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Background Little is known about the prevalence of chronic postsurgical pain (CPSP)
among patients receiving single-port video-assisted thoracic surgery (SP-VATS) com-
pared with those undergoing multi-port VATS (MP-VATS). This study aimed to compare
the incidence of CPSP between SP-VATS and MP-VATS lung resection and assess how the
pain affected the daily living activities of this patient population.

Methods We prospectively collected data regarding the demographic features, clinical
factors during surgery, the intensity of acute postoperative pain, and complications after
surgery among patients receiving elective SP-VATS or MP-VATS lung resection at our
institution between June 2015 and August 2018. At 3-, 6, and 12-months following surgery,
the patients were followed up through a telephonic interview. The Brief Pain Inventory-
Short Form was adopted to assess the incidence, severity and location of the CPSP,
analgesic consumption, as well as the interference of pain with daily activities.

Results Intotal, 476 patients were screened for eligibility, 411 patients were followed
up for 12 months and included in final analysis. Among these, 190 patients had
undergone an SP-VATS pulmonary resection and 221 had an MP-VATS pulmonary
resection. At both 3 and 6 months, the incidence of CPSP in the SP-VATS group was
lower than that in the MP-VATS group (25.3 vs. 38.0%, p=0.006; 11.1 vs. 19.0%,
p=0.026, respectively). At 12 months after surgery, the prevalence of CPSP was
comparable between groups (4.7 vs, 9.0%, p=0.089). In addition, the SP-VATS
technique alleviated pain interference with the daily living activities of patients with
CPSP in several domains, including sleep, mood, and enjoyment of life compared with
the MP-VATS technique. The two predictive factors for CPSP at postoperative 3 months
were the MP-VATS technique (odds ratio [OR]=1.792, p=0.019) and postoperative
chemotherapy (OR=1.718, p=0.033).

Conclusions This study indicated that the SP-VATS technique reduced the prevalence
of CPSP at 3- and 6-months post-pulmonary resection compared with the MP-VATS
technique. The SP-VATS technique also significantly alleviated pain interference with
the daily living activities of the patients.
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Comparison of CPSP between SP-VATS and MP-VATS

Introduction

Chronic postsurgical pain (CPSP) is defined by the Interna-
tional Association for the Study of Pain (IASP) as pain that
arises postoperatively and lasts for at least 3 months, which is
longer than the normal healing time.! CPSP represents a
frequent and important complication in thoracic surgery. It
can occur in 25 to 60% of post-thoracic surgical patients,
decrease the patients’ quality of life, and hamper their daily
activities.>™

Video-assisted thoracic surgery (VATS) has been extensively
identified as an option to replace traditional thoracotomy with
minimal invasion. The reported benefits of VATS include
reduced risk of postoperative complication, shorter postopera-
tive length of stay, and faster return to normal life.% However,
as the conventional multi-port VATS (MP-VATS) using three or
four ports is conducted through trocars inserted in intercostal
spaces, intercostal nerves at trocar insertion sites are possibly
impaired with this approach. Although MP-VATS is a minimally
invasive surgical procedure, the rate of persistent pain
following MP-VATS is nearly comparable to that following
thoracotomy.®

As surgical techniques and instruments have evolved,
single-port VATS (SP-VATS) has recently emerged as an
approach involving a lower level of invasion compared
with the conventional multi-port approach.'® SP-VATS can
further reduce surgical incisions, decrease surgery-related
trauma, and promote patient recovery.'"'? Although SP-
VATS has been suggested to decrease acute postoperative
wound pain, only a few retrospective studies have examined
its role in the development of CPSP, compared with that after
MP-VATS.'3-1°

This prospective study focused on comparing the inci-
dence and features of CPSP after SP-VATS versus MP-VATS
lung resection and assessing how the pain affected the daily
activities of the patients. It was hypothesized that SP-VATS
had a lower rate of CPSP when compared with MP-VATS.

We present the following article in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting checklist.

Methods

Study Design and Subjects
The present prospective observational research was approved
by the Ethics Committee of The First Affiliated Hospital of
Chongqing Medical University. Each patient provided written
informed consent before enrolment. This work was performed
in compliance with the revised Declaration of Helsinki (2013).
The patients who scheduled for elective VATS pulmonary
resection, including lobectomy, segmentectomy, and wedge
resection for pulmonary nodules at our institution, between
June 2015 and August 2018 were enrolled. The inclusion
criteria included aged over 18 years, American Society of
Anesthesiologists (ASA) physical status between I and III, and
ability to communicate in Mandarin. The exclusion criteria
were patients who did not offer informed consent, history of
thoracic surgery, history of chronic pain in the chest area,
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drug abuse, preoperative administration of chemotherapy
and/or radiation, distant metastasis at the time of diagnosis,
bilateral surgery, psychiatric illness, and inability to cooper-
ate to personal or telephonic interviews.

Preoperative Interview

Each patient received an interview performed by a trained
investigator after surgical admission. The questionnaire cov-
ered items including age, gender, marital status, employment
status, education level, smoking history, preoperative comor-
bidities (chronic obstructive pulmonary disease, hypertension,
diabetic mellitus, and coronary heart disease), as well as ASA
physical status. Body weight and height were measured on
admission to calculate body mass index (BMI).

Surgical Procedure

The operation was performed by three groups of surgeons in
the thoracic department using the standardized surgical
types of SP-VATS or MP-VATS. The adoption of single-port
or multi-port approach was at the discretion of the attending
surgeon. In each procedure, the patients were administered
general anesthesia in the lateral decubitus position. Depend-
ing on the scheduled types of surgeries, the cases were
categorized into the SP-VATS group or the MP-VATS group.

SP-VATS pneumonectomy was performed according to
the following procedure. A 3- to 4-cm incision was made
in the fourth or fifth intercostal space between anterior and
middle axillary lines, and a wound retractor was connected.
Thereafter, a 10-mm thoracoscope (30°) was fixed to the
edge of the wound on the skin. MP-VATS was performed via
three ports. A 3-cm anterior incision was made around the
fourth or fifth interspace between anterior and middle
axillary lines, following which the 1.0-cm camera port was
inserted into the seventh interspace of the middle axillary
line. After inserting the trocar into the camera port, a 1.5-cm
incision was made within the eighth interspace in the
posterior axillary line. Based on preoperative image data
and results of the intraoperative frozen sections, lobectomy,
segmentectomy, and wedge resection were selected as the
surgical methods. Systemic lymph node dissection was per-
formed when the malignant disease was evident from the
frozen sections. Lymph nodes were grouped and then
resected or sampled according to the American Joint Com-
mittee on Cancer criteria'® and the Chinese Guidelines for
the Diagnosis and Treatment of Primary Lung Cancer'’. At
the end of the operation, a protective specimen bag was used
to retrieve the specimen, and then, a 28-Fr chest drain was
inserted into the port site.

The surgical variables, including the location and size of
the lesion, type of resection, histological type, pathological
stage, operation time, and blood loss volume, were collected.
Patients who were converted from VATS to thoracotomy
were removed from the study.

Anesthesia and Analgesia

General anesthesia was induced with propofol, sufentanil,
and rocuronium, and then, a double-lumen endotracheal
tube was placed under bronchoscopic guidance.
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Subsequently, anesthesia was maintained through sevoflur-
ane inhalation and intermittent sufentanil/rocuronium in-
jection if necessary. Each case received intercostal blocks
and wound infiltration with 0.375% ropivacaine. The man-
agement of postoperative pain was standardized at our
division. Specifically, a patient-controlled intravenous anal-
gesic system with sufentanil was routinely used for 1- or 2-
days after operation. After the diet was reinstituted, oral
celecoxib (200mg) was administered twice daily until
discharge from the hospital, unless otherwise indicated.
Postoperative pain at rest and during movement was
assessed every 12hours with the numerical rating scale
(NRS) (Scale D-10, indicating none to the most serious pain
imaginable). The mean pain scores both at rest and during
movement within postoperative 24 hours were calculated.
When the pain control was insufficient (pain score of 4 or
higher during rest), [V tramadol was administered as rescue
medication.

Postoperative Management

Each patient was returned to the thoracic surgery ward
after the operation. The chest drain tube was removed when
no air leak was detected, and drainage volume was less than
200 mL/d. Patients who could mobilize independently and
showed normal on the chest X-ray were allowed to dis-
charge after chest tube removal. Information regarding
chest drainage time, postoperative complications (pneumo-
nia, atelectasis, arrhythmia, and surgical site infection), and
postoperative length of stay were collected.

Evaluation of Chronic Postsurgical Pain

Follow-ups were performed at 3, 6, and 12 months after
surgery by two trained investigators who were blinded to
the patients’ perioperative care to prevent any possibility of
bias. After confirmation of no signs of recurrent or dissemi-
nated of disease, the patients were asked whether they
experienced any pain at or near the surgical area over the
previous 24 hours that they considered related to the
thoracic surgery and whether the pain occurred after the
surgery. Patients who replied with “no” to any of the above
questions were required not to respond further questions,
whereas the remaining patients were invited to finish the
questionnaires.

The Chinese validated version of the Brief Pain Inventory-
Short Form (BPI-SF)'® was adopted to assess both pain
intensity and pain interference of CPSP. BPI-SF has been
demonstrated as a pain assessment tool that has adequate
reliability and validity for patients with persistent pain and is
sensitive to change over time.'®?% The patients were
instructed to score their worst, least, average, and current
pain severity by NRS from the preceding 24 hours. Then, the
patients were inquired about the pain location and their
current analgesic use. The interference of pain with daily
living activities of seven domains (general activity, mood,
walking ability, normal work, relations with other people,
sleep, and enjoyment of life) was also measured using the 0
to 10 NRS, wherein 0 and 10 points indicated none and
complete interference, respectively.
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In addition, data on the use of chemotherapy or radiation
after surgery were also collected.

The primary outcome was the percentage of patients with
CPSP 3 months after surgery. The CPSP was diagnosed as the
pain that occurred at or near the operated area following
surgery and persisted for at least 3 months, with the NRS
score of > 0. Secondary outcomes included the incidence of
CPSP at 6/12 months after surgery, the intensity of CPSP, and
interference of pain with daily living activities, all measured
with the BPI-SF questionnaire. Other secondary outcomes
included the intensity of acute postoperative pain, duration
of chest tube, occurrence of postoperative complications, and
postoperative length of stay.

Statistical Analysis
As CPSP has been previously suggested to be present in
around 30% of patients undergoing VATS at 3 months after
surgery,>?" we determined that 121 cases were needed to
enroll in each group for the detection of the 15% inter-group
difference at the o and power values of 0.05 and 0.80,
respectively. Therefore, 152 cases should be enrolled in
each group when the predicted dropout rate was 20%.
Before the analysis, the distribution of the data was
analyzed. The normally distributed continuous variables
were displayed as mean (standard deviation) and analyzed
using an independent samples t-test. The abnormally dis-
tributed data were displayed as medians (range) and tested
using the Mann-Whitney U-test. The categorical data were
displayed as case numbers and proportions. Chi-square tests
were conducted to compare the categorical data between
groups. To identify the possible predictive factors for CPSP at
3 months, univariate analysis was conducted between
patients with and without CPSP. To find the independent
factor for CPSP at 3 months after surgery, variables with
p<0.20 from the univariate analysis were taken into the
multivariate analysis. Odds ratios (ORs) and 95% confidence
intervals (CIs) for each variable were determined to assess
their impact on CPSP prediction. SPSS v. 22.0 (IBM, Armonk,
NY, United States) was used for statistical analysis. p-Values
of < 0.05 indicated statistical significance.

Results

Demographic and Clinical Features

Between June 2015 and August 2018, 476 patients were
screened for eligibility, of which 14 declined participation, six
canceled surgical procedures, and six were excluded according
to the criteria. Thus, 450 patients (203 scheduled for SP-VATS
and 247 scheduled for MP-VATS) completed preoperative
assessment. Among these, eight cases quit during follow-up
at the hospital, and 11, 12, and 8 cases dropped out at 3, 6,
12 months after surgery, respectively. As a result, 411 patients
completed the study, among which, 190 had undergone SP-
VATS and 221 had undergone MP-VATS (~Fig. 1).

The demographic and clinical features of the patients,
along with data on CPSP prevalence, are presented
in =Table 1. Most of the demographic and clinical variables
were comparable in the two groups. The SP-VATS group
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Patients undergoing VATS pulmonary resection
from June 2015 to August 2018 (n = 476)

Patients excluded (n = 26):
Declined to participate (rn = 14):
Surgery cancelled (n = 6)

v

Thoracic surgery history (n = 3)
Chronic chest pain history (n = 3)

|

SP- VATS (1 = 203) |

Patients’ data were excluded (n = 2):
Withdrew (n=1)
Converted to thoracotomy (n = 1)

A 4

A4
MP- VATS (n =247)

Patients’ data were excluded (n = 6):
Withdrew (n = 4)
Converted to thoracotomy (n = 2)

Completed in-hospital follow-up (n =201)

Completed in-hospital follow-up (n = 241)

Patients’ data were excluded (n = 5):
Lost to follow-up (n =4)
Withdrew (n=1)

A

\4

Patients’ data were excluded (n = 6):
<] Lostto follow-up (n=4)
Withdrew (n=1)

Patient is deceased (n = 1)

v

Completed 3-month follow-up (n = 196)

Completed 3-month follow-up (n =235)

Patients’ data were excluded (n = 4):
Lost to follow-up (n =2)

Patient is deceased (n = 2)

A\ 4

Patients’ data were excluded (n = 8):
Lost to follow-up (n = 4)
Withdrew (n= 1)

Patient is deceased (n = 3)

A4

v

Completed 6-month follow-up (n =192)

Completed 6-month follow-up (n =227)

Patients’ data were excluded (n = 2):
Lost to follow-up (7 = 1)

Patient is deceased (n = 1)

v

Completed 12-month follow-up and
included in data analysis (n = 190)

Fig. 1 Flowchart of patients.

reported a significantly lower intensity of pain both at rest
and during movement within 24 hours after surgery, less
drainage duration, and shorter length of postoperative hos-
pital stay compared with the MP-VATS group.

Incidence and Characteristics of CPSP

As =Table 1 shows, at 3-months following surgery, the SP-
VATS group showed lower CPSP incidence compared with the
MP-VATS group (25.3 vs. 38.0%, p=0.006). At 6 and
12 months, the percentage of patients with CPSP gradually
decreased in both groups. However, compared with the MP-
VATS group, the SP-VATS group continued to show a lower

Patients’ data were excluded (n = 6):
Lost to follow-up (n =4)

Patient is deceased (n = 2)

A4

v

Completed 12-month follow-up and
included in data analysis (n =221)

incidence of CPSP at 6 months (11.1 vs. 19.0%, p =0.026). At
12 months after operation, the difference in the prevalence of
CPSP between both groups was not statistically significant
(4.7 vs. 9.0%, p=0.089).

~Table 2 presents the severity of CPSP, the location of
pain, and pain interference as assessed using BPI-SF. At the 3-
month follow-up, the SP-VATS group reported less pain
intensity with lower NRS scores for all the pain measures
compared with the MP-VATS group. However, the differences
between both groups in worst, least, average, and current
pain severity at 6 and 12 months were not statistically
significant. In addition, the percentage of patients requiring
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Table 1 Demographic, clinical features, and CPSP incidence of patients who underwent SP-VATS or MP-VATS pulmonary resection

SP-VATS (n=190) MP-VATS (n=221) p-Value
Age (y) 60+10 60+ 10 0.862
Gender 0.277
Male 106 (55.8) 135 (61.1)
Female 84 (44.2) 86 (38.9)
Height (cm) 163+7 164 +6 0.346
Weight (kg) 62+7 63+7 0.202
Body mass index (kg/m?) 23.3+2.0 23.5+2.1 0.365
Marital status 0.869
Married 150 (78.9) 173 (78.3)
Not married 40 (21.1) 48 (21.7)
Employment status 0.459
Employed 102 (53.7) 105 (47.5)
Unemployed 21 (11.1) 28 (12.7)
Retired 67 (35.3) 88 (39.8)
Education level 0.667
< High school diploma 81 (42.6) 99 (44.8)
Professional school diploma 81 (42.6) 85 (38.5)
University/postgraduate degree 28 (14.7) 37 (16.7)
Smoking 0.954
Never smoker 91 (47.9) 109 (49.3)
Ex-smoker 74 (38.9) 83 (37.6)
Current smoker 25 (13.2) 29 (13.1)
Preoperative comorbidities
COPD 24 (12.6) 35(15.8) 0.355
Hypertension 64 (33.7) 75 (33.9) 0.957
Diabetes mellitus 39 (20.5) 54 (24.4) 0.345
Coronary heart disease 24 (12.6) 20 (9.0) 0.242
ASA physical status 0.894
I 37 (19.5) 42 (19.0)
I 131 (68.9) 150 (67.9)
If 22 (11.6) 29 (13.1)
Lesion location 0.638
Right 110 (57.9) 133 (60.2)
Left 80 (42.1) 88 (39.8)
Lesion size (cm) 2.1+0.8 2.2+0.9 0.631
Type of resection 0.717
Lobectomy 123 (64.7) 151 (68.3)
Segmentectomy 31 (16.3) 34 (15.4)
Wedge resection 36 (18.9) 36 (16.3)
Histological type 0.598
Adenocarcinoma 137 (72.1) 164 (74.2)
Squamous cell carcinoma 36 (18.9) 36 (16.3)
Other malignant tumors 9 (4.7) 15 (6.8)
Benign disease 8 (4.2) 6 (2.7)
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Table 1 (Continued)
SP-VATS (n=190) MP-VATS (n=221) p-Value

Pathologic stage 0.796

0 10 (5.5) 7 (3.3)

IA 90 (49.5) 108 (50.2)

1B 16 (8.8) 26 (12.1)

lIA 49 (26.9) 58 (27.0)

1B 12 (6.6) 11 (5.1)

A 4(2.2) 3(1.4)

B 1(0.5) 2(0.9)
Duration of surgery (min) 122 4+46 1304+49 0.115
Blood loss (mL) 75 (30-480) 80 (30-500) 0.267
Average pain severity at rest within 24 h 2.3+0.7 3.0+£0.7 <0.001
Postoperatively
Average pain severity during movement 43+0.9 51+1.0 <0.001
within 24 h postoperatively
Drainage duration (d) 1.9+0.7 2.2+0.8 0.003
Postoperative complications

Pneumonia 11 (5.8) 14 (6.3) 0.818

Atelectasis 5(2.6) 9 (4.1) 0.422

Arrhythmia 9 (4.7) 5(2.3) 0.168

Surgical site infection 8 (4.2) 17 (7.7) 0.141
Postoperative length of stay (d) 47422 54+1.9 0.001
Postoperative chemotherapy 44 (23.2) 57 (25.8) 0.536
Postoperative radiation 6 (3.2) 9 (4.1) 0.622
Pain at 3 mo 48 (25.3) 84 (38.0) 0.006
Pain at 6 mo 21 (11.1) 42 (19.0) 0.026
Pain at 12 mo 9 (4.7) 20 (9.0) 0.089

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; CPSP, chronic postsurgical pain; MP-VATS,
multi-port video-assisted thoracoscopic surgery; SP-VATS, single-port video-assisted thoracoscopic surgery.
Note: Data are presented as mean =+ standard deviation or medians (range) or numbers (%).

pain medication was comparable in both groups at 3, 6, and
12 months. Regarding the location of CPSP, most of the
patients reported pain along the surgical scar, although it
was also reported in more than one site: the scapula, breast,
shoulder, and sternal areas.

At 3 months following the operation, no difference in pain
interference was detected between the two groups in terms
of four daily activity domains (general activity, walking
ability, normal work, and relations with others), whereas
the MP-VATS group showed greater interference of CPSP with
the other three daily activity domains (mood, sleep, and
enjoyment of life) compared with the SP-VATS group. At 6
and 12 months, the interference of CPSP with daily activities
was comparable between both groups, except for a greater
interference with the enjoyment of life in the MP-VATS group
(~Table 2).

Predictors of CPSP at 3-Month Follow-Up
Based on the univariate analysis of patients with and without
CPSP, factors including MP-VATS procedure, longer surgical

duration, higher pain severities at rest and during movement
within postoperative 24 hours, longer duration of drainage,
surgical site infection, postoperative chemotherapy, and
radiation were indicated as the potential risk factors
(p<0.20) for 3-month CPSP following the thoracoscopic
procedure. According to the multivariate regression analysis
(=Table 3), only MP-VATS procedure (OR=1.792, 95% CI
=1.101-2.915, p=0.019) and postoperative chemotherapy
(OR=1.718,95% C1=1.043-2.830, p=0.033) were shown to
be the independent risk factors of chronic pain at 3 months
following surgery.

Discussion

In this prospective cohort study, we observed that the
SP-VATS technique reduced the 3- and 6-month chronic
pain prevalence following pulmonary resection compared
with the MP-VATS approach. Moreover, CPSP cases of the
SP-VATS group showed markedly lower pain intensity than
those of the MP-VATS group at 3-months after surgery. The
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Table 2 Pain severity, analgesic use, pain location, and pain interference at postoperative 3, 6, and 12 months for patients who
underwent SP-VATS or MP-VATS pulmonary resection

Pain at 3 mo Pain at 6 mo Pain at 12 mo
SP-VATS MP-VATS | p-Value | SP-VATS MP-VATS | p-Value | SP-VATS | MP-VATS | p-Value
(n=48) (n=84) (n=21) (n=42) (n=9) (n=20)
Pain severity
Worst pain 43+14 | 49+1.4 | 0.037 3.54+1.0 | 3.7+1.3 | 0.602 32+1.0 [ 3.6+£1.2 | 0.476
Least pain 0.8+0.9 | 1.1+0.8 | 0.039 04+0.7 | 0.7£0.7 | 0.111 0.4+0.7 | 0.6+0.8 | 0.744
Average pain 25411 | 29+09 | 0.024 2.04+0.8 | 2.24+0.9 | 0.307 1.7+1.0 | 2.14+0.8 | 0.288
Current pain 22415 | 2.7+1.6 | 0.044 21415 | 2.3+1.4 | 0.501 1.7+1.7 | 1.84+1.4 | 0.892
Analgesic use 17 (35.4) | 41 (48.8) | 0.136 6 (28.6) 15(35.7) | 0.571 1(11.1) | 3(15.0) | 0.779
Pain location
Surgical scar area | 33 (68.8) | 58 (69.0) 15(71.4) | 31(73.8) 6 (66.7) | 16(80.0)
Breast area 8 (16.7) 18 (21.4) 3(14.3) 9 (21.4) 0 4 (20.0)
Sternal area 2 (4.2) 6 (7.1) 1(4.8) 2 (4.8) 0 1(5.0)
Shoulder area 5(10.4) 10 (11.9) 1(4.8) 6 (14.3) 1(11.1) | 2(10.0)
Scapula area 11(22.9) | 17 (20.2) 4(19.0) | 4(9.5) 3(33.3) | 2(10.0)
Pain interference
General activity 28+1.7 | 3.4+£1.9 | 0.052 27+1.8 | 3.3£1.3 | 0.112 1.8+£13 | 24+£1.0 | 0.215
Mood 2.84+1.8 | 3.9+1.7 | 0.001 29418 | 3.7+1.8 | 0.107 21413 | 3.1+1.8 | 0.163
Walking ability 29415 | 3.0+1.5 | 0.666 25415 | 2.6+1.5 | 0.769 1.6+1.2 | 2.0+1.1 | 0.383
Normal work 33+1.6 [ 3.3+£1.6 | 0.826 29+1.8 | 2.7+£1.4 | 0.730 1.94+09 | 2.0+0.9 | 0.872
Relations with 31+£1.7 | 3.4+1.5 | 0.288 26+1.2 | 3.1£1.5 | 0.239 1.8+1.4 | 2.2+1.0 | 0.362
other people
Sleep 27+16 | 3.3+1.4 | 0.018 25+1.4 | 3.1+1.4 | 0.144 214+2.0 | 26+1.2 | 0.476
Enjoyment of life | 3.4+1.7 | 4.1+1.8 | 0.038 27+16 [ 3.9+1.4 | 0.003 26+1.3 | 3.7+1.3 | 0.039
Abbreviations: MP-VATS, multi-port video-assisted thoracoscopic surgery; SP-VATS, single-port video-assisted thoracoscopic surgery.
Note: Data are presented as mean =+ standard deviation or numbers (proportions).
Table 3 Multivariate logistic regression analysis of predictors of CPSP at 3 months after VATS pulmonary resection
B-coefficient | Odds ratio | 95% Cl p-Value
Surgical approach (MP-VATS) 0.583 1.792 1.101-2.915 | 0.019
Duration of surgery (min) 0.001 1.001 0.996-1.007 | 0.575
Average pain intensity at rest within 24 h postoperatively 0.101 1.106 0.754-1.623 | 0.605
Average pain intensity on movement within 24 h postoperatively | —0.130 0.878 0.652-1.183 | 0.393
Duration of drainage (d) 0.089 1.093 0.793-1.507 | 0.587
Surgical site infection 0.373 1.452 0.614-3.436 | 0.396
Postoperative chemotherapy 0.541 1.718 1.043-2.830 | 0.033
Postoperative radiation 1.005 2.733 0.905-8.248 | 0.074

Abbreviations: CPSP, chronic postsurgical pain; MP-VATS, multi-port video-assisted thoracoscopic surgery; VATS, video-assisted thoracoscopic

surgery.

multivariate analysis revealed that the MP-VATS technique
accounted for one of the two significant predictive factors for
CPSP at 3 months following the thoracoscopic procedure.
Comparisons of CPSP between SP-VATS and MP-VATS
pulmonary resection have rarely been reported. Hirai et al
conducted a retrospective study and showed that the SP-VATS
technique dramatically decreased the frequency of CPSP
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compared with the MP-VATS technique at 1 month after
surgery. Moreover, the SP-VATS group reported a lower NRS
score on postoperative days 30, as well as a shorter duration of
analgesics use within a month following surgery, when
compared with the MP-VATS group.'? In another retrospective
study, the same authors compared the incidences of chronic
pain following SP-VATS-based (142 cases) and MP-VATS-based



Comparison of CPSP between SP-VATS and MP-VATS

(70 cases) lobectomy for lung cancer at 2 postoperative
months. They revealed that SP-VATS predicted the markedly
lower CPSP frequency compared with MP-VATS (2.8 vs. 11.4%,
p=0.025)."* As previous studies of the incidence of CPSP after
SP-VATS and MP-VATS procedure were retrospective, which
were of lower quality and potential biases to the results, this
prospective study has an advantage over them.

The prevalence of CPSP among patients undergoing
thoracoscopic procedures is reported between 5 and
47%.2>89:21-23 I this study, the overall incidence of CPSP
following thoracoscopic surgery was 32, 15, and 7% at 3-, 6-,
and 12-months after the operation, respectively. The differ-
ence in the prevalence of CPSP across different studies is
possibly associated with the heterogeneities in study design,
diverse definitions of chronic pain, diverse timing of evalua-
tion, and differences in perioperative intervention.?"->3 Our
study demonstrated that the incidence of chronic pain
decreased with time in both groups, which was in line
with other studies.?>%23 It may be speculated that sponta-
neous remission of chronic pain accounts is a natural process,
as only less than 10% of the patients in each group continued
to suffer from CPSP at 12 months after surgery.

CPSP after thoracic surgery involves the following mech-
anism. The damage to intercostal nerves during operation
induces responses of the inflammatory system and nocicep-
tor, along with remodeling of the nerve cells, which leads to
central sensitization.?* A possible reason for the lower inci-
dence of CPSP in the SP-VATS group in our study is that the
incision is simply made within the anterior axillary line that
has a wider intercostal space, whereas the absence of ports
within the posterior and middle axillary lines possibly avoids
intercostal nerve stress and disorder in the intercostal space
on the narrow dorsal side, resulting in less central sensitiza-
tion and decreased risk of chronic pain. Moreover, Benedetti
et al discovered that anterior thoracotomy was less likely to
induce nerve impairment and the subsequent chronic pain
compared with the posterolateral approach.?

In this study, postoperative chemotherapy was shown to be
a risk factor of CPSP, which is in line with previous research
findings.?®?’ Neuropathic component significantly accounts
for CPSP in thoracic procedures.28 As chemotherapy-induced
neuropathy is a well-known complication among cancer
patients,”® it may contribute to nerve damage associated
with CPSP.

Several studies have demonstrated that the intensity of
acute postoperative pain is closely related to CPSP after
thoracic surge1‘y.2'5’21 However, in this study, we were
unable to find that association for the VATS procedure alone.
Further investigations are needed to address the role of
acute postoperative pain in the development of CPSP.

The BPI-SF questionnaire allows the assessment of the
interference of pain with the life dimensions of patients. In
line with previous studies,>>3% our results indicated that
CPSP exerted a negative impact on the daily living activities
of patients of both groups. Compared with the MP-VATS
approach, the SP-VATS approach exerted less pain interfer-
ence with daily activities for several domains, like mood,

Jin et al.

sleep, and enjoyment of life, which indicated that the SP-
VATS technique might improve the quality of life of the
surgical patients and, subsequently, decrease costs toward
health care and social support systems of our societies.

This study has some limitations. First, in this observa-
tional study, the type of surgery was based on surgical
preference. Second, both surgical procedures were not
performed by the same surgeon, leading to possible result
bias. Third, the pain intensity was assessed based on self-
reports of the patients, and physical examination or quan-
titative sensory test was not applied in this study. Finally, all
our results were from cases at a single institute, which
limits the generalization of the conclusion. Therefore, ran-
domized controlled trials with multicenter data should be
conducted to confirm the role of the SP-VATS technique in
the prevention of CPSP after pulmonary resection.

Conclusions

Our findings suggest that compared with the MP-VATS
approach, SP-VATS lung resection might decrease the 3-
and 6-month CPSP prevalence postoperatively and result
in less interference of pain with daily living activities of
the patients. There was a tendency toward a decrease in CPSP
over time in patients undergoing either the SP-VATS or MP-
VATS procedure.
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