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ABSTRACT
Background The long- term incidence of chronic 
postsurgical pain (CPSP) after thoracic surgery has not 
yet been reported.
Methods We retrospectively reviewed the electronic 
medical records of 4218 consecutive patients who 
underwent thoracic surgery for lung cancer between 
2007 and 2016. We evaluated the long- term incidence 
of CPSP after thoracic surgery at intervals of 3 months 
for 36 months. A Cox proportional hazard regression 
analysis was performed to investigate the predictors of 
CPSP after thoracic surgery.
Results A total of 3200 patients were included in 
the analysis. Of these, 459 (14.3%) and 558 (17.4%) 
patients were diagnosed with CPSP within 3 and 
36 months after surgery, respectively. Furthermore, the 
incidence of CPSP decreased over time. Additionally, 99 
(3.1%) patients were newly diagnosed with CPSP at 
least 6 months after surgery. Female sex (HR 1.20, 95% 
CI 1.00 to 1.43; p=0.04), longer duration of surgery (HR 
1.11, 95% CI 1.03 to 1.20; p<0.01), higher 11- point 
Numeric Rating Scale score at first outpatient visit after 
surgery (HR 1.29, 95% CI 1.24 to 1.34; p<0.001), 
postoperative chemotherapy (HR 1.55, 95% CI 1.26 to 
1.90; p<0.001), and postoperative radiation therapy (HR 
1.35, 95% CI 1.05 to 1.74; p=0.02) were significant 
predictors of CPSP for 36 months after surgery.
Conclusion Our study showed a decreasing trend 
in the incidence of CPSP as well as delayed- onset 
or recurrent CPSP after thoracic surgery. A better 
understanding of the progression of CPSP after thoracic 
surgery may provide important information on its 
prediction and treatment.

InTROduCTIOn
Chronic postsurgical pain (CPSP) refers to pain that 
persists beyond the expected recovery period in the 
area associated with surgery.1 2 Its incidence has 
been reported to be 3%–85%, and varies greatly 
depending on the type of surgery or the definition 
of CPSP.3 The risk factors for CPSP include intraop-
erative nerve injury, surgery duration, pre- existing 
pain, younger age, female sex, genetic predisposi-
tion, psychological vulnerability, and severity of 
acute postoperative pain.4 CPSP has been associ-
ated with functional disability, poor recovery, and 
impaired quality of life.5 It has also been associated 
with prolonged opioid use after surgery, which 
leads to opioid- induced adverse events.6

CPSP is a relatively common complication after 
thoracic surgery, with an incidence rate as high 
as 65%.3 A meta- analysis of prospective studies 
reported that the incidence of CPSP at 3 and 6 
months after thoracotomy was 57% and 47%, 
respectively.7 Although the introduction of video- 
assisted thoracic surgery (VATS) has resulted in 
minimal incision sites and decreased acute postop-
erative pain, CPSP remains an important postopera-
tive complication in patients after thoracic surgery.8 
In addition, as early- stage lung cancer detection 
has increased with the introduction of screening 
tests, lung surgery, which is a standard treatment 
for early- stage lung cancer, has been increasingly 
performed.9 The early diagnosis and treatment for 
lung cancer have led to an increase in the survival 
rate among patients with lung cancer.10 Therefore, 
CPSP related to the quality of life after surgery has 
become an important issue for patients with lung 
cancer.11

According to the recently proposed updated 
criteria of CPSP, it could either be a continuation 
of acute postoperative pain or pain that occurs after 
an asymptomatic period.1 However, most previous 
studies have reported point incidence rather than 
a long- term trend. Therefore, we investigated the 
long- term incidence of CPSP after thoracic surgery 
with respect to delayed- onset and recurrent CPSP. 
To this end, we investigated the trend of CPSP inci-
dence after thoracic surgery at intervals of 3 months 
for 36 months. A multivariable Cox proportional 
hazard regression analysis was performed to inves-
tigate the perioperative predictors of CPSP after 
thoracic surgery.

MeThOdS
The requirement for informed consent was waived 
due to the retrospective design of this study.

We retrospectively reviewed the electronic 
medical records of patients aged ≥18 years who 
underwent thoracic surgery for lung cancer at our 
hospital between January 2007 and December 
2016. Data of all patients who satisfied the above 
conditions during the study period were collected 
without an a priori sample size calculation. During 
the 10- year study period, 4218 adult patients under-
went lung surgery at our hospital. The exclusion 
criteria were as follows: (1) patients with previous 
thoracic surgery (n=47); (2) those who underwent 
reoperation at the ipsilateral site during the study 
period (n=134); (3) those who underwent surgical 
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Table 1 Characteristics and perioperative parameters between 
patients with and without chronic postsurgical pain after thoracic 
surgery

CPSP group non- CPSP group P value*†

Sample size, n 558 2642

Demographic characteristics   

  Age, years 64 (58–70) 64 (56–71) 0.82

  Sex   0.09

  Male 295 (52.9) 1503 (56.9)

  Female 263 (47.1) 1139 (43.1)

  Body mass index, kg/m² 23.7 (21.9–25.8) 23.6 (21.6–25.6) 0.32

  Current smoker 151 (27.1) 761 (28.8) 0.44

Background medical status   

  ASA class I/II/III 160 (28.7)/364 (65.2)/34 (6.1) 752 (28.5)/1749 
(66.2)/141 (5.3)

0.76

  Diabetes mellitus 82 (14.7) 375 (14.2) 0.81

  History of tuberculosis 45 (8.1) 202 (7.6) 0.80

  Preoperative analgesic use 24 (4.3) 110 (4.2) 0.98

  Preoperative strong opioid use‡ 0 (0) 6 (0.2) 0.56

  Preoperative antipsychotics use 8 (1.4) 49 (1.9) 0.61

  Preoperative chemotherapy 19 (3.4) 84 (3.2) 0.89

  Postoperative chemotherapy 196 (35.1) 667 (25.2) <0.001

  Preoperative radiation therapy 12 (2.2) 60 (2.3) 0.99

  Postoperative radiation therapy 85 (15.2) 276 (10.4) <0.01

  Previous other surgeries 358 (64.2) 1678 (63.5) 0.81

Surgical characteristics   

  Operation year, n   <0.01

  2007/2008/2009/2010/2011/2012/
  2013/2014/2015/2016

45/33/24/38/71/66/66/
78/75/62

  122/119/141/147/
  268/331/319/364/
  394/437

  Operative technique   <0.001

  Thoracotomy 193 (34.6) 611 (23.1)

  VATS 365 (65.4) 2031 (76.9)

  Operation type   0.03

  Pneumonectomy 16 (2.9) 54 (2.0)

  Lobectomy 471 (84.4) 2117 (80.1)

  Segmentectomy 28 (5.0) 213 (8.1)

  Wedge resection 39 (7.0) 244 (9.2)

  Biopsy 3 (0.5) 13 (0.5)

  Explorative surgery 1 (0.2) 1 (0)

  Operation time, min 160 (130–215) 147 (120–190) <0.001

  Type of anesthesia   0.02

  Inhalation agent 187 (33.5) 748 (28.3)

  TIVA 371 (66.5) 1894 (71.7)

  Type of PCA   0.15

  Intravenous PCA 426 (76.3) 2065 (78.2)

  Epidural PCA 129 (23.1) 551 (20.9)

  Paravertebral PCA 3 (0.5) 9 (0.3)

  None 0 (0.0) 17 (0.6)

  Other analgesic techniques   0.04

  Intercostal nerve blockade 81 (14.5) 493 (18.7)

  Percutaneous wound injection 62 (11.1) 241 (9.1)

Maximal NRS score during POD 2, 0–10 7 (5–8) 7 (5–8) 0.02

NRS score at first outpatient visit after 
surgery, 0–10

3 (3–5) 2 (0–3) <0.001

The values are presented as median (IQR) or number (%).
*P value compares CPSP group versus non- CPSP group.
†Continuous variables were compared using Mann- Whitney U test. Proportions were compared using χ2 or Fisher’s exact test 
according to their expected counts.
‡Morphine, oxycodone, hydrocodone, hydromorphone, and transdermal fentanyl patch.
ASA, American Society of Anesthesiologists physical status classification; CPSP, chronic postsurgical pain; NRS, Numeric Rating Scale; 
PCA, patient- controlled analgesia; POD, postoperative day; TIVA, total intravenous anesthesia; VATS, video- assisted thoracic surgery.

methods other than VATS and thoracotomy (sternotomy, n=8; 
clamshell incision, n=2); (4) those who were not followed up 
for at least 3 months after surgery; and (5) those with inade-
quate medical records related to pain intensity (n=827). The 
remaining 3200 patients were finally analyzed.

Data on demographics, medical history, anesthesia/surgery- 
related parameters, postoperative pain- related parameters, and 
adjuvant chemotherapy and radiation therapy, which have been 
associated with chronic postoperative pain, were collected from 
the Seoul National University Hospital Patients Research Envi-
ronment (SUPREME) system (table 1).4 We investigated whether 
the patients underwent the intraoperative intercostal nerve 
blockade or percutaneous wound injection based on the elec-
tronic medical records documented by the surgeons.

Preoperative administrations of oral analgesics and antipsy-
chotics were investigated instead of pre- existing chronic pain 
and psychiatric diseases, respectively, due to the lack of detailed 
information about these diseases. We also investigated the treat-
ments that the patients received for CPSP during the study 
period. The medication included strong opioids (morphine, 
oxycodone, hydrocodone, hydromorphone, or transdermal 
fentanyl patch), weak opioids (tramadol or a tramadol/acet-
aminophen combination), non- steroidal anti- inflammatory 
agents, acetaminophen, antidepressants (tricyclic antidepres-
sants or serotonin- norepinephrine reuptake inhibitors), anticon-
vulsants (gabapentin or pregabalin), and transdermal lidocaine 
patch. Prolonged opioid use after surgery was defined as one 
or more strong opioid prescriptions for more than 3 months 
after surgery.12 We did not attempt to estimate missing data. All 
patients, including those with missing values, were included in 
the analyses with the available data.

Patients received total intravenous anesthesia consisting of 
propofol and remifentanil, or inhalational anesthesia with vola-
tile agent and supplementary opioids. The type of anesthesia was 
selected based on the preference of the anesthesiologist. Intra-
venous patient- controlled analgesia consisted of a combination 
of fentanyl (10–20 µg/mL) and morphine (0.4–0.7 mg/mL) at a 
continuous infusion rate of 0.5 mL/hour (intravenous morphine 
equivalent dose (IVME) 0.5–1 mg/hour) and a bolus of 1 mL 
(IVME 1–2 mg) with a lockout interval of 10 min. Generally, 
when patients tolerated oral nutrition, oral pain medications 
were initiated. For open thoracotomy, unless contraindicated, a 
thoracic epidural or paravertebral catheter was placed at approx-
imately T5–T6, and 0.15% ropivacaine and fentanyl (2 µg/mL) 
were infused at 2–4 mL/hour as tolerated, based on blood pres-
sure and pain scores.

VATS was performed by a three- port technique consisting of 
three incisions (less than 5 cm) with rib sparing. Posterolateral 
thoracotomy was performed through the fourth or fifth inter-
space by making 20 cm incisions, sparing the serratus anterior 
muscle. The surgical procedure was chosen by the attending 
thoracic surgeon based on clinical features including patient age, 
comorbid disease, pulmonary function, and tumor characteris-
tics. Intercostal nerve blockade or percutaneous wound injec-
tion using 0.25% bupivacaine was performed before or after the 
main surgical procedure according to the attending surgeons.

CPSP was defined when the pain intensity measured by an 
11- point Numeric Rating Scale (NRS) was higher than 3 points 
for at least 3 months during the 36 months after surgery.1 13 We 
used the pain intensity of a surgical site based on the electronic 
medical records. In the outpatient clinic, patients were asked to 
rate their current pain intensity along the scar using the 11- point 
NRS (0: no pain at all, 10: worst imaginable pain) by thoracic 
surgeons. CPSP was determined as consecutive NRS scores 

≥3 in two measurements at least 3 months apart.13 14 Excep-
tionally, CPSP at 3 months after surgery was defined using the 
NRS scores measured at a first outpatient visit and at 3- month 
follow- up after surgery, where the time interval between the two 
points was less than 3 months. The first outpatient follow- up was 
performed approximately 2 weeks after surgery. We classified 
patients into the following four groups based on their condition 
at 3- month intervals for 36 months after surgery: newly devel-
oped CPSP, continued CPSP, recurrent CPSP, non- CPSP, and lost 
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Figure 1 Long- term incidence of chronic postsurgical pain (CPSP) 
during the first 36 months after thoracic surgery in all cohorts.

Figure 2 Summed duration of chronic postsurgical pain (CPSP) in 
patients with CPSP followed up for 36 months after surgery (total, 
n=1457; CPSP, n=284).

to follow- up. The duration of CPSP was calculated at 3- month 
intervals. In the event of a recurrent CPSP, the summed duration 
of CPSP within 36 months after surgery was used.

Statistical analysis
R V.3.6.1 (R Foundation for Statistical Computing, Vienna, 
Austria) was used to analyze the data. A two- sided p<0.05 was 
considered statistically significant for all analyses. The Shapiro- 
Wilk test and the quantile- quantile plot were used to determine 
the normal distribution of continuous variables. Continuous 
data are reported as mean and SD or median and IQR, and 
were compared between groups using the independent t- test or 
Mann- Whitney U test according to the normality of data. Cate-
gorical data are described as frequency or percentage and were 
compared between groups using the χ2 test or Fisher’s exact test 
according to their expected counts. We compared the groups 
based on the presence/absence of CPSP (CPSP vs non- CPSP) as 
well as on the onset of CPSP (delayed- onset CPSP vs acute- onset 
CPSP). Delayed- onset CPSP was defined when the CPSP was not 
diagnosed at 3 months after surgery but was later diagnosed. 
Since a relatively large proportion of patients with missing data 
were excluded, we also compared these excluded patients with 
the patients included in the study.

To investigate the association between perioperative param-
eters and the risk of CPSP, we conducted a Cox proportional 
hazard regression analysis for chronic postoperative pain during 
the 36 months after surgery. The proportional hazard assump-
tions of the Cox regression analysis were tested by visual inspec-
tion of log- minus- log survival plots for categorical variables and 

restricted cubic splines for continuous variables. The following 
variables were included in the analyses without the variable 
selection process: age, female sex, preoperative analgesic use, 
thoracotomy (vs VATS), operation time (hour), NRS score at 
first outpatient visit after surgery, postoperative chemotherapy, 
postoperative radiation therapy, and year of surgery. We used the 
NRS score at a first outpatient visit after surgery instead of the 
maximal NRS score on postoperative day 2 as a variable repre-
senting the intensity of acute postoperative pain. During hospi-
talization, several ward nurses evaluated the pain intensity on a 
rotational basis, and the evaluation method was not uniform. 
We believe that NRS evaluated by surgeons in the outpatient 
visit can better differentiate the degree of acute postoperative 
pain. We included the year of surgery due to concerns regarding 
the recent reduction in the frequency of CPSP. The following 
variables were not included in the analysis due to the violation 
of proportional hazard assumptions: current smoker, diabetes 
mellitus, main anesthetic agents, preoperative antipsychotics 
use, intraoperative intercostal nerve blockade, and percutaneous 
wound injection.

ReSulTS
Among the 3200 patients in this study, 558 (17.4%, 95% CI 
16.2% to 18.8%) were diagnosed with CPSP within 36 months 
after surgery. Patients’ characteristics and perioperative param-
eters are summarized in table 1. Patients with CPSP were more 
likely to receive postoperative chemotherapy or radiation 
therapy, more likely to receive thoracotomy, had a longer dura-
tion of surgery, more likely to receive inhalation anesthetic agents 
during surgery, less likely to receive intraoperative intercostal 
nerve blockade, and had higher NRS score at the first outpatient 
visit after surgery. No patients with CPSP had taken any opioid 
medications before their surgery. The characteristics and periop-
erative parameters between patients included and excluded in 
the study due to loss of follow- up or inadequate medical records 
are presented in online supplementary table S1. The mortality 
within 36 months after surgery was significantly higher in the 
excluded group than in the included group (n=297, 9.3% vs 
n=263, 31.8%; p<0.001). Among the excluded patients, 57 
(6.9%) died within 3 months after surgery.

Figure 1 and online supplementary table S2 show the trend 
in the status of chronic pain at 3- month intervals during the 
36 months after thoracic surgery. Overall, 459 (14.3%, 95% CI 
13.2% to 15.6%) patients had CPSP at 3 months after surgery, 
and 99 (3.1%, 95% CI 2.5% to 3.8%) were additionally diag-
nosed with CPSP at least 6 months after surgery. Patients’ clin-
ical characteristics and perioperative parameters according to 
the onset of CPSP are presented in online supplementary table 
S3. The incidence of CPSP tended to decrease over time after 
surgery. Furthermore, 40 of 1457 (2.7%, 95% CI 2.0% to 3.7%) 
patients were diagnosed with CPSP at 36 months after surgery. 
A total of 1457 patients were followed up for 36 months after 
surgery, of whom 284 were diagnosed with CPSP. The median 
(IQR) of their summed duration of CPSP was 6 (3–9) months 
(figure 2). Among them, 26 patients showed improvement in 
CPSP, followed by relapse. The incidence of CPSP at 3 months 
after surgery did not show significant differences between the 
years of surgery (p=0.38) (figure 3). During the study period, 
there were changes in perioperative parameters in our hospital 
(online supplementary table S4).

Among the 558 patients with CPSP, 475 (85.1%, 95% CI 
82.2% to 88.1%) received analgesics for CPSP after surgery 
(table 2). The most commonly prescribed analgesics were weak 
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Figure 3 Trend in the incidence of chronic postsurgical pain (CPSP) 
at 3 months after thoracic surgery according to year of surgery in all 
cohorts.

Table 2 Treatments that the patients received for chronic 
postsurgical pain after thoracic surgery during the study period

Treatments for chronic postsurgical pain n=558

No medication 83 (14.9)

Acetaminophen 131 (23.5)

  Time from surgery to first prescription (months)* 8 (4–18)

  Duration of prescription (months)* 0 (0–5)

Anticonvulsants† 71 (12.7)

  Time from surgery to first prescription (months)* 8 (3–16)

  Duration of prescription (months)* 4 (1–14)

Antidepressants‡ 38 (6.8)

  Time from surgery to first prescription (months)* 9 (3–21)

  Duration of prescription (months)* 6 (0–15)

Lidocaine transdermal patch 24 (4.3)

  Time from surgery to first prescription (months)* 7 (3–13)

  Duration of prescription (months)* 1 (0–7)

Non- steroidal anti- inflammatory drugs 140 (25.1)

  Time from surgery to first prescription (months)* 4 (2–13)

  Duration of prescription (months)* 0 (0–4)

Weak opioids§ 455 (81.5)

  Time from surgery to first prescription (months)* 1 (1–1)

  Duration of prescription (months)* 0 (0–1)

Strong opioids¶ 206 (36.9)

  Time from surgery to first prescription (months)* 4 (1–14)

  Duration of prescription (months)* 2 (0–11)

  Prolonged strong opioid use (≥3 months) 93 (16.7)

Refer to the pain center 36 (6.5)

  Fluoroscopy- guided thoracic epidural block 19 (3.4)

  Ultrasound- guided intercostal nerve block 13 (2.8)

  10% lidocaine wound injection 5 (0.9)

  Pectoral nerve block 2 (0.4)

The values are presented as median (IQR) or number (%).
*The values were rounded to the nearest month. Prescription within 2 weeks is 
recorded as 0.
†Gabapentin and pregabalin.
‡Tricyclic antidepressants and serotonin- norepinephrine reuptake inhibitors.
§Tramadol and tramadol/acetaminophen combination.
¶Morphine, oxycodone, hydrocodone, hydromorphone, and transdermal fentanyl 
patch.

Table 3 Cox proportional hazard regression analysis to predict 
chronic postsurgical pain during the first 36 months after thoracic 
surgery

hR (95% CI) P value*

Age 1.01 (1.00 to 1.02) 0.23

Sex   

  Male Reference

  Female 1.20 (1.00 to 1.43) 0.04

Preoperative analgesic use 1.00 (0.66 to 1.51) 0.99

Operative technique   

  VATS Reference

  Thoracotomy 1.02 (0.82 to 1.28) 0.84

Operation time, hours 1.11 (1.03 to 1.20) <0.01

NRS score at first outpatient visit 
after surgery

1.29 (1.25 to 1.34) <0.001

Postoperative chemotherapy 1.55 (1.26 to 1.90) <0.001

Postoperative radiation therapy 1.35 (1.05 to 1.74) 0.02

Year of surgery   

  2007 Reference

  2008 0.77 (0.49 to 1.22) 0.27

  2009 0.65 (0.39 to 1.07) 0.09

  2010 1.05 (0.67 to 1.63) 0.84

  2011 1.29 (0.87 to 1.90) 0.20

  2012 0.92 (0.62 to 1.39) 0.70

  2013 0.98 (0.66 to 1.46) 0.92

  2014 0.88 (0.59 to 1.30) 0.51

  2015 0.94 (0.63 to 1.39) 0.76

  2016 1.14 (0.76 to 1.71) 0.52

*Tested by Cox proportional hazards regression.
NRS, Numeric Rating Scale; VATS, video- assisted thoracic surgery.

opioids such as tramadol or tramadol/acetaminophen combi-
nation (81.5%, 95% CI 78.1% to 84.5%). Furthermore, 206 
(36.9%, 95% CI 33.5% to 41.5%) patients received strong 
opioids, and 93 (17.0%, 95% CI 13.6% to 19.8%) received 
strong opioids for more than 90 days after surgery. Thirty- six 
(6.5%, 95% CI 4.7% to 8.8%) patients were referred to the pain 
center of our department for CPSP.

Table 3 shows the results of the Cox proportional hazard 
regression analysis for CPSP during the 36 months after surgery. 
Female sex (HR 1.20, 95% CI 1.00 to 1.43; p=0.05), longer 
surgery duration (HR 1.11, 95% CI 1.03 to 1.20; p<0.01), 
higher NRS score at the first outpatient visit after surgery (HR 
1.29, 95% CI 1.24 to 1.34; p<0.001), postoperative chemo-
therapy (HR 1.55, 95% CI 1.26 to 1.90; p<0.001), and post-
operative radiation therapy (HR 1.35, 95% CI 1.05 to 1.74; 
p=0.02) were significant predictors of CPSP during the first 
36 months after surgery. Years of surgery were not significantly 
associated with CPSP.

dISCuSSIOn
In this study, we investigated the long- term incidence of CPSP 
during the first 36 months after thoracic surgery. Our study 
showed that the overall incidence of CPSP within 36 months 
after thoracic surgery was 17.4%. Most CPSP were a contin-
uation of acute postoperative pain after thoracic surgery, and 
the incidence of CPSP decreased over time after surgery. In Cox 
proportional hazard regression analyses, female sex, longer 
duration of surgery, higher NRS score at the first outpatient visit 
after surgery, postoperative chemotherapy, and postoperative 
radiation therapy were significant risk factors of CPSP.

In this study, the overall incidence of CPSP during the 
36 months after surgery was 17.4%, and the sequential incidence 
of CPSP showed a declining trend with time. The incidence of 
CPSP at postoperative 3 months was lower than that reported in 
most previously published studies; however, it is similar to that 
reported in recent retrospective multicenter study conducted in 
Japan.15 Only few studies have reported the long- term incidence 
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of CPSP after thoracic surgery. One retrospective study reported 
that the incidence of CPSP at 7–12 months after thoracic surgery 
was 57%, then declined to 21% at 6–7 years after surgery.16 
Another retrospective study reported a decreasing trend in the 
incidence of CPSP during the first 27 months after surgery.17 
However, these studies did not investigate the serial course of 
CPSP in the same patient; therefore, delayed- onset or recurrent 
CPSP could not be described.

In our study, patients with CPSP had various recovery rates 
after surgery. Most CPSP continued from acute postoperative 
pain after surgery, but some developed after the asymptomatic 
period after surgery. This phenomenon has not been previously 
reported in patients treated by thoracic surgery but has been 
reported in patients with breast cancer.18 The delayed onset of 
pain after injury may be associated with slow anatomical, phys-
iological, and biochemical changes,19 but the mechanism of this 
phenomenon remains unidentified.

Our study showed the various durations of CPSP, most of 
which were less than 9 months. The time concept of ‘more than 
3 months’ used in the definition of CPSP is based on the assump-
tion that the duration of normal tissue healing is 3 months. 
However, this time concept is arbitrary, and the duration of 
tissue healing may vary depending on multiple systemic and 
local factors.20 Various patient- related, surgery- related, and 
anesthesia- related factors affect the development and mainte-
nance of CPSP.3 4 Further, postoperative factors such as adju-
vant therapy can also affect CPSP. This complexity may lead to a 
wide variety of clinical prognoses. Our study revealed that most 
CPSP were eventually resolved, but in some patients it persisted 
or recurred during the study period. Future research should 
consider the duration of CPSP and focus more on patients with 
long- term CPSP.

Our findings cast doubt on the necessity for strong opioid 
prescription in most patients with CPSP after thoracic surgery. 
Previously, opioids played a pivotal role in postoperative pain 
management.21 However, postsurgical opioid use can lead to 
prolonged opioid use, which can have a detrimental effect on 
patient prognosis.6 12 22 23 Thoracic surgery is associated with 
a higher risk of postoperative prolonged opioid use compared 
with other major surgeries.12 The prescription rate of strong 
opioids in patients with CPSP in our study was lower than those 
reported in other countries.12 22 This result reflects differences 
in the opioid prescription pattern between countries as well as 
the surgical and perioperative management.24 Despite the low 
prescription rate of strong opioids, the rapid decline of CPSP 
incidence after surgery raises questions about their role in the 
treatment of CPSP. The prescription of strong opioids in most 
patients with CPSP after thoracic surgery may not be necessary. 
Considering the median duration of CPSP in our study, if opioids 
are required, physicians should prescribe opioids for only a 
limited period and plan for dose tapering or discontinuation at 
the time of the first prescription. Further studies on the benefits 
and risk of long- term opioids use as well as proper indication of 
opioids in patients with CPSP are required.

Since we considered CPSP as a time- to- event measurement, 
we conducted a Cox proportional hazard regression analysis 
rather than a binary logistic regression analysis to investigate 
the risk factors of CPSP. Our findings also revealed multiple risk 
factors, including female sex, longer duration of surgery, and 
higher severity of acute postoperative pain, which were associ-
ated with the development of CPSP. These results were consis-
tent with previously published, known risk factors for CPSP.5 25 
Although our study did not show thoracotomy as a significant 
risk factor for CPSP compared with VATS, there has been debate 

about the protective effect of VATS on the development of 
CPSP.8 14 26 In addition, we identified a statistically significant 
relationship between postoperative chemotherapy or radiation 
therapy and the incidence of CPSP. Although several studies 
have suggested that adjuvant radiotherapy or chemotherapy can 
increase the risk of CPSP after breast surgery,18 27 the association 
between these therapies and CPSP after thoracic surgery has, to 
the best of our knowledge, not been reported. The neuropathic 
component accounts for a large portion of CPSP in thoracic 
and breast surgeries.28 Considering that radiation- induced or 
chemotherapy- induced neuropathies are well- known complica-
tions in patients with cancer,11 these adjuvant therapies could 
act as contributing factors to nerve injury associated with CPSP. 
However, these therapies were not found to be significant risk 
factors for CPSP in a recent prospective study.8 Further studies 
regarding how possible contributing factors to nerve injury affect 
the CPSP after thoracic surgery, which can be called ‘double 
crush syndrome’, are required. Although not all the risk factors 
showed statistically significant association with CPSP, we believe 
that the efforts of our physician over the past decade, such as 
the introduction of minimally invasive surgery, decrease of post-
operative adjuvant therapies due to early diagnosis, and shorter 
operation time, have led to a recent decline in the incidence of 
CPSP.

The results of our study should be interpreted cautiously for 
several reasons. First, we could not include some potential predic-
tors of CPSP because of the retrospective design of this study. 
We did not have detailed information regarding pre- existing 
pain conditions, psychological status, and prolonged chest tube 
drainage, which are known predictors of CPSP.4 17 Addition-
ally, the genetic predisposition for chronic pain that we did not 
consider could also affect the occurrence of CPSP. Second, we 
investigated only the pain intensity of a surgical site as evaluated 
by NRS. Thoracic surgery can result in not only pain of a surgical 
site but also pain beyond the surgical site, and even other symp-
toms such as numbness and paresthesia. Furthermore, a large 
proportion of patients were excluded due to loss of follow- up or 
inadequate medical records. These excluded patients most likely 
had risk factors for CPSP reported in our study or previously 
published studies. We speculate that these limitations may have 
underestimated the incidence of CPSP in our study. However, 
the number of patients excluded from our study was not higher 
than those who declined to participate or were excluded for no 
clear reason in previous prospective studies.8 14 29 Unlike other 
studies, we have tried to provide more detailed information by 
analyzing the characteristics of the excluded patients. Third, we 
could not investigate the effects of CPSP on functional disability 
or quality of life of patients. The impact on the quality of life 
of each patient can vary, even with similar severities of pain. 
Fourth, the number of patients lost to follow- up increased over 
time after surgery. Therefore, it was not possible to calculate the 
exact incidence of CPSP beyond 3 months after surgery. Last, 
there was no information regarding the treatment for CPSP 
received at other hospitals. However, more than 80% of opioid 
analgesics were prescribed at general or tertiary hospitals in 
Korea.30 Therefore, we hypothesized that a few patients might 
have been prescribed opioid analgesics at other hospitals.

COnCluSIOnS
In conclusion, our study showed various time courses of CPSP 
after thoracic surgery and a decreasing trend over time. A better 
understanding of the long- term course of CPSP may provide 
important information on its prediction and treatment. In 
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addition, future studies should consider CPSP as a time- to- event 
measurement and focus on the progression of CPSP rather than 
its point prevalence.
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