authors/ 
Year

Title Types of 
Studies

Number of 
Participants

Interventions Results of the Study

Moorthy et al, 
2023. Ireland

Postoperative recovery with 
continuous erector spinae plane block 
or video- assisted paravertebral block 

after minimally invasive thoracic 
surgery: a prospective, randomized 

controlled trial

Prospective, 
randomized 

controlled trial

80 Patients Compare the effectiveness of these 
techniques on patient-centric 

outcomes, and none evaluating 
chronic postsurgical pain (CPSP).

Compared with video-assisted, 
surgeon-placed paravertebral catheter, 

erector spinae catheter improved 
overall QoR-15 scores at 24 h and 

48 h but without differences in pain or 
opioid consumption after minimally 

invasive thoracic surgery.

Subramaniam 
et al, 2021. 
United States

Intraoperative remifentanil infusion 
and postoperative pain outcomes 

after cardiac surgery—Results from 
secondary analysis of a randomized, 

open-label clinical trial.

Secondary 
analysis of clinical 

trial

116 patients Participants were randomly assigned 
to receive either intermittent fentanyl 
boluses (F) or continuous remifentanil 

infusion (R) intraoperatively.

Intraoperative remifentanil infusion 
does not significantly worsen pain 
outcomes in patients undergoing 

elective cardiac surgery

Wu et al, 
2022. China

Development and Validation of 
a Prediction Model for Chronic Post- 
Surgical PainAfter Thoracic Surgery in 

Elderly Patients

Retrospective 
Cohort Study

577 patients To develop and validate a predictive 
model to identify the risk of chronic 
postsurgical pain (CPSP) in elderly 
patients (≥65 years) after thoracic 
surgery (thoracotomy or video- 
assisted thoracic surgery, VATS).

The predictive model (stepwise model) 
showed a prevalence of CPSP of 26.9% 
in elderly patients. Significant variables 
associated with CPSP included age ≥75 

years, longer hospital stay, lower 
intraoperative blood loss, and lower 
BMI (≥30 kg/m2 was associated with 

a lower risk).

Zhang et al, 
2022. China

Incidence and risk factors for chronic 
postsurgical pain following video- 
assisted thoracoscopic surgery: 

a retrospective study.

Retrospective/ 
observational 

study

2348 patients Incidence of CPSP after VATS The incidence of CPSP after VATS was 
43.99% (n = 1033 of 2348). Within 

those suffering CPSP, 14.71% (n = 152 
of 1033) patients reported moderate 

or severe chronic pain.

Murphy et al, 
2020. United 
States

Postoperative pain and analgesic 
requirements in the first year after 

intraoperative methadone for 
complex spine and cardiac surgery

Secondary 
analysis of two 
previous clinical 

trials

120 patients Follow up of patients that received 
intraoperative methadone during 

spine and heart surgery

Analgesic benefits of a single dose of 
intraoperative methadone were 

observed during the first 3 months 
after spinal surgery and during the first 
month after cardiac surgery, when the 
intensity and frequency of pain were 

the greatest.

Piccioniet al, 
2020. Italy

Recommendations from the Italian 
intersociety consensus on 

Perioperative Anesthesia Care in 
Thoracic surgery (PACTS) part 2: 

intraoperative and postoperative care

Consensus/ 
recommendations

no Recommendations of intraoperative 
pain and postoperative pain

These recommendations should help 
clinicians to improve intraoperative 

and postoperative management,

Yuan et al, 
2022. China

Nitrous Oxide Inhalation and Chronic 
Postsurgical Pain in Thoracoscopic 
Lobectomy Patients: A Prospective 

Cohort Study

Prospective 
cohort study

833 patients Test the hypothesis that nitrous oxide 
is a protective factor against chronic 
pain after thoracoscopic lobectomy

Nitrous oxide inhalation during 
surgery was associated with lower 
odds of CPSP in VATS patients, and 

nitrous oxide may benefit the 
management of chronic pain related to 

thoracoscopic surgery

Hirai et al, 
2019. Japan

Uniportal video-assisted thoracic 
surgery reduced the occurrence of 
post-thoracotomy pain syndrome 
after lobectomy for lung cancer.

Retrospective 
review

212 patients Compare the frequencies of PTPS 
after U-VATS-based and multi-port 

VATS (M-VATS)-based lobectomy for 
lung cancer.

There were no significant intergroup 
differences in the operation time, 

intraoperative blood loss,the number 
of dissected lymph nodes, or the 

duration of the drainage period or 
hospital stay

Wang et al, 
2023. Japan

Impact of different doses of 
remifentanil on chronic postsurgical 

pain after video-assisted thoracic 
surgery

A propensity 
score analysis

258 patients Different doses of remifentanil were 
administered to patients during VATS 

to assess their impact on chronic 
postsurgical pain one year later. The 

study aimed to understand the 
relationship between remifentanil 
doses and the risk of developing 

chronic pain

The incidence of chronic postsurgical 
pain (CPSP) was 23.6% in 258 patients 
after video-assisted thoracic surgery 
(VATS). Doses of remifentanil greater 
than 0.2 μg/kg/min increased the risk of 
developing CPSP by 1.5 times one year 
after surgery, while doses of 0.15 and 
0.175 μg/kg/min showed no association

https://doi.org/10.2147/JPR.S557361                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2026:19 6

Bonilla Sierra et al                                                                                                                                                                  

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



Factors with Strong and Consistent Statistical Associations
Acute Postoperative Pain (Most Consistent Predictor)
Acute postoperative pain emerged as the strongest and most consistently replicated predictor of CPSP across the included 
studies. High pain scores in the first 24–72 hours after surgery were repeatedly associated with chronic pain development, 
and all studies reporting this relationship demonstrated statistical significance (p < 0.05). Studies showed that elevated 
early postoperative pain predicted persistent pain at 3 months,4 while others found that higher acute pain remained 
a significant predictor even at 7-year follow-up.11 Similarly, Mi et al demonstrated that severe pain during the first 
postoperative week significantly mediated long-term pain trajectories, reinforcing the temporal link between early 
nociceptive intensity and chronicity.12 In VATS lobectomy patients, early postoperative NRS scores as independent 
and statistically significant predictors of CPSP (p < 0.05).13 Across all these studies, the direction and magnitude of effect 
were consistent, confirming that high acute postoperative pain is the most robust and statistically validated clinical driver 
of CPSP.

Psychological Distress (Anxiety, Depression, Catastrophizing)
Psychological vulnerability also showed a strong and reproducible statistical association with the development of CPSP. 
Preoperative anxiety and depression significantly predicted chronic pain at 3 months following thoracotomy,4 while pain 
catastrophizing demonstrated a consistent statistical relationship (p < 0.05) with moderate to severe pain trajectories up to 
12 months.14 Catastrophizing similarly influenced persistent pain at 90 days in a heterogeneous surgical cohort.12 In our 
comparative statistical synthesis, these psychological factors repeatedly met significance criteria, underscoring psycho
logical distress as a high-impact predictor that materially contributes to the transition from acute to chronic postoperative 
pain.

Demographic Factors (Younger Age, Female Sex, History of Chronic Pain)
Demographic characteristics demonstrated moderate-to-strong statistical consistency as predictors of CPSP. Younger age 
was significantly associated with persistent pain at both intermediate and long-term follow-up—up to 7 years after 
cardiac surgery,11 while female sex consistently correlated with greater pain persistence at 90 days.12 A preoperative 
history of chronic pain independently predicted CPSP after VATS lobectomy,13 reaching strong statistical significance (p 
< 0.05) in our synthesis. Taken together, these demographic variables reflect reproducible patient-level vulnerabilities 
that increase susceptibility to chronic pain.

Surgical Factors (Procedural Invasiveness and Perioperative Complications)
Surgical characteristics also contributed significantly to CPSP risk, with several factors demonstrating replicated 
statistical associations across studies. Increased operative duration and remifentanil exposure during cardiac surgery 
were associated with persistent pain at long-term follow-up.11 In thoracoscopic lobectomy cohorts, perioperative blood 
loss and postoperative wound infection emerged as independent predictors of CPSP,1,15 with p < 0.05 in both cases. 
Large retrospective data further confirmed the substantial incidence of CPSP after VATS, supporting the role of surgical 
trauma and postoperative complications as significant contributors to chronic pain development.1

Anesthetic and Analgesic Predictors (Opioid Exposure Patterns)
Anesthetic management, particularly intraoperative opioid administration, showed statistically significant associations 
with long-term pain risk. High-dose intraoperative remifentanil (>0.2 μg/kg/min) increased the likelihood of CPSP 
one year after VATS by approximately 1.5-fold,16 a finding consistent with evidence from cardiac cohorts demonstrating 
higher persistent pain with greater remifentanil exposure.11 These associations reached significance (p < 0.05) in our 
statistical synthesis, identifying opioid exposure patterns as meaningful modifiable predictors within the anesthetic 
domain.

Immunological and Genetic Factors (Emerging but Significant Predictors)
Emerging evidence from molecular and immunological studies revealed statistically significant associations between 
biological markers and CPSP. In VATS lobectomy patients with early invasive lung adenocarcinoma, peripheral blood 
markers and specific miRNA phenotypes were independently associated with chronic pain development,13 with 
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significant p-values (p < 0.05) supporting their predictive value. Although these findings remain preliminary, they 
highlight potential biological pathways, particularly related to inflammation and gene regulation, that may influence 
susceptibility to chronic pain.

Factors with Moderate Evidence (Statistically Significant in Single Studies, Without 
Replication Yet)
Protective or Neutral Effects of Specific Analgesic Techniques
Several analgesic techniques demonstrated statistically significant effects in individual studies, suggesting potential, but 
not yet replicated influence on chronic postoperative pain. Epidural analgesia significantly reduced the incidence and 
severity of chronic pain up to 6 months after VATS (p < 0.05).17 Nitrous oxide inhalation during thoracoscopic lobectomy 
also showed a statistically significant protective effect, with lower odds of CPSP in VATS patients (p < 0.05).18 In 
contrast, while esketamine infusion reduced postoperative opioid consumption (p < 0.05),19 neither a single preoperative 
dose of S-ketamine nor erector spinae–guided blocks demonstrated significant long-term effects on CPSP (p > 0.05).20,21 

These findings highlight analgesic strategies that may influence chronic pain risk but require further replication before 
being considered robust predictors.

Procedural Approach and Minimally Invasive Techniques
Procedure type showed variable associations with chronic pain. Uniportal versus multi-port VATS demonstrated 
a statistically significant difference in CPSP rates (p < 0.05),22 and patients undergoing right minithoracotomy without 
using a rib retractor had a lower incidence of CPSP 9).23 Nonetheless, other authors found no statistic difference on the 
incidence of CPSP during U-VATS and M-VATS,22 nor among other minimally invasive other surgical approaches.1

Predictive Models in Older Adults
A prediction model developed in elderly patients after thoracotomy or VATS identified several statistically significant 
predictors of CPSP: age ≥75 years, longer hospitalization, lower intraoperative blood loss, and BMI <30 kg/m2 (all p < 
0.05).15 Although statistically robust within the cohort, these findings have not been replicated in other populations, 
placing them within the category of emerging but still moderate-level evidence.

Weak or Inconsistent Evidence
Methadone and Opioid-Based Analgesic Strategies
The long-term impact of intraoperative methadone on CPSP remains inconsistent. While early postoperative analgesic 
benefits were observed in spine and cardiac surgery patients,3 these improvements did not translate into reduced chronic 
pain at later timepoints. Similarly, secondary analysis comparing remifentanil versus fentanyl showed no significant 
differences in persistent pain outcomes.24 Overall, opioid-based intraoperative strategies demonstrated weak and non- 
replicated associations with CPSP prevention.

Regional Analgesia Techniques
Evidence regarding regional analgesia and chronic pain is inconsistent. Continuous erector spinae plane block improved 
early recovery metrics after minimally invasive thoracic surgery but did not reduce CPSP rates.21 Paravertebral 
approaches showed no significant long-term advantages when compared with surgeon-placed catheters. Collectively, 
regional blocks demonstrated limited evidence for influencing chronic pain trajectories.

Pediatric Populations
Studies in pediatric surgical cohorts produced inconclusive evidence regarding CPSP predictors. Although continuous or 
recurrent pain was present in 17% of children following cardiac surgery and was associated with lower health-related 
quality of life,25 no consistent demographic, surgical, or analgesic predictors were identified across studies. Thus, 
evidence in pediatric populations remains limited and insufficient for firm conclusions.
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Single-Dose S-Ketamine and Miscellaneous Pharmacologic Interventions
A single preoperative dose of S-ketamine showed no significant effect on acute or chronic postoperative pain after 
VATS.20 While minor improvements in next-day sleep quality were observed, these findings were not related to CPSP 
risk reduction. Other isolated pharmacologic interventions also failed to demonstrate consistent long-term benefits, 
indicating weak evidence for their role in CPSP prevention.

Discussion
Our findings indicate that the transition from acute postoperative pain to CPSP after thoracic surgery follows a predictable pattern 
repeatedly described in the literature. Consistent with the evidence reported, early postoperative acute pain emerges as the most 
robust predictor of CPSP.4,12 This is reinforced by other authors who identified immediate postoperative pain as a key determinant 
of long-term outcomes,26 and similarly reported that early pain intensity distinguishes patients who develop CPSP.27 This 
convergence across multiple study designs reinforces the importance of intensive pain control during the first postoperative 
days, establishing acute pain as a highly relevant and modifiable preventive target.

Preoperative pain was a significant predictor for those investigations that took it into account.1,4,12,13,28 Evidence 
suggests that the descending inhibitory system, a complex nervous network that functions to reduce the perception of 
pain to some extent, may become less effective in patients who have suffered pain for a long time.29 Therefore, in 
patients with a history of preoperative pain, this contributes to a greater sensitization of peripheral nociceptors, thereby 
increasing the risk of developing CPSP.29

Psychological factors, such as anxiety, depression, and negative affect, play a significant role in chronic pain, 
especially in women.30 Evidence from several studies indicates a direct relationship between symptoms like depression, 
anxiety and poor sleep quality scores and an elevated risk of chronic post-surgical, and influence in its prevalence.31–34 

These findings align with other reviews, where they report a strong influence of preoperative factors, such as psycho
logical, pain related, social/lifestyle, depression, anxiety, and pain catastrophizing.35,36

The relationship between psychological vulnerability and pain persistence aligns closely with findings from various authors, 
all of whom demonstrate that anxiety, depression, and especially pain catastrophizing significantly increases the likelihood of 
developing CPSP.12,14,33,37 Fear of pain and early postoperative pain can be identified as independent predictors, reinforcing the 
interaction between emotional states and nociceptive processing.26,33 Likewise, psychosocial mechanisms highlight how 
cognitive-emotional patterns, such as maladaptive attention, negative affect, and diminished reward responsiveness—facilitate 
the transition from acute to chronic pain.29,38 These findings align with observations from other authors who identified moderate– 
severe acute pain as a key determinant of persistent thoracic pain.27 Together, this body of evidence reinforces the contemporary 
biopsychosocial model and highlights a clear opportunity to integrate brief perioperative psychological interventions, targeting 
catastrophizing, enhancing coping strategies, and reducing emotional distress, to mitigate the progression toward CPSP.

Some studies identified age under 65 years as a risk factor for the development of CPSP.1,4,12 It is relevant to point out that pain 
perception is something purely subjective, and the responses given by patients may vary depending on the pain threshold/tolerance 
of each individual.39 The positive relationship between young patients and the development of chronic pain can be explained by 
two hypotheses.1 Younger individuals may be biologically more sensitive to painful stimuli and their nervous system reacts more 
effectively to these stimuli than an adult would. The other theory states that older adults tend to be reluctant patients who limit their 
reporting of their symptoms, and pain is one of them.34

Regarding the surgical factors, there were direct associations between blood loss and history of wound infections as 
risk factors for CPSP.1,15 The reason might be associated with a sensibilization of the central and peripheral nervous 
system after an infection, causing hyperalgesia, which might contribute to CPSP.40

The degree of tissue trauma, surgical duration, and postoperative complications appear to be more influential than the 
surgical approach itself. Some articles reported that the surgical approach was not associated with an increased risk of 
CPSP, finding no significant differences between U-VATS and M-VATS.22 Meanwhile, other studies observed a high 
CPSP risk even with minimally invasive techniques.1 In contrast, in the case of multiportal video-assisted thoracic 
surgery, the number of incisions increased the possibilities of intercostal nerve damage, increasing the risk of CPSP.23,41 

Evidence suggests that the absence of a rib retractor decreases the risk of damaging the intercostal nerves, thus reducing 
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the risk of CPSP after minithoracotomy procedures.23 These variable data suggests that minimizing effective tissue 
trauma, rather than merely reducing the number of ports or surgical approach, remains a critical target for future research.

A consistent finding across the literature is the potential harmful effect of high doses of remifentanil.16 However, evidence 
regarding protective anesthetic interventions remains contradictory. While some authors demonstrated that epidural analgesia 
reduced CPSP at 6 months,17 other studies demonstrate inconsistent benefits of regional anesthesia or enhanced recovery 
techniques, matching the variable evidence identified in our review for procedural and anesthetic predictors.21,42 No reduction 
in chronic pain was observed with advanced regional techniques or with preoperative S-ketamine.20,21 These discrepancies may 
be explained by variations in dose, timing, and CPSP definitions, underscoring the need for methodological standardization. 
Furthermore, variables associated with intraoperative anesthesia showed that rescue analgesia and fentanyl carried a higher risk of 
CPSP.1 In contrast, the use of single dose intraoperative methadone showed grater results at reducing CPSP one month after spine 
and cardiac surgery.3 Also, the administration of intravenous propofol indicate a lower risk of CPSP.3,42 New studies show that the 
use of nonsteroidal anti-inflammatory drugs (NSAIDs) during the postsurgical period reduces the incidence of CPSP. This effect is 
achieved by decreasing opioid consumption and interfering with the underlying pathophysiological mechanisms of CPSP.43 In the 
context of cardiac surgery, there are some contraindications regarding the use of NSAIDs. They have been associated with a higher 
risk for thrombotic events, acute kidney failure and bleeding complications.44 Additionally, some studies have reported that 
combining dexmedetomidine with ropivacaine in epidural blocks may enhance postoperative analgesia by reducing pain and 
prolonging the duration of its effects.45 Thoracic epidural anesthesia may also help reduce the incidence and severity of chronic 
postsurgical pain after thoracic and abdominal procedures, especially when used as part of a multimodal analgesia strategy.46 All 
of these strategies have recently been included under the concept of multimodal analgesia, which combines pharmacological and 
non-pharmacological approaches, applied individually according to each patient’s needs.47

Also, new research found that higher preoperative levels of IL-8 and increased postoperative levels of IL-6, IL-8, and IL-13 
were associated with a lower risk of CPSP, suggesting a potential protective role and their value as prognostic biomarkers. The 
results suggest that immunomodulatory interventions enhancing IL-6, IL-8, and IL-13 or targeting pro-inflammatory cytokines 
could offer promising strategies for CPSP prevention.48

In addition, some studies found a genetic contribution to CPSP severity (~35% heritability) and found 77 significant 
SNPs across 24 loci. Also, the adaptive immune system, especially B cells, has an important role in pain resolution. 
Animal models confirmed that a higher number of B cells help to prevent prolonged post-surgical pain. These findings 
suggest B cells as potential targets for CPSP treatment.49

Taken together, the findings of this review are consistent with evidence reported by multiple authors, who 
repeatedly demonstrate that severe acute postoperative pain is the main driver in the transition to CPSP and 
remains the most clearly modifiable perioperative factor.1,12,14 Despite this convergence, the literature remains 
fragmented across surgical approaches, anesthetic techniques, and patient populations, which limits the ability to 
develop an integrated understanding of CPSP mechanisms and to standardize preventive strategies. Our work 
addresses this gap by integrating dispersed evidence from heterogeneous studies, into a cross-cutting framework 
that connects nociceptive mechanisms, psychological determinants, and procedural contributors to pain 
chronification1,4,12,14 In doing so, it provides the most comprehensive map to date of CPSP predictors in thoracic 
and cardiac surgery, something that previous literature had not synthesized in a coherent way.

This scoping review also presents several important limitations that must be acknowledged to properly contextualize its 
findings. First, the methodological heterogeneity across studies, reflected in variable definitions of CPSP, inconsistent follow-up 
intervals, diverse pain measurement tools, and non-standardized reporting of effect sizes, limits the comparability of results and 
may have introduced interpretation bias. Second, the reliance on p-values extracted from individual studies, many of which did not 
report confidence intervals or adjusted analyses, restricts the ability to assess the precision and clinical relevance of the observed 
associations. Third, although the scoping design is appropriate for mapping broad and emerging fields, it inherently prevents 
causal inference and does not allow for quantitative synthesis or estimation of pooled effects. Fourth, the predominance of single- 
center cohorts from high-income countries raises concerns about external validity, particularly in settings with different 
perioperative protocols, analgesic resources, or population characteristics. Fifth, several studies had moderate to high risk of 
bias due to small sample sizes, retrospective designs, selective reporting, or substantial loss to follow-up. Finally, despite 
a comprehensive search strategy, publication bias cannot be excluded, especially regarding negative or null results related to 
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analgesic interventions. Addressing these limitations will require large, multicenter prospective studies with standardized CPSP 
definitions, harmonized perioperative assessments, and integration of biological, psychological, and procedural predictors within 
robust analytical frameworks.

The clinical implications of this synthesis are clear: the prevention of CPSP should prioritize early control of 
acute postoperative pain and the timely identification of psychological vulnerability factors. Consistent with the 
findings of various authors, anxiety, depression, and pain catastrophizing modulate pain intensity and increase the 
likelihood of persistence, underscoring the need to incorporate brief psychological interventions into standard 
perioperative care.4,12,14 Likewise, evidence regarding the detrimental effects of high remifentanil doses, together 
with the inconsistent results of regional techniques and adjunctive therapies,1,11,16 suggests that prevention does 
not depend on a single anesthetic strategy but rather on coherent multimodal protocols tailored to individual risk 
profiles.3,19–21 While the conclusions of this review must be interpreted with caution given its methodological 
limitations, the synthesis highlights which predictors are consistently supported and which remain controversial, 
offering a practical, hierarchical framework to guide institutional protocol updates.

Conclusion
This scoping review identifies early acute postoperative pain and psychological vulnerability, particularly anxiety, 
depression, and catastrophizing as the most consistent and clinically relevant predictors of CPSP after thoracic and 
cardiac surgery. Moderate evidence also supports the influence of younger age, female sex, prior chronic pain, and high- 
dose intraoperative remifentanil, whereas minimally invasive approaches, regional techniques, and anesthetic adjuvants 
show inconsistent or context-dependent effects (Figure 2).

By mapping these predictors according to the strength of evidence, this review provides a structured and clinically meaningful 
synthesis that clarifies which factors reliably increased risk and which remain uncertain. These findings emphasize the need to 
prioritize early postoperative pain control and psychological screening within multimodal perioperative pathways. Future studies 
should focus on a multimodal assessment of patients to better identify CPSP, as the factors involved extend beyond surgical or 
analgesic variables and include essential biopsychosocial components. Additionally, research should aim to include larger and 
more diverse populations, representing multiple socioeconomic backgrounds and ethnic groups.
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