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Purpose: Simultaneous bilateral pulmonary resection via uniportal video-assisted thoracoscopic surgery (UVATS) was safe and 
feasible for the treatment of bilateral multiple pulmonary nodules. But, it should be noted that considerable postoperative pain at the 
bilateral surgical site was a crucial issue. The safety and efficacy of bilateral thoracic paravertebral block (TPVB) have been reported 
for postoperative analgesia. But, whether bilateral sequential TPVB can be safely and effectively used in simultaneous bilateral 
UVATS remains unknown. Therefore, this study aimed to determine the analgesic efficacy and safety of bilateral sequential TPVB 
after simultaneous bilateral UVATS.
Study Design and Methods: In this study, 80 participants scheduled for UVATS will be randomly allocated to the bilateral sequential 
TPVB group (G2) and the control group (G1). The patient of G2 will be performed bilateral TPVB at 2 time-points: before the start of the first 
side of pulmonary resection and before the start of the contralateral pulmonary resection. G1 will only receive standard analgesia protocol. 
The primary outcome is the numeric rating scale score during coughing at 24 h postoperatively. The secondary outcomes include the Prince 
Henry Pain Score scores, sufentanil consumption, postoperative nausea and vomiting, levels of inflammatory factors, and the Quality of 
Recovery-40 scores at different time points, as well as chronic pain at postoperative day (POD) 90.
Discussion: This is the first prospective trial to determine the safety and effectiveness of ultrasound-guided bilateral sequential TPVB 
for postoperative analgesia following simultaneous bilateral UVATS. This study also intended to evaluate the effect of this intervention 
on postoperative quality of recovery and inflammation levels. The final results will provide clinical evidence related to bilateral 
sequential TPVB, and promote the application of that acting as a more appropriate analgesic method for simultaneous bilateral 
UVATS.
Keywords: thoracic surgery, video-assisted, multiple pulmonary nodules, nerve block, pain measurement

Introduction
Lung cancer was the most common cancer and the first leading cause of cancer death in China, reported by the latest data 
from National Cancer Center (NCC) of China.1 With the development of diagnostic radiographic methods and the 
increasing awareness of early screening, the detection rate of bilateral multiple pulmonary nodules (BMPNs) is 
increasing.2–4 Currently, minimally invasive surgery has become the main method of the diagnosis and treatment for 
BMPNs highly suspected to be synchronous multiple primary lung cancers.5,6 A series of studies have demonstrated that 
simultaneous bilateral pulmonary resection via uniportal video-assisted thoracoscopic surgery (UVATS) was safe and 
feasible for the treatment of BMPNs with appropriate patient selection.7–10 Furthermore, simultaneous resection has 
brought better clinical outcomes than staged resection, such as reductions of cost, total operative time and hospital stays 
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as well as better disease-free survival.11 However, it should be noted that considerable postoperative pain at the bilateral 
surgical site also was a crucial issue affecting postoperative quality of life.

Thoracic epidural analgesia (TEA) has traditionally been considered the gold standard of care analgesic modality after 
thoracotomy. With recent improvements in minimally invasive surgery, it is necessary to search for alternative methods 
of postoperative pain management with a better risk-benefit profile, since the significant side effects or complications of 
TEA might be disastrous.12,13 Recently, there has been increasing interest in regional nerve blocks, particularly thoracic 
paravertebral block (TPVB). TPVB is a well-established technique for regional anesthesia, which refers to the injection 
of local anesthetics into the thoracic paravertebral space to block the paravertebral nerve to achieve the analgesic effect. 
For unilateral thoracic surgeries, there is sufficient evidence that TPVB offers noninferior analgesia to that of TEA with 
lower adverse effects or serious complications.14,15 In addition, ultrasound-guided TPVB has more advantages including 
the visualization of pleural and lung tissue, and the real-time imaging of the puncture needle, which is simpler, safer, and 
more effective to perform.16

TPVB can be used unilaterally or bilaterally, which provides ipsilateral, segmental, somatic, and sympathetic nerve 
blockade in contiguous thoracic dermatomes.14 The safety and efficacy of bilateral TPVB have been reported for 
postoperative analgesia after cardiac, thoracic, and open abdominal surgery.17–19 But, whether bilateral sequential 
TPVB can be safely and effectively used in simultaneous bilateral UVATS remains unknown.

Thus, this randomized controlled trial aims to determine the analgesic efficacy and safety of ultrasound-guided 
bilateral sequential TPVB after simultaneous bilateral UVATS.

Materials and Methods
Study Design
The study was designed as a single-center, prospective double-blind, randomized controlled trial, and completed 
according to the SPIRIT 2013 statement. This trial was approved by the institutional review board of Shanghai 
Pulmonary Hospital (No. 2022LY0725) and registered on November 8, 2022 in the Chinese Clinical Trial Registry 
(identifier: ChiCTR2200065541). This study protocol has been designed in accordance with the Declaration of Helsinki. 
A flowchart detailing the study design is presented in Figure 1. Further, the SPIRIT figure of enrolment, interventions, 
and assessments is outlined in Figure 2.

Study Objective
This study aims to assess the efficacy of ultrasound-guided bilateral sequential TPVB on postoperative pain and recovery 
in patients undergoing simultaneous bilateral UVATS.

Participants
Prospective participants will be carefully evaluated based on the following inclusion criteria: (1) age over 18 years, (2) 
American Society of Anesthesiologists (ASA) score of I-III, (3) participants or their families provided informed consent, 
and (4) scheduled for elective simultaneous bilateral UVATS.

Participants with any of the following will not be enrolled in the study: (1) contraindication to regional anesthesia 
(ropivacaine), (2) coagulopathy, (3) pre-existing opiate abuse, (4) local skin infection or eczema, (5) hepatic, renal or 
cardiorespiratory failure, (6) history of psychiatric or neurologic disorders, (7) history of chronic pain, (8) allergy to any 
drug/agent used in the study, and (9) inability to provide adequate informed consent or patient refusal.

In the patient recruitment process, patients will be rejected if they are transformed into thoracotomy, or operated on 
again due to bleeding and anastomotic fistula, or if the technique of TPVB failed.

Preoperative Visit and Evaluation
During the preoperative interview, all patients will receive an explanation of how to assess their pain score adopting the 
numerical rating scale (NRS) at rest or during coughing. Before the operation, arterial blood gas, pulmonary function and 
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echocardiography will be performed to determine whether they could tolerate simultaneous bilateral pulmonary 
resection.

Informed Consent
Participants will be pre-selected from the surgical list one day before surgery, according to inclusion/exclusion criteria. 
The details of this trial will be spelled out to the participant using comprehensible language. After a thorough discussion 
and consideration of risks and benefits, those who agree to sign the informed consent documents voluntarily will 
participate in this study officially. The confidentiality of subject records will be protected. Moreover, participants in 
this study will be allowed to obtain all relevant information and withdraw their consent for any reason at any time.

Randomization and Blinding
Once participants sign the informed consent, they will be randomized to the ultrasound-guided bilateral sequential TPVB 
group (G2) and the control group (G1) at a 1:1 ratio, using sequentially numbered opaque envelopes. The allocation will 
be sealed and created by an independent researcher who will not involve in the investigation. All patients in G2 will 

Figure 1 Flowchart of the study design. 
Abbreviations: UVATS, uniportal video-assisted thoracoscopic surgery; TPVB, thoracic paravertebral block.
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receive ultrasound-guided bilateral sequential TPVB, whereas patients in G1 will receive no intervention. The anesthe
siologist who performs bilateral sequential TPVB will not be involved in the data collection, and the health-care worker 
who evaluates postoperative pain, vital parameters, and other outcomes will be blinded to the group assignment. Patients 
will receive blocks after anesthesia induction, with unclear group assignments themselves. To provide blinding of group 
allocation for nurses, we will use a specific dressing to cover the injection site in all participants, regardless of whether 
they are injected with local anesthetics or not.

Induction and Maintenance of Anesthesia
Before anesthesia, a catheter will be arranged in the right internal jugular vein for infusion. Blood pressure (BP), heart 
rate (HR), electrocardiogram (ECG), pulse oximetry (SpO2) and other vital signs will be monitored closely during the 
surgery. Anesthesia will be induced with 0.05 mg/kg midazolam, 1.5–2.5 mg/kg propofol, 0.5–0.7 μg/kg sufentanil and 
0.6 mg/kg rocuronium bromide. And then double-lumen tracheal intubation will be practiced for mechanical ventilation. 
During the one-lung ventilation, the tidal volume will be set to 5 to 6 mL/kg and the breathing frequency was adjusted to 
maintain PETCO2 at 35 to 45 cmH2O.

Figure 2 Trial schedule. 
Abbreviations: POS, postoperative; NRS, numeric rating score; PHPS, Prince Henry pain score; PONV, postoperative nausea and vomiting; QoR-40 score, quality of 
recovery-40; PCIA, patient-controlled intravenous analgesia; TPVB, thoracic paravertebral block; IL-6, interleukin 6; hs-CRP, high-sensitivity C-reactive protein.
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General anesthesia will be maintained with remifentanil, propofol, and rocuronium. When suffering severe cardio
vascular responsiveness to noxious stimuli, 0.1 μg/kg additional sufentanil will be administered intravenously to reach 
a stable hemodynamics state. Moreover, the fluid volume, infusion speed, and transfusion will be adjusted based on 
hemodynamic monitoring conditions to keep the stable hemodynamic parameters.

Surgical Procedure
For simultaneous bilateral pulmonary resection, the procedure will be started at the side with a smaller resection range, 
and then rotate the patient to the opposite side to complete the contralateral operation. The patient will be placed in 
a lateral decubitus position throughout the operation. The specific surgical plan will be based on the size, location, 
computed tomography characteristics of tumors, the pulmonary function reserve and the intraoperative frozen examina
tion results. At the end of the operation, a pleural drainage tube will be placed in each pleural cavity respectively.

Ultrasound-Guided Bilateral Sequential TPVB Procedure
Patients in G2 will receive ultrasound-guided bilateral sequential TPVB in the lateral decubitus position after anesthesia 
induction. The paravertebral block will be started at the priority side of the operation. After the completion of the first 
side of pulmonary resection, the patient will be rotated to the opposite side, and then receive the contralateral 
paravertebral block before the start of the contralateral operation. In general, ultrasound-guided bilateral sequential 
TPVB will be performed at 2 time-points: before the start of the first side of pulmonary resection and before the start of 
the contralateral pulmonary resection.

Using a transversal transducer position, lateral techniques,14 a curved array transducer (2–5 MHz) will be used to scan 
from the midline laterally to identify the transverse processes, the desired paravertebral spaces (at the T4-T5 vertebral 
level), the pleura and lung tissue. Under ultrasound guidance, a block needle (22G, 80mm, UniPlex®, NanoLine®, 
Germany) will be inserted from lateral to medial and advanced until it enters the desired paravertebral spaces, a triangular 
area in-between the parietal pleura (anterior) and the internal intercostal membrane and intercostal muscles (posterior), 
under aseptic conditions using an in-plane approach. After negative aspiration for blood or air, 20 mL 0.375% 
ropivacaine will be injected at the desired paravertebral spaces under real-time imaging. A successful spread of local 
anesthetic is defined as anterior movement of the pleura and widening of the paravertebral space. The contralateral 
paravertebral block will be performed on the contralateral side using the same technique. Finally, a total of 150 mg of 
ropivacaine will be injected into each subject. In patients whose weight is less than 50 kg, this amount will be decreased 
so as not to exceed the dose of 3 mg/kg.

The paravertebral block will be performed under the close supervision of experienced doctors, and all patients will be 
continuously cardiac and respiration monitored. In addition, vasoactive drugs can be used in patients with unstable 
hemodynamics (including any undesirable effects related to sympathetic block) as appropriate, in order to maintain 
a mean arterial pressure of 70 to 100 mm Hg, and a heart rate of 50 to 100 beats/min during surgery.

Postoperative Management
After completing surgery, neuromuscular blockade will be reversed with neostigmine (0.04 mg/kg) and atropine 
(0.02 mg/kg), and tracheal extubation occurs when adequate muscle strength will be established. After extubation, the 
blinded anesthesia team will transfer the patient to the post-anesthesia care unit (PACU). When the Aldrete score reaches 
9 points or more, the patient can be transferred from the PACU to a surgical ward.

Standard Analgesia Protocol
To prescribe flurbiprofen axetil 50 mg intravenously 30 minutes before the surgical incision and immediately after 
arriving in PACU. In addition, all patients will receive intravenous analgesia through patient-controlled intravenous 
analgesia (PCIA) during the first 2 days after the operation. The PCIA protocol is programmed with 2 μg/kg sufentanil 
diluted to 100 mL (bolus, 2 mL; background infusion, 2 mL/hour; lockout time interval, 15 min; 1 h limit, 8 mL without 
any baseline infusion). PCIA will be administered when the NRS score is ≥4 or at the request of the patient. When the 
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pain relief is inadequate, a rescue analgesic will be provided through flurbiprofen axetil 50 mg intravenously, and it could 
be repeated if necessary. Note that the maximum daily dose of flurbiprofen axetil is 200 mg.

Follow-Up
A blinded investigator is responsible for the follow-up. All subjects will be visited from the day before the surgery to 90 
postoperative days (POD).

Assessment Tools
The pain intensity at rest and during coughing will be measured using a NRS of 0–10, where 0 is no pain and 10 is the 
worst pain ever experienced. The pain symptoms during basic physical activity will be evaluated by the Prince Henry 
Pain Score (PHPS) (0, no pain on cough; 1, pain on cough, no pain while taking deep breaths; 2, pain on deep breathing, 
no pain at rest; 3, slight pain at rest; 4, severe pain at rest).20 Postoperative nausea and vomiting (PONV) will be 
documented using a categorical scale (none = no nausea or vomiting; mild = nausea but not vomiting; moderate = 
vomiting one to three times; severe = vomiting more than four times).21 Quality of recovery (QoR) will be assessed using 
Quality of Recovery 40 (QoR-40), which scores range from 40 to 200.22 There are 40 items in QoR-40 to assess five 
dimensions of recovery, including emotions, physical comfort, psychological support, physical independence, and pain.

Measurement of Perioperative Plasma Inflammatory Markers
For this study, blood samples of all patients will be collected at 4 time-points: before the start of the first side of 
pulmonary resection (T1), before the start of the contralateral pulmonary resection (T2), immediately after the end of the 
bilateral pulmonary resection (T3), and POD 1 (T4). Samples will be labelled, centrifuged, frozen, and stored at −80° for 
subsequent measurement of interleukin 6 (IL-6) and high-sensitivity C-reactive protein (hs-CRP). IL-6 and hs-CRP levels 
will be determined by enzyme-linked immunosorbent assay (ELISA).

Primary Outcome
The primary study outcome is the NRS score during coughing at 24 h postoperatively. An investigator blinded to the 
group allocation will visit the patients at 24 h after surgery and complete the assessment of pain using the NRS score 
(where 0 means no pain and 10 is the worst imaginable pain).

Secondary Outcomes
The secondary outcomes are as follows:

1. NRS scores at rest and during coughing at 6 h, 12 h and 48 h postoperatively.
2. NRS score at rest at 24 h postoperatively.
3. PHPS scores at 6 h, 12 h, 24 h and 48 h postoperatively.
4. Cumulative opioid consumption at 6h, 12h, 24h and 48h postoperatively.
5. Total number of times that patients pressed the PCIA button at POD 1 and POD 2, including effective presses and 

ineffective presses.
6. Total consumption of analgesic drugs (type and dosage) except opioid within POD 1 and POD 2.
7. The degree of PONV at POD 1 and POD 2.
8. QoR-40 scores at POD 1, 2, 30, and 90.
9. Assessment of chronic pain at POD 90.

Other Outcomes
The other outcomes include:

1. Complications related to bilateral sequential TPVB, such as respiratory depression and wound infection.
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2. Neurological symptoms related to local anesthetic systemic toxicity, such as tinnitus, metallic taste, and altered 
sensorium.

3. Opioid-related adverse effects such as astriction, respiratory depression, itchy skin, and mental status changes.
4. Other adverse effects, including any other adverse reaction complained of by the subject.

Assessment of Safety
The ultrasound-guided bilateral sequential TPVB will be performed to patients under standard hemodynamic monitoring 
in the operating room. This ensures detection and treatment of adverse events immediately. When adverse events 
associated with the ropivacaine occur, the administration of ropivacaine will be stopped immediately. Moreover, any 
study-related adverse event will be managed, documented, and reported in particular.

Sample Size Calculation
The primary outcome was the NRS on movement at 24 postoperative hours. In our preliminary study conducted in 10 
adult patients (5 in each group), the mean (SD) pain score on movement at 24 postoperative hours in the BTPV group 
was 3.9 (1.9) and in the control group was 5.7 (2.1). On the basis of these means and SDs, we calculated that a sample of 
34 patients per group would provide 95% power at a two-sided alpha level of 0.05. Therefore, we plan to enroll 40 
patients in each group considering the possibility of dropout and loss of follow-up. The final sample size was a total of 
n = 80 participants. The sample size was calculated with the free software G*Power.

Statistical Analysis
Data will be analyzed using Statistical Product and Service Solutions (SPSS) version 26.0 (IBM SPSS Inc., Chicago, IL, 
USA). The results will be presented as frequency (percentage), mean (standard deviation, SD), or median (interquartile range, 
IQR) as appropriate. Binary outcomes will be compared using the Chi-squared test or Fisher’s exact test. Continuous outcomes 
will be compared using the t-test (Student’s t-test) or one-way ANOVA if normally distributed, while non-normally distributed 
data will be analyzed using the Mann–Whitney U-test. A two-tailed p < 0.05 will be considered significant.

Data Management and Monitoring
Data will be collected into the case report forms (CRF) and monitored timely and correctly by Clinical Research Ethics 
Committee in our institution. After data entry and confirmation, the CRF will be filed in numerical order and stored in 
a secure repository at Shanghai Pulmonary Hospital. If necessary, the datasets will be available from the chief 
investigator (Xin Lv) upon reasonable request.

Discussion
Owing to the popularity of lung cancer screening and the development of imaging technology, an increasing rate of 
detection of multiple pulmonary nodules has been demonstrated, especially pulmonary nodules with components of 
ground-glass opacities (GGO).4 It looks beyond dispute that surgery early is currently the best treatment for the 
pulmonary nodules with higher risk of malignancy. Studies have shown that patients with bilateral lung cancer can 
benefit more from one-stage bilateral resection than those receiving one side surgery combined with contralateral 
chemotherapy or radiotherapy.23,24 What is more, several studies have shown that simultaneous bilateral UVATS is 
safe and feasible, as well as does not increase the risk of perioperative surgery.7,8 As one of the largest centers for 
thoracoscopic surgery, our center has accumulated rich experience in simultaneous bilateral UVATS, including wedge 
resection, segmentectomy or lobectomy on each side. Although simultaneous bilateral UVATS can solve the bilateral 
lesions in one operation with minimally invasive nature, considerable postoperative pain, related to the bilateral surgical 
incision and longer procedure time, is still a challenge.

TEA is quite an effective analgesic method for the bilateral thoracic surgery traditionally, but application of which is 
limited since the potential significant side effects or complications and strict requirements on coagulation function.25 It 
has been confirmed that in open thoracotomy lung surgery, unilateral TPVB has the same analgesic effect and post
operative pulmonary function as TEA but with much less analgesia-related complications.26 For bilateral TPVB, 
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Richardson et al17 have concluded that it is safe and effective for thoracic and abdominal surgery, via reviewed 12 
published studies with a total of 538 patients. However, whether bilateral sequential TPVB can be safely and effectively 
used in simultaneous bilateral UVATS remains unknown.

At the time of this study conception, no prospective randomized trials looked at the safety or efficacy of bilateral 
sequential TPVB for simultaneous bilateral UVATS. Therefore, we are conducting this prospective double-blind, 
randomized control trial to determine the safety and effectiveness of ultrasound-guided bilateral sequential TPVB for 
postoperative analgesia following simultaneous bilateral UVATS. We will perform ultrasound-guided bilateral sequential 
TPVB at 2 time-points: before the start of the first side of pulmonary resection and before the start of the contralateral 
pulmonary resection, which will decrease unnecessary analgesia time on the contralateral side. Furthermore, this study 
also intended to evaluate the effect of bilateral sequential TPVB on postoperative quality of recovery and inflammation 
levels. Our results may provide clinical evidence relevant to bilateral sequential TPVB, and promote the application of 
that acting as a more appropriate analgesic method for simultaneous bilateral UVATS.

Trial Status
This trial was approved by the Clinical Research Ethics Committee of Shanghai Pulmonary Hospital (approval 
No. 2022LY0725). And, the study protocol was registered at the Chinese Clinical Trial Registry on November 8, 2022 
(identifier: ChiCTR2200065541). The first participant was recruited on 10 November 2022, and the patient recruitment is 
expected to be finished by 1 November 2024.
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