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Purpose: Chronic post-surgical pain (CPSP) is one of the adverse outcomes after surgery, especially in thoracotomy. However, the 
prevalence of CPSP in elderly adults (≥65 years), is still limited. Therefore, the present study was undertaken to establish and validate 
the prediction model of CPSP in those patients after thoracic surgery, including thoracotomy and video-assisted thoracoscopic surgery.
Patients and Methods: This retrospective, observational single-center cohort study was conducted in Nanfang Hospital, Southern 
Medical University, which randomly and consecutively collected 577 elderly patients who underwent thoracic surgery between 
January 1, 2017, and December 31, 2020. According to the Akaike information criterion, the prediction model was built based on 
all the data and was validated by calibration with 500 bootstrap samples.
Results: The mean age of participants was 69.09±3.80 years old, and 63.1% were male. The prevalence of CPSP was 26.9%. Age 
more than 75 years, BMI, blood loss, longer length of hospital stays, and higher pre-operative neutrophil count were associated with 
CPSP. Except for these factors, we incorporated history of drinking to build up the prediction model. The areas under the curve 
(AUCs) of the prediction models were 0.66 (95% CI, 0.61–0.71) and 0.64 (95% CI, 0.59–0.69) in the observational and validation 
cohorts, respectively. And the calibration curve of the predictive model showed a good fit between the predicted risk of CPSP and 
observed outcomes in elderly patients.
Conclusion: The present developed model may help clinicians to find high-risk elderly patients with CPSP after thoracic surgery and 
take corresponding measures in advance to reduce the incidence of CPSP and improve their life quality.
Keywords: chronic post-surgical pain, the elderly, thoracic surgery, prediction model, nomogram

Introduction
Chronic pain is one of the most common and consequential diseases in older adults, aged over 65 years.1 In 2016, 
a global survey about the prevalence of chronic pain in 50 million adults over the age of 18 revealed a higher prevalence 
of chronic pain in adults over the age of 65, compared to those less than 65. Besides, the elderly persons suffered from 
chronic pain that limited life activities or work as high as 26.5%.2 For older persons, fear of pain prevents individuals 
from exercising, taking care of themselves in daily life, or even impairing their memory.3–6 Therefore, chronic pain is 
a significant health hazard and needs to arise more attention.

As the standard of living and medical conditions improve, elderly patients account for an increasing proportion of the 
overall surgical patient population. Chronic post-surgical pain (CPSP), as one of the adverse outcomes after surgery, has 
a prevalence of about 30–40% and seriously affects the normal physical function, emotion and quality of life.7,8 Current 
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studies on CPSP are for adults over 18 years, but fewer epidemiological surveys have been conducted on aged adults who were 
older than 65 years.9,10 And other studies about chronic pain in the elderly mainly focused on patients suffering from 
osteoarthritis and rheumatoid arthritis, yet fewer researchers investigated chronic pain in elderly patients after surgery.4,11,12 

Therefore, it is crucial to understand and address chronic postoperative pain in elderly patients.
CPSP is common in thoracotomy.8 Thus, the aim of our study was to conduct a retrospective study to establish a prediction 

model of CPSP as an easy-to-use tool. Then, clinicians could give appropriate intervention and attention at the early stage to 
promote suitable postoperative care to improve life quality and reduce mortality in the elderly after surgery.

Materials and Methods
Patient Selection
This retrospective, observational single-center study was conducted in Nanfang Hospital, Southern Medical University. 
Patients who underwent thoracic surgery between January 1, 2017 and December 31, 2020 were eligible. And the study 
was approved by the Institutional Ethics Committee of Nanfang Hospital, Southern Medical University and registered at 
the Chinese Clinical Trial Register (ChiCTR2000035312). Because patients had been discharged at the time of study, 
a verbal questionnaire survey was conducted by telephone in March 2021 to collect the data of CPSP. At the beginning of 
the interview, we would seek for patients’ consent of participating in this study and allowing us to use the collected data 
for scientific purposes. Then the other data were gathered from medical records. The feasibility and reliability of this 
verbal informed consent were approved by the Institutional Ethics Committee of Nanfang Hospital, Southern Medical 
University. All patient identifiers were deleted before data analysis and the study was performed conforming to the 
Declaration of Helsinki.

Patients were eligible if they met the following criteria: 1. aged 65 years or over, 2. ASA status I–II, 3. intercostal 
nerve blocks with ropivacaine (7.5 mg diluted in 20 mL of 0.9% saline) were applied at the end of the surgery, 4. the 
post-operative intravenous analgesia pump was used continuously for 24–48 hours. The exclusion criteria included: 1. 
emergency surgery, 2. ASA status III-Ⅴ, 3. existing pain associated with CPSP before surgery, 4. losing contact, 5. tumor 
recurrence or metastasis at follow-up visit, 6. death, 7. psychiatric abnormalities and unable to communicate.

Data Collection
Demographic Data Collection
Variables that might have an association with CPSP were selected based on literature review and our previous study.9,13–18 

Information collected via medical records included sex, age, BMI, history of smoking and drinking, presence of hyperten-
sion and diabetes mellitus, history of operation, approach of surgery, duration of surgery, type of anesthesia, blood loss, 
duration of chest tube drainage, additional needs for analgesic after surgery, length of hospital stay, pre-operative white 
blood cell count, preoperative neutrophil count, preoperative monocyte count. The operational methods included video- 
assisted thoracic surgery (VATS) and thoracotomy. Duration of surgery was the time spanning from the start of operation to 
the completion of incision suturing. Type of anesthesia included intravenous and inhalational combined anesthesia and total 
intravenous anesthesia. Additional needs for analgesics after surgery represented that some patients had required additional 
analgesics even if they received intercostal nerve block and intravenous patient-controlled analgesia after the operation.

CPSP Data Collection
Patients were assessed through telephone interviews. The 11-point numeric rating scale (NRS-11) was applied to assess 
self-reported pain levels for at least 3 months after thoracic surgery. If the NRS was greater than or equal to 1 point, 
patients were further asked to answer some questions according to the questionnaire designed by our research group 
previously.19 This questionnaire covered briefs about pain intensity, sensory characteristics, affective qualities, and 
activities limited by pain. At the end of the follow-up, patients would provide the names and therapeutic effects of 
any pharmacologic medications or other treatments they used to alleviate pain. If 0 point was chosen, the following 
contents would not be assessed.
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Outcomes
Developing and validating a prediction model of chronic pain after thoracic surgery for at least 3 months was the most 
important result of this study. According to the International Association for the Study of Pain (IASP),20 CPSP is a pain 
that develops or increases in intensity after a surgical procedure and persists beyond the healing process for at least 3 
months after surgery. This type of pain has to be localized to the surgical field and projected to the innervation territory of 
a nerve situated in this area. Other causes, such as pre-existing pain conditions, infections, malignancy, etc. have to be 
excluded in all cases of CPSP.

Sample Size
There have been no generally accepted approaches to estimate the sample size for studies of risk prediction models until 
recently.21 Thus, we tried to enroll as many patients as possible to ensure the stability of the prediction model. To 
maximize statistical power and minimize bias that might occur if patients with missing data were excluded from 
analyses, the missing data were imputed by the mean of continuous variables.

Statistical Analysis
Baseline demographic and clinical characteristics of all participants were presented as means ± standard deviations or medians 
(quartiles) for continuous variables, and as frequencies (percentage) for categorical variables. Continuous variables were 
compared by unpaired t-test for normally distributed continuous variables and Kruskal–Wallis rank test for non-normally 
distributed continuous variables. Categorical variables were compared by chi-square test or Fisher exact test.

The relationship between each predicted variable and chronic pain after thoracic surgery was assessed by univariate 
analysis. In order to improve the accuracy of the model, all the variables were used for CPSP model construction. 
Following collinearity screening, logistic regression model was applied to assess the significance of each variable to 
search for the independent risk factors for CPSP. Then for the sake of identifying a simple and reliable risk prediction 
model, we established three models for comparison. First, we chose the iterative fashion of the multivariable fractional 
polynomials (MFP) algorithm to determine the significant variables and functional form by backward elimination to 
establish a stable model (MFP model) in the real world.22 Second, we applied all risk factors to create a full model. 
Third, the Akaike information criterion (AIC) was used to perform a backward step-down selection process to create 
a parsimonious model (stepwise model).23 To assess and compare the differences among these three models, we plotted 
the receiver operating characteristic (ROC) curve and calculated the area under the ROC curve (AUC) with 95% 
confidence intervals (CI). Considering that there were fewer variables in the stepwise model and the prediction 
performance might be relatively close, the stepwise model was selected for further analysis. Receiver operating 
characteristic curve analysis was used to calculate the optimal cutoff values that were determined by maximizing the 
Youden index. The accuracy of the optimal cutoff value was estimated by the sensitivity, specificity, predictive values, 
and likelihood ratios. Given nomogram was an intuitive graphical prediction model which might provide personalized 
risk predictions to individuals, we further constructed the nomogram of the stepwise model.24 Finally, we would obtain 
a chronic pain prediction formula after thoracic surgery for practical application. After that, the predictive performance of 
the nomogram was measured by calibration with 500 bootstrap samples to decrease the overfit bias.

The analyses were performed by package R (http://www.R-project.org, The R Foundation) and Empower-Stats (http:// 
www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). Two-tailed P values of less than 0.05 were considered to 
indicate statistical significance.

Results
From January 1, 2017 to December 31, 2020, 929 patients, age≥65 years, underwent thoracic surgery in our hospital. 
After telephone interviews, only 577 patients were finally enrolled in this study for analysis, and 352 patients were 
excluded from the exclusion criteria. The basic characteristics of the participants were listed in Table 1, and the flow 
chart of the study participants was shown in Figure 1.
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Table 1 Characteristic of Participants (n=577)

Variables CPSP (n=155) Non-CPSP (n=422) P-value

Sex, n(%) 0.130

Male 90 (58.07%) 274 (64.93%)

Female 65 (41.94%) 148 (35.07%)

Age(years) 68.43 ± 3.21 69.33 ± 3.97 0.012

Age, n(%) 0.011

65–70 years 112 (72.26%) 260 (61.61%)

70–75 years 35 (22.58%) 106 (25.12%)

≥75 years 8 (5.16%) 56 (13.27%)

BMI, kg/m2 22.59 ± 3.48 22.66 ± 3.05 0.830

BMI, n(%) 0.009

<25 kg/m2 126 (81.29%) 331 (78.44%)

25–30 kg/m2 23 (14.84%) 88 (20.85%)

≥30 kg/m2 6 (3.87%) 3 (0.71%)

Smoking history, n(%) 0.484

Yes 60 (38.71%) 177 (41.94%)

No 95 (61.29%) 245 (58.06%)

Drinking history, n(%) 0.078

Yes 20 (12.90%) 81 (19.19%)

No 135 (87.10%) 341 (80.81%)

Presence of hypertension, n(%) 0.771

Yes 40 (25.81%) 114 (27.01%)

No 115 (74.19%) 308 (72.99%)

Presence of diabetes mellitus, n(%) 0.477

Yes 17 (10.97%) 38 (9.01%)

No 138 (89.03%) 384 (91.00%)

History of operation n(%) 0.700

Yes 43 (27.742%) 124 (29.384%)

No 112 (72.26%) 298 (70.62%)

Approach of surgery, n(%) 0.791

VATS 130 (83.87%) 350 (82.94%)

Thoracotomy 25 (16.13%) 72 (17.06%)

Duration of surgery(h) 3.02 ± 1.33 3.14 ± 1.53 0.373

Type of anesthesia n(%) 0.885

Intravenous and inhalational combined anesthesia 100 (64.52%) 275 (65.17%)

Total intravenous 55 (35.48%) 147 (34.83%)

(Continued)
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As a result, 155 elderly patients suffered from CPSP in this study. The incidence rate of CPSP was 26.9% in these 
patients, which was lower than that in adults (≥18 years old).25 In these patients, there were 58.7% (91) of patients with 
mild pain, 32.9% (51) with moderate pain, and 7.7% (12) with severe pain according to NRS-11. The most frequent 
complaints were numbness (39 /155, 25.2%) and pruritus (35/155, 22.6%), stabbing pain (23/155, 14.8%), squeezing 

Figure 1 Flow chart of the study participants.

Table 1 (Continued). 

Variables CPSP (n=155) Non-CPSP (n=422) P-value

Blood loss(mL kg-1) 1.52 (0.73–2.06) 1.40 (0.69–2.07) 0.305

Duration of chest tube drainage(days) 6.6 ± 3.3 7.3 ± 4.4 0.105

Additional needs for analgesic after surgery n(%) 0.707

Yes 85 (54.84%) 224 (53.08%)

No 70 (45.16%) 198 (46.92%)

Length of hospital stay(days) 16.7 ± 5.8 18.0 ± 7.1 0.038

Preoperative white blood cell count (× 109/L) 6.178 ± 1.510 6.417 ± 1.708 0.126

Preoperative neutrophil count(× 109/L) 3.594 ± 1.267 3.861 ± 1.494 0.048

Preoperative monocyte cell count (× 109/L) 0.461 ± 0.167 0.478 ± 0.162 0.277

Total sleep time 6.614 ± 2.337 7.245 ± 1.835 <0.001

Note: Values are n (%) or mean ± SD or median (quartile). 
Abbreviations: CPSP, chronic post-surgical pain; BMI, Body Mass Index; VATS, video-assisted thoracic surgery.
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pain (20/155, 12.9%), light pressure pain (19/155, 12.3%), oppression (12/155, 7.7%), piercing pain (9/155, 5.8%), light 
touch of pain (7/155, 4.5%), electric-shock pain (7/155, 4.5%), burning pain (5/155, 3.2%), brushing pain (4/155, 2.6%), 
and cold/heat pain (2/155, 1.3%) at rest. Among these patients with CPSP, 16.1% (25) of patients reported that CPSP had 
severely affected normal life, characterized by limited activities and movement. In terms of impact on mood, 22.6% (35) 
of patients with mild impact on mood would feel unhappy due to CPSP and 18.1%(28) of patients with heavy impact on 
mood, may feel distressed, anxious or even depressed for CPSP. Because of the occurrence of CPSP, patients’ sleep time 
was significantly reduced (p < 0.001). However, only 31 patients (20.0%) visited the clinic for pain or taking drugs by 
themselves, and only 17 received pharmacological treatment, including analgesics, Chinese herbal therapy and functional 
exercise. After treatment, 15 patients reported relief slightly and only 2 patients were very satisfied with the results.

In the univariate analysis, age, BMI, blood loss, length of hospital stay and pre-operative neutrophil count were 
significantly associated with CPSP (p<0.05), but no significant correlation was found in other variables (Table 2). 
Then, based on all variables, we established three prediction models based on all variables, including the MFP model, 
full model and stepwise model. The AUCs of the MFP model, full model and stepwise model were 0.651, 0.663 and 
0.659 respectively (Table 3). The AUCs of the three models were relatively close (Figure 2). Given that the stepwise 
model incorporated fewer risk factors and was simpler than MFP and full models, we chose the stepwise model as the 

Table 2 Univariate Logistic Regression Analysis and Odds Ratio of Variables

Statistics OR (95% CI) P value

Sex, n (%)

Male 364 (63.09%) Referent

Female 213 (36.92%) 0.748 (0.513, 1.090) 0.130

Age(years) 69.09 ± 3.80 1.070 (1.015, 1.129) 0.013

Age, n (%)

65–70 years 372 (64.47%) Referent

70–75 years 141 (24.44%) 1.305 (0.839, 2.029) 0.238

≥75 years 64 (11.09%) 3.015 (1.392, 6.534) 0.005

BMI, kg/m2 22.64 ± 3.16 1.006 (0.949, 1.067) 0.829

BMI, n (%)

<25 kg/m2 457 (79.20%) Referent

25–30 kg/m2 111 (19.24%) 1.456 (0.881, 2.408) 0.143

≥30 kg/m2 9 (1.56%) 0.190 (0.047, 0.773) 0.020

Smoking history, n (%)

Yes 237 (41.08%) Referent

No 340 (58.93%) 0.874 (0.600, 1.274) 0.484

Drinking history, n (%)

Yes 101 (17.50%) Referent

No 476 (82.50%) 0.624 (0.368, 1.058) 0.080

Presence of hypertension, n (%)

Yes 154 (26.69%) Referent

No 423 (73.31%) 0.940 (0.618, 1.429) 0.771

(Continued)
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Table 2 (Continued). 

Statistics OR (95% CI) P value

Presence of diabetes mellitus, n (%)

Yes 55 (9.53%) Referent

No 522 (90.47%) 1.245 (0.680, 2.278) 0.477

History of operation n (%)

Yes 167 (28.94%) Referent

No 410 (71.06%) 0.923 (0.613, 1.389) 0.700

Approach of surgery, n (%)

VATS 480 (83.19%) Referent

Thoracotomy 97 (16.81%) 1.070 (0.650, 1.759) 0.791

Duration of surgery(h) 3.11 ± 1.48 1.060 (0.933, 1.205) 0.373

Type of anesthesia n(%)

Intravenous and inhalational combined anesthesia 375 (64.99%) Referent

Total intravenous 202 (35.01%) 0.972 (0.661, 1.429) 0.885

Blood loss(mL kg-1) 1.86 ± 2.54 0.913 (0.847, 0.984) 0.018

Duration of chest tube drainage(days) 7.1 ± 4.2 1.041 (0.992, 1.092) 0.106

Additional needs for analgesic after surgery n(%)

Yes 309 (53.55%) Referent

No 268 (46.45%) 1.073 (0.742, 1.553) 0.707

Length of hospital stay(days) 17.7 ± 6.8 1.031 (1.002, 1.061) 0.039

Preoperative white blood cell count (× 109/L) 6.353 ± 1.660 1.093 (0.975, 1.224) 0.126

Preoperative neutrophil count(× 109/L) 3.792 ± 1.440 1.149 (1.000, 1.321) 0.049

Preoperative monocyte cell count (× 109/L) 0.473 ± 0.163 1.899 (0.598, 6.030) 0.276

Note: Values are n (%) or mean ± SD or median (quartile). 
Abbreviations: CPSP, chronic post-surgical pain; BMI, Body Mass Index; VATS, video-assisted thoracic surgery.

Table 3 Prediction Performance of Four Models: MFP Model, Full Model, Stepwise Model and Bootstrap Stepwise Model

MFP Model Full Model Stepwise Model BS Stepwise Model

AUC(95% CI) 0.651(0.600–0.701) 0.663(0.613–0.712) 0.659(0.609–0.709) 0.643(0.593–0.692)

Cutoff 0.679 0.717 0.698 1.054

Specificity 0.465 0.581 0.548 0.600

Sensitivity 0.775 0.659 0.713 0.616

Accuracy 0.692 0.638 0.669 0.612

Positive likelihood ratio 1.447 1.571 1.579 1.540

Negative likelihood ratio 0.485 0.588 0.523 0.640

Positive predictive values 0.798 0.811 0.811 0.808

Negative predictive values 0.431 0.385 0.413 0.365

Abbreviations: MFP model, multivariable fractional polynomials model; BS stepwise model, bootstrap stepwise model; AUC, the area under the ROC curve.
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optimal risk prediction model for CPSP. Table 4 showed that 6 variables were selected by stepwise model, including 
age, BMI, history of drinking, blood loss, length of hospital stay and pre-operative neutrophil count. And participants 
with age≥75 years (OR:2.744;95% CI:1.255–6.000) and longer lengths of hospital stay (OR:1.044;95% CI:1.011– 
1.077) were more likely to develop CPSP. In contrast, participants with BMI≥30 kg/m2 (OR:0.162;95% CI:0.039– 
0.681) and more blood loss (OR:0.885;95% CI:0.814–0.963) were less likely to develop CPSP. In the model, the ORs 
of age ≥75years, BMI≥30 kg/m2 and blood loss were statistically significant (p < 0.05) (Table 4). We further draw 
a corresponding nomogram to provide a quantitative and simple tool for predicting the risk of CPSP by using age, 
BMI, history of drinking, blood loss, length of hospital stays and pre-operative neutrophil count (Figure 3). Each 
variable in the nomogram was assigned a specific point, and the points from each variable value are summed to 
obtain the total points, which were used to obtain the probability of predicting CPSP. And the algorithm of CPSP risk 
in stepwise model was logit (CPSP)= 0.310 +0.262*(70≤age<75years) +1.009*(age≥75years) +0.417* 
(25≤BMI<30 kg/m2) −1.820*(BMI≥30 kg/m2) −0.531*(history of drinking) −0.122* blood loss (mL kg-1) 
+0.043* length of hospital stay (days)+0.118* preoperative neutrophil count (× 109/L). The calibration curve of 
the predictive model showed a good fit between the predicted risk of CPSP and observed outcomes in elderly patients 
(Figure 4).

Figure 2 The ROC curves of the MFP model, full model, stepwise model and BS stepwise model.
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Discussion
In this retrospective study, we established a CPSP prediction model for elderly patients and drew a personalized 
prediction nomogram to help clinicians to identify elderly individuals with a high risk of developing CPSP after thoracic 
surgery. The stepwise model included six parameters: age, BMI, history of drinking, blood loss, length of hospital stays 
and pre-operative neutrophil count, of which, age, BMI, blood loss and length of hospital stay were statistically 
associated with CPSP. Besides, the AUCs of the stepwise model and the bootstrap stepwise model were 0.659 and 
0.643 respectively, indicating the good accuracy of this predicted model. Meanwhile, the optimal calibration curves 
demonstrated the agreement between prediction and actual observation.

The incidence of CPSP was 26.9% in this study, which was lower than the incidence in adults less than 65 years old 
and was similar to what was previously reported.14,15 Changes in the pain perception in elderly patients, including higher 
pain thresholds, greater pain acceptance and self-efficacy with age might be involved. In addition, the weaker correlation 
between pain catastrophizing and depression compared to younger people might be related to the underestimation of pain 
in elderly patients.26,27

CPSP is a common problem but often difficult to treat. In order to find individuals who were more prone to develop 
CPSP, studies9,16,17,28,29 had identified some perioperative risk factors and developed some prediction models for CPSP 
in adults (≥18 years); however, the data remained unclear for elderly patients over 65 years old. Based on previous 
reports, we selected eighteen variables as candidates and the final model included 6 variables. In addition to age and BMI 
as common predictors, the prediction model also incorporated history of drinking, blood loss, length of hospital stay and 
preoperative neutrophil count.

Studies have shown that the incidence of CPSP decreased with age, yet the exact extent of the effect is unclear. In 
former investigations,19,30 the incidence of CPSP was higher in patients aged <60 years than in those aged ≥60 years, 
representing that younger age was a risk predictor of persistent pain after surgery. However, in this study, we found that 
the incidence rate of CPSP increased significantly with age (OR:2.744;95% CI:1.255–6.000, p<0.05), especially in those 
patients over 75 years, where the incidence was 3.015 times higher than those younger than 75 years (OR 4.232, 95% CI 
1.392 to 6.534, p < 0.05). Interestingly, Shi et al reported similar results by investing 18,439 patients troubled by pain, 
whose ages were over 50 years and revealed that patients older than 80 years were more likely to experience pain than 
patients with ages younger than 50.31 These findings reminded us that elderly patients might be more tended to develop 
CPSP after thoracic surgery.

Besides, we divided the patients into three groups according to WHO’s BMI grading criteria: standard weight group 
(BMI <25 kg/m2), super group (25 ≤ BMI <30 kg/m2), and obese group (BMI ≥30 kg/m2). Results showed that the risk 
of CPSP in the obese group was 0.84 times lower than that in the standard weight group, which showed that obesity 
would not increase the incidence of CPSP in patients ≥ 65 years. The relationship between high BMI and CPSP in breast 

Table 4 Variables Selected Using Stepwise Logistic Regression

Beta Standard Error OR(95% CI) P-value

(Intercept) 0.310 0.473 1.363(0.539–3.446) 0.512

70≤age<75years 0.262 0.234 1.300(0.822–2.055) 0.261

Age≥75years 1.009 0.399 2.749(1.255–5.999) 0.011

25≤BMI<30 kg/m2 0.417 0.264 1.517(0.904–2.546) 0.114

BMI>30 kg/m2 −1.820 0.732 0.162(0.039–0.681) 0.013

History of drinking −0.531 0.283 0.588(0.338–1.024) 0.061

Blood loss −0.122 0.043 0.885(0.814–0.963) 0.005

Length of hospital stay 0.043 0.016 1.044(1.011–1.077) 0.008

Preoperative neutrophil count (× 109/L) 0.118 0.073 1.126(0.975–1.300) 0.107
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cancer surgery in 18–75 years old women has been previously reported;32 on the contrary, we found that the incidence of 
CPSP was lower in elderly obese people. The relationship between BMI and CPSP was not linear, especially for patients 
with BMI≥30 kg/m2, indicating that age might have a greater effect on pain perception than obesity itself.

Our study also revealed that intraoperative bleeding was negatively associated with the occurrence of CPSP. A former 
study analyzed the relationship between bleeding volume and CPSP undergoing hip arthroplasty in elderly patients aged 
>65 years, but the result was no statistical correlation (OR 1.001,95% CI1.000 to 1.002, p=0.094).16 Thus the relationship 
between pain and intraoperative bleeding needs to be further studied and explored.

Although VATS is considered more nerve injury than thoracotomy, increasing data showed that the incidence of CPSP 
between VATS and thoracotomy was similar. Consistent with the previous research,33,34 CPSP for VATS patients was not 
different compared to those of thoracotomy patients in the elderly, which suggests that its mechanism is not just owing to 
nerve injury. Severe acute postoperative pain is considered a predictor of chronic postoperative pain.35–37 In this study, 
approximately 50% of thoracic surgery patients used additional analgesics for acute pain relief, allowing for timely 
resolution of pain and reducing the risk of developing CPSP. In prognostic prediction models for chronic postsurgical 

Figure 3 The predictive nomogram of the stepwise model of CPSP.
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pain, the length of hospital stay has often been overlooked.17 Length of hospital stay was closely related to the cost of 
hospitalization for patients. It contained information on patients’ comorbidities and postoperative complications that 
could affect the outcome. And the other predictors did not fully include this information, thus the length of hospital stay 
was used in the final prediction model. Serum inflammatory markers are easy to evaluate from the complete blood count. 
The status of inflammatory markers could represent the host’s chronic inflammatory status and host immune response to 
the tumor. As mentioned in the previous reports, preoperative inflammatory biomarkers had been independent predictors 
of prognostic markers who undergo thoracic surgery, potentially linked to smoking.38–40 In addition, there were found 
that preoperative inflammatory parameters were associated with postoperative pain in many operations,41–45 but the 
relationship between them was still controversial. In this study, we found the relevance between neutrophils and CPSP in 
elderly patients.

Developing a predictive model may help to identify variables that are effective in predicting patient outcomes and 
could be used by clinicians to guide patients’ treatment. However, the prediction model established for predicting 
CPSP in elderly patients has been seldom reported. Constructing suitable prediction models for the elderly, can 
complement the reliability and clinical utility of existing prediction models and reduce their bias. Even so, this 
study still had several limitations. First, we could not assess the patient’s psychological state before surgery, because 
our study was retrospective. Second, due to the strict inclusion criteria, the sample size was relatively small. Therefore, 
we plan to validate our results with a larger prospective, multicenter cohort study to obtain a more stable and reliable 
model in the future.

Figure 4 The calibration plots between observed probability and model-predicted proportion of CPSP.
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Conclusion
The present developed model for the prediction of CPSP in the elderly was reliable and, may help clinicians to find 
elderly patients who will be more likely to develop CPSP and take some actions in advance to reduce the incidence of 
CPSP and improve patients’ life.
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