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thoracoscopic lung surgery: a
protocol for a multicenter,
randomized, double-blind,
clinical trial
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Background: There is still a controversy about the superiority of liposomal
bupivacaine (LB) over traditional local anesthetics in postoperative analgesia
after thoracic surgery. This study aims to determine the effect of LB versus
bupivacaine hydrochloride (HCl) for preoperative ultrasound-guided erector
spinae plane block (ESPB) on postoperative acute and chronic pain in patients
undergoing video-assisted thoracoscopic lung surgery.

Methods: This multicenter, randomized, double-blind, controlled trial will
include 272 adult patients scheduled for elective video-assisted thoracoscopic
lung surgery. Patients will be randomly assigned, 1:1 and stratified by site, to
the liposomal bupivacaine (LB) group or the bupivacaine (BUPI) HCL group. All
patients will receive ultrasound-guided ESPB with either LB or bupivacaine HCl
before surgery and patient-controlled intravenous analgesia (PCIA) as rescue
analgesia after surgery. The numeric rating scale (NRS) score will be assessed
after surgery. The primary outcome is the area under the curve of pain scores
at rest for 0-72h postoperatively. The secondary outcomes include the total
amount of opioid rescue analgesics through 0-72h postoperatively, time to
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the first press on the PCIA device as rescue analgesia, the area under the curve
of pain scores on activity for 0-72 h postoperatively, NRS scores at rest and on
activity at different time points during the 0-72 h postoperative period, Quality
of Recovery 15 scores at 72h after surgery, and NRS scores on activity on
postsurgical day 14 and postsurgical 3 months. Adverse events after the surgery
are followed up to the postsurgical day 7, including postoperative nausea and
vomiting, fever, constipation, dizziness, headache, insomnia, itching, prolonged
chest tube leakage, new-onset atrial fibrillation, severe ventricular arrhythmia,
deep venous thrombosis, pulmonary embolism, pulmonary atelectasis, cardiac
arrest, ileus, urinary retention, chylothorax, pneumothorax, and organ failure.
Analyzes will be performed first according to the intention to treat principle and
second with the per-protocol analysis.

Discussion: We hypothesize that LB for preoperative ultrasound-guided ESPB
would be more effective than bupivacaine HCl in reducing postoperative pain
in video-assisted thoracoscopic lung surgery. Our results will contribute to
the optimization of postoperative analgesia regimens for patients undergoing
video-assisted thoracoscopic lung surgery.

Clinical trial registration: http://www.chictr.org.cn, identifier ChiCTR2300074852.

KEYWORDS

liposomal bupivacaine, erector spinae plane block, thoracoscopic, postoperative pain,
area under the curve

Introduction

Thoracoscopic surgery has emerged as the backbone of surgical
procedures for lung resection in recent years, but these procedures still
cause moderate-to-severe postoperative acute and chronic pain (1-4).
Preemptive analgesia is regarded as a proven approach to minimize
postsurgical pain (5). Several preemptive analgesia approaches have
been employed in thoracoscopic surgery, including paravertebral
block, intercostal nerve block, and thoracic epidural block (6). The
erector spinae plane block (ESPB), a new inter-fascial plane block
technique first described in 2016 for thoracic pain treatment (7), has
the advantages of easy handling, high safety, and a good analgesic
effect (8, 9). However, ESPB with a single dosage of currently available
local anesthetics is limited by the short duration of analgesia (typically
24h or less). The duration of analgesia can be prolonged by continuous
peripheral nerve blocks using a perineural catheter; however, this may
result in a variety of inconveniences and side effects, such as
management complexity, catheter-related infections, leakage, and
accidental dislocation (10, 11).

Liposome bupivacaine (LB) is a novel local anesthetic with
water-soluble bupivacaine wrapped in a liposome, allowing for a
steady, continuous release of the drug for up to 72 to 96 h (12, 13).
In 2011, liposomal bupivacaine was approved by the U.S. Food and
Drug Administration to be used in single-dose wound infiltration
for postsurgical analgesia in adults, and then the indication was
expanded to transverse abdominis plane blocks and interscalene
brachial plexus blocks (14, 15). Liposome bupivacaine appears safe
when used in fascial plane blocks and peripheral nerve blocks
(16-20). Whether LB is superior to traditional local anesthetics in
postoperative analgesia after thoracic surgery remains
controversial. Several retrospective studies have suggested that LB
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applied in minimally thoracic surgery improved postoperative
pain, decreased opioid use, and shortened hospital stay in
comparison with bupivacaine hydrochloride (HCI) (21-23). A
recent randomized controlled trial including 50 patients
undergoing minimally invasive lung surgery indicated that LB for
intercostal nerve block provided no benefit in mitigating
postoperative pain compared with bupivacaine plus epinephrine
(18). However, that study had a smaller sample size and did not
exclude the patients with more complex pain problems. To date,
the analgesic efficacy of LB used in ESPB procedures on acute or
chronic postsurgical pain remains unknown.

In this context, we designed this multicenter randomized
controlled trial to determine the effect of LB versus bupivacaine HCI
for preoperative ultrasound-guided ESPB on postoperative acute and
chronic pain in patients undergoing video-assisted thoracoscopic lung
surgery. In addition, we will also evaluate its safety profile when used
in the ESPB procedures.

Methods
Ethics and registration

The study protocol was approved by the ethics committees of the
leading center (the First Affiliated Hospital of Soochow University,
Suzhou; Approval No. 2023-207) and each participating center. This
trial was registered at the Chinese Clinical Trial Registry (http://www.
chictr.org.cn, identifier: ChiCTR2300074852) before the enrollment
of the first subject. This protocol adheres to the guidelines of Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT)
statement (24).
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| Assessed for eligibility (n=X)

Excluded(n=X)
+ Not meeting inclusion criteria (n=X)

« Patients refused (n=X)
+ Other reasons (n=X)

| Randomized (n=272) |

Allocated to LB group (n=136)
+ Received allocated intervention (n=X)
« Did not receive allocated intervention (n=X)

Completed this study (n=X)
« Lost to follow-up (n=X)
« Withdraw informed consent (n=X)

Included in ITT analysis (n=X)
Included in PP analysis (n=X)
« Excluded from analysis (n=X)

FIGURE 1
Study flow diagram.

- Allocated to BUPI group (n=136)

+ Received allocated intervention (n=X)
« Did not receive allocated intervention (n=X)

Completed this study (n=X)
« Lost to follow-up (n=X)
+ Withdraw informed consent (n=X)

Included in ITT analysis (n=X)
Included in PP analysis (n=X)
+ Excluded from analysis (n=X)

Study design and status

This investigator-initiated, multicenter, randomized, double-
blind, parallel-controlled trial will be conducted at 12 tertiary hospitals
in China. Subjects will be randomized to receive either liposomal
bupivacaine or bupivacaine HCI for ultrasound-guided ESPB after
induction of anesthesia. Group allocation is performed by the online
central randomization system.

This trial start date is 1 September 2023, and the anticipated end
date is 31 March 2025. By the time of this manuscript submission,
the recruitment of participants has started, but all follow-up data will
be stored in the electronic data capture (EDC) system, which will
be locked until the final analysis. Figure 1 shows the study flow
diagram. Table 1 presents the schedule of subject enrollment, study
intervention, and outcome evaluation following the SPIRIT statement.

Participants and enrollment

We plan to recruit eligible subjects who meet the following
inclusion criteria: (1) American Society of Anesthesiologists (ASA)
class I-ITI, (2) adult subjects who are 18-75years of age, and (3)
subjects scheduled for elective video-assisted thoracoscopic single or
multi-port lung surgery under general anesthesia with
bronchial intubation.

The exclusion criteria are as follows: (1) trauma and

emergency subjects, (2) subjects with New York Heart Function
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Scale (NYHA) levels of 3-4, (3) patients with heart conduction
block (sinus block or atrioventricular block), (4) patients with
unstable coronary artery disease, (5) patients with gastric ulcer or
gastric bleeding, (6) patients with body mass index (BMI) of
<18kg/m* or>37kg/m? (7) patients with diabetes and are being
treated with insulin, (8) patients with renal dysfunction (serum
creatinine values exceed normal thresholds), (9) patients with
liver dysfunction (Alanine aminotransferase or Aspartate
aminotransferase is more than twice the normal value), (10)
subjects with coagulation dysfunction (prothrombin time or
activated partial thromboplastin time is higher than the normal
threshold) or patients who are taking oral anticoagulants for other
medical reasons and have not stopped it before surgery, such as
warfarin or new anticoagulants rivaroxaban or dabigatran, (11)
subjects with alcohol abuse or heavy dependence on narcotic
drugs in the last 2 months, (12) subjects with uncontrolled anxiety,
schizophrenia, or other mental illness, (13) subjects who are
pregnant or preparing for pregnancy, and (14) subjects with a
history of allergy to local anesthetic drugs or any of the
experimental medications. Written informed consent will
be signed by participants before enrollment.

Randomization and blindness

A research coordinator who would not participate in the
subsequent study conducted the online randomization with a 1:1 ratio
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TABLE 1 Diagrammatic representation of trial processes.

10.3389/fmed.2024.1359878

Pre-Op Allocation Intra- Post-Op Day of Post-Op  Post-Op Post-
(study = 2h before Op (0-72h) discharge (study (study  Op 3months
days- surgery (study (study days day 15)
6-0) day 1) days 5-8)
1-4)
Enrollment
Eligibility X
screening
Informed Consent X
Demographics X
Randomization X
Allocation X
Vital signs X
Interventions
ESPB procedure ‘ ‘ ‘ X ‘ ‘
Measurements
Intra-operative X
information
NRS scoring at rest X X
NRS scoring on X X X X
activity
Opioid rescue X X
medication
Initiation of X
postoperative
activities
QoR-15 scores X
Chest tube X X X (f
evaluation applicable)
Adverse events® X ¢ X X X
Oral analgesic X X X (If X (If X (If applicable)
medication applicable) applicable)

According to the SPIRIT statement of defining a standard protocol for clinical trials. Op, Operation; ESPB, erector spinae plane block; NRS, numeric rating scale; QoR-15 scores, Quality of
Recovery 15 scores.’including postoperative nausea and vomiting, fever, constipation, dizziness, headache, insomnia, itching, prolonged chest tube leakage, new-onset atrial fibrillation, severe

ventricular arrhythmia, deep venous thrombosis, pulmonary embolism, pulmonary atelectasis, cardiac arrest, ileus, urinary retention, chylothorax, pneumothorax, and organ failure.

and permuted block size of 4." According to the random sequence,
subjects were randomly assigned to either the liposomal bupivacaine
group (LB) or the bupivacaine HCI group (BUPI). The allocation
concealment was guaranteed using identical opaque sealed envelopes.
An independent anesthesia nurse at each study center prepared the
study medications, either liposomal bupivacaine or bupivacaine HCI,
according to the random results. As liposomal bupivacaine emulsions
and bupivacaine HCI have different appearances, we ensure the
blinding of surgeons and operating room staff by transferring the
medication to an identical opaque syringe, which is labeled with the
patient’s number only. The ESPB procedures will be performed by a
skilled anesthesiologist at each center who will not be involved in
managing anesthesia and overseeing postoperative care. All other

1 http://random.91trial.com
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perioperative clinical care will be carried out following institutional
standard practice. All relevant data will be recorded on the trial case
report form (CRF) and entered into the EDC system within 1 week of
completing the CRF forms.

Study interventions

The drugs are prepared as follows: liposomal bupivacaine (20mL,
266mg) is diluted to 30 mL with 10mL of normal saline in the LB
group, while bupivacaine HCI (100 mg) is diluted to 30 mL with 10mL
of normal saline in the BUPI group. After the induction of anesthesia,
an independently trained anesthesiologist performs single-injection
ESPB under ultrasound guidance in the lateral position. Initially, a
high-frequency linear ultrasound probe is used in a vectorial position
to locate the T4 spinous process longitudinally, and then the probe is
moved outward to target the T5 transverse process. Guided by planar
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ultrasound visualization, the nerve block operator carefully advances
the needle until the top reaches the T5 transverse process bone, and
then 30 mL of local anesthetic is injected slowly after the confirmation
of no blood or cerebrospinal fluid with a syringe aspiration.

All subjects will receive patient-controlled intravenous analgesia
(PCIA) as rescue analgesia after surgery using 100 pg of sufentanil
diluted to 100 mL with normal saline (a final concentration of 1 pg/
mL). The parameters for the PCIA device are as follows: no
background infusion, a self-controlled bolus of 2mL, a lockout time
of 5min, and a locking dose of 20 mL per hour. PCIA is started once
the patients enter the recovery room. Patients are instructed to self-
administer sufentanil using PCIA to treat pain on the numeric rating
scale (NRS) score of >4. If the pain remains unrelieved, additional
rescue medications with morphine of 2-5mg or other opioid
analgesics can be slowly injected intravenously. The PCIA is
discontinued after 48h postoperatively. Later, if subjects still
experience pain (NRS scores >4), morphine of 5-10mg or other
opioid analgesics can be administered. Subjects in both groups receive
oral celecoxib of 200mg twice daily (at 08:00 and 16:00) as a
component of the multimodal analgesic regimen from the first
postsurgical day (day 2) until complete pain relief. Oral celecoxib can
be used after hospital discharge if necessary.

Perioperative management

The flow of the participants through this trial is depicted in
Figure 1. Subjects do not receive sedative or analgesic medications
preoperatively. In the operating room, standard monitoring includes
electrocardiography, non-invasive cuff blood pressure, pulse
oximetry, and temperature. The left or right radial artery is
cannulated following anesthesia induction, and continuous radial
artery pressure is measured. General anesthesia is induced with
propofol (2-2.5 mg/kg), sufentanil (0.3-0.5 pg/kg), and cisatracurium
(0.2mg/kg) in sequence. Following tracheal intubation with a
double-lumen tube, unilateral bronchial ventilation is conducted
with a tidal volume of 4-6 mL/kg and a respiratory rate of 12-16
times/min, aiming to maintain the end-tidal carbon dioxide at
35-45mmHg and pulse oxygen saturation of >95%. The location of
the bronchial tube is then confirmed using flexible fiberoptic
bronchoscopy. Anesthesia is maintained with sevoflurane inhalation
targeting a bispectral index value between 40 and 60. Intraoperative
analgesia is provided with sufentanil and remifentanil: sufentanil
0.1-0.2 pug/kg is given before incision at the beginning of surgery,
and remifentanil (0.05-0.2 pg/kg/min) is infused continuously for
intra-operative analgesia. Additional doses of sufentanil can be given
intraoperatively if necessary, and sufentanil is added 0.1-0.2 pg/kg
when the remifentanil is discontinued at the end of the operation.
The additional doses of cisatracurium can be incremented
intraoperatively as needed. Intraoperative hypotension (defined as a
decrease in mean blood pressure [MBP] of >20% of baseline or MBP
of <65mmHg) would be treated with intravenous ephedrine of
6-10 mg or phenylephrine of 50-100 pg, and bradycardia (defined as
heart rate [HR] of <50 beats/min) would be treated with intravenous
atropine of 0.3-0.5 mg.

At the end of the surgery, all subjects received ondansetron of
8 mg as an antiemetic after the last stitches. Subjects are transferred to
a post-anesthesia care unit (PACU) and kept there for at least 1h
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before returning to the thoracic ward. The surgical day is regarded as
the study day 1, and the day following surgical day is the study day 2.

Postsurgical assessments

Pain intensity assessments are conducted at Oh (~15min after
extubation), 1h (+ 10min), 6h (+ 2h), 12h (= 2h), 18h (+ 2h), 24h
(x2h),32h (+ 2h), 40h (£ 2h), 48h (+ 2h), 60h (+ 2h), and 72h (£
2h) postoperatively, and at patient’s request for rescue medication,
where the time of the completion of surgery is considered 0 of the
postoperative time. Pain intensity is assessed using an 11-point NRS
(0=no pain; 10=worst possible pain) at rest and on activity; the latter
refers to the scoring when turning over on bed if the subjects are still
not out of bed for activity, or the scoring on active movement if the
subjects are already out of bed. Telephone follow-up is performed if
the subjects are discharged from the hospital within 72h. During the
nighttime (23:00 to 06:00, the next day), the subject is not awakened
for scoring. If the subject is awake during the time window, the NRS
score is assessed based on the subject’s own or companions
recollection in the following morning; if the patient is asleep during
the time window, the NRS score is standardized to a uniform value of
2. Considering the potential impact of opioid rescue medications on
pain measurements, the windowed worst observation carried forward
(WWOCEF) method is utilized to accurately document NRS pain scores
in the initial 72h following surgery. The wWOCEF approach operates
in the following manner: to obtain the wWOCEF for subjects who
receive rescue medication, any NRS scores noted within a 2-h
“window” following the administration of opioid rescue medication
are replaced by the highest (“worst”) NRS scores recorded before the
administration of their initial rescue medication. The time to the first
rescue analgesia using PCIA was recorded, and the amount of
medication used for rescue analgesia with the PCIA analgesic pump
was also calculated. Quality of Recovery 15 (QoR-15) scores at 72h
after surgery are used to evaluate the subject’s recovery. NRS scores are
measured once daily after 72 h postoperatively until study day 15. The
number of continued days and the dosage of the oral analgesic drug
celecoxib after discharge are also recorded.

Data monitoring committee

An independent Data Monitoring Committee (DMC) comprising
experienced anesthesiologists and statisticians has been established to
resolve any uncertainties related to data collection and to determine
whether postsurgical analgesic medications that have been
administered are beyond the protocol. This DMC comprises a chair
(an experienced anesthesiologist), an attending anesthesiologist, two
statisticians, and an attending thoracic surgeon. When ambiguity
occurs in data collection or in adherence to protocol medications,
these issues are discussed at the DMC to reach a final conclusion.

Trial outcome definitions
Primary outcome

The primary outcome for the trial is the area under the curve of
pain scores at rest for 0-72h (AUC NRS-R, ;,) postoperatively.
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Secondary outcomes

The secondary outcomes include (1) the total amount of opioid
rescue analgesics through 0-72h postoperatively, (2) the time to first
press on the PCIA device as rescue analgesia, (3) the area under the
curve of pain scores on activity for 0-72h (AUC NRS-A,,)
postoperatively, (4) NRS scores at rest and on the activity at different
time points during the 0-72h postoperative period, (5) Quality of
Recovery 15 (QoR-15) scores at 72h after surgery, (6) NRS scores on
activity on postsurgical day 14 (study day 15), which will be followed
up via telephone, with a permitted time window of 14 + 3 days, and (7)
NRS scores on the activity at postsurgical 3 months will be followed
up via telephone, with a permitted time window of 3 months +7 days.
Opioids are first converted to intravenous morphine equivalents for
each subject, and then the total amount will be naturally
logarithmically converted before analysis. The time to first opioid
rescue analgesia using PCIA was measured in hours, i.e., the date and
time of the first opioid rescue minus the date and time of the end
of surgery.

Tertiary outcomes

Tertiary outcomes include (1) the time to initiation of
postoperative activities around the bed, (2) the total volume of chest
tube drainage, (3) the time to chest tube removal, (4) the duration of
oral analgesic medications taken by the subject postoperatively in the
telephone follow-up, and (5) the total amount of oral analgesic
medications taken postoperatively. The total volume of chest tube
drainage is referred to as the total amount of chest tube drainage until
the chest tube removal. The time to initiate postoperative activities
around the bed and time to chest tube removal are measured in hours,
i.e., the time of the event minus the time of the end of surgery.

Safety outcomes

Safety outcomes are assessed separately and then combined for all
subjects, consisting of adverse events during and after surgery. The
incidence of adverse events after the surgery is tracked up to the 7th
postsurgical day (study day 8). Adverse events include postoperative
nausea and vomiting (PONV), fever, constipation, dizziness,
headache, insomnia, itching, prolonged chest tube leakage, new-onset
atrial fibrillation, severe ventricular arrhythmia, deep venous
thrombosis, pulmonary embolism, pulmonary atelectasis, cardiac
arrest, ileus, urinary retention, chylothorax, pneumothorax, and organ
failure. The definitions of adverse events are displayed in the
Supplementary Table S1. Any adverse event in relation to the study
interventions must be reported to DMC in the form of an “Adverse
Event Form” within 24 h. In the event of a serious adverse event, such
as an unexpected deterioration in the patients clinical condition
during the perioperative period, the attending anesthesiologist could
require and discontinuation

unblinding adjustment  or

of administration.

Sample size calculation

Between January 2023 and March 2023, we conducted a
prospective study on two groups of 10 patients each. All participants
underwent video-assisted thoracoscopic lung surgery and were
administered a preoperative ultrasound-guided ESPB, with one group
receiving liposome bupivacaine and the other bupivacaine HCI. The
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results showed that the postoperative AUC NRS-R0-72 was 247 +35 in
the LB group versus 262+43 in the BUPI group. Based on the
preliminary study, the sample size was determined to ensure the
ability to detect a mean difference of 15 in the primary efficacy
outcome, and we suggest that this difference is clinically relevant. This
calculation is performed with a two-group f-test, a standard deviation
of 38.7, an 80% power, and a 0.05 level of significance. Considering a
20% dropout rate, this study will enroll a total of 272 patients, with
136 in each group. The sample size is calculated using the SAS software
(version 9.4, SAS Institute Inc).

Statistical analysis

Baseline characteristics will be tabulated using applicable
summary statistics. Outcome data will be analyzed according to the
intention to treat (ITT) principle and secondarily with the
per-protocol (PP) analysis.

The ITT population will comprise all randomized patients who
receive ultrasound-guided ESPB procedures and complete the surgery
with the primary outcome measurement available. These subjects will
be analyzed according to the groups to which they are randomized,
regardless of whether the surgical procedure is converted to an open
thoracotomy or any other surgical procedure implemented within
3 months postoperatively. Subjects who are given non-protocol pain
medication postoperatively will also be included in the ITT analysis.
Subjects whose consent is withdrawn will have their data retained
until the time of withdrawal. The PP population will comprise those
patients who complete the study based on the original protocol.
Subjects with modifications of the original surgical approach to open
thoracotomy or who undergo any other surgical procedures within
3 months after surgery are specifically excluded from this analysis.
Data from subjects whose consent is withdrawn will be used until the
time of withdrawal of consent.

Demographic information and baseline characteristics will
be described using descriptive statistics only, with no between-group
comparisons. Continuous data will be displayed as means and
standard deviations or medians and interquartile ranges, depending
on data distribution. Categorical data will be summarized as counts
and percentages. Between-group differences of continuous data will
be analyzed using the independent t-test or Mann-Whitney rank sum
test as appropriate, while categorical data will be analyzed using the
Chi-squared test or Fisher’s exact test as appropriate. To analyze the
treatment effect, odds ratios are calculated for binary data and mean
differences for continuous data, each together with their 95%
confidence intervals. For the primary outcomes, the between-group
difference of AUC NRS-R, , is regarded as significant at the two-side
p-value of 0.05. For the secondary and tertiary outcomes, multiple
comparisons are adjusted for the significance level of probability
values by computing the false discovery rate using the Benjamini-
Hochberg method. To further understand the cumulative effect of
study interventions on postsurgical pain, post-hoc analysis is
conducted, including AUC NRS-Rg ,;, AUC NRS-R,, 45, AUC NRS-Ryq.
—y AUC NRS-Ag,, AUC NRS-A,, s and AUC NRS-A,.,, the
cumulative amount of opioid rescue analgesics during 0-24, 24-48,
and 48--72h, and the proportion of subjects who are pain-free
(NRS-R score of 0 or 1) at 1, 6, 24, 48, and 72 h. To address the missing
NRS pain intensity scores during the postoperative 0-72h,

frontiersin.org


https://doi.org/10.3389/fmed.2024.1359878
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liao et al.

interpolation is performed using one of the following methods: (1) by
last observation carried forward (LOCF) imputation method if
missing data are located after the last non-missing score, (2) by linear
interpolation if more than one missing data occur and are located
between two non-missing scores (25). All data will be analyzed using
the SAS software (version 9.4, SAS Institute Inc) by an
independent statistician.

Discussion

This multicenter, randomized, double-blind, parallel-controlled
trial will include 272 subjects who will undergo elective video-assisted
thoracoscopic lung surgery. We will determine the effect of LB versus
bupivacaine HCI for preoperative ultrasound-guided ESPB on AUC
NRS-R 7, the amount of opioid rescue analgesics after surgery, time
to the first rescue analgesia, AUC NRS-A, ,,, NRS scores at rest and on
activity at different time points during the 0-72h postoperative
period, and NRS scores on activity on postsurgical day 14 and
postsurgical 3 months. Our primary hypothesis is that the use of LB
for ultrasound-guided ESPB preemptive analgesia provides a lower
area under the curve of pain scores at rest 0-72h postoperatively
compared to bupivacaine HCl. Moreover, we will explore the adverse
events associated with the application of LB for ultrasound-guided
ESPB. The administration of this trial and the presentation of results
will follow the Consolidated Standards of Reporting Trials guidelines.

Regional nerve block maneuvers before skin incisions are
considered an optimal method of preemptive analgesia, which
facilitates the reduction of postsurgical pain. ESPB is a novel
interfascial regional anesthesia technique first introduced by Forero
etal. in 2016 for thoracic neuropathic pain treatment and has rapidly
gained prevalence in a diverse range of surgical procedures (7, 26). In
particular, it is easy to implement owing to the simple identification
of anatomic landmarks on ultrasound and the fact that no vital organs
are nearby (27). Anatomical and radiological investigations in fresh
cadavers have suggested that the clinical effects of ESPB are likely
derived from the theoretical anterior distribution of the local
anesthetics through the intertransverse connective tissue or the
costotransverse foramen to infiltrate the ventral crus of the spinal
nerves, the dorsal root ganglion, and the sympathetic chain, thereby
resulting in an effect similar to epidural analgesia (7, 28).

Recent studies have demonstrated that ESPB is a simple, safe,
wide-ranging, and efficacious alternative analgesic technique for
postsurgical pain (7-9, 29). A recent meta-analysis including 14
studies indicated that ESPB significantly lowered pain scores at rest or
on movement, decreased 24 h opioid consumption, and reduced the
incidence of postoperative nausea and vomiting compared with the
non-block care in breast and thoracic surgery (30). Another meta-
analysis also suggested that ultrasound-guided ESPB could provide an
opioid-sparing effect in subjects undergoing surgeries with general
anesthesia, thereby reducing the adverse events related to opioid
administration, such as nausea, vomiting, and delayed peristalsis (29,
31, 32). The currently prevalent regional nerve block maneuvers in
thoracoscopic surgery involve paravertebral and intercostal nerve
blocks. Each of these procedures has its unique strengths and inherent
disadvantages. For instance, paravertebral block is performed close to
the spinal canal and vascular plexus, with technical complexity and
potential risk of serious complications, while the effectiveness of
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intercostal nerve block may be limited to a dermatomal extent (33).
Given the combination of its efficacy and lower associated risks, ESPB
has been preferred in our study.

Liposomal bupivacaine (Bupivacaine Liposome Injection; Jiangsu
Hengrui Pharmaceuticals Co., Ltd.; China) is a novel liposome-
encapsulated local anesthetic used for surgical site administration to
yield postsurgical analgesia. The delivery of local anesthetics using
encapsulating agents is a desirable alternative, as it provides a system
for sustained release and subsequently enhances analgesia (34).
Liposomal bupivacaine has been shown to provide postsurgical
analgesia with a similar safety profile to bupivacaine HCl in a variety
of surgical scenarios, such as hemorrhoidectomy, total knee
arthroplasty, mammoplasty, and thoracic surgery (18, 35-37).
Liposome bupivacaine appears safe when used in fascial plane blocks
and peripheral nerve blocks, such as ESPB, paravertebral block, and
intercostal nerve block (16-20, 23).

However, evidence of the clinical effectiveness of interfascially or
perineurally applied liposomal bupivacaine in extending the duration
of postoperative analgesia of nerve blocks is insufficient. Several
retrospective studies have demonstrated the superiority of LB over
bupivacaine HCl in controlling postsurgical pain when the
paravertebral blocks or intercostal nerve blocks are applied in thoracic
surgery (21-23). Another retrospective study included 387 patients
receiving either liposomal bupivacaine for an intrathoracic intercostal
nerve block or thoracic epidural bupivacaine HCI in video-assisted
thoracoscopic surgery (38). Liposomal bupivacaine used for the
regional block was comparable with bupivacaine HCI for epidural
analgesia, taking into account healthcare costs and analgesia efficacy.
A randomized controlled trial compared the analgesic efficiency and
safety of single-dose transversus abdominis plane (TAP) blocks with
liposomal bupivacaine and sustained epidural analgesia, with
bupivacaine HCl in 498 subjects undergoing major abdominal surgery
(39). The results showed that pain scores at rest during the initial
postsurgical days were similar between groups. Compared to subjects
receiving epidural analgesia with bupivacaine HCI, those who received
TAP blocks with liposomal bupivacaine required more opioid
medication but had fewer complications, such as hypotension.
Another randomized controlled study with a non-inferiority design
that enrolled 112 patients undergoing ambulatory shoulder surgery
demonstrated that interscalene nerve blocks with perineural LB
offered similarly effective analgesia as the perineural standard
bupivacaine with dexamethasone (40). A recent meta-analysis also
suggested that perineural liposomal bupivacaine provided a
statistically significant but clinically unconsidered improvement in the
area under the curve of postoperative pain scores compared to plain
local anesthetic (41, 42).

The variations in study protocols and injection site locations could
influence study results. The pharmacokinetics profile of liposomal
bupivacaine is apparently related to the duration of regional blocks
(43). Liposomal bupivacaine exhibits a biphasic model, dose-related
release profile with an initial peak release within 1h of execution
related to extra liposomal bupivacaine included in every ampule,
followed by a further peak 12 to 48 later, associated with the release
from the liposomes (13, 44). Hence, preemptive analgesia with
liposomal bupivacaine has the potential to reduce postoperative pain
intensity. Furthermore, the rate of bupivacaine release from liposomes
is speculated to be related to the vascularity of the surrounding tissue
at the injection site. For example, approximately 30% of bupivacaine
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is released during the first 24 h when it infiltrates directly into tissues
in knee replacement, and approximately 90% in more vascularly
distributed hemorrhoidectomy (45). The erector spinae plane does not
have a rich vascular plexus, and the rate of bupivacaine release from
liposomes may be similar to other fascial plane blocks, allowing for
prolonged anesthetic duration. More studies are warranted to
determine the exact features and effectiveness of this block in various
surgical procedures. To date, this is the first randomized controlled
study to determine the efficiency of liposomal bupivacaine for ESPB
on postoperative pain in thoracic surgery.

In this study, we formulate certain rules for NRS scoring to
achieve multicenter consistency and eliminate the influence of
external factors on pain outcomes. For instance, we have implemented
the wWWOCEF protocol for recording NRS pain intensity scores in the
first 72 h after surgery. This method is designed to reduce the influence
of opioid rescue medications on the NRS evaluations. Specifically, if
patients receive rescue medication within a 2h “window” before an
assessment, we will replace the score for that time point with the
highest (“worst”) NRS score recorded before the administration of the
initial rescue medication. In addition, we employ a nocturnal recall
score to minimize the disruption to the patient’s nighttime rest. We do
not take bedside face-to-face scoring at night (23:00 to 06:00, the
following day). If the subject is awake within the time window, the
subject or companion recollects the pain state the following morning,
and if the subject is asleep during the time window, the NRS score is
assigned a uniform value of 2.

Our study has several limitations. First, partial subjects were
discharged within 72 h after surgery, and NRS scores for these subjects
could only be followed up by telephone. Second, adverse events are
only tracked up to the 7th postsurgical day without further follow-up.
Finally, varying durations of oral analgesic medications or
non-protocol analgesics may interfere with the NRS scoring for pain.

In conclusion, this randomized clinical trial was designed to
determine the effect of liposomal bupivacaine versus bupivacaine HCI
for preoperative ultrasound-guided ESPB on postoperative pain in
video-assisted thoracoscopic lung surgery. We expected that liposomal
bupivacaine could be safely employed in ESPB, and liposomal
bupivacaine for preoperative ultrasound-guided ESPB would be more
effective than bupivacaine HCl in reducing the area under the curve
of pain scores at rest from 0 to 72h postoperatively.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of the First Affiliated Hospital of Soochow
University. The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent
for participation in this study was provided by the participants' legal
guardians/next of kin. Written informed consent was obtained from
the individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

DL: Data curation, Project administration, Writing — original
draft, Writing - review & editing. KP: Conceptualization,

Frontiers in Medicine

10.3389/fmed.2024.1359878

Investigation, Methodology, Supervision, Writing - review & editing.
YZ: Data curation, Formal analysis, Methodology, Project
administration, Writing - review & editing. HuL: Conceptualization,
Data curation, Investigation, Software, Writing — review & editing.
ZX: Conceptualization, Project administration, Writing — review &
editing. JG: Conceptualization, Project administration, Writing -
review & editing. FW: Conceptualization, Project administration,
Writing - review & editing. CC: Conceptualization, Project
administration, Writing - review & editing. XLv: Conceptualization,
Project administration, Writing - review & editing. JT:
Conceptualization, Project administration, Writing - review &
editing. XLi: Conceptualization, Project administration, Writing —
review & editing. XQ: Conceptualization, Project administration,
Writing - review & editing. XW: Conceptualization, Project
administration, Writing - review & editing. YW: Conceptualization,
Project administration, Writing - review & editing. SO:
Conceptualization, Project administration, Writing - review &
editing. HoL: Supervision, Validation, Writing - review & editing. XS:
Conceptualization, Project administration, Writing - original draft,
Writing - review & editing. FJ: Conceptualization, Funding

acquisition, Resources, Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. Research
support was provided by the institutional and departmental sources
at the First Affiliated Hospital of Soochow University and funding
support was provided by the Jiangsu Province Medical Research Key
Project (ZD2022021) and Suzhou Medical Innovation Applied
Research (SKY2022138).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1359878/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2024.1359878
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1359878/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1359878/full#supplementary-material

Liao et al.

References

1. Villamizar NR, Darrabie MD, Burfeind WR, Petersen RP, Onaitis MW, Toloza E, et al.
Thoracoscopic lobectomy is associated with lower morbidity compared with thoracotomy. J
Thorac Cardiovasc Surg. (2009) 138:419-25. doi: 10.1016/.jtcvs.2009.04.026

2. Ye B, Wang M. Video-assisted thoracoscopic surgery versus thoracotomy for non-
small cell lung cancer: a meta-analysis. Comb Chem High Throughput Screen. (2019)
22:187-93. doi: 10.2174/1386207322666190415103030

3. Marshall K, McLaughlin K. Pain Management in Thoracic Surgery. Thorac Surg
Clin. (2020) 30:339-46. doi: 10.1016/j.thorsurg.2020.03.001

4. Bayman EO, Parekh KR, Keech J, Selte A, Brennan TJ. A prospective study of
chronic pain after thoracic surgery. Anesthesiology. (2017) 126:938-51. doi: 10.1097/
'ALN.0000000000001576

5. Doyle E, Bowler GM. Pre-emptive effect of multimodal analgesia in thoracic
surgery. Br ] Anaesth. (1998) 80:147-51. doi: 10.1093/bja/80.2.147

6. Gerner P. Postthoracotomy pain management problems. Anesthesiol Clin. (2008)
26:355-67. doi: 10.1016/j.anclin.2008.01.007

7. Forero M, Adhikary SD, Lopez H, Tsui C, Chin KJ. The erector spinae plane block:
a novel analgesic technique in thoracic neuropathic pain. Reg Anesth Pain Med. (2016)
41:621-7. doi: 10.1097/AAP.0000000000000451

8. Ciftci B, Ekinci M, Celik EC, Tukac IC, Bayrak Y, Atalay YO. Efficacy of an
ultrasound-guided erector spinae plane block for postoperative analgesia management
after video-assisted thoracic surgery: a prospective randomized study. J Cardiothorac
Vasc Anesth. (2020) 34:444-9. doi: 10.1053/j.jvca.2019.04.026

9. Forero M, Rajarathinam M, Adhikary S, Chin KJ. Continuous erector spinae plane
block for rescue analgesia in thoracotomy after epidural failure: a case report. A A Case
Rep. (2017) 8:254-6. doi: 10.1213/XAA.0000000000000478

10. Ilfeld BM. Continuous peripheral nerve blocks: a review of the published evidence.
Anesth Analg. (2011) 113:904-25. doi: 10.1213/ANE.0b013¢3182285¢01

11. Cuvillon P, Ripart J, Lalourcey L, Veyrat E, UHermite ], Boisson C, et al. The
continuous femoral nerve block catheter for postoperative analgesia: bacterial
colonization, infectious rate and adverse effects. Anesth Analg. (2001) 93:1045-9. doi:
10.1097/00000539-200110000-00050

12. Angst MS, Drover DR. Pharmacology of drugs formulated with DepoFoam: a sustained
release drug delivery system for parenteral administration using multivesicular liposome
technology. Clin Pharmacokinet. (2006) 45:1153-76. doi: 10.2165/00003088-200645120-00002

13.Hu D, Onel E, Singla N, Kramer WG, Hadzic A. Pharmacokinetic profile of
liposome bupivacaine injection following a single administration at the surgical site. Clin
Drug Investig. (2013) 33:109-15. doi: 10.1007/s40261-012-0043-z

14. Bupivacaine liposomal injection (Exparel) for post surgical pain. Med Lett Drugs
Ther. (2012) 54:26-7.

15. US Food and Drug Administration, Center for Drug Evaluation and Research (2013).
EXPAREL NDA 022496 Approval letter. Available at: https://www.accessdata.fda.gov/
drugsatfda_docs/nda/2011/022496.0rig1s000Approv.pdf (accessed May 2, 2020).

16. Malan SH, Jaroszewski DE, Craner RC, Weis RA, Murray AW, Meinhardt JR, et al.
Erector spinae plane block with liposomal bupivacaine: analgesic adjunct in adult pectus
surgery. ] Surg Res. (2023) 289:171-81. doi: 10.1016/j.js5.2023.03.016

17. Stondell C, Roberto R. Erector spinae plane blocks with liposomal bupivacaine for
Pediatric scoliosis surgery. ] Am Acad Orthop Surg Glob Res Rev. (2022) 6:¢21.00272. doi:
10.5435/JAAOSGlobal-D-21-00272

18. Weksler B, Sullivan JL, Schumacher LY. Randomized trial of bupivacaine with
epinephrine versus bupivacaine liposome suspension in patients undergoing minimally
invasive lung resection. J Thorac Cardiovasc Surg. (2021) 161:1652-61. doi: 10.1016/j.
jtcvs.2020.01.112

19. NeMoyer RE, Pantin E, Aisner J, Jongco R, Mellender S, Chiricolo A, et al.
Paravertebral nerve block with liposomal bupivacaine for pain control following video-
assisted thoracoscopic surgery and thoracotomy. J Surg Res. (2020) 246:19-25. doi:
10.1016/j.s5.2019.07.093

20. Hadzic A, Minkowitz HS, Melson TI, Berkowitz R, Uskova A, Ringold F, et al.
Liposome bupivacaine femoral nerve block for postsurgical analgesia after Total knee
arthroplasty. Anesthesiology. (2016) 124:1372-83. doi: 10.1097/ALN.0000000000001117

21. Parascandola SA, Ibafiez J, Keir G, Anderson J, Plankey M, Flynn D, et al.
Liposomal bupivacaine versus bupivacaine/epinephrine after video-assisted
thoracoscopic wedge resectiondagger. Interact Cardiovasc Thorac Surg. (2017)
24:925-30. doi: 10.1093/icvts/ivx044

22. Kelley TM, Bailey DW, Sparks P, Rice R, Caddell E, Currier H, et al. Intercostal nerve
blockade with Exparel(R) results in lower opioid usage during the first 24 hours after video-
assisted Thorascopic surgery. Am Surg. (2018) 84:1433-8. doi: 10.1177/000313481808400945

23. Dominguez DA, Ely S, Bach C, Lee T, Velotta JB. Impact of intercostal nerve blocks
using liposomal versus standard bupivacaine on length of stay in minimally invasive
thoracic surgery patients. ] Thorac Dis. (2018) 10:6873-9. doi: 10.21037/jtd.2018.10.124

24. Chan AW, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT
2013 explanation and elaboration: guidance for protocols of clinical trials. BMJ. (2013)
346:€7586. doi: 10.1136/bmj.e7586

Frontiers in Medicine

10.3389/fmed.2024.1359878

25. Petroff D. A simple correction to completer analyses and improvement on baseline
observation carried forward. Biometrics. (2017) 73:1366-78. doi: 10.1111/biom.12661

26. Byrne K, Smith C. Human volunteer study examining the sensory changes of the
thorax after an erector spinae plane block. Reg Anesth Pain Med. (2020) 45:761-2. doi:
10.1136/rapm-2019-101019

27. Altiparmak B, Korkmaz Toker M, Uysal AL Kuscu Y, Gumus DS. Ultrasound-
guided erector spinae plane block versus oblique subcostal transversus abdominis plane
block for postoperative analgesia of adult patients undergoing laparoscopic
cholecystectomy: randomized, controlled trial. J Clin Anesth. (2019) 57:31-6. doi:
10.1016/j.jclinane.2019.03.012

28. Otero PE, Fuensalida SE, Russo PC, Verdier N, Blanco C, Portela DA. Mechanism
of action of the erector spinae plane block: distribution of dye in a porcine model. Reg
Anesth Pain Med. (2020) 45:198-203. doi: 10.1136/rapm-2019-100964

29.Cui Y, Wang Y, Yang J, Ran L, Zhang Q, Huang Q, et al. The effect of single-shot
erector spinae plane block (ESPB) on opioid consumption for various surgeries: a meta-
analysis of randomized controlled trials. J Pain Res. (2022) 15:683-99. doi: 10.2147/JPR.
$346809

30. Huang W, Wang W, Xie W, Chen Z, Liu Y. Erector spinae plane block for
postoperative analgesia in breast and thoracic surgery: a systematic review and meta-
analysis. ] Clin Anesth. (2020) 66:109900. doi: 10.1016/j.jclinane.2020.109900

31.Jiao B, Chen H, Chen M, Lu P, Liu J, Chen C. Opioid-sparing effects of ultrasound-
guided erector spinae plane block for adult patients undergoing surgery: a systematic
review and meta-analysis. Pain Pract. (2022) 22:391-404. doi: 10.1111/papr.13091

32. Investigators NOPDuong A, Ponniah AK, VanDeCapelle C, Mossuto F, Romeril
E, et al. Effect of a postoperative multimodal opioid-sparing protocol vs standard opioid
prescribing on postoperative opioid consumption after knee or shoulder arthroscopy: a
randomized clinical trial. JAMA. (2022) 328:1326-35. doi: 10.1001/jama.2022.16844

33. Smith LM, Barrington MJSt Vincent's Hospital M. Ultrasound-guided blocks for
cardiovascular surgery: which block for which patient? Curr Opin Anaesthesiol. (2020)
33:64-70. doi: 10.1097/AC0.0000000000000818

34. Prabhakar A, Ward CT, Watson M, Sanford J, Fiza B, Moll V, et al. Liposomal
bupivacaine and novel local anesthetic formulations. Best Pract Res Clin Anaesthesiol.
(2019) 33:425-32. doi: 10.1016/j.bpa.2019.07.012

35. Chitty L, Ridley B, Johnson B, Ibrahim M, Mongan PD, Hoefnagel AL. Liposomal
compared to 0.25% bupivacaine in patients undergoing hemorrhoidectomy: a pre- and
post-implementation quality improvement evaluation. J Clin Anesth. (2022) 80:110868.
doi: 10.1016/j.jclinane.2022.110868

36. Kuang MJ, Du Y, Ma JX, He W, Fu L, Ma XL. The efficacy of liposomal bupivacaine
using periarticular injection in Total knee arthroplasty: a systematic review and meta-
analysis. ] Arthroplast. (2017) 32:1395-402. doi: 10.1016/j.arth.2016.12.025

37.Nadeau MH, Saraswat A, Vasko A, Elliott JO, Vasko SD. Bupivacaine versus
liposomal bupivacaine for postoperative pain control after augmentation mammaplasty:
a prospective, randomized, double-blind trial. Aesthet Surg J. (2016) 36:NP47-52. doi:
10.1093/asj/sjv149

38. Medina M, Foiles SR, Francois M, Asche CV, Ren ], Mueller DK, et al. Comparison
of cost and outcomes in patients receiving thoracic epidural versus liposomal
bupivacaine for video-assisted thoracoscopic pulmonary resection. Am J Surg. (2019)
217:525-6. doi: 10.1016/j.amjsurg.2018.12.039

39. Turan A, Cohen B, Elsharkawy H, Maheshwari K, Soliman LM, Babazade R, et al.
Transversus abdominis plane block with liposomal bupivacaine versus continuous
epidural analgesia for major abdominal surgery: the EXPLANE randomized trial. ] Clin
Anesth. (2022) 77:110640. doi: 10.1016/j.jclinane.2021.110640

40. Kim DH, Liu J, Beathe JC, Lin Y, Wetmore DS, Kim SJ, et al. Interscalene brachial
plexus block with liposomal bupivacaine versus standard bupivacaine with perineural
dexamethasone: a noninferiority trial. Anesthesiology. (2022) 136:434-47. doi: 10.1097/
ALN.0000000000004111

41. Hussain N, Brull R, Sheehy B, Essandoh MK, Stahl DL, Weaver TE, et al. Perineural
liposomal bupivacaine is not superior to nonliposomal bupivacaine for peripheral nerve
block analgesia. Anesthesiology. (2021) 134:147-64. doi: 10.1097/ALN.0000000000003651

42. Ilfeld BM, Eisenach JC, Gabriel RA. Clinical effectiveness of liposomal bupivacaine
administered by infiltration or peripheral nerve block to treat postoperative pain.
Anesthesiology. (2021) 134:283-344. doi: 10.1097/ALN.0000000000003630

43. Hamilton TW, Knight R, Stokes JR, Rombach I, Cooper C, Davies L, et al. Efficacy of
liposomal bupivacaine and bupivacaine hydrochloride vs bupivacaine hydrochloride alone as
a periarticular Anesthetic for patients undergoing knee replacement: a randomized clinical
trial. JAMA Surg. (2022) 157:481-9. doi: 10.1001/jamasurg.2022.0713

44. Apseloff G, Onel E, Patou G. Time to onset of analgesia following local infiltration
of liposome bupivacaine in healthy volunteers: a randomized, single-blind, sequential
cohort, crossover study. Int J Clin Pharmacol Ther. (2013) 51:367-73. doi: 10.5414/
CP201775

45. Gadsden J, Long WJ. Time to analgesia onset and pharmacokinetics after separate and
combined Administration of Liposome Bupivacaine and Bupivacaine HCI: considerations for
clinicians. Open Orthop J. (2016) 10:94-104. doi: 10.2174/1874325001610010094

frontiersin.org


https://doi.org/10.3389/fmed.2024.1359878
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.jtcvs.2009.04.026
https://doi.org/10.2174/1386207322666190415103030
https://doi.org/10.1016/j.thorsurg.2020.03.001
https://doi.org/10.1097/ALN.0000000000001576
https://doi.org/10.1097/ALN.0000000000001576
https://doi.org/10.1093/bja/80.2.147
https://doi.org/10.1016/j.anclin.2008.01.007
https://doi.org/10.1097/AAP.0000000000000451
https://doi.org/10.1053/j.jvca.2019.04.026
https://doi.org/10.1213/XAA.0000000000000478
https://doi.org/10.1213/ANE.0b013e3182285e01
https://doi.org/10.1097/00000539-200110000-00050
https://doi.org/10.2165/00003088-200645120-00002
https://doi.org/10.1007/s40261-012-0043-z
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/022496.Orig1s000Approv.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/022496.Orig1s000Approv.pdf
https://doi.org/10.1016/j.jss.2023.03.016
https://doi.org/10.5435/JAAOSGlobal-D-21-00272
https://doi.org/10.1016/j.jtcvs.2020.01.112
https://doi.org/10.1016/j.jtcvs.2020.01.112
https://doi.org/10.1016/j.jss.2019.07.093
https://doi.org/10.1097/ALN.0000000000001117
https://doi.org/10.1093/icvts/ivx044
https://doi.org/10.1177/000313481808400945
https://doi.org/10.21037/jtd.2018.10.124
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1111/biom.12661
https://doi.org/10.1136/rapm-2019-101019
https://doi.org/10.1016/j.jclinane.2019.03.012
https://doi.org/10.1136/rapm-2019-100964
https://doi.org/10.2147/JPR.S346809
https://doi.org/10.2147/JPR.S346809
https://doi.org/10.1016/j.jclinane.2020.109900
https://doi.org/10.1111/papr.13091
https://doi.org/10.1001/jama.2022.16844
https://doi.org/10.1097/ACO.0000000000000818
https://doi.org/10.1016/j.bpa.2019.07.012
https://doi.org/10.1016/j.jclinane.2022.110868
https://doi.org/10.1016/j.arth.2016.12.025
https://doi.org/10.1093/asj/sjv149
https://doi.org/10.1016/j.amjsurg.2018.12.039
https://doi.org/10.1016/j.jclinane.2021.110640
https://doi.org/10.1097/ALN.0000000000004111
https://doi.org/10.1097/ALN.0000000000004111
https://doi.org/10.1097/ALN.0000000000003651
https://doi.org/10.1097/ALN.0000000000003630
https://doi.org/10.1001/jamasurg.2022.0713
https://doi.org/10.5414/CP201775
https://doi.org/10.5414/CP201775
https://doi.org/10.2174/1874325001610010094

	Effect of liposomal bupivacaine for preoperative erector spinae plane block on postoperative pain following video-assisted thoracoscopic lung surgery: a protocol for a multicenter, randomized, double-blind, clinical trial
	Introduction
	Methods
	Ethics and registration
	Study design and status
	Participants and enrollment
	Randomization and blindness
	Study interventions
	Perioperative management
	Postsurgical assessments
	Data monitoring committee
	Trial outcome definitions
	Primary outcome
	Secondary outcomes
	Tertiary outcomes
	Safety outcomes
	Sample size calculation
	Statistical analysis

	Discussion
	Ethics statement
	Author contributions

	References

