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Abstract

Purpose The potential of uniportal video-assisted thoracic surgery (U-VATS) to reduce chronic pain after thoracic surgery
(CPTS) compared to open thoracotomy (OT) remains unexplored. This prospective study aims to assess the incidence of
CPTS following U-VATS or OT and identify associated risk factors.

Methods Patients undergoing thoracic surgery were recruited from March 2021 to March 2022, categorized by surgical
approach (U-VATS vs. OT). Standard clinical protocols for surgery, anesthesia, and analgesia were followed. Pain symp-
toms were assessed using the Short-form McGill Pain Questionnaire, with follow-ups up to 6 months. Perioperative factors
influencing CPTS at 3 months were analyzed through univariate and multivariate methods.

Results A total of 694 patients were analyzed. Acute pain after thoracic surgery (APTS) was significantly less severe
in the U-VATS group (p <0.001). U-VATS patients exhibited a lower incidence of CPTS at 3 months (63.4% vs. 80.1%,
p<0.001), with reduced severity among those experiencing CPTS (p=0.007) and a decreased occurrence of neuropathic
pain (p=0.014). Multivariate analysis identified OT incision, moderate to severe APTS (excluding moderate static pain at
24 h postoperative), nocturnal surgery, and lung surgery as risk factors for CPTS.

Conclusion This study underscores the potential of U-VATS to reduce both the incidence and severity of CPTS at 3 months
compared to OT. Furthermore, it highlights risk factors for CPTS, including OT incision, inadequately managed APTS, lung
surgery, and nocturnal surgery. These findings emphasize the importance of considering surgical approach and perioperative
pain management strategies to mitigate the burden of CPTS.

Keywords Acute pain after thoracic surgery - Chronic pain after thoracic surgery - Open thoracotomy - Uniportal video-
assisted thoracic surgery

Introduction

Chronic pain after thoracic surgery (CPTS) has been affect-
ing 30-80% of those surgical patients [1, 2]. Possible risk
factors for CPTS include female sex, preoperative pain
Yang Gu and Xiang Li are co-first authors. catastrophizing, severe acute pain after thoracic surgery,
and postoperative radiation therapy [3—6]. The definition of
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was recognized as a health condition. The current classifica-
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ern treatments for CPTS can relieve the symptoms in many
patients, identifying robust risk factors to prevent CPTS pro-
gression is crucial [9]. However, controversy surrounds the
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impact of thoracoscopic surgery on the incidence of CPTS
compared to lateral open thoracotomy (OT) [10, 11]. The
evolution from multi-portal video-assisted thoracic surgery
(M-VATS) to the more recent uniportal-VATS (U-VATS),
characterized by minimized incision number and size, marks
a significant development in thoracic surgical techniques.
Building on this evolution, our study focuses on a research
gap in the current literature by investigating whether
U-VATS yields improved outcomes in CPTS compared to
OT approach. We hypothesize that U-VATS is associated
with a lower incidence and less severe CPTS compared to
OT. For this purpose, we recruited patients based on 2 sur-
gical approaches (U-VATS vs OT), and evaluated them for
up to 6 months.

Methods
Study design and setting

This prospective cohort study used the Strength of Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guidelines. It was approved by our hospital’s
Institutional Research Board and Ethics Committee (L.21-
028) and registered at Chinese Clinical Trial Registry
(ChiCTR2100044640; date: March 25, 2021; Principal
investigator: Yang Gu). The study was conducted in accord-
ance with the current Declaration of Helsinki. Patients were
recruited from a tertiary hospital from March 2021 to March
2022. Written informed consent was obtained from each
patient before enrollment.

Patient selection criteria

Trained clinical researchers screened patients on all week-
days, at all hours, to minimize selection bias.

Inclusion criteria

Adult patients (> 18 years) scheduled for U-VATS or OT
on either side.

Procedures performed under general anesthesia with
double-lumen endobronchial tube intubation.

American Society of Anesthesiologists (ASA) physical
status I to III.

Exclusion criteria

Preoperative cognitive dysfunction.
Difficulty understanding the questionnaire or scale.
Bilateral thoracic surgery.
Preoperative history of chronic pain.
Previous thoracic surgery.
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Substance abuse.
Severe psychiatric disorders.

Drop-out criteria

Scheduled operation approach changed to bilateral or
M-VATS.

Severe cardiovascular or cerebral events.

Postoperative cognitive dysfunction or delirium.

Re-operation due to postoperative bleeding or other medi-
cal reasons.

Postoperative intubation.

Death.

Loss to follow-ups.

Surgical approach

Surgical approach was our primary exposure and determined
by the surgeons based on preoperative evaluations, such as
the size or the location of the tumor, the lymph nodes inva-
sion, but it was adaptable, with the option to switch from
U-VATS to OT or vice versa after a second risk—benefit
analysis, depending on suitability. Patients were repositioned
from supine to lateral decubitus after induction. Isolated ven-
tilation of the dependent lung was established, allowing the
operative lung to collapse. The incision size for U-VATS was
kept at 4-5 cm to avoid rib spreading, while OT required at
least a 10 cm incision based on surgical needs. In U-VATS,
the approach was made on the 4th or 5th intercostal space
perpendicular to the axillary line, with most of the incision
anterior to the latissimus dorsi. On the other hand, OT might
involve additional procedures, such as rib resection and mus-
cle division, with a curvilinear incision extending from the
base of pectoralis major anteriorly to latissimus dorsi pos-
teriorly. The use of a retractor was consistently necessary to
improve exposure.

Primary outcomes

CPTS incidence and severity were assessed using the
Short-form McGill Pain Questionnaire (SF-MPQ), a
tool validated in multiple languages, including Chinese,
Greek, and Japanese, demonstrating convincing sensitiv-
ity and specificity [12—14]. The Chinese version com-
prises sensory and affective sub-scales, with each item
rated on an intensity scale (0-none, 1-mild, 2-moderate,
3-severe), explained to patients preoperatively. If a patient
scored > 1, it indicated the occurrence of CPTS; scoring
between 1 and 3 denoted mild CPTS, 4-6 indicated moder-
ate CPTS, and scoring > 7 signified severe CPTS. To mini-
mize dropouts, preoperatively, at least two phone numbers
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each from patients and family members were documented,
and researchers attempted contact three times both in the
morning and afternoon during weekends before confirm-
ing loss to follow-ups. Telephone interviews evaluated
patients based on SF-MPQ over the past week. Cause-
specific morbidity in our study is favorable based on ICD-
11. The study’s sensitivity is influenced by the drop-out
rate, which varies between the two groups.

Secondary outcomes

Acute pain assessment after thoracic surgery involved the
Numeric Rating Scale (NRS-11) to quantify static pain (SP)
or dynamic pain (DP) at 24 h and 48 h, a well-validated self-
report scale for adults. Criteria for its application included
direct bedside communication, separate evaluation of SP
or DP, anchor descriptors (ranging from “no pain” at 0 to
“worst experienced pain” or “worst bearable pain” at 10),
patient cognitive and literacy levels, and a recall time frame
of the most severe pain intensity in the past 24 h. The pain
level was graded into 4 ranks: no pain (0), mild pain (1-3),
moderate (4—6) and severe pain (7-10). Acute ipsilateral
shoulder pain (ISP) was identified 24 h after the operation
with answers of “yes” or “no”. Postoperative nausea and
vomiting (PONV) within 48 h were also identified with
“yes” or “no” responses. Chronic neuropathic pain (NPP)
was evaluated with the Self-Administered Leeds Assess-
ment of Neuropathic Symptoms and Signs (S-LANSS). A
total score of 12 or more suggests NPP. However, potential
information bias could occur due to the scale involving not
only sensory appraisal but also patient examination involv-
ing rubbing and pressing on painful and non-painful areas.

Anesthesia and analgesia management

Routine perioperative care was administered by anesthesiol-
ogists and surgeons. Intravenous fast induction commenced
with midazolam, sufentanil, propofol, and rocuronium.
Maintenance was regulated with a continuous infusion of
propofol and remifentanil, supplemented by intermittent
injections of rocuronium and sufentanil as needed. All
patients received the same patient-controlled intravenous
analgesia via an infusion pump, containing 120 ml suspen-
sion with sufentanil (100 pg), flurbiprofen (100 mg), and
ondansetron (8 mg). While other analgesic interventions,
such as nerve blocks, non-steroidal anti-inflammatory drugs,
and opioids, were not mandatory, their utilization, if any,
was documented in the medical records. All patients were
strictly monitored throughout the perioperative period.

Statistical analysis

To minimize the risk of confounders, we conducted a
properly sized sample mimicking an RCT, with the aim of
comparing surgical approaches on CPTS after 3 months
and possible risk factors for CPTS 3 months. The sample
size was calculated using PASS 15.0 (Power and Sample
Size, © 2012, Kaysville, Utah). The primary focus was
on detecting the incidence difference of CPTS between
the two surgical approaches. We employed tests for two
proportions in a two-sided test, with a significance level
of 0.05, statistical power of 90%, and an expected 3 month
CPTS incidence after OT based on previous literature
(53%) [11]. The anticipated proportion difference was set
at 13.34%. Accounting for an expected 20% loss to follow-
up, a total of 694 patients were deemed necessary for the
study. The data analysis utilized SAS version 9.4 (SAS
Institute Inc., Cary, NC), employing per-protocol analysis
for all datasets. A significance level of two-sided p < 0.05
was considered statistically significant for all analyses.
Normality testing was performed using the Shapiro—Wilk
test or Kolmogorov—Smirnov Test. Quantitative data were
presented as mean (standard deviation, SD) if normally
distributed, otherwise as median with interquartile range
(IQR). Two independent-sample 7 tests were employed for
normally distributed data, while the Wilcoxon rank-sum
test was used for skewed distributed variables. Categorical
variables are presented as frequencies and proportions, and
compared between groups with y? test or Fisher’s exact test
based on their expected counts. Ranked data like the level
of acute or chronic postoperative pain within the group
were analyzed using Trend test. To explore associations
between perioperative variables and the risk of CPTS,
univariate analysis with a generalized estimating equation
model was conducted, providing relative risk (RR) and
95% confidence interval (CI). Significant factors identified
during univariate analysis were further investigated using
multivariate analysis with maximum likelihood estimation,
presenting RR and 95%CI.

Results

Baseline characteristics, recruitment,
and follow-ups

Recruitment and follow-up timeline is presented in Fig. 1.
From the initial 744 patients, 694 were included, but
80 were lost to follow-ups within 3 months post-oper-
ation. Of those retained, 281 in the OT group and 333
in the U-VATS group completed the primary outcome
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'
Assessed for eligibility (n= 744)
=
£ Excluded (n=50)
.‘é’ ® Communication barrier (n=8)
g ® Refusal (n=10)
g ®  Surgical history of thorax or abdomen (n=6)
®  ASA classification IV (n=8)
®  Chronic pain history (n=18)
— Y
() Included (n = 694)
g Drop-out (n=26)
o ® Reluctance to cooperate (n=10)
= ®  Postoperative cognitive dysfunction (n=2)
w ®  Postoperative re-intubation (n=3)
®  Reverted to bilateral U-VATS(n=3)
®  Re-operation (n=2)
— ®  Postoperative acute nephritis (n=1)
®  Earlier discharge (n=5)
) Follow-ups completed 24h, 48h after surgery (n = 668)
OT (n=317) vs. U-VATS (n=351)
Drop-out (n=54)
®  Lost in contact (n=39)
— 3| ® Reluctance/refusal to follow-ups (n=10)
" ® Death (n=3)
% ®  Re-operation (n=2)
3
K
E Follow-ups completed 3 months after surgery (n = 614)
OT (n=281) vs. U-VATS (n=333)
Drop-out (n=34)
» ® Lost in contact (n=31)
v ®  Death (n=3)
Follow-ups completed 6 months after surgery (n=580)
OT (n=265) vs. U-VATS (n=315)
—

Fig. 1 Recruitment and follow-up diagram. ASA American Society of Anesthesiologists, OT open thoracotomy, U-VATS uniportal video-assisted

thoracoscopy

evaluations. Preoperative data and intraoperative events
are given in Table 1. Notably, significant differences
exist in demographic and clinical characteristics between
groups, spanning sex, age, body mass index (BMI), ASA
classification, tobacco dependence, neoadjuvant therapy,
operation side, target organ, operation duration, and blood
loss.

Postoperative acute phase follow-ups

With the same patient-controlled intravenous analgesia regi-
men, though, on a broader scale, the use of rescue analgesia
was less frequent in the U-VATS group. Table 2 reveals a
higher severity of acute pain after thoracic surgery (APTS)
in the OT group, regardless of SP or DP, when compared to
the U-VATS group. Additionally, the incidence of ISP was
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greater in the OT group than in the U-VATS group. Further,
the incidence of PONYV did not show a significant difference
between the two groups.

Chronic phase evaluations (postoperative 3 months
and 6 months)

Table 3 illustrates notable differences in the incidences
of CPTS at 3 and 6 months between the U-VATS and OT
groups. Specifically, at 3 months, the U-VATS group exhib-
ited lower incidences (80.1% vs. 63.4%), with CPTS sever-
ity being significantly more pronounced in the OT group
(p=0.007). However, by 6 months, while the trend persisted
favoring the U-VATS group (75.8% vs. 51.7%), the differ-
ence in severity became less pronounced (p =0.057). Addi-
tionally, the occurrence of highly suspected NPP at 3 months
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Table 1 Preoperative and intraoperative baseline characteristics Table 2 Acute postoperative follow-ups

Variables Sum Surgical approach 14 Variables Sum Surgical approach p

(n=694) (N=668)
U-VATS oT U-VATS oT
(n=357) (n=337) (n=351) (n=317)

Sex <0.001 SP 24 h 39+2.6 53+28 <0.001
Female 268 (38.6) 196 (54.9) 72 (21.4) DP 24 h 6.9+2.2 82+2.0 <0.001
Male 426 (61.4) 161 (45.1) 265 (78.6) SP48 h 24+2.0 3.6+23 <0.001

Age (years) 573+£11.8 555+12.0 594+11.2 <0.001 DP 48 h 5.0+2.1 6.6+2.2 <0.001

Stratification <0.001 ISP’ <0.001
<50 166 (23.9) 121(33.9) 45(13.4) No 559 (83.7) 317(90.3) 242(76.3)

51-70 449 (64.7) 203 (56.9) 246 (73.0) Yes 109 (16.4) 34(9.7) 75 (23.7)
>70 79(11.4) 33(9.2) 46 (13.6) PONV 0.129

Height (cm) 163.9+8.5 162.6+9.5 165.1+7.1 <0.001 No 617 (92.4) 319(90.9) 298 (94.0)

Weight (kg) 65.1+10.7 649+11.4 653+9.8 0.303 Yes 51 (7.6) 32(9.1) 19 (6.0)

BMI (kg/mz) 0.322 Rescue analgesia <0.001
<28 609 (87.8) 309 (86.6) 300 (89.0) None 412 (61.7) 261 (74.4) 151 (47.6)
>28 85(12.2) 48(13.4) 37(11.0) Non-opioids 196 (29.3) 79 (22.5) 117 (36.9)

ASA classification <0.001 Opioids 60 (9.0) 11 (3.1) 49 (15.5)

I 238 (34.3) 155(43.4) 83 (24.6) . . . .

U-VATS uniportal video-assisted thoracic surgery, OT open thora-
1 376(542) 161(45.1) 215(63.8) cotomy, SP static pain, DP dynamic pain, ISP ipsilateral shoulder
I 80 (11.5)  41(11.5) 39(11.6) pain, PONV postoperative nausea and vomiting. Data are presented as

Tobacco depend- mean +std or frequency (proportion)
ence
Yes 130 (18.7) 55(15.4) 75(22.3) 0.021
No 564 (81.3) 302 (84.6) 262 (77.7)

Neo-adjuvant <0.001 Table 3 Chronic postoperative follow-ups
therapy
No 619(89.2) 347(97.2) 272 (80.7) Variables Surgical approach p
Yes 75(10.8) 10(2.8) 65 (19.3) U-VATS OT

Common residence 0.713 (n=333) (n=281)
iastern Chm:l: y 2;5 §951.5) ;28 §911.9) §g7 ;991.1) CPTS (3 months) <0.001

Op:rr;:zzt::rts ina 59 (8.5) @D ®.9) ol No 178 (29.0) 122 (36.6) 56 (19.9)

Yes 436 (71.0) 211 (63.4) 225(80.1)
Before 17:00 523 (75.4) 260(72.8) 263 (78.0) .
) Formation 0.004
.After 17:00 171 24.6) 97 (27.2) 74 (22.0) Mild 303 (69.5) 162 (769) 141 (62.6)
Side 0.005 Moderate 103 (23.6) 36(17.0) 67 (29.8)
L?ft 308 (44.4) 140(39.2) 168 (49.9) Severe 30 (6.9) 13 (6.1) 17 (7.6)
Right 386 (55.6) 217 (60.8) 169 (50.1) .

Organs <0.001 Severity 0.007
Lung 580 (84.9) 274(76.8) 315 (93.5) NPP (3 months) 0014
Mediastinum 69 (9.9) 57(16.0) 12(3.6) No 588 (95.8) 325 (97.6) 263 (93.6)

Lung & mediasti- 36 (5.2) 26 (7.2) 10/2.9) Highly susceptible 26 (4.2) 8(2.4) 18 (6.4)
num CPTS (6 months) <0.001

Duration <0.001 No 216 (37.2) 152 (48.3) 64 (24.2)
<3h 487(702) 313 (87.7) 174 (51.6) Yes 364 (62.8) 163(51.7) 201(75.8)
>3h 207 (29.8) 44(123) 163 (48.4) Formation 0.152

Blood loss <0.001 Mild 285 (78.3) 135(82.8) 150 (74.6)
<500 ml 639 (92.1) 351 (98.3) 288 (85.5) Moderate 69(19.0) 25(15.3) 44(219)
>500 ml 55(7.9) 6(17) 49 (14.5) Severe 1027 33a8  735)

Severity 0.057

U-VATS uniportal video-assisted thoracic surgery, OT open thoracot-
omy, BMI body mass index, ASA American Society of Anesthesiolo-
gists. Data are presented as frequency (proportion) or mean + stand-
ard deviation (SD)

U-VATS uniportal video-assisted thoracic surgery, OT open thora-
cotomy, CPTS chronic pain after thoracic surgery, NPP neuropathic
pain. Data are presented as frequency (proportion)
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was 4.2% overall, yet it was higher in the OT group (6.4%
vs. 2.4%, p=0.014).

Univariate analysis of the perioperative factors
on CPTS (3 months)

In Table 4, patients were categorized into two groups based
on the occurrence of CPTS (436 vs. 178). Notably, the OT
approach presented a significantly higher risk of CPTS
compared to U-VATS (p <0.001, RR 95%CI 2.323 [1.608,
3.356]). Age between 51 and 70 also showed an elevated risk
(RR 95%CI 1.634 [1.095, 2.439]) compared to those under
50 years old in preoperative factors. In intraoperative fac-
tors, CPTS was more likely when surgery started after 17:00
(RR 95%CI 1.534 [1.002, 2.347]) or lasted longer than 3 h
(RR 95%CI 1.688 [1.119, 2.548]), but less likely when the
target organ was mediastinum compared to lung surgery (RR
95%C1 0.352 [0.208, 0.598]). Acute postoperative evalua-
tions revealed patients with ISP were more prone to CPTS
(RR 95%CI 1.561 [1.147, 2.572]) although the p value was
contradictory (p=0.081). For ranked pain severity, moderate
to severe pain (excluding moderate SP 24 h postoperatively)
significantly increased the likelihood of CPTS compared to
no or mild pain (trend test, p <0.001).

Multi-variate analysis of the occurrence of CPTS
(3 months)

Following the identification of significant indicators in the
univariate analysis of CPTS occurrence, a multivariate anal-
ysis was conducted with maximum likelihood estimation to
assess these factors (Table 5). After adjustment, the risk of
developing CPTS was found to be 2.044 times higher in the
OT group than in the U-VATS group (p =0.001; RR 95%CI
2.044 [1.350, 3.095]). Surgical procedures commencing
after 17:00 still exhibited a higher risk of CPTS (RR 95%CI
1.555 [1.009, 2.397]). Also, mediastinum surgery demon-
strated a lower likelihood of developing CPTS compared to
lung surgery (p=0.011; RR 95%CI 0.483 [0.276, 0.846]).
Aside from moderate SP 24 h postoperatively, an overall
significant increased risk of CPTS with pain severity went
from moderate to severe, compared to no pain or mild pain
(p<0.001).

Discussion

To the best of our knowledge, this study represents the first
prospective investigation comparing U-VATS to OT in the
context of CPTS, incorporating a comprehensive analysis
of perioperative factors with the largest sample size. Our
findings reveal that U-VATS is significantly associated
with a lower incidence and reduced severity of CPTS at
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the 3-month mark in comparison to OT. Notably, U-VATS
demonstrates a favorable impact on APTS severity, while
heightened APTS severity correlates positively with CPTS
incidence. Additionally, U-VATS is linked to a decreased
incidence of highly suspected NPP. Exploring further,
patients aged 51-70 years, surgeries exceeding 3 h, noctur-
nal surgeries, and lung surgeries emerge as potential risk
factors for CPTS. However, our analysis indicates a lack
of robust association between CPTS and factors, such as
female sex, BMI, ASA classification, preoperative neoad-
juvant therapy, tobacco dependence, operation side, blood
loss, ISP, PONYV, or the need for rescue analgesia.

CPTS etiology

Its elusive and distinct mechanisms may originate from
incision induced injury, though, the ongoing and lasting
inflammations, modulations, amplifications, pain threshold
reduction, synaptic plasticity, and central sensitization have
neurons, glial cells, peripheral and central circuits involved
[15, 16]. CPTS has gone far beyond the temporal continuum
of APTS. Aside from surgery trauma, CPTS could even be
more related to demographic factors, such as age, sex, psy-
chological features, and perioperative analgesia [17-19].

Surgical approach, APTS severity, design feature,
and CPTS outcome

The outcome of CPTS was controversial previously in the
comparison of M-VATS vs. OT studies [11, 20-26], with
most showing no significance between the 2 surgical tech-
niques [11, 20, 21, 24-26]. Despite the theoretical advantage
of reduced trauma with U-VATS due to its single incision,
this was not confirmed in a limited previous study [27].
Our current investigation contributes to this discourse by
providing evidence that the reduced surgical trauma associ-
ated with U-VATS results in attenuated APTS, subsequently
leading to an improvement in CPTS. Notably, few studies
investigating APTS related to CPTS employed a prospec-
tive design, ever since Katz J found that APTS could predict
the long-term CPTS with only 23 effective sample size in
OT lung surgeries [5]. APTS is correlated with periopera-
tive analgesia, and similar APTS could be achieved with
unbalanced analgesia management for different surgical
approaches, and thus CPTS outcomes [11]. With similar
analgesia for different incisions as in our study, the outcomes
of APTS and CPTS are built on the incision choices. Our
prospective feature also favors of decreasing the drop-out
rates than retrospective studies [3, 24], less than 15% loss
of follow-ups when primary outcome was achieved. Our
continuous recruitment and balanced assignment for the 2
groups were possible with reasonable statistical power cal-
culation, which was lack in previous studies [20, 21, 25, 26].
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Table 4 Univariate analysis of

perioperative variables on CPTS

at 3 months

531
CPTS (3 m) RR (95%CI)
No (n=178)  Yes (n=436)

Surgical approach <0.001

U-VATS 122 (68.5) 211 (48.4) REF

oT 56 (31.5) 225 (51.6) 2.323 (1.608, 3.356)
Sex 0.654

Female 70 (39.3) 180 (41.3) REF

Male 108 (60.7) 256 (58.7) 0.922 (0.646, 1.316)
Age (years) 0.049

<50 55 (30.9) 97 (22.2) REF

51-70 102 (57.3) 294 (67.4) 1.634 (1.095, 2.439)

>70 21 (11.8) 45 (10.3) 1.215 (0.657, 2.246)
BMI (kg/m?) 0.540

<28 154 (86.5) 385 (88.3) REF

>28 24 (13.5) 51 (11.7) 0.850 (0.505, 1.430)
ASA classification 0.190

I 59 (33.1) 161 (36.9) REF

II 95 (53.4) 237 (54.4) 0.914 (0.624, 1.339)

1 24 (13.5) 38 (8.7) 0.580 (0.321, 1.049)
Tobacco dependence 0.560

Yes 35 (19.7) 77 (17.7) REF

No 143 (80.3) 359 (82.3) 0.876 (0.562, 1.366)
Neo-adjuvant therapy 0.081

No 166 (93.3) 386 (88.5) REF

Yes 12 (6.7) 50 (11.5) 1.792 (0.930, 3.452)
Common residence

Eastern China 165 (92.7) 401 (92.0) 0.762 REF

Non-eastern China 13 (7.3) 35 (8.0) 1.108 (0.571, 2.147)
Side 0.845

Left 74 (41.6) 185 (42.4) REF

Right 104 (58.4) 251 (57.6) 0.965 (0.678, 1.375)
17:00 0.049

Before 143 (80.3) 317 (72.7) REF

After 35 (19.7) 119 (27.3) 1.534 (1.002, 2.347)
Targeted organs 0.001

Lung 135 (75.8) 383 (87.8) REF

Mediastinum 32 (18.0) 32 (7.3) 0.352 (0.208, 0.598)

Lung & mediastinum 11 (6.2) 21 (4.9) 0.846 (0.293, 2.446)
Duration 0.013

<3h 140 (78.7) 299 (68.6) REF

>3h 38 (21.3) 137 (31.4) 1.688 (1.119, 2.548)
Blood loss 0.871

<500 ml 166 (93.3) 405 (92.9) REF

>500 ml 12 (6.7) 31(7.1) 1.059 (0.531, 2.112)
ISP 0.081

No 155 (87.1) 354 (81.2) REF

Yes 23 (12.9) 82 (18.8) 1.561 (1.147, 2.572)
PONV 0.171

No 168 (94.4) 397 91.1) REF

Yes 10 (5.6) 39 (8.9) 1.650 (0.805, 3.383)

Rescue analgesia
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Table 4 (continued)

CPTS (3 m) )4 RR (95%CI)

No (n=178)  Yes (n=436)

None 120 (67.4)
Non-opioid 49 (27.5)
Opioid 9(5.1)
SP24 h
None 24 (13.5)
Mild 67 (37.6)
Moderate 58 (32.6)
Severe 29 (16.3)
DP24 h
None 0(0)
Mild 18 (10.1)
Moderate 54 (30.3)
Severe 106 (59.6)
SP48 h
None 45 (25.3)
Mild 99 (55.6)
Moderate 31(17.4)
Severe 3(1.7)
DP 48 h
None 3(1.7)
Mild 46 (25.8)
Moderate 94 (52.8)
Severe 35 (19.7)

264 (60.6) 0.132REF
131 (30.0) 1.215 (0.820,1.800)
41 (9.4) 2.071 (0.975,4.397)
<0.001
26 (6.0) REF
134 (30.7) 1.846 (0.986,3.458)
143 (32.8) 2.276 (1.208, 4.287)
133 (30.5) 4.233 (2.134, 8.398)
P for trend p <0.001
<0.001
1(0.2) /
10 (2.3) REF
106 (24.3) 3.533 (1.526,8.181)
319 (73.2) 5.417 (2.425,12.100)
P for trend p <0.001
<0.001
58 (13.3) REF
200 (45.9) 1.567 (0.992,2.477)
132 (30.3) 3.304 (1.902, 5.737)
46 (10.6) 11.897 (3.473, 40.745)
P for trend p <0.001
<0.001
2 (0.5) REF
57 (13.1) 1.859 (0.298,11.597)
192 (44.0) 3.064 (1.503, 18.649)
185 (42.4) 7.929 (1.278, 49.194)
P for trend p <0.001

CPTS chronic pain after thoracic surgery, RR relative risk, CI confidence interval, U-VATS uniportal video-
assisted thoracic surgery, OT open thoracotomy, BMI body mass index, ASA American Society of Anes-
thesiologists, ISP ipsilateral shoulder pain, PONV postoperative nausea and vomiting, SP static pain, DP
dynamic pain. Data are presented as frequency (percentage)

Additionally, the evaluation method matters, too, employing
proper telephone interviews, resulted in a higher response
rate compared to mail methods used in previous studies [20,
26]. Recognizing the complexity of CPTS, characterized by
ambiguity, lower pain intensity, and multiple domains, our
study employed a multi-dimensional SF-MPQ for a more
comprehensive understanding of pain characteristics com-
pared to single-dimension scales.

Chronic NPP

In our study, patients with highly suspected NPP were
less in U-VATS group than in OT group (2.4% vs. 6.4%,
p=0.014), but in general, NPP incidence in the present
study was lower than previous findings with rates between
8.8 and 29% [20, 25, 28-31]. Several factors may account
for this disparity: first, patients with chronic pain or on
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pain medicine were excluded preoperatively in our study;
additionally, advancements in surgical techniques over
the years may have contributed to reduced injury to the
intercostal nerves and neurovascular bundles [32]; further,
it has been suggested that the original cutoff value of 12
for the S-LANSS scale may be less sensitive for Asian
patients, advocating for a lower cutoff value of 11 or 10
could be more practical [33].

CPTS risk factors analysis

With a large sample size in our study, we conducted univari-
ate and multivariate analysis which identified OT surgical
approach and APTS severity as 2 independent risk factors
of CPTS at 3 months. Other perioperative factors are also
analyzed.
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Table 5 Multivariate analysis of

. . MLE RR (95%CTI)
perioperative factors on CPTS
at 3 months Estimation SD Wald ¢ P

Approach

U-VATS REF

oT 0.715 0.212 11.398 0.001 2.044 (1.350, 3.095)
Age (years)

<50 REF

51-70 0.173 0.221 0.612 0.434 1.189 (0.771, 1.835)

>70 —0.153 0.327 0.219 0.640 0.858 (0.452, 1.629)
17:00

Before REF

After 0.442 0.221 4.000 0.046 1.555 (1.009, 2.397)
Organs

Lung REF

Mediastinum —-0.727 0.286 6.480 0.011 0.483 (0.276, 0.846)

Lung & mediastinum —0.010 0.573 0.000 0.987 0.990 (0.323, 3.042)
Duration

<3h REF

>3h 0.140 0.238 0.346 0.556 1.15 (0.722, 1.832)
SP 24 h

None REF

Mild 0.215 0.392 0.300 0.584 1.240 (0.575, 2.674)

Moderate 0.119 0.423 0.079 0.778 1.126 (0.491, 2.582)

Severe 0.370 0.453 0.668 0.041 1.448 (1.196, 3.520)
DP24h

Mild REF

Moderate 1.053 0.425 5.436 0.020 2.866 (1.183, 6.947)

Severe 0.955 0.473 4.080 0.043 2.599 (1.029, 6.565)
SP48h

None REF

Mild 0.307 0.303 1.029 0.310 1.360 (0.751, 2.463)

Moderate 0.680 0.372 3.349 0.047 1.974 (1.053, 4.088)

Severe 1.727 0.732 5.560 0.018 5.621 (1.338, 23.608)
DP 48 h

None REF

Mild 0.304 0.880 0.119 0.730 1.356 (0.241, 7.612)

Moderate 0.526 0.887 0.352 0.033 1.692 (1.097, 9.63)

Severe 0.818 0.905 0.816 0.016 2.265 (1.184, 13.342)

CPTS chronic pain after thoracic surgery, MLE maximum likelihood estimation, SD standard deviation,
RR relative risk, CI confidence interval, U-VATS uniportal video-assisted thoracic surgery, OT open thora-
cotomy, SP static pain, DP dynamic pain

Age and sex

Univariate analysis shows that patients aged between 51
and 70 years old had a higher risk of CPTS compared
to those under 50 years old, while multivariate analy-
sis showed no difference. It’s possible that age linked a
spurious association with CPTS. Different from previous
studies that female patients were at higher risk of CPTS

[3, 34], no difference was found in our study. Reports
indicated that male, older patients were less likely to
report chronic pain than female, younger patients due to
cognitive decline and dementia [35-37], since we have
excluded those patients with possible cognitive problems,
the reporting bias could be lessened. Additionally, their
willingness to report could be encouraged by proper tel-
ephone-based interviews.
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Surgery duration

Consistent with previous studies [3, 38, 39] that longer
surgery duration resulted in higher incidence of CPTS in
univariate analysis, we set the cutoff point at 3 h based on
the experience in our institution. Longer duration requires
more opioid consumption intraoperatively, which increases
the likelihood of developing opioid tolerance and hyperal-
gesia [40, 41] that would deteriorate APTS and CPTS con-
sequently. However, the weak existent associations might
be decreased when potential confounders were controlled
by multivariate analysis.

Organ difference

Operating on the lung was more likely to induce CPTS than
mediastinum, indicating that organ-based mechanisms were
also involved aside from the incision. Since the injury to the
periarterial nerve plexus, the peri-bronchial nerve plexus
and the visceral pleura is unavoidable during the dissection
of the bronchopulmonary segment, more noxious stimuli
would be enforced for lung surgery compared to mediasti-
num surgery [42].

Nocturnal surgery

Surgery after 17:00 is associated with elevated risk of devel-
oping CPTS in our study. The circadian effect of CPTS has
been discussed in many studies. It was proved that noctur-
nal surgery was associated with more intraoperative adverse
events due to decreased alertness, teamwork and perfor-
mance, compared to daytime surgery [43], subsequently
leading to suboptimal postoperative pain care. Moreover,
variations in pain perception may be attributed to the differ-
ential secretion of beta-endorphin, with higher levels during
the day providing endogenous analgesic effects as ligands of
mu-opioid receptors [44, 45].

Acute ISP

Previous descriptive study found acute ISP was not a predic-
tor of CPTS [46], we find that ISP is positively associated
with CPTS at 3 months [RR(95%CI), 1.561 (1.147,2.572)].
However, the lack of statistical significance (p=0.081) sug-
gests potential limitations in statistical power, attributable
to a constrained sample size and a scarcity of patients with
ISP in our study. Since our inquiry was “whether you are
having shoulder pain on the surgical side?”, which would
have included those ISP at rest only but potentially excluding
those experiencing dynamic ISP.

@ Springer

Limitations

First, this study did not conduct a thorough analysis of dis-
ease severity, which could affect CPTS, as well as periop-
erative variables like surgical approach, operation duration,
opioid consumption, and perioperative neoadjuvant therapy.
Second, the observational study’s inherent nature introduces
potential selection bias, given surgeons’ varied approaches
and pain management providers’ diverse analgesia strate-
gies within the same condition. These complexities may
impact study outcomes. Third, the higher drop-out rate in
the OT group raises concerns about study representative-
ness, potentially introducing bias. Lastly, while our findings
provide insights into adult patients, caution is needed when
extrapolating to the pediatric population. A comprehensive
understanding of disease severity’s role in various outcomes
could enhance the study’s applicability and robustness.

Conclusions

Our study underscores the potential of U-VATS to reduce
both incidence and severity of CPTS at 3 months compared
to OT. We also identified several risk factors for CPTS,
including OT incision, inadequately managed APTS, lung
surgery, and nocturnal surgery.
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