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Background: Postoperative pain is the most common complication following thoracoscopic surgery (TS). Ropivacaine is a com-
monly used analgesic drug in clinical settings. This study aims to explore the analgesic effects of ultrasound-guided intercostal
nerve block (INB) with different concentrations of ropivacaine during postoperative pain management in patients undergoing
TS.

Methods: This prospective, randomized, and controlled trial included 100 study participants from May 2019 to May 2022. The
patients were equally divided into the ropivacaine (0.5%, 0.25%), the blank, and the control groups. The 0.5% or 0.25% group
received 0.5% or 0.25% ropivacaine injection (15 mL) under the induction of ultrasound. However, the blank group received a
placebo injection (15 mL saline) under the induction of ultrasound. The control group was administered with a placebo injection
(15 mL saline). Furthermore, baseline characteristics, numeric rating scale (NRS) score, Bruggrmann comfort scale (BCS) score,
postoperative analgesic drug supplementation, and adverse events were analyzed across the four groups.

Results: At rest or during movement, the NRS score initially increased and then gradually decreased across four groups. More-
over, 12-, 24-, or 36-hour post-surgery, NRS score was significantly reduced in the 0.5% ropivacaine group relative to the 0.25%
ropivacaine group. Furthermore, similar trend of NRS score was observed during movement. After surgery 48 h, the BCS score
was significantly higher in the 0.5% or 0.25% ropivacaine group compared to the blank group. However, the BCS score was
found to be higher in the 0.5% ropivacaine group compared to the 0.25% ropivacaine group. The number of patients with post-
operative analgesic drug supplementation was significantly reduced in the 0.5% or 0.25% ropivacaine group than in the blank
group (3 or 6 cases vs. 16 cases, p < 0.001).

Conclusions: In summary, 0.5% ropivacaine for INB under ultrasound guidance exhibited a better postoperative analgesic effect
for patients undergoing TS, offering a theoretical basis for clinical applications.
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block, intercostal nerve block (INB), serratus anterior plane

Thoracoscopic surgery (TS), a routine procedure
in thoracic treatment, also known as video-assisted TS
(VATS), offers the advantages of less trauma and fewer
complications compared to traditional thoracotomy. This
procedure facilitates the early recovery of patients and is
commonly used for various chest surgeries, such as pleu-
ral effusions, lung cancer, mediastinal tumors, and peri-
cardium [1-5]. Nevertheless, postoperative pain stands as
the most common complication of TS [6]. Moreover, mod-
erate or severe pain following TS is closely related to longer
recovery time, low satisfaction rate, decreased quality of
life, elevated costs, and the formation of chronic pain [7-9].
Furthermore, to reduce the pain after TS, numerous anal-
gesic approaches, including systemic intravenous analge-
sia (such as intravenous opioids), and loco-regional anal-

block) have been developed [10]. However, due to the dif-
ference in response and susceptibility to side effects, the
dosage of opioids varies from person to person. Therefore,
enhanced recovery after surgery (ERAS) generally recom-
mends avoiding the use of opioids [11].

Interestingly, previous studies showed that ropiva-
caine in combination with opioids like fentanyl or sufen-
tanil can enhance analgesic effects, prolong the duration
of pain relief, and reduce opioid consumption by inhibit-
ing the transmission of harmful stimuli from the injury site
[12,13]. Ropivacaine, a commonly used analgesic drug in
clinics, possesses vasoconstrictive effects, minimal risk of
cardiotoxicity, and a wide range of action. However, it is
important to note that different concentrations of ropiva-
caine yield different analgesic effects [14]. Laparoscopi-
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Patients undergoing TS (n=100)

Double-blind random allocation (1:1:1:1)

0.5% group (n=25)
Received ultrasound-guided INB
with 0.5% ropivacaine+General

anesthesia

0.25% group (n=25)
Received ultrasound-guided INB
with 0.25%
ropivacaine+General anesthesia

Blank group (n=25)
Received ultrasound-guided
INB with placebo+General

anesthesia

Control group (n=25)
Received placebo+General
anesthesia

Analyzed (n=25 in each group)

Indicators:
NRS score at rest and on movement (awake after surgery, after
surgery 12, 24, 36 and 48 h);
BCS score, postoperative analgesic drug supplement and
adverse events (after surgery 48 h).

Fig. 1. A flowchart of the study design. TS, thoracoscopic surgery; INB, intercostal nerve block; NRS, numeric rating scale; BCS,

Bruggrmann comfort scale.

cally assisted wound infiltration with the administration of
0.2%, 0.5%, or 0.75% ropivacaine led to comparable alle-
viation in pain intensity [15]. Furthermore, in the transver-
salis fascia plane block, 0.5% ropivacaine showed a bet-
ter analgesic effect compared to 0.4% ropivacaine while
demonstrating higher safety than 0.6% ropivacaine [16].
Therefore, additional investigations are required to eluci-
date the impact of different concentrations of ropivacaine
on postoperative analgesia of patients undergoing TS.

Furthermore, multimodal analgesia is effective in pre-
venting severe pain by introducing additional complemen-
tary systemic drugs and using regional or neuronal axis
blockade to avoid or reduce opioid consumption [11]. A
previous study showed that compared to general anesthe-
sia alone, both paravertebral block (PVB) and rhomboid
intercostal block (RIB) reduced perioperative opioid con-
sumption, produced adequate analgesic effects, and accel-
erated patient recovery [17]. Moreover, compared to tho-
racic epidural analgesia, single-shot INB reduced the addi-
tional use of opioids [18]. Additionally, ultrasound-guided
INB can provide safe and effective acute postoperative pain
management during the early postoperative period [19].
Utilizing ropivacaine for ultrasound-guided INB has been
associated with minimal complications, easy operation pro-
cedures, and good analgesic effect in the early postoperative
period, contributing to its gradually increasing application
[20-22].

Therefore, in combination with general anesthesia,
we systematically evaluated the analgesic effects of 0.25%
ropivacaine and 0.5% ropivacaine in INB under the induc-
tion of ultrasound in patients undergoing TS, aiming to of-
fer an unbiased clinical observation. The analgesic effects
of ropivacaine were primarily evaluated through changes
in numeric rating scale (NRS) scores, Bruggrmann comfort
scale (BCS) scores, and postoperative analgesic drug sup-
plementation.

Objects and Methods

Research Design

We performed a prospective, randomized, and con-
trolled trial utilizing a previously reported protocol [23].
This research was authorized by the Ethical Committee
of Linzi District People’s Hospital (N0.20190408) and ad-
hered to the Declaration of Helsinki. Furthermore, an in-
formed consent form was signed by each study participant.

Study Participants

The study participants (n = 100), aged >60, who un-
derwent TS from May 2019 to May 2022 were enrolled in
this study. They were included in this trial according to the
following criteria: (1) patients who underwent TS for the
first time; (2) patients with no surgical contraindications;
(3) patients diagnosed as grade II or III according to the
American Society of Anesthesiologists (ASA) classifica-
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tion system; (4) the patients presented with complete clinic
information; (5) patients with normal consciousness level
and voluntarily participation. However, the exclusion cri-
teria for the study subjects were as follows: (1) the patients
with a history of anesthesia contraindications; (2) those pre-
sented with infection and chronic pain in the block site be-
fore TS; (3) patients with a history of opioid abuse; (4) those
with a history of sedative drugs administration within the
last 6 months; (5) those presented with abnormal cardiac,
liver, lung and other organs functions; (6) the patients pre-
sented with mental illness or cognitive dysfunction or neu-
rological diseases; (7) those with coagulation disorders; and
(8) the patients with a history of thoracic surgery.

Random Allocation

As shown in Fig. 1, the study participants were di-
vided into four groups, with 25 patients in each group: the
0.5% ropivacaine group, the 0.25% ropivacaine group, the
blank group, and the control group. A double-blind random
allocation method was utilized with a distribution ratio of
1:1:1:1. The random distribution information of each pa-
tient was sealed in an opaque envelope, and was kept by
a third party, except physicians and nurses. The envelopes
were labeled with their corresponding registration numbers,
assigned after confirming the qualification of each patient.
Finally, following different anesthesia treatments, TS pa-
tients were processed for subsequent analysis.

Description of Intervention

Before the surgery, all patients were kept in an 8-hour
fasting period and were asked to avoid consuming water for
4 h. Following the previously described methods with mi-
nor modifications [16,23], ultrasound-guided INB utilizing
different concentrations of ropivacaine in combination with
general anesthesia was administered to patients undergoing
TS [23]. The vital signs of patients, including pulse oxime-
try, blood pressure, and heart rate were monitored before
commencing the surgery. The patients underwent general
anesthesia and endotracheal intubation, and all the proce-
dures were conducted by the same group of surgeons. After
inducing anesthesia through pre-oxygenation, the patients
were intravenously administered 0.05 mg/kg midazolam,
0.5 pg/kg sufentanil, 2—3 mg/kg propofol, and 0.6 mg/kg
rocuronium. However, during the surgery, the anesthe-
sia was maintained through propofol (50—150 pg/kg/min)
and remifentanil (0.1 pg/kg/min). Furthermore, utilizing
a high-frequency linear ultrasonic probe (logiqE, GE Inc.,
Milwaukee, WI, USA) for induction, the patients in ei-
ther the 0.5% or 0.25% ropivacaine group underwent INB
procedure. They were administered with 0.5% or 0.25%
ropivacaine (15 mL) at the fourth, fifth, sixth, eighth, and
ninth intercostal nerve, with 3 mL drug at each site. Con-
versely, the blank group received an injection of placebo
(3 mL saline at each site) under ultrasound guidance at the
same sites. Additionally, the control group received the in-
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jection of placebo (3 mL saline at each site) at the same
sites. Midazolam, sufentanil, propofol, remifentanil, and
ropivacaine were obtained from Jiangsu Nhwa Pharmaceu-
tical (Xuzhou, China).

Observational Indicators
Baseline Characteristics

The basic clinical characteristics of patients, including
gender, age, body mass index (BMI), duration of operation,
ASA grade, surgical incision, and type of operation were
accurately recorded.

NRS Score

The NRS score was used to assess postoperative pain.
Pain intensity, both at rest and during movement, was eval-
uated employing NRS score after surgery at 12, 24, 36, and
48 h across four groups. The range of NRS score was from
0 to 10 (0: painless; 1-3: mild pain; 4-6: moderate pain;
7-10: severe pain). A higher NRS score indicates more
pain experienced by patients [24]. The participants were
asked to select the numeric value on the segmented scale
that best described their pain intensity. They were prop-
erly instructed and were able to describe and evaluate pain
independently after interpretation.

Postoperative Conditions

After surgery 48 h, both BCS score and supplementa-
tion of the postoperative analgesic drug were assessed. BCS
score was used to determine the comfort level of patients.
The range of BCS score was from 0 to 4 (0: continuous
pain; 1: painless at rest and severe pain during taking a deep
breath or coughing; 2: painless when lying at rest and mild
pain during taking a deep breath or coughing; 3: painless
during taking a deep breath; 4: painless during coughing).
A higher BCS score represents less pain experienced by pa-
tients [25]. Additionally, the number of patients (NRS score
>5) with postoperative analgesic drug supplementation was
recorded.

Adverse Events

The adverse events in all patients were evalu-
ated following common terminology criteria for adverse
events (CTCAE, version 5.0, National Institutes of Health,
Bethesda, MD, USA) [26], 48 h after surgery. Patients
who experienced minor adverse events (grade 1-2) and se-
rious adverse events (grade 3—4) were separated and in-
cluded in the subsequent analysis. Each adverse event rate
was assessed using the following formula: adverse event
cases/total cases x 100%.

Sample Size

The sample size was calculated based on the results of
the NRS score both at rest or during movement following
a previously reported method [23]. The number of patients
across the four groups was at a ratio of 1:1:1:1. The statis-


https://www.biolifesas.org/

Table 1. Baseline characteristics ( £ s) of the patients across four groups.

Gender (n) . . . ASA grade (n)  Surgical incision (n) Type of operation (n)
Group —  Age(year) BMI (kg/m?)  Duration of operation (minute)
Male/Female /1 Left/Right Wedge-shaped incision/Bullous
incision/Leaflike incision

0.5% ropivacaine 25 12/13 68.56 +4.87 23.25+3.41 107.89 + 25.74 22/3 13/12 16/7/2
0.25% ropivacaine 25 14/11 66.89 £5.21 24.09 +£2098 107.68 + 26.16 21/4 10/15 16/8/1
Blank 25 13/12 67.67 £532 23.64+3.12 106.46 + 25.67 23/2 11/14 14/9/2
Control 25 13/12 68.34 +4.98 22954345 109.14 + 28.34 23/2 10/15 16/8/1
xX2IF 0.321 0.630 0.577 0.039 1.124 0.974 1.110
p 0.956 0.597 0.631 0.990 0.771 0.808 0.980

BMI, body mass index; ASA, American Society of Anesthesiologists. n, number.
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Fig. 2. Comparison of NRS score at rest. ***p < 0.001 vs.
Blank group; “'p < 0.001 vs. 0.25% ropivacaine group; *p <
0.001 vs. Awake after surgery 0.25%, 0.25% ropivacaine; 0.5%,
0.5% ropivacaine. ns, no significant difference.

tical power was set at 90%, and the type I error was set at
0.05. Upon setting the sample drop-off rate of 25%, the
required sample size for each group was calculated to be
16. Therefore, 25 samples in each group were considered
effective for subsequent analysis.

Statistical Analysis

The continuous variables were expressed as the mean
=+ standard deviation (Z + s) and statistically analyzed us-
ing SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). The
data figures were generated utilizing GraphPad Prism 9.5.0
software (GraphPad Inc., Boston, MA, USA). Furthermore,
the classification variables were compared through the x?
test, and multiple groups comparison was conducted us-
ing One-way ANOVA. The data of non-normal distribution
were expressed utilizing the quartile method. Moreover, the
Kruskal-Wallis H test was used for comparison between the
two groups. The sample size was analyzed employing the
PASS 2021 software (NCSS Inc., Kaysville, UT, USA). A
bilateral p-value < 0.05 was considered a threshold of sig-
nificant difference.

Results

Comparison of Baseline Characteristics

As shown in Table 1, the mean age of the patients was
68.56 & 4.87 in the 0.5% ropivacaine group (n = 25), 66.89
4 5.21 in the 0.25% ropivacaine group (n = 25), 67.67 +
5.32 in the blank group (n = 25), and 68.34 + 4.98 in the
control group (n = 25). Furthermore, insignificant differ-
ences were observe across four groups regarding gender
(p = 0.956), age (p = 0.597), body mass index (BMI) (p
= 0.631), duration of surgery (p = 0.990), American Soci-
ety of Anesthesiologists (ASA) grade (p = 0.771), surgical
incision (p = 0.808), and the type of surgery (p = 0.980)
(Table 1).
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Fig. 3. Comparison of NRS score during movement. “**p <
0.001 vs. Blank group; ""p < 0.001 vs. 0.25% ropivacaine group;
#p < 0.001 vs. Awake after surgery 0.25%, 0.25% ropivacaine;

0.5%, 0.5% ropivacaine. ns, no significant difference.

Table 2. The comparison of postoperative conditions.

Group n  BCSscore  Postoperative analgesic
(points) drug supplement (n)

0.5% ropivacaine 25 4 (3,4)*" 3

0.25% ropivacaine 25 2(2,3)* 6

Blank 25 1(1,1) 16

Control 25 1(1,1) 17

x2/F 232.571 24.466

)4 <0.001 <0.001

*p < 0.05 vs. Blank group; "p < 0.05 vs. 0.25% ropivacaine
group. BCS, Bruggrmann comfort scale.

Comparison of the Analgesic Effect

The analgesic effects, both at rest or during movement,
were compared across four groups at different time points
(awake after surgery, after surgery 12, 24, 36 and 48 h). At
rest, the NRS score initially increased and then gradually
dropped across the four groups (Fig. 2). However, the NRS
score was found to be significantly elevated after surgery at
12, 24, or 36 h relative to awake after surgery in the four
groups (p < 0.001). Furthermore, compared to the Blank
group, both the 0.5% ropivacaine and 0.25% ropivacaine
groups exhibited a significant reduction in the NRS score
at 12-, 24-, or 36-h post-surgery (p < 0.001). Interestingly,
the NRS score was significantly reduced in the 0.5% group
compared to the 0.25% ropivacaine group (p < 0.001).

Furthermore, similar trends in the NRS scores were
found across the four groups during movement (Fig. 3). The
NRS score was significantly increased after surgery at 12,
24, or 36 h compared to awake after surgery across the four
groups of patients (p < 0.001). Moreover, at 12, 24, or 36
h after surgery, the NRS score was substantially reduced in
both the 0.5% ropivacaine and 0.25% ropivacaine groups
relative to the Blank group (p < 0.001). Additionally, the
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Table 3. Comparison of the adverse events [n (%)].

Group n  Surgical site infection ~ Arrhythmia ~ Vomit Somnolence
0.5% ropivacaine 25 2 (8.00) 1(4.00)  2(8.00) 3 (12.00)
0.25% ropivacaine 25 2 (8.00) 2(8.00)  1(4.00)  2(8.00)
Blank 25 1 (4.00) 1(4.00)  0(0.00) 1 (4.00)
Control 25 1 (4.00) 0(0.00) 1(4.00) 1 (4.00)
x? 0.709 2.083 2.083 1.690
p 0.871 0.555 0.555 0.639
NRS score was significantly reduced in the 0.5% ropiva- Discussion

caine group compared to the 0.25% ropivacaine group (p <
0.001).

Comparison of Postoperative Conditions

After surgery 48 h, both the BCS score and postoper-
ative analgesic drug supplementation were assessed in the
four groups (Table 2). Compared to the Blank group, the
BCS score was higher in both the 0.5% ropivacaine and
0.25% ropivacaine groups (Table 2, p < 0.05). Further-
more, the BCS score was found to be higher in the 0.5%
ropivacaine group than in the 0.25% ropivacaine group (Ta-
ble 2, p < 0.05).

Additionally, patients with postoperative analgesic
drug supplementation were 3 cases in the 0.5% ropivacaine
group, 6 cases in the 0.25% ropivacaine group, 16 cases in
the blank group, and 17 cases in the control group, indicat-
ing a significant statistical difference (Table 2, p < 0.001).

Comparison of Adverse Events

After surgery 48 h, adverse events, including surgi-
cal site infection, arrhythmia, vomit, and somnolence were
evaluated in all patients (Table 3). These adverse events
belonged to 1-2 grade adverse events and no serious ad-
verse events of grade 3 or above were found (Table 3).
Among the 0.5% ropivacaine group of patients, there were
2 (8.00%) cases of surgical site infection, 1 (4.00%) case
of arrhythmia, 2 (8.00%) cases of vomit, and 3 (12.00%)
cases of somnolence. However, in the 0.25% ropivacaine
group, we found 2 (8.00%) cases of surgical site infection,
2 (8.00%) cases of arrhythmia, 1 (4.00%) case of vomit,
and 2 (8.00%) cases of somnolence. Similarly, in the blank
group, there was 1 (4.00%) case of surgical site infection,
1 (4.00%) case of arrhythmia, and 1 (4.00%) case of som-
nolence while none of the patients experienced vomit. In
the control group, the surgical site infection was observed
in 1 (4.00%), vomit in 1 (4.00%), and somnolence in 1
(4.00%) while none of the patients was found with arrhyth-
mia. However, there was no significant difference among
the four groups regarding surgical site infection (p = 0.871),
arrhythmia (p = 0.555), vomit (p = 0.555), and somnolence
(» =0.639).

In recent years, many studies have indicated a corre-
lation between pain after TS and poor prognosis, which can
affect patients’ cough and phlegm as well as lead to other
postoperative complications [27-29]. Therefore, effective
postoperative analgesia plays a crucial role in eliminating
patient discomfort and is highly significant in preventing
postoperative complications in patients undergoing TS. In
this study, we found that ultrasound-guided INB with 0.5%
ropivacaine in combination with general anesthesia resulted
in better clinical outcomes in terms of postoperative pain re-
lief for patients undergoing TS.

Because of the dynamic nature of chest cavity pro-
cesses during breathing, patients suffer from continuous
pain stimulation after TS, both at rest and during move-
ment. Severe pain hinders normal breathing, resulting in
a decreased lung ventilation rate, thereby causing chronic
hypoxia or even hypoxemia [30]. Currently, the score of
NRS is one of common methods to assess postoperative
pain degree in clinic, which can be used for various post-
operative pain assessments [31,32]. A higher NRS score
indicates more severe postoperative pain. The existing
findings demonstrate that ultrasound-directed paravertebral
block with 0.5% ropivacaine yields a better analgesic ef-
fect for patients undergoing TS, as shown by a decrease in
NRS score after the surgery [33]. Moreover, Wei Deng et
al. [34] have illustrated that ultrasound-induced INB with
0.375% ropivacaine plays a role in pain relief, as shown by
an alleviation in NRS score within 24 h after TS. In this
study, 12, 24, or 36 h after surgery, both 0.25% ropivacaine
and 0.5% ropivacaine administered through INB under ul-
trasound induction resulted in reduced NRS scores relative
to the patients receiving a placebo injection. Furthermore,
the NRS score was significantly reduced in the 0.5% ropi-
vacaine group than in the 0.25% ropivacaine group at 12,
24, or 36 h after surgery. These findings indicate that 0.5%
ropivacaine offers a better analgesic effect for patients ex-
periencing early postoperative pain following TS.

In this particular trial, postoperative conditions are
mainly assessed through the BCS score and the postoper-
ative analgesic drug supplementation. The BCS score is a
classical method used to assess postoperative discomfort in
patients after TS [35,36]. The higher BCS score represents
an elevated comfort levels after surgery [37]. Additionally,
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a decrease in the postoperative analgesic drug supplemen-
tation shows a better analgesic effect with different concen-
trations of ropivacaine [38]. Therefore, the BCS score and
the postoperative analgesic drug supplementation were an-
alyzed in the present study. Our outcomes revealed that, 48
h post-surgery, the BCS score was higher and the number
of patients requiring postoperative analgesic drug supple-
mentation was lower in the 0.5% ropivacaine group than
the 0.25% ropivacaine group. These findings imply that
ultrasound-guided INB with 0.5% ropivacaine yielded bet-
ter prognostic effects.

The adverse events are important indicators for assess-
ing the clinical effectiveness of different concentrations of
ropivacaine in alleviating postoperative pain [39]. Ropiva-
caine, a kind of local anesthetic drug, works by impeding
neuronal aggregation and conduction through the suppres-
sion of neuronal sodium channels [16,40]. After anesthe-
sia with different concentrations of ropivacaine, there are
some common adverse events, such as surgical site infec-
tion, arrhythmia, vomit, and somnolence. Our outcomes
delineated that there were no significant differences found
among all patients regarding surgical site infection, arrhyth-
mia, vomit, and somnolence, suggesting that the application
of 0.5% ropivacaine in mitigating postoperative pain pos-
sessed a certain level of safety.

However, a previous study reported that utilizing 0.4%
ropivacaine did not show significant benefit in postop-
erative analgesia when using rhombic intercostal block.
Moreover, increasing the blood concentration of ropiva-
caine could increase the risk of neurotoxicity [23]. Another
study indicated that repeated intrathoracic administration of
0.75% ropivacaine significantly reduced pain scores within
the initial 24 h after thoracoscopic lobectomy and improved
patient satisfaction, while plasma ropivacaine concentra-
tions were maintained within a safe range [41]. Therefore,
different operations and different administration methods
have an influence on the optimal dose of ropivacaine, which
requires further research and verification. There are some
limitations in this trial: (1) there is small sample size and
no long-term follow-up about pain after TS (more than 6
months); (2) due to the lack of long-term follow-up, severe
adverse events (grade 3—4) or other adverse events have not
been found; (3) the analgesic effects of other concentrations
of ropivacaine should be further investigated; (4) some lab-
oratory tests should be carried out to evidence the outcomes.

Conclusions

In summary, 0.5% ropivacaine for INB under the in-
duction of ultrasound displayed a better effect on early post-
operative analgesia for patients undergoing TS. Compared
to the ultrasound-guidance alone, ultrasound-guided INB
with ropivacaine seems to be a more effective technique
for postoperative analgesia in patients undergoing thoraco-
scopic surgery.
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