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Background: Patients undergoing video-assisted thoracoscopic surgery (VATS) frequently suffered postoperative acute and chronic 
pains. In recent years, intrathoracic intercostal nerve block (INB) is regularly used thanks to its safety and accuracy, especially under 
the circumstance of lacking ultrasound or in face of the contraindications of the thoracic paravertebral block (TPVB). However, 
clinical evidence of comparing TPVB and INB for pain management after VATS has been limited and the observation of the chronic 
pain has been less than clear.
Methods: A total of 180 patients undergoing VATS were randomly divided into three groups: A single multi-point paravertebral nerve 
block (Group P), intrathoracic intercostal nerve block (Group I), and general anesthesia without any regional block (Group C). 
Postoperative acute pain was scored at rest and coughing by the Visual Analog Scale (VAS) for recording 24h, 48h and 72h after 
VATS. All patients were interviewed 1, 3 and 6 months after the surgery to investigate both the incidence and intensity of chronic pains.
Results: There were significantly less incidence and intensity of acute pain in Group P and Group I, compared to those in Group 
C. The patients in Group I showed the least incidence and intensity of chronic pain after 3 months compared with those in Group P and 
Group C. There are 89 of 98 patients suffering pains after 1 month, which grew into chronic pains after 3 months and 78 of them still 
suffered chronic pains even after 6 months.
Conclusion: The intrathoracic INB offers excellent relief from acute and chronic pains, which does as effectively as TPVB. Besides, 
one-month postoperative pain could increase the risk of a chronic one.
Keywords: video-assisted thoracoscopic surgery, acute pain, chronic pain, intrathoracic intercostal nerve block, paravertebral nerve 
block

Introduction
The video-assisted thoracoscopic surgery (VATS) is a less-invasive treatment for lung cancer, but many patients still 
suffer moderate and severe postoperative pain from it.1,2 As the most representative region block, thoracic paravertebral 
block (TPVB) has been confirmed in the clinic; however, its limitations include the dependency on ultrasound and the 
not-target spaces spread of local anesthetic.2,3 In recent years, the intrathoracic intercostal nerve block (INB) is frequently 
applied for its safety and accuracy in pain relief, especially when lacking ultrasound or in face of the contraindications of 
TPVB.4 It has been confirmed to have increased patients’ satisfaction with postoperative analgesia after VATS.4,5 

However, clinical evidence comparing TPVB and INB for pain management after VATS has been limited, while the 
INB efficacy revealed in some experiments has been controversial.6,7

Furthermore, a considerable number of previous studies had already confirmed the acute pain to be a predictor of the 
chronic one. Chronic Post-Surgical Pain (CPSP) is defined as the one persisting more than 3 months after the surgery 
which severely impairs patients’ long-term outcomes and qualities of life.5,8 However, little is known regarding the 
effects of different analgesic methods on long-term chronic pain. In terms of its Numerical Rating Scale (NRS) scores, 
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few reports directly compared the efficacies of TPVB and INB. The incidence of chronic pain and its relationship with 
the early stage of pain are also unclear.

Therefore, we conducted this study to confirm the efficacy of intrathoracic INB on postoperative acute and chronic 
pains of patients undergoing VATS to improve their long-term outcomes.

Method
Patients Selection
The study was conducted under the principles of the Declaration of Helsinki. It was also approved by the Ethics 
Committee of Medical Science Research of the First Affiliated Hospital of China Medical University (Approval number: 
2021–40-2) with written informed consents obtained from all participating subjects. The trial was registered before 
patient enrollment in the Chinese Clinical Trial Registry at www.chictr.org.cn (ChiCTR2100046730, principal investi
gator, Zhao Xiaoning, Date of registration: 2021/5/27). Subjects eligible for the study were 180 patients with lung cancer 
undergoing VATS in June 2021, aged 18–65 years with the American Society of Anesthesiologists (ASA)’s identified 
physical status of I–II. The exclusion criteria consisted of preoperative chronic medication with opioids, a history of the 
previous thoracotomy, severe cardiovascular/hepatic/renal disorders, intraoperative conversion from minimally invasive 
surgery into open thoracotomy, re-operations due to various complications with accidental transfers to the intensive care 
unit (ICU) within three days, and breast or spine surgery performed during the observation period.9 Patients were 
randomly allocated into 3 groups via a computer-generated list of random numbers by an assistant who was not involved 
in this research at an 1:1:1 allocation ratio. The paravertebral group (Group P) received a single multi-point thoracic 
paravertebral block. The intercostal group (Group I) received an intrathoracic intercostal nerve block. The control group 
(Group C) was without any regional block. The intravenous Patient-Controlled Analgesia (PCA) was used in all three 
groups, which would be removed 72h after surgery.

Routine Anesthesia Method
All the patients were fasting for 8 hours and prohibited from drinking for 4 hours. When they were transferred into the 
operating room where the multi-functional monitor electrocardiograms for heart rate, blood pressure, pulse oximetry, 
and bispectral index monitoring (BIS) were performed. Peripheral intravenous and radial artery catheters were both 
placed. General anesthesia was induced with propofol (4μg·mL−1plasma target-controlled infusion), sufentanil 
(0.4μg·kg−1), cis-atracurium (0.2mg·kg−1). Double-lumen tracheal intubation was performed after 3 minutes of mask 
ventilation. The lung was ventilated with 100% oxygen, the tidal volume was 6mL·kg−1, the ventilatory frequency was 
12 bpm, respectively. Anesthesia was maintained with propofol and remifentanil to keep BIS values in the range from 40 
to 60. Mean Arterial Pressure (MAP) was controlled between −20% and +20% of the baseline value. Tropisetron (5mg) 
was injected before the end of surgery.10 After being extubated, the patients were admitted to the Post-Anesthesia Care 
Unit (PACU).

Group P received a 2-space TPVB under ultrasonic guidance in the lateral position after induction. Adjust the position 
and depth of the probe to search for the superior costotransverse, spinous process and pleura. An in-plane sagittal block 
was performed and ropivacaine (0.5%) was administered at paravertebral spaces between T4-T5 and T6-T7 vertebrae 
with a bolus of a 10 mL in each interspace region after confirming pleura being decreased by fluid pressure.

Group I received a multi-point intrathoracic Intercostal Nerve Block (INB) performed by the surgeon under direct 
vision into the proximal intercostal space at the level from T4 to T7 before the closure of the chest. A 3mL bolus of 1% 
ropivacaine was injected at every target spot with the visualized slight distention of the pleura after performing a negative 
aspiration.

Group C was performed without any regional block.
After the surgery, alcohol cotton swabs were applied in Group P and Group I to test the effect on the plane of the 

sensory block.
All patients were connected with PCA after the surgery. The pump was programmed as follows: Volume of 100mL 

contained 40mg oxycodone, 4mL patient-controlled bolus, 30-minute lockout period, and 1mL background infusion.
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After surgery, the score criteria were explained as follows: 0 points, no pain; 10 points, severe pain. Patients were 
introduced to the use of the pumps and were trained to press for an additional bolus in case the 10 cm Visual Analog 
Scale (VAS) for postoperative acute pain exceeded 3 points. All pumps were maintained until the evening of the fourth 
postoperative day.

Observation and Indicators Recording
1. ) Postoperative acute pain was recorded for each patient at rest and coughing by the VAS then scored 24h (P1), 48h 

(P2) and 72h (P3) after the surgery.
2. ) All patients were interviewed 1(M1), 3 (M2) and 6(M3) months after the surgery by telephone for investigating 

both the incidence and intensity of their chronic pains, and if necessary, encouraged to elaborate individual 
symptoms.

3. ) Changes in hemodynamics including those in heart rate and blood pressure at various time points: Baseline (T0), 
5 minutes after induction (T1), 5 min after skin incision (T2), 1 h after the beginning of the surgery (T3), upon 
extubation (T4), at PACU (T5).

4. ) The pressing times and durations from the end of the surgery to the first pressing time of PCA.
5. ) The side effects of these three groups included postoperative nausea and vomiting within three days.
6. ) The intraoperative consumption of opioids and vasoactive drugs. All the data were recorded by an investigator 

who was blind to the group allocation.

Statistical Analysis
Sample size calculations were performed via an online power’s sample size calculator based on our previous pilot study. 
It showed different acute pains’ VAS scores for patients in the paravertebral and intercostal groups (2.5 ±1.1 and 2.0 ± 
1.4 respectively) compared with that in the control group (3.2 ± 1.7) at 24h after the surgery. A total of 135 patients 
(45 per group) were needed at a power of 85% and a two-sided type-I error of 0.05. Considering countervail potential 
dropouts and losses for follow-up, eventually, 180 patients (60 per group) were enrolled in the trial. Data analysis was 
primarily performed via SPSS, version 23.0 (SPSS Inc. Chicago, IL, USA) and GraphPad Prism version 8.0 (GraphPad 
Software, Inc., La Jolla, CA, USA). These data were assessed for normality using the Kolmogorov–Smirnov test. 
Quantitative variables were reported as mean±SD/median ± interquartile spacing. Normally distributed quantitative 
variables were calculated through one-way ANOVA. Abnormally distributed quantitative variables were compared 
with each other using the Mann–Whitney U-test. Categorical data were reported as numbers (percentages) and were 
analyzed by chi-square or Fisher’s exact test as appropriate. Differences were considered statistically significant at 
p < 0.05.

Results
At last, 180 patients were randomly allocated into three groups according to their anesthesia methods, 1 of them was 
excluded due to intraoperative conversion into thoracotomy, 3 of them were accidentally transferred to the intensive care 
unit (ICU) within three days, 1 of them was excluded due to blocking failure. The remaining 175 patients were 
considered for analysis. Further 26 patients were withdrawn, 11 of whom were excluded due to re-operation on the 
chest, breast or spine within half a year, and 15 of whom were lost to follow-up. Finally, a total of 149 patients completed 
the entire project: Group P (50 cases), Group I (50 cases), Group C (49 cases), as shown in Figure 1. There was no 
statistically significant difference in general information like age, sex, Systolic Baseline Pressure (SBP), Diastolic 
Baseline Pressure (DBP), Heart Rate (HR), height, weight and ASA grade among these 3 groups (all P>0.05) 
(Table 1). With the prolonging time, Figure 2 shows significantly declining trends of SBP, DBP, and HR compared 
with the baseline among these three groups. Further comparisons between these groups revealed that at T2, the SBP and 
DBP of Group I and Group C were both significantly higher than those of Group P (P<0.05). At T5, the SBP and DBP of 
Group P and Group I were both significantly lower than those of Group C (P<0.05).

Acute pains’ VAS scores at rest and coughing were exhibited significantly and gradually decreasing with prolonging time 
(Figure 3). The patients in Group C showed the highest intensity of pain at rest and coughing, respectively, compared with 
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those of the other groups. There was no significant difference in resting VAS between Group P and Group I at each time point, 
but the VAS at coughing in Group P was significantly higher than those in Group I at P2 and P3 (P < 0.05). The patients of 
Group C shared more perioperative opioid consumption than Group P (P < 0.05). The patients of Group C presented the most 

Figure 1 Flowchart of the study. 
Abbreviations: TPVB, paravertebral nerve block; INB, intercostal nerve block; ICU, intensive care unit.
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analgesic pump-pressing times compared with Groups P and I. The duration from the end of the surgery to the first pressing 
time of PCA in group C was significantly shorter compared with those in the other groups. A considerable number of patients 
treated with PCA had suffered from nausea and vomiting, while the ones in Group C suffered more than those in the other two 

Table 1 Demographic Data of Three Groups

Variables Group P (n=50) Group I (n=50) Group C (n=49) P

Gender (%) 0.458
Male 29(58.0%) 25(50.0%) 28(51.7%)

Female 21(42.0%) 25(50.0%) 21(42.9%)

Aged (years) 52.44(9.22) 54.98(10.94) 51.82(11.37) 0.301
Height (cm) 167.34 (7.80) 166.84(9.41) 167.10(6.96) 0.954

Weight (Kg) 69.33(18.60) 67.24(12.86) 69.43(13.07) 0.961

ASA status II (100%) II (100%) II (100%) 1.000
SBP (mmHg) 150.58(17.58) 147.98(20.03) 146.27(16.53) 0.492

DBP (mmHg) 77.56(11.64) 78.72(12.63) 78.69(11.92) 0.858
Heart rate (bpm) 73.58(11.84) 72.24(10.15) 70.45(10.31) 0.354

Note: Results presented as mean(SD) or n(%). 
Abbreviations: ASA, American Society of Anesthesiologists; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Figure 2 SBP, DBP, HR at different time points. (A) SBP at different time points. (B) DBP at different time points. (C) HR at different time points. 
Notes: Group P: paravertebral nerve block, Group I: intercostal nerve block, Group C: controlled group. T0: baseline, T1: 5min after induction, T2: 5min after skin incision, 
T3: 1h after the beginning of the surgery, T4: upon extubation, T5: at PACU. 
Abbreviations: PACU, postanaesthesia care unit; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR; heart rate.
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groups. There was no significant difference in the pump pressing times, durations from the end of the surgery to the first 
pressing time of PCA, or the incidences of nausea and vomiting within three days between Group P and Group I, respectively, 
as shown in Table 2.

Group I and Group P both showed significantly lower incidences of chronic pain and NRS scores compared with 
Group C at M1. Group I exhibited the lowest incidence of chronic pain at M2, which had no significant difference 
among these three groups at M3 (Figure 4). The various symptoms of chronic pain were described as occasional pain 
(34.2%), scar numbness (22.1%), rest pain (21%), incision pain (9.3%), back pain (8%), incision surroundings 
numbness (7.4%), shoulder pain (2.7%), respectively. The chronic pain was mainly triggered by pressing the painful 
area (8.8%), coughing (4.8%), moving heavy objects (11.4%), cold or rainy weather (3.4%), bad emotion (5%), without 
any stimulus (33%) and described dull pain (34.2%), twinge (3.3%), severe pain (11.4%), squeezing (11%), whiny 
pain (20.8%).

Discussions
With the popularity of ultrasound, the regional block has been frequently used.5 The most representative one is TPVB, 
which has been confirmed in the clinic, but its success rate would decrease greatly in the absence of ultrasound. 
Moreover, the paravertebral space has many potential ones (epidural space or contra-lateral paravertebral space), 
which makes ropivacaine easy to spread to other non-target spaces.11 It also increases the risk of a non-purpose epidural 
block, leading to total spinal anesthesia, as well as hypotension and other reactions. Therefore, to make the injection 
more secure and more accurate, intrathoracic INB gradually emerged to be performed by the surgeon under direct vision 

Figure 3 The VAS at rest and coughing of three times. (A) The VAS at rest of three groups. (B) The VAS at coughing of three groups. 
Note: *P < 0.05. 
Abbreviations: P, paravertebral nerve block; I, intercostal nerve block; C, control group; P1, 24 hours postoperative; P2, 48 hours postoperative; P3, 72 hours 
postoperative; VAS, visual analog scale.

Table 2 Perioperative Opioids Consumption, the Incidence of Nausea and Vomiting, the Analgesic Pump Pressing Times and the 
Duration from the End of the Surgery to the First Pressing Time of PCA in the Three Groups

Group P Group I Group C P Value

The intraoperative consumption of sufentanyl (μg) 25.0(9) 30.0(5)# 35.0(10)#* 0.000

The intraoperative consumption of remifentanil (mg) 1.5(0.4) 2.0(0.2)# 2.0(0.1)# 0.000

The analgesic pump pressing times 7.5(8) 5.5(6) 15.0(10)#* 0.000
The duration from the end of the surgery to the first pressing time of PCA (hours) 10.0(10.5) 17.0(13.3) 5.0(9.3)#* 0.000

The number of patients who experienced nausea and vomiting (%) 9(18) 9(18) 20(41)#* 0.000

Notes: #Indicates a significant difference from the group P. The results in the table are median ± interquartile spacing/N(%). *Indicates a significant difference from the group 
I. 
Abbreviations: P, paravertebral nerve block; I, intercostal nerve block; C, controlled group.
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into the intercostal space before the closure of the chest.6,12,13 Compared with TPVB, intrathoracic INB used the needle 
to accurately reach the intercostal region and guaranteed all drug deliveries into the target locations. It has been reported 
that INB could cause acute pains after VATS.7,10,14 However, clinical evidence comparing TPVB and INB for pain 
management is limited, while the efficacies revealed in some experiments are controversial.15 Perttunen6 reported no 
significant difference in acute pains between INB and TPVB, which was not consistent with the other study results that 
INB was inferior to TPVB.7 In our study, we found that TPVB and intrathoracic INB could both improve postoperative 
acute pain.7,10,16,17 Further comparisons revealed an equivalent analgesic effect during the following 24h between two of 
them. Moreover, we discovered that TPVB and INB could both reduce the incidence of nausea and vomiting within three 
days after the surgery, considering that less postoperative analgesic was administered because of sufficient relief from 
acute pain.

Not only compared the analgesic effect for acute pain between INB and TPVB but also we studied their influences 
on chronic pain. There is no convincing evidence that regional block significantly influences the development of chronic 
pain. In terms of evaluating chronic pain with NRS scores, few studies have directly compared TPVB and INB. 
Inspired, we confirmed that TPVB and INB can both reduce the incidence and intensity of 1-month postoperative pain, 
while INB could still reduce those of 3-month postoperative pain. In our study, 58% of patients in the TPVB group, 46% 
of patients in the INB group and 76% of patients in the control group were all found having suffered chronic pains even 
3 months after the surgery, which was consistent with the previous result that 55.2% of patients in TPVB were still 
reporting pains after 3 months.18 It could be explained that the sound analgesic effect reduced the central sensitization 
process caused by acute pain.18 However, there was no difference at 6 months after the surgery among these three 
groups. It was noteworthy that the previous studies only reported the incidence of chronic pain, of which the description 
had not been involved. In our study, we performed statistical analysis on chronic pain symptoms, triggers, and natures 
according to the patients’ descriptions. The major symptoms of chronic pain were occasional pain (34.2%), scar 
numbness (22.1%) and rest pain (21%), those without any triggering stimulus (33%) or those by moving heavy objects 
(11.4%) and by pressing the painful area (8.8%). The nature of pain was mainly described as dull pain (34.2%) and 
whiny pain (20.8%).

In addition, we found that moderate and severe chronic pains appeared to be also common in patients after VATS. Our 
study revealed that 56% of all patients suffered from chronic pains 6 months after VATS, and 44% of them had moderate 
and severe pains; this was consistent with the previous study's conclusion that the average severity of chronic pain was 
mild.18 Because some patients suffered from chronic pain of neuropathic type caused by surgery-induced intercostal 
nerve damage, which also presented more severe pain and wider pain range. In our study, we found that 34.5% of patients 
with chronic pain (19.4% of all the patients) showed a neuropathic characteristic with the ID-Pain method.19,20 Similarly, 
a comparable prevalence (25%) had been reported by Mongardon N.20 Moreover, we learned that 47.1% of patients who 

Figure 4 The chronic pain incidence and NRS scores. (A) The chronic pain NRS scores. (B) The chronic pain incidence. 
Note: *P<0.05. 
Abbreviations: P, paravertebral nerve block; I, intercostal nerve block; C, controlled group; M1, one month after the surgery; M2, three months after the surgery; M3, six 
months after surgery; NRS, numerical rating scale.
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suffered moderate and severe pain 1 month after the surgery had neuropathological agony, whereas only 10.6% of 
patients with mild pain had that. Meanwhile, among 29 patients who had neuropathological pain, 28 still suffered 
6-month postoperative agony. Therefore, we inferred that moderate and severe agonies 1 month after VATS could be 
a predictor of neuropathological pain which was not easy to alleviate once it was established, this has not been reported 
in previous studies. We further investigated the relationship between 1-month of postoperative pain and chronic pain. We 
screened 98 patients with 1-month postoperative pain and found that 90.8% (n = 89) of them developed chronic pain after 
3 months, 80.6% (n = 79) still suffered it even after 6 months. Previous studies had already confirmed the prediction of 
acute pain for chronic pain, we confirmed that 1-month postoperative agony also imposed a significant impact on the 
incidence of chronic pain.

Although excellent reliefs from acute and chronic pains had been confirmed in this study, the adoption of INB was not 
sufficient. It still had some limitations including the unpredictability of systemic absorption of the local anesthetic and 
bleeding at the puncture sites, which should be taken into account. Meanwhile, the performance of the injection was at 
the end of the surgery, as there was no analgesic effect during the operation except opioids. Therefore, it failed to reduce 
the consumption of intraoperative opioids and maintained stable hemodynamics. In our study, none of the INB group 
suffered from any serious complications like infection, hematoma and nerve injury. So, we can draw the conclusion that 
INB was safe for clinical practices.21

Limitation
Nevertheless, there remained some limitations in this study: Firstly, it was not a double-blind RCT. Secondly, the score of 
pain depended mainly on the subjective and integrated feelings of patients, although it remained a routine method of 
assessment. Thirdly, the sample size was not sufficiently large to offer more appropriate powers for drawing a convincing 
conclusion. Forth, our observation period could be extended to one year, which might make a more accurate conclusion.

Conclusion
Intrathoracic INB not only provided excellent relief from acute pain but lowered the incidence of chronic pain within 3 
months, which was more secure, convenient and effective than TPVB. It could be widely recommended in the clinic, 
especially when lacking ultrasound or encountering the contraindications of a paravertebral block. Besides, the incidence 
of chronic pain was high and 1-month postoperative pain could be an important predictor of further chronic pain, while 
moderate-to-severe pains 1 month after the surgery were also seen as a signal of neuropathologic agony, which was not 
easy to recover from once established.
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request.
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