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Background: Anesthetic agents are potential modifiable factors that can mitigate chronic postsurgical pain (CPSP) 
development. This study aimed to investigate the association between propofol-based total intravenous anesthesia 
(TIVA) and the occurrence of CPSP following video-assisted thoracoscopic surgery (VATS) for lung cancer resection.
Methods: This single-center retrospective cohort study included adult patients with lung cancer who underwent 
elective VATS between January 2018 and December 2022. Patients were divided based on the maintenance 
anesthetic used (propofol vs. sevoflurane). The primary outcome was the presence of CPSP, defined as any level of 
surgical site pain recorded within 3–6 months postoperatively. The authors investigated the association between 
anesthetic agents and CPSP using propensity score matching with stabilized inverse probability of treatment 
weighting (sIPTW) to adjust for confounders. Additionally, multivariable logistic regression was used to further adjust 
for intraoperative opioid use that sIPTW could not account for. The robustness of these associations was evaluated 
using the E-value.
Results: Of the 833 patients analyzed, 461 received propofol and 372 sevoflurane. The overall incidence of CPSP 
was 43.3%. After sIPTW, the use of TIVA was significantly associated with a lower incidence of CPSP (odds ratio 
[OR]: 0.75, 95% confidence interval [CI]: 0.57–0.99, P = 0.041), and remained significant after adjusting for 
intraoperative remifentanil equivalent dose (OR: 0.73, 95% CI: 0.55–0.96, P = 0.026). The E-values were 1.08 and 
1.17, respectively.
Conclusions: Propofol-based TIVA is associated with reduced CPSP occurrence in VATS for lung cancer. Further 
prospective studies are needed to confirm the results.

Keywords: Anesthesia, Intravenous; Anesthetics; Lung Neoplasms; Pain, Postoperative; Propofol; Thoracic Surgery, 
Video-Assisted.
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INTRODUCTION

Chronic postsurgical pain (CPSP) is a highly prevalent 
postoperative complication that profoundly affects pa-
tients' quality of life by causing functional and emotional 
disabilities and imposing substantial economic burdens 
[1,2]. Additionally, CPSP is associated with persistent opi-
oid use, potentially contributing to the opioid epidemic 
[3]. Despite its significance, effective treatment modalities 
for CPSP remain elusive, highlighting the critical need for 
its prevention [4]. Thus, several preventive strategies have 
been proposed, including preemptive analgesia, regional 
analgesia, pharmacological interventions, psychoedu-
cational support, and the modification of surgical tech-
niques [5].

Anesthetic agents are potential modifiable factors that 
can mitigate the development of CPSP. In particular, 
propofol has been suggested to alleviate postoperative 
pain through positive modulation of inhibitory functions, 
inhibition of central sensitization, and antioxidant, anti-
inflammatory, and nerve hyperexcitability inhibitory 
effects [6]. In previous studies in human volunteers, pro-
pofol administration reduced hyperalgesia and allodynia 
and diminished the anti-analgesic effects observed when 
remifentanil infusion was discontinued [7,8]. In contrast, 
another widely used group of anesthetics, the inhala-
tional agents, may contribute to the development of CPSP 
due to their pronociceptive effect through the activation 
of peripheral ion channels transmitting nociceptive sig-
nals [9].

Video-assisted thoracoscopic surgery (VATS) has be-
come the standard surgical approach for lung cancer 
owing to its minimally invasive nature and comparable 
oncological outcomes to those of open thoracotomy 
[10]. However, it remains controversial whether VATS 
can reduce CPSP compared to thoracotomy, despite its 
less invasive nature [11,12]. Moreover, the importance of 
CPSP in patients undergoing VATS is underscored by the 
high prevalence of lung cancer and the adoption of low-
dose computed tomography for early detection [13]. To 
the best of the authors’ knowledge, no study to date has 
investigated the impact of anesthetic agents on CPSP in 
patients undergoing VATS.

Therefore, this study aimed to retrospectively investi-
gate the association between the type of general anesthe-
sia and the incidence of CPSP in patients who underwent 
VATS using propensity score analysis with inverse prob-
ability of treatment weighting (IPTW). Specifically, the 
authors sought to investigate the association between two 
major anesthetic techniques, namely propofol-based to-

tal intravenous anesthesia (TIVA) and sevoflurane-based 
anesthesia, and the incidence of CPSP after VATS for lung 
cancer.

MATERIALS AND METHODS

1. Study design

This was a single-center, retrospective cohort study. This 
study was approved by the Institutional Review Board 
(IRB) of the Seoul National University Hospital (IRB No. 
H-2312-069-1491). The requirement for written informed 
consent from the patients was waived because no person-
alized data were included. This study was conducted in 
accordance with the Declaration of Helsinki and adhered 
to the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines [14].

We retrospectively reviewed data from adult patients 
who were diagnosed with lung cancer and underwent 
elective VATS between 2018 and 2022. The study included 
patients who were assessed for surgical site pain in the 
outpatient clinic between 3 and 6 months after the initial 
elective VATS and who did not undergo any other tho-
racic surgery within 6 months after the index surgery. The 
following patients were excluded: those who received 
neoadjuvant or adjuvant chemotherapy or radiation 
therapy between 1 year before and 6 months after sur-
gery; those who were included in the authors’ previous 
randomized controlled trials (RCTs) on multimodal an-
algesia [15,16]; those whose anesthesia was maintained 
with an agent other than sevoflurane or propofol; those 
who underwent thoracic epidural analgesia; those who 
received combined operation such as chest wall resection 
or sternotomy; and those who required reoperation after 
the index surgery.

2. Data collection

The data utilized in this study were obtained through a 
retrospective review of electronic medical records using 
the Seoul National University Hospital Patient Research 
Environment (SUPREME). Demographic data was col-
lected, such as age, sex, weight, height, body mass index 
(BMI), history of smoking, and American Society of An-
esthesiologists (ASA) physical status. The preoperative 
data included history of analgesic and neuropsychiatric 
medication use and history of prior thoracic surgery on 
the same side. In the assessment of the history of analge-
sic use, tramadol, classified as a weak opioid, was treated 
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as an opioid. In the perioperative phase, the authors col-
lected the name of the surgery, type of anesthetic used, 
duration of anesthesia (hour), regional analgesia, and 
intraoperative opioids used. Regional analgesia encom-
passed the paravertebral block, intercostal nerve block, or 
wound infiltration. During the study period, intravenous 
(IV) fentanyl and remifentanil were the only opioids used 
for intraoperative analgesia at the authors’ institution. 
Referring to a previous study that converted two opioids 
into equivalent doses, the total amount was calculated by 
adding the respective amounts of both opioids adminis-
tered [17]. This was then divided by the patient's weight 
and anesthesia duration to get the amount (µg) per min-
ute and body weight. In addition, d the maximum pain 
intensity assessed using an 11-point numeric rating scale 
recorded on the day of discharge after surgery, postop-
erative day of chest tube removal, length of hospital stay, 
prescription of strong opioids 3 months after discharge 
from surgery, and records of surgical site pain assessed 
at the outpatient clinic. No imputation for missing values 
were performed, nor did the authors rectify any outliers 
for the variables analyzed.

3. Perioperative management

No pre-medications are routinely administered at the au-
thors’ institution. The attending anesthesiologists deter-
mined that the type of general anesthesia administered 
during the study period was either inhalational anesthe-
sia or propofol-based TIVA. In patients undergoing inha-
lation anesthesia, a bolus dose of 1.5 to 2 mg/kg of propo-
fol, 2 to 4 µg/kg of fentanyl or target-controlled infusion 
(TCI) of remifentanil, and 0.6 to 1 mg/kg of rocuronium 
was administered for anesthetic induction. In patients 
undergoing propofol-based TIVA, both propofol and 
remifentanil were administered via TCI for anesthesia 
induction, followed by a bolus of rocuronium. Anesthesia 
was maintained with sevoflurane or propofol according 
to the anesthetic technique employed, under the guid-
ance of an electroencephalogram-based anesthetic depth 
monitor. Intraoperative analgesic control was achieved 
by titration of the remifentanil concentration or an ad-
ditional injection of fentanyl. Based on the judgment of 
the attending anesthesiologists, IV ketorolac, nefopam, or 
acetaminophen was administered for postoperative anal-
gesia prior to completion of the surgery.

Fentanyl-based intravenous patient-controlled analge-
sia (IV-PCA) was employed for postoperative analgesia. 
Since mid-2019, the authors’ institution has discontinued 
the use of basal infusion for IV-PCA [18]. Other protocols 

related to postoperative pain management were consis-
tently applied to all patients included in this study. Water 
intake and ward ambulation were permitted 6 hours 
postoperatively, and an oral extended-release 75 mg tra-
madol/650 mg acetaminophen combination tablet or a 
400 mg ibuprofen tablet was routinely administered upon 
the resumption of water intake. Additionally, IV fentanyl 
and oral oxycodone were administered as rescue analge-
sics.

4. Outcomes

The primary outcome measure was the presence of CPSP, 
which was assessed by reviewing outpatient electronic 
medical records between 3 and 6 months after surgery. A 
patient was considered to have CPSP if they complained 
of surgical site pain with any level of pain intensity at least 
once during the observational period. Patients were con-
sidered not to have CPSP if all outpatient records during 
the observational period indicated the absence of surgi-
cal site pain. If the surgical site pain was not assessed at 
any time point, the patient was excluded from the study.

Secondary outcomes included postoperative length of 
hospital stay and post-discharge opioid prescriptions in 
outpatient settings. Post-discharge opioid prescriptions 
were defined as outpatient prescriptions for morphine, 
oxycodone, hydromorphone, buprenorphine, fentanyl, 
tapentadol, or tramadol between 3 and 6 months postop-
eratively.

5. Statistical analysis

Continuous variables are presented as means with stan-
dard deviations or medians with interquartile ranges, 
depending on normality, which was evaluated using the 
Shapiro–Wilk test. Categorical variables are presented as 
frequencies with percentages. The main statistical ap-
proaches for evaluating the association between the type 
of anesthesia and the occurrence of CPSP included the 
following analyses.

First, to investigate the association between the type of 
anesthesia (propofol-based TIVA vs. sevoflurane) and the 
primary and secondary outcomes, a logistic regression 
was conducted with adjustment for confounders using 
stabilized IPTW (sIPTW). The propensity score for each 
patient was calculated using a logistic regression model 
that predicted the likelihood of receiving propofol-based 
TIVA vs. sevoflurane anesthesia, based on the following 
confounders: sex, age, BMI, ASA physical status, history 
of analgesic use, history of neuropsychiatric medication 
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use, history of prior thoracic surgery on the same side, 
duration of anesthesia (hour), extent of surgery (non-an-
atomical resection such as wedge resection and metasta-
tectomy, segmentectomy, lobectomy, and more extensive 
procedures such as sleeve lobectomy, bilobectomy, and 
pneumonectomy), regional analgesia, prolonged chest 
tube placement, and maximum pain score on discharge 
day. Prolonged chest tube placement was defined as 
maintaining the tube for ≥ 4 days postoperatively, based 
on a previous study that identified it as a risk factor for 
CPSP after thoracic surgery [19]. Due to significant imbal-
ances between the two anesthesia types, the intraopera-
tive remifentanil equivalent dose could not be included 
as a confounder in the sIPTW. The weights were calcu-
lated as 1/(probability of receiving TIVA) for patients 
who underwent TIVA and 1/(1-probability of receiving 
TIVA) for those who did not [20]. These weights were 
stabilized by multiplying by the proportion of patients in 
each respective group. Patients with a probability of 0 or 
1 for receiving TIVA were excluded based on the positiv-
ity assumption. Extreme weights below the 1st percentile 
or above the 99th percentile were adjusted to the 1st and 
99th percentile values, respectively [20]. The balance of 
variables between the two groups before and after sIPTW 
was assessed using the standardized mean difference 
(SMD), with an SMD < 0.10 for all covariates indicating 
well-balanced groups. Subsequently, a binary logistic re-
gression and t-tests were conducted to investigate the as-
sociation between TIVA and both primary and secondary 
outcomes before and after applying sIPTW. Additionally, 
to consider the imbalance in the intraoperative remifent-
anil equivalent dose during sIPTW, multivariable logistic 
regression was conducted, including both the type of 
anesthesia and a high-dose intraoperative remifentanil 
equivalent dose (≥ 0.2 µg/kg/min) after applying sIPTW. 
The cutoff value of high-dose remifentanil (≥ 0.2 µg/kg/
min) was determined according to previous studies that 
reported an association between opioid-induced hyper-
algesia and CPSP [21,22].

Second, a sensitivity analysis was performed using a 
multivariable binary logistic regression analysis for the 
occurrence of CPSP after VATS. This analysis incorpo-
rated the variables used in the propensity score calcula-
tion along with the type of anesthesia and high-dose 
intraoperative remifentanil equivalent dose (≥ 0.2 µg/kg/
min). Variables that showed a P value of less than 0.2 in 
the univariable logistic regression analyses were selected 
for inclusion in the multivariable analyses. A multivari-
able regression model was constructed using the selected 
variables and optimized using backward stepwise selec-

tion. The variance inflation factor was used to assess mul-
ticollinearity among the variables included in the logistic 
regression analyses. The Hosmer–Lemeshow test was 
employed to assess the model's goodness of fit.

Third, interaction analysis was conducted between pro-
pofol and female sex, high-dose remifentanil (≥ 0.2 µg/
kg/min), maximal pain intensity on the day of discharge, 
and attending surgeon to investigate how these variables 
influenced the association between propofol and the oc-
currence of CPSP.

Finally, to assess the potential effect of unmeasured 
confounders on the observed association, E-values were 
estimated. The E-value quantifies the minimum associa-
tion strength that an unmeasured confounder would 
need with both treatment and outcome to entirely negate 
a specific observed association between the treatment 
and outcome, assuming that all measured covariates are 
accounted for [23].

Additionally, the authors aimed to investigate the se-
lection bias caused by the exclusion of patients due to the 
absence of pain records. During the revision period, they 
conducted a comparative analysis of the baseline char-
acteristics between patients who were excluded from the 
analysis due to the absence of pain records in the EMRs 
and those who were included. They also considered the 
potential influence of attending surgeons on the results, 
expecting variations in pain documentation at postopera-
tive outpatient clinics.

In the statistical analysis, all tests were carried out using 
a two-tailed approach, and P values less than 0.05 were 
deemed to be statistically significant. All statistical analy-
ses were performed using the R language and environ-
ment for statistical computing (ver. 4.3.3; R Foundation 
for Statistical Computing). Additional packages including 
‘tableone’ (ver. 0.13.2) and ‘survey’ (4.2.1) were used for 
conducting sIPTW analysis [24,25], and ‘ggplot2’ (ver. 
3.5.0) for generating figures.

RESULTS

Of the 2,068 eligible patients, 496 were excluded based 
on the exclusion criteria and 739 did not have an outpa-
tient record of surgical site pain assessment. Finally, 833 
were divided into two groups. Accordingly, 461 and 372 
patients were assigned to the propofol and sevoflurane 
groups, respectively (Fig. 1).

The baseline characteristics and perioperative vari-
ables compared between patients included in the analy-
sis and those without an outpatient record on surgical 
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pain assessment are presented in Table 1. The proportion 
of excluded patients was lower in the propofol group, and 
there was a significant difference in the composition of 
attending surgeons. Additionally, the two groups showed 
differences in age, the extent of surgery, duration of anes-
thesia, use of intraoperative opioids, regional analgesia, 
and the timing of chest tube removal; however, the clini-
cal significance of these differences was not substantial.

Table 2 presents the baseline characteristics and peri-
operative variables before and after sIPTW in the propo-
fol and sevoflurane groups. After sIPTW, all variables ex-
cept intraoperative opioids showed an SMD of less than 
0.1, indicating that they were adequately balanced (Fig. 
2). Table 3 shows the odds ratio (ORs) or mean differ-
ences between the two groups for primary and secondary 
outcomes before and after sIPTW. The incidence of CPSP 
in the total cohort was 43.3% (n = 361), with rates of 47.6% 
(n = 177) and 39.9% (n = 184) in the sevoflurane and pro-
pofol groups, respectively. After sIPTW, the use of propo-
fol was significantly associated with a lower incidence of 
CPSP (OR: 0.75, 95% confidence interval [CI]: 0.57–0.99, 
P = 0.041). The E-value for this association was 1.08. After 
adjusting for the high-dose intraoperative remifentanil 
equivalent dose, propofol use was significantly associ-
ated with a lower incidence of CPSP (OR: 0.73, 95% CI: 
0.55–0.96, P = 0.026). The E-value for this association was 
1.17. No secondary outcomes showed statistically signifi-
cant differences between the groups before and after the 
sIPTW.

In the sensitivity analysis, the final model of multi-

variable logistic regression indicated that female sex, 
longer duration of anesthesia, and higher pain scores at 
discharge were associated with increased risk of CPSP, 
while propofol-based TIVA (OR: 0.67, 95% CI: 0.50–0.89, 
P = 0.006) was associated with lower risk of CPSP (Table 
4). The Hosmer–Lemeshow test indicated that the model 
showed no evidence of a lack of fit (χ2 = 5.196, P = 0.736). 
The E-value for the association between propofol-based 
TIVA and CPSP in this model was 1.31. Fig. 3 shows the 
results of different logistic regression models on the as-
sociation between propofol-based TIVA and the risk of 
CPSP.

Interactions between propofol-based TIVA and female 
sex, high-dose remifentanil use, pain intensity on the day 
of discharge, and attending surgeon were not significant 
(Table 5).

DISCUSSION

This study investigated the association between anesthe-
sia type and CPSP in patients who underwent VATS for 
lung cancer. The incidence of CPSP was significantly low-
er in the propofol group than in the sevoflurane group. 
However, the robustness of this association, assessed us-
ing the E-value, was not strong, indicating that caution is 
required when interpreting the results of this study.

Previous studies on the impact of the type of anesthe-
sia on the occurrence of CPSP have reported conflicting 
results. In a RCT conducted in patients who underwent 

Adult patients underwent VATS between
2018 to 2022 for lung cancer (n = 2,068)

Reviewed the outpatient clinic record for the
presence of surgical site pain assessment

(n = 1,572)

Analyzed (n = 833)

Propofol group
(n = 461)

Sevoflurane group
(n = 372)

Stabilized inverse probability of
treatment weighting

Propofol group
(n = 462.1)

Sevoflurane group
(n = 359.2)

Excluded (n = 496)
Chemotherapy or radiation therapy between 1 year before
and 6 months after surgery (n = 389)
Enrolled in the previous randomized controlled trials (n = 84)
Epidural analgesia (n = 10)
Reoperation due to intrathoracic bleeding (n = 6)
Combined chest wall resection or sternotomy (n = 5)
Other maintenance agents for general anesthesia (n = 2)

Did not have an outpatient record of surgical site pain
assessment (n = 739)

No outpatient records between 3 and 6 months after surgery
(n = 338)
Absence of the assessment about surgical site pain (n = 401)

Fig. 1. Flow chart of the study. 
VATS: video-assisted thoracoscopic 
surgery.
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thoracotomy, the incidence of CPSP at 3 and 6 months 
postoperatively was significantly lower with propofol-
based TIVA than with sevoflurane anesthesia [26]. In both 

an RCT conducted in patients undergoing open hyster-
ectomy and a retrospective study in patients who under-
went breast cancer surgery, propofol-based TIVA showed 

Table 1. Comparison of baseline characteristics and perioperative variables between patients included in the analysis and those without an outpa-
tient record on surgical pain assessment

Variable Included patients
(n = 833)

Excluded patients
(n = 739) SMD

Propofol-based total intravenous anesthesia 461 (55.3) 207 (28.0) 0.577
Attending surgeon 0.741
      Surgeon 1 531 (63.7) 362 (49.0)
      Surgeon 2 138 (16.6) 30 (4.1)
      Surgeon 3 88 (10.6) 173 (23.4)
      Surgeon 4 55 (6.6) 168 (22.7)
      Surgeon 5 21 (2.5) 6 (0.8)
Female 448 (53.8) 405 (54.8) 0.021
Age (yr) 66.0 (60.0–73.0) 65.0 (59.0–71.0) 0.129
Body mass index (kg/m2) 24.1 (22.1–25.9) 23.8 (21.9–25.9) 0.010
ASA physical status 0.103
      I 77 (9.2) 50 (6.8)
      II 671 (80.6) 622 (84.2)
      III 85 (10.2) 67 (9.1)
Smoking history 130 (15.6) 102 (13.8) 0.051
Extent of surgery 0.229
      Wedge resection or metastatectomy 81 (9.7) 118 (16.0)
      Segmentectomy 151 (18.1) 151 (20.4)
      Lobectomy 586 (70.3) 465 (62.9)
      Others 15 (1.8) 5 (0.7)
History of taking analgesics
      Any analgesics 73 (8.8) 61 (8.3) 0.018
      Opioids 22 (2.6) 16 (2.2) 0.031
History of taking neuropsychiatric drugs
      Any medications 60 (7.2) 59 (8.0) 0.029
      Antidepressants 45 (5.4) 39 (5.3) 0.006
      Antianxiety drugs 36 (4.3) 44 (6.0) 0.074
History of thoracic operation
      Any side 54 (6.5) 43 (5.8) 0.028
      Ipsilateral side 14 (1.7) 13 (1.8) 0.006
Duration of anesthesia (hr) 2.67 (2.33–3.08) 2.33 (2.00–2.75) 0.540
Intraoperative opioids
      Fentanyl 318 (38.2) 454 (61.4) 0.478
      Remifentanil 542 (65.1) 306 (41.4) 0.488
      Total amount of remifentanil equivalent dose (µg/kg/min) 0.09 ± 0.06 0.06 ± 0.06 0.471
Intraoperative regional analgesia 708 (85.0) 659 (89.2) 0.125
POD of chest tube removal 3 (2–4) 2 (1–4) 0.244
      Removed at POD ≥ 4 320 (38.4) 206 (27.9) 0.225
Maximum pain score at discharge day 3 (2–3) 3 (2–3) 0.008

The values are presented as means ± standard deviations, medians (interquartile ranges), or numbers (%).
SMD: standardized mean difference, ASA: American Society of Anesthesiologists, POD: postoperative day.
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more favorable results in reducing the incidence of CPSP 
than those for sevoflurane anesthesia [27,28]. However, 
subsequent reports from a RCT conducted in patients 
who underwent cardiac surgery via sternotomy and a 
prospective cohort study in patients who underwent 
breast cancer surgery showed no significant difference in 
the incidence of CPSP between the propofol-based TIVA 
and inhalation anesthesia [29,30]. Furthermore, an RCT 
involving patients with preoperative chronic pain under-
going total knee arthroplasty revealed that, at 3 months 
postoperatively, the proportion of patients with no re-
ported pain was higher among patients who were admin-
istered sevoflurane anesthesia compared to patients who 
received propofol-based TIVA [31]. Given the conflicting 
results, the impact of anesthetic choice on CPSP may not 
significantly influence the selection of general anesthet-
ics. According to a survey of Australasian anesthesiolo-
gists regarding the choice between propofol-based TIVA 
and inhalation anesthesia, only 7.3% responded that they 
'somewhat agree' or 'strongly agree' to the question of 
whether propofol-based TIVA reduces the risk of CPSP, 
whereas 73.5% stated that the risk of CPSP is identical for 
both propofol-based TIVA and inhalation anesthesia [32].

The main finding of this study was that propofol-based 
TIVA reduced the risk of developing CPSP. Given that 
general anesthesia is necessary for most VATS proce-
dures, these findings could have a significant clinical 
impact on the incidence of CPSP. Surgical noxious stimuli 
and opioid use can contribute to postoperative hypersen-
sitivity, increasing the risk of CPSP [33,34]. Although the 
administration of propofol during surgery lasts only a few 
hours, this period is characterized by the most intense 
noxious stimuli and the highest concentration of opioid 

administration. As a result, propofol could play a signifi-
cant role in reducing CPSP by preventing hypersensitivity 
induced by noxious stimuli and opioids [35]. Conse-
quently, the potential to influence long-term outcomes 
through anesthetic choice highlights the importance of 
propofol-based TIVA as a strategic approach for VATS 
procedures.

However, although the results showed a significant as-
sociation between propofol-based TIVA and a reduction 
in the incidence of CPSP after VATS, even after adjusting 
for multiple confounders, the robustness of this asso-
ciation, as assessed by the E-value, was not substantial. 
Some confounders, such as preoperative psychological 
problems [36,37], perioperative analgesic method [38], 
and postoperative complications [39] that could not be 
adequately considered in this study owing to its retro-
spective nature, may have influenced the results. There-
fore, prospective studies that account for all these con-
founding variables are needed to further investigate these 
associations.

The authors also explored the interactions between 
various risk factors and the use of propofol regarding 
the occurrence of CPSP and found no significant in-
teractions, warranting further investigation. First, high 
doses of intraoperative remifentanil are associated with 
increased postoperative opioid use and a broader area 
of hyperalgesia [21]. This effect was evident in clini-
cal studies of patients undergoing VATS surgery, where 
those who received remifentanil at doses above 0.2 µg/
kg/min experienced more chronic pain after 1 year [22]. 
However, the present study did not find a significant as-
sociation between high-dose remifentanil equivalents 
and the development of CPSP, possibly due to the in-

0

Regional analgesia

ASA physical status

History of thoracic operation

Duration of anesthesia
Extent of surgery

Sex
History of taking NP drugs

Age

Chest tube removed at POD 4
Maximum pain score at discharge day

BMI
Smoking history

History of taking analgesics

0.60.50.40.30.20.1

Standardized mean differences

Method

Weighted
Unadjusted

Fig. 2. Covariate balance plot of the distribution of standardized mean differences of covariates between the two groups before and 
after stabilized inverse probability of treatment weighting. ASA: American Society of Anesthesiologists, NP: neuropsychiatric, POD: 
postoperative day, BMI: body mass index.
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teraction between high-dose remifentanil and different 
general anesthetics. In a previous RCT of patients with 
breast cancer, differences in postoperative pain between 
the sevoflurane and propofol groups were only observed 
under high-dose remifentanil, with notably more severe 
pain 24 hours after surgery in the group using high-dose 
remifentanil combined with sevoflurane [40]. Addition-
ally, in the aforementioned RCT, while the difference 
in pain intensity between the two anesthetics was pro-
nounced immediately after surgery, the pain had nearly 
disappeared by 24 hours postoperatively [40]. Therefore, 
the high intraoperative opioid use in the present study 
likely did not influence the occurrence of CPSP. Second, 
acute postoperative pain is a consistent risk factor for 
CPSP, and propofol administration can affect the inten-
sity of acute postoperative pain. The authors explored 
the interaction between acute postoperative pain and 
propofol-based TIVA on CPSP occurrence but found no 
significant associations. Previous meta-analyses have 
shown that, although propofol-based TIVA reduces acute 
postoperative pain intensity significantly more than inha-
lational anesthesia, the reduction is clinically marginal, 
suggesting a minimal effect on the results of the present 
study [41,42]. Lastly, while female sex has been proposed 
as a significant risk factor for CPSP, the interaction be-
tween propofol-based TIVA and sex was not significant 
in this study. Previous studies on exclusively female pa-
tients, such as those with breast cancer and gynecologi-
cal surgeries, have shown that propofol-based TIVA use 
is associated with a reduced incidence of CPSP [27,28]. 
However, to the authors’ knowledge, no previous study 
has investigated the effect of the type of anesthesia on 
CPSP in male patients alone. Further research is required 
to corroborate the findings of the present study.

Further limitations should be considered. First, the 
single-center, retrospective design of this study is suscep-
tible to inherent biases, which represents a significant 
limitation. To mitigate the impact of potential biases, 
sIPTW and multivariable logistic regression analyses 
were conducted. However, it is possible that unmeasured 
confounding factors may still be present. The calcu-
lated E-value, used to assess the impact of unmeasured 
variables numerically, was insufficient to guarantee the 
robustness of the results. In addition, a significant num-
ber of patients were excluded due to the absence of pain 
documentation in the outpatient setting, which was taken 
exclusively by the attending surgeons. Consequently, the 
surgeons’ individual approaches could have introduced 
a selection bias, potentially affecting the study outcomes. 
Second, this study evaluated CPSP based on the pres-Ta
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ence of pain at the surgical site, as documented in the 
outpatient clinical records. This approach constrained 
the assessment of various pain characteristics, including 
pain intensity, temporal characteristics, referred pain, 
and neuropathic features. Nevertheless, the incidence 
of CPSP in the present study is similar to the results of 
prospective telephone interviews in the authors’ previous 
studies, supporting the reliability of this study’s findings 

[15,16]. Lastly, this study did not analyze postoperative 
analgesic use profiles. This was because the total amount 
of IV-PCA administered to each patient was not recorded, 
and the administration of rescue analgesics varied across 
the attending physicians. However, a recent meta-analy-
sis reported that the impact of analgesics on CPSP is min-
imal and has uncertain clinical relevance [43], suggesting 
that the effect of this limitation on the outcomes of the 
present study would be minor. Instead, the pain intensity 
on the day of discharge was examined as an alternative 
measure for assessing the overall effectiveness of acute 
postoperative pain management.

In conclusion, in patients undergoing elective VATS for 
lung cancer, propofol-based TIVA was associated with a 
lower CPSP risk than that of sevoflurane anesthesia, be-
tween 3 and 6 months after surgery. This association was 
significant after adjusting for covariates related to CPSP. 
Nevertheless, considering the potential for inherent bias 
from the study design and the limited robustness of the 
results, further prospective studies are required to help 
anesthesiologists select the appropriate anesthetic for 
VATS where CPSP is prevalent.

0.4 0.5 0.6 0.7 0.8 0.9 1.0

Before sIPTW

After sIPTW

After sIPTW (adjusted for opioid)

Multivariable logistic regression

1.1

Odds ratio (95% CI)

P = 0.027

P = 0.041

P = 0.026

P = 0.006

Fig. 3. Results from different logistic models on the association 
between propofol-based total intravenous anesthesia and risk 
of chronic postsurgical pain. sIPTW: stabilized inverse probabil-
ity of treatment weighting, CI: confidence interval.

Table 4. Results of the univariable and multivariable logistic regression analysis for chronic postsurgical pain

Variable name
Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value
Propofol-based total intravenous anesthesia 0.73 (0.56–0.96) 0.027 0.67 (0.50–0.89) 0.006
Female (vs. male) 1.48 (1.12–1.95) 0.006 1.62 (1.22–2.17) 0.001
Age 0.99 (0.98–1.01) 0.416
Body mass index (kg/m2) 0.96 (0.91–0.99) 0.046 0.96 (0.91–1.00) 0.051
ASA physical status (vs. I)
      II 1.21 (0.75–1.97) 0.430
      III 1.27 (0.68–2.37) 0.460
Smoking history 0.76 (0.52–1.11) 0.158
Extent of surgery (vs. wedge resection or metastatectomy)
      Segmentectomy 1.51 (0.87–2.62) 0.142
      Lobectomy 1.22 (0.76–1.96) 0.420
      Others 0.81 (0.25–2.58) 0.717
History of taking analgesics 1.30 (0.81–2.11) 0.282
History of taking neuropsychiatric drugs 1.08 (0.63–1.82) 0.787
History of thoracic operation (ipsilateral) 1.76 (0.61–5.12) 0.299
Anesthesia duration (hr) 1.29 (1.06–1.58) 0.012 1.43 (1.16–1.77) < 0.001
Intraoperative remifentanil equivalent dose ≥ 0.2 µg /kg/min 1.57 (0.69–3.54) 0.281
Intraoperative regional analgesia 1.32 (0.89–1.96) 0.161
POD of chest tube removal ≥ 4 0.97 (0.73–1.28) 0.809
Maximum pain score at the discharge day 1.15 (1.01–1.31) 0.029 1.17 (1.02–1.33) 0.020

OR: odds ratio, CI: confidence interval, ASA: American Society of Anesthesiologists, POD: postoperative day.
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