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Purpose: Chronic postsurgical pain (CPSP) is a common complication after thoracic surgery and associated with long-term adverse
outcomes. This study aims to develop two prediction models for CPSP after video-assisted thoracic surgery (VATS).

Methods and Analysis: This single-center prospective cohort study will include a total of 500 adult patients undergoing VATS lung
resection (n = 350 for development and n = 150 for external validation). Patients will be enrolled continuously at The First Affiliated
Hospital of Soochow University in Suzhou, China. The cohort for external validation will be recruited in another time period. The
outcome is CPSP, which is defined as pain with the numerical rating scale score of 1 or higher 3 months after VATS. Univariate and
multivariable logistic regression analyses will be performed to develop two CPSP prediction models based on patients’ data of
postoperative day 1 and day 14, respectively. For internal validation, we will use the bootstrapping validation technique. For external
validation, the discrimination capability of the models will be assessed using the area under the receiver operating characteristic curve,
and the calibration will be evaluated using the calibration curve and Hosmer—Lemeshow goodness-of-fit statistic. The results will be
presented in model formulas and nomograms.

Conclusion: Based on the development and validation of the prediction models, our results contribute to early prediction and
treatment of CPSP after VATS.

Trial Registration: Chinese Clinical Trial Register (ChiCTR2200066122).

Keywords: chronic postsurgical pain, prediction, video-assisted thoracoscopic surgery

Introduction
Chronic postsurgical pain (CPSP) is defined as pain that develops at related surgical area and persists at least 3 months
after surgical procedures, after ruling out other causes (eg, chronic infection, malignancy, and a pre-existing pain
condition)."™ Typically, CPSP is associated with adverse outcomes, such as poor recovery, psychological distress,
sleep problems, and impaired physical function.’® Video-assisted thoracic surgery (VATS) has been increasingly
performed in recent years and is associated with lower postoperative pain and improved quality of life when compared
with thoracotomy;” however, CPSP after VATS is still a significant clinical problem, with the incidence of 20—-47%.'*'
Recent studies have reported the potential risk factors of CPSP, such as young age, female sex, intraoperative nerve injury,
longer duration of surgery, preoperative pain, and severe acute postoperative pain.'> '® There has been a prediction model for
CPSP after thoracic surgery (including both VATS and thoracotomy) with the retrospective design.'® A recent study developed
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the prediction models for CPSP using patients’ data on postoperative day (POD) 1 and POD 14, based on the underlying
mechanisms that transition from acute to chronic pain initiates within 14 days after surgery.”**' However, they did not include
patients who underwent VATS procedures.

Therefore, we design this prospective cohort study to develop two models based on patients’ characteristics on POD 1
and POD 14 for early prediction of CPSP in patients undergoing VATS lung resection.

Methods
Study Design and Ethics

This single-center prospective cohort study was approved by the Ethics Committee of the First Affiliated Hospital of Soochow
University, China (Approval No.2022-442) on November 8, 2022. The protocol was registered at the Chinese Clinical Trial
Registry (http://www.chictr.org.cn, identifier: ChiCTR2200066122) on November 24, 2022. This trial will be conducted in
accordance with the Declaration of Helsinki. All patients will provide written informed consent. We plan to conduct this study

from December 2022 to September 2023. The protocol and study results will follow the transparent reporting of
a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) checklist (Supplemental File 1).**

Study Population
The inclusion criteria are 1) age >18 years, 2) American Society of Anesthesiologists (ASA) physical status classification
I-I11, and 3) elective VATS lung surgery under general anesthesia.

The exclusion criteria are 1) history of chronic pain, 2) previous thoracic surgery, 3) inability to communicate
effectively or refusal for participation, 4) surgery cancelled or switched to thoracotomy, or 5) reoperation within 3
months after the primary surgery.

Study Plan

Table 1 shows the study timeline. One day prior to surgery, a researcher will identify eligible patients according to the
inclusion and exclusion criteria. Patient baseline characteristics and perioperative data will be collected using the case
report forms (Supplemental File 2) and electronic medical records. A trained investigator will be responsible for pain

assessment on POD 1 via ward visit and on POD 14 and POD 90 via telephone.

On POD 1 and POD 14, pain intensity will be assessed using the Prince-Henry scale, and pain characteristics will be
determined using the Douleur Neuropathique 4 (DN4) questionnaire. The Prince-Henry scale is an optimized pain scale
for thoracic surgery (0 = no pain on coughing, 1 = pain on coughing or movement but not on deep breathing, 2 = pain on
deep breathing but not at rest, 3 = slight pain at rest, and 4 = severe pain at rest).”> 2> The DN4 questionnaire has a high

specificity in identifying neuropathic pain (a total score of 0—10 and a score >4 points indicating neuropathic pain).'*-'

Table | Study Timeline

Timepoint Study Period

POD-I During Surgery POD | POD 14 POD 90

Enrollment
Eligibility screening X
Informed consent X

Data collection
Baseline characteristics X
Preoperative predictors X
Intraoperative predictors X
Postoperative predictors X X

Outcome
CPSP X

Abbreviations: CPSP, chronic postsurgical pain; POD, postoperative day.
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On POD 90, chronic pain will be assessed using the numerical rating scale (NRS), ranging from 0 to 10, with 0 = no
pain and 10 = the most severe pain.

Potential Predictors of CPSP

The following 14 candidate predictive factors of CPSP are selected according to the published literature®® "

and clinical
expertise.

There are 8 preoperative predictors including demographic data (age, sex, and body mass index), smoking history,
comorbidities (age-adjusted Charlson Comorbidity Index),*” preoperative anxiety (total scores of the first four items of
the Amsterdam Preoperative Anxiety and Information Scale),>® preoperative frailty (the FRAIL scale scores),>* pre-
operative pulmonary ventilation function (normal, small airway dysfunction, restrictive hypoventilation, obstructive
hypoventilation, and mixed hypoventilation).

There are 3 intraoperative predictors including type of surgery (pneumonectomy, lobectomy, segmentectomy, wedge
resection, biopsy and explorative surgery), duration of surgery, and analgesic regimen (nerve block, patient-controlled
intravenous analgesia, and both or neither).

There are 3 postoperative predictors including the duration of chest tube drainage, and acute pain intensity (the
Prince-Henry scale scores) and neuropathic pain characteristics (the DN4 scores) on POD 1 and POD 14.

Outcome
The outcome is CPSP, which is defined as NRS pain score of 1 or higher 3 months after VATS."”

Sample Size

Recent literature shows that the incidence of CPSP after VATS is about 40%.'° Based on the 10-events-per-covariate
principle, we plan to enroll a total of 350 patients in the development cohort (ie, 14%10/0.4=350).%>° For model external
validation, we plan to enroll 150 consecutive patients from a different cohort in another time period.*” Thus, the planned
sample size will be set to at least 500 patients.

Missing Data
We will use multiple imputations when a variable has <5% missing data. However, a variable with >5% missing data will
be excluded.

Statistical Analysis

Normally distributed variables will be presented as mean + standard deviation and analyzed using the Student's -test,
while non-normally distributed variables will be presented as medians (interquartile ranges) and analyzed using the
Mann—Whitney U-test. Categorical and ordinal data will be summarized as n (%) and analyzed using the ¥2 or Fisher’s
exact test.

First, univariate logistic regression analysis will be performed to screen potential risk factors. The factors with P < 0.1
and the demographic data will be included in the multivariable modelling. Second, multivariable logistic regression will
be performed to develop two CPSP prediction models based on the data of POD 1 and POD 14, respectively. Candidate
predictors with P < 0.05 will be included in the final models. Next, the internal validation will be conducted using the
bootstrap method, which is the preferred approach.?” External validation will be conducted in the validation cohort. The
discrimination capability of the models will be assessed using the area under the receiver operating characteristic curve
(AUROC), and its calibration will be evaluated using the calibration curve and Hosmer—Lemeshow goodness-of-fit
statistic. Finally, the model formulas and nomograms will be presented to estimate the probability of developing CPSP
based on the individual’s characteristics on POD1 and POD14.

All data will be analyzed using the R software (version 4.2.2, www.R-project.org/) and the SPSS software (version
26.0, IBM). A two-sided P < 0.05 indicates statistical significance.
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Discussion

This prospective cohort study will establish two prediction models for CPSP after VATS in adults. Our models will be
validated internally and externally to ensure reliable diagnostic performance. We will generate model formulas and
nomograms for easy application of these models in clinical settings.

For patients undergoing thoracic surgery, there have been several prediction models for postoperative outcomes
including postoperative air leakage, urinary retention, and cardiopulmonary complications.*®*' A recent retrospec-
tive study developed a prediction model for CPSP after thoracic surgery in elderly patients.'® In that study, the incidence
of CPSP was 26.9%, and age >75 years and longer duration of hospital stay were associated with CPSP. Nevertheless,
lack of detailed information and potential predictors of CPSP due to the retrospective design as well as mixing VATS
procedures and thoracotomy limit the predicting ability of the model.

Glare et al summarized the risk factors for CPSP in five core aspects (ie, demographic, genetic, clinical, psycholo-
gical, and surgery related).® Gene mutations associated with pain are not detected in our institution. Thus, we choose the
potential predictors for CPSP from demographics (age, sex, body mass index, and smoking), physical status (comorbid-
ities, frailty, and pulmonary ventilation function), psychological status (anxiety), clinical management (type of surgery,
duration of surgery, analgesic regimen, and duration of chest tube drainage), and postoperative pain (acute pain intensity
and neuropathic pain characteristics).

We will assess acute pain intensity using the Prince-Henry scale and neuropathic pain characteristics using the DN4
questionnaire on POD 1 and POD 14, based on the association between acute pain, neuropathic pain and CPSP.?'*” The outcome
of this study is the occurrence of CPSP 3 months after VATS. Based on the literature, it is determined using the NRS.'*!

As far as we know, our study is the first prospective cohort study to develop prediction models for CPSP in patients
undergoing VATS lung resection. The limitations of our study include the single-center study design, a limited number of
available predictors, and lack of postoperative long-term outcomes.

Conclusion

This study will reveal the independent predictors for CPSP after VATS lung resection. Through the development and
validation of the prediction models, the results of this study will be helpful for clinical risk assessment, decision-making,
and individualized treatment. In the future, sufficient data should be collected to validate the existing CPSP models to see
the clinical effectiveness in a VATS surgery population.
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