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ABSTRACT

Introduction: Pain is still severe after single-
port video-assisted thoracoscopic (SPVAT) lung
wedge resection. We observed the effect of sin-
gle-injection thoracic paravertebral block (TPB)
via the intrathoracic approach for analgesia
after SPVAT lung wedge resection.

Methods: Sixty patients undergoing SPVAT
lung wedge resection were randomly divided
into a control group and an observation group.
All patients underwent TPB via the intratho-
racic approach at the T4 level with a scalp nee-
dle before closing the chest. The patients in the
observation group received 20 ml 0.375% ropi-
vacaine at the T4 level, and the patients in the
control group received 20 ml of 0.9% saline. A
patient-controlled intravenous analgesic (PCIA)
pump with sufentanil was attached to all
patients after surgery. The sufentanil con-
sumption and number of PCIA presses in the
first 24 h after surgery were recorded. The visual
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analogue scale (VAS) scores (during rest and
coughing) were recorded at 6 h, 12 h, 24 h, and
36 h after surgery. The incidence of adverse
reactions after surgery were recorded.

Results: The sufentanil consumption in the
observation group was significantly lower than
that in the control group (34.2 + 1.9 pug vs.
52.3 £ 2.3 ng; P <0.001). The VAS score at 6,
12, and 24 h after surgery, the incidence of
adverse reactions after surgery in the observa-
tion group were significantly lower than those
in the control group (all P < 0.05). The number
of PCIA presses in the observation group was
significantly lower than that in the control
group [0 (0-0) times vs. 3 (2-4) times,
P <0.001].

Conclusions: Single-injection TPB via the
intrathoracic approach under thoracoscopic
direct vision is easy to perform and can effec-
tively alleviate postoperative pain after SPVAT
lung wedge resection, with fewer adverse
reactions.

Trial Registration: ChiCTR2000034726.
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Key Summary Points

Why carry out this study?

Pain is still severe after single-port
thoracoscopic (SPVAT) lung wedge
resection.

Can single injection local anesthetics
into the paravertebral space via the
intrathoracic approach under
thoracoscopic direct vision alleviate
postoperative pain?

What was learned from the study?

Single-injection TPB via the intrathoracic
approach can alleviate postoperative pain
and reduce adverse reactions.

Single-injection TPB via the intrathoracic
approach under thoracoscopic direct
vision is easy to perform and can
effectively alleviate postoperative pain
after SPVAT lung wedge resection with
fewer adverse reactions.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13402367.

INTRODUCTION

Traditional thoracotomy has great trauma and
severe postoperative pain. At present, thoraco-
scopic minimally invasive surgery is the main
method of thoracic surgery [1, 2]. In recent
years, single-port video-assisted thoracoscopic
(SPVAT) surgery has been widely used in tho-
racic surgery [3, 4], especially in lung wedge
resection [5]. SPVAT lung wedge resection has
the advantages of less incision, less pain and
faster recovery. It was considered to have mild

postoperative pain, and ignored the need for
postoperative analgesia, resulting in insufficient
analgesic measures after surgery. In fact, the
postoperative pain is still severe, which seri-
ously affects the patient’s postoperative recov-
ery [6]. Currently, postoperative analgesia after
thoracic surgery mainly includes thoracic
epidural analgesia, patient-controlled intra-
venous analgesic (PCIA), thoracic paravertebral
block (TPB) and erector spinae plane block [7].
These are mainly performed by well-trained
anesthesiologists, and are mainly used in radical
cancer surgery and other thoracic surgery. With
the popularization of the concept of enhanced
recovery after surgery, the surgical team began
to pay attention to postoperative pain man-
agement. In recent years, percutaneous catheter
TPB or intercostal nerve block under thoraco-
scopic direct vision has been widely favored by
surgeons [8, 9]. The various analgesic methods
mentioned above have their own advantages,
but also have many complications and disad-
vantages [10-16]. Is there a simpler, quicker,
effective and less complication analgesic
method that can be used for postoperative
analgesia after SPVAT lung wedge resection? Is it
possible to inject local anesthetics(LAs) directly
into the paravertebral space via the intratho-
racic approach under thoracoscopic direct
vision to achieve the purpose of TPB, thereby
reducing postoperative pain? There is no report
about it. Therefore, this study explored the
analgesic effect of single-injection TPB via the
intrathoracic approach under thoracoscopic
direct vision for analgesia after SPVAT lung
wedge resection.

METHODS

Patients

This study was approved by the Ethics Com-
mittee of Ningbo Medical Center, Lihuili
Hospital, China (approval reference:
KY2020PJ015). The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. All participants
provided informed consent to participate in the
study. The trial was registered at www.chictr.
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org.cn (registration number:
ChiCTR2000034726). Sixty patients undergoing
SPVAT lung wedge resection were enrolled
between July 2020 and October 2020 in the
Ningbo Medical Center Lihuili Hospital. The
inclusion criteria for patients were as follows:
age between 18 and 65 years, an American
Society of Anesthesiologists (ASA) physical sta-
tus of I ~ II, pneumothorax and bullae or lung
nodules considered carcinoma in situ with a
requirement for minimally invasive surgery.
The exclusion criteria were patients with spinal
deformity or spinal surgical history, allergies to
LAs, and patients who did not consent to the
procedure.

Patients were randomized divided into a
control group and an observation group using a
computer-generated random table, which was
performed by an investigator who not involved
in patient perioperative care and data collec-
tion. The investigator informed a nurse to pre-
pare 20ml of 0.375% ropivacaine or normal
saline. Patients, surgeons, anesthesiologists,
data acquisition personnel did not know the
grouping.

Anesthesia

Standard monitoring was performed for elec-
trocardiogram, blood pressure, heart rate, and
oxygen saturation when the patients entered
the operating theater. Rapid intravenous
induction with 0.05 mg/kg midazolam, 0.2 pg/
kg sufentanil, 2 mg/kg propofol, and 0.6 mg/kg
rocuronium was performed. After tracheal
intubation, a bronchial occluder was optimally
positioned using fiberoptic bronchoscope guid-
ance. Mechanical Ventilation was given to
ensure a tidal volume of 6 ml/kg, and a respi-
ratory rate of 10-12 times/min. The intraoper-
ative anesthesia maintenance was 8 mgkg '
h~! propofol, 0.1 ug kg~' min~! remifentanil,
and 0.2 mg (kg 0.5 h) rocuronium with a single
intravenous injection. Adjusted the dose of the
anesthetic to maintain the bispectral index
between 45 and 55.

Surgery

A 4-cm incision was made between the four and
five intercostals in the axillary midline of the
two groups. SPVAT lung wedge resection was
performed. The pulmonary nodules were con-
firmed as benign tumor or carcinoma in situ by
intraoperative pathology.

Analgesia Methods

In the observation group, a scalp needle with an
extended tube was inserted into the paraverte-
bral space at the T4 level under thoracoscopic
direct vision before closing the chest (Fig.1).
One centimeter adjacent to the vertebrae were
inserted vertically 0.5 cm under the parietal
pleura with the needle (Fig.2), and 20 ml
0.375% ropivacaine was injected. The control
group was injected with the same volume of
0.9% saline at T4 level. Observed for 5 min to
make sure there was no hemorrhage or hema-
toma. The two groups were given 0.2 pg/kg
sufentanil and 2 mg tropisetron 10 min before
the end of surgery. At the end of the surgery, the
PCIA pump was connected to patients to
administer 1.5 pg-kg~' sufentanil and 5 mg tro-
pisetron diluted to 100 ml with normal saline.
The parameters were set as a continuous dose of
2 ml/h, a bolus dose of 1 ml, and a locking time
of 20 min.

Fig. 1 TPB at T4 level via intrathoracic approach under
thoracoscopic direct vision
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Fig. 2 Horizontal plane of paravertebral space. The orange
area represents paravertebral space and site of scalp needle
puncture

Data Collection

The primary outcome was the sufentanil con-
sumption infused by the PCIA in the first 24 h
after surgery. The secondary outcome was the
visual analogue scale (VAS) during rest and
while coughing at 6, 12, 24, and 36 h after sur-
gery. The number of PCIA presses in the first
24 h after surgery were recorded. The incidence
of adverse reactions such as nausea, vomiting,
pruritus, somnolence, and atelectasis were
recorded after surgery. The dermatomes of the
sensory block were assessed 2 h after surgery
using pinprick in the observation group.

Sample Size

The primary outcome was the sufentanil con-
sumption infused by the PCIA in the first 24 h
after surgery. Pilot testing using ten patients
showed a mean [standard deviation] sufentanil
consumption of 37.5 [4.66] ug 24 h after surgery
in the observation group and 43.5 [5.65] pg in
the control group. The requirement was 24
patients (12 in each group), which was calcu-
lated by the MedSci Sample Size Tools at a
power of 0.8 with 0.05 alpha. Thus, to com-
pensate for the possibility of missing data or
dropouts, 30 patients were recruited for each

group.

Statistical Analysis

Data were analyzed using SPSS version 23.0
(IBM Corp. Armonk, NY, USA). Continuous
variables conforming to the features of normal
distribution were represented as mean + stan-
dard deviation and analyzed using the ¢ test.
Repeated measurement data were analyzed us-
ing repeated ANOVA. Variables with a skewed
distribution were presented as medians (quar-
tiles) and were compared using the
Kruskal-Wallis H test. Categorical data were
presented as numbers (percentage) and ana-
lyzed using the Chi-square (4 test. In all anal-
yses, P <0.05 was considered statistically
significant.

RESULTS

A total of 60 patients were included and com-
pleted the study. All patients had successfully
performed SPVAT lung wedge resection (Fig. 3).
There were no significant differences of the
patients’ characteristics and surgical parameters
between the two groups (Table 1).

Primary Outcome

The sufentanil consumption within the first
24 h after surgery in the observation group was
significantly lower than that in the control
group (342+19pg vs. 523+ 23ug;
P <0.001) (Fig. 4).

The Second Outcome

The VAS scores during rest and coughing at 6,
12 and 24 h were significantly lower than that
at 36 h after surgery in the observation group.
There was no significant difference in the VAS
scores of rest and coughing at each time point
in the control group. The VAS scores during rest
and coughing in the observation group were
significantly lower than those in the control
group at 6, 12, and 24 h after surgery. There was
no significant difference in VAS scores between
the two groups at 36 h after surgery (Table 2).
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Assessed for eligibility (n =60)
»| Excluded (n=0)
A
Randomized (n =60)
observation group (n =30) control group (n =30)
Not complete the protocol (n = 0) Not complete the protocol (n = 0)
Withdrew the consent(n = 0) Withdrew the consent(n = 0)
[ Analysis ] Analyzed (n = 30) Analyzed (n = 30)
Fig. 3 Flow diagram of study
Table 1 Characteristics and surgical parameters
Control group (z = 30) Observation group (» = 30) P value
Number of patients 30 30
Type of disease 0.787
Pulmonary bulla or pneumothorax 10 11
Pulmonary nodules 20 19
Surgical site 0.796
Left 16 (53.3%) 15 (50.0%)
Right 14 (46.7%) 15 (50.0%)
Gender 0.795
Male 17 (56.7%) 16 (53.3%)
Female 13 (43.3%) 14 (46.7%)
Age (y) 489 + 129 435 + 119 0.100
Weight (kg) 654 £ 6.1 627 £ 7.1 0.115
Surgery time (min) 248 £ 4.5 252 £ 5.7 0.765

Data are presented as mean =+ standard deviation or number (%)

The observation group pressed the PCIA
pump [0 (0-0) times] less than the control group
[3 (2-4) times] (P < 0.001). The incidence of
postoperative adverse reactions such as nausea
and vomiting in the observation group were

significantly lower than those in the control
group. No significant differences in the inci-
dences of pruritus, somnolence, and atelectasis
were observed between the two groups
(Table 3). The dermatomes of the sensory block
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Fig. 4 Sufentanil consumptions within the first 24 h after

surgery of the observation group and control group.
*P < 0.001

in the observation group were maintained at
T1-T8 levels, and the main blocking area was at
T2-T7 levels with 19 (63.3%) patients (Fig. 5).

Table 2 The VAS score after surgery

DISCUSSION

Patients undergoing thoracic surgery have
decreased postoperative lung function reserves.
The severe pain after surgery prevents patients
from breathing deeply with active coughing
and sputum, resulting in the retention of res-
piratory secretions, causing hypoxemia, pneu-
monia, atelectasis, and even respiratory failure
[17]. Adequate postoperative analgesia is con-
ducive to early active cough and sputum dis-
charge, improve lung function, reduce
postoperative complications, and promote
postoperative recovery. SPVAT lung wedge
resection has the advantages of less incision,
shorter surgery time, less pain, and faster
recovery. Therefore, the management of peri-
operative pain is often ignored, but in fact, the
postoperative pain is still severe, which affects
postoperative recovery [5, 18]. Currently, the
commonly used postoperative analgesia is
cumbersome and has many complications, and

Control group (z = 30) Observation group (7 = 30) P value
During rest
6 h after surgery 35+ 07 25+03 < 0.001*
12 h after surgery 34+ 07 25+02 < 0.001*
24 h after surgery 34+ 07 24+£02 < 0.001*
36 h after surgery 32 £ 06 32+ 05 0.805
F value 1.0 82.0
P value 0318 < 0.001%
While coughing
6 h after surgery 45 £+ 04 31403 < 0.001*
12 h after surgery 48 £03 3.0+ 03 < 0.001*
24 h after surgery 46 £03 30£03 < 0.001*
36 h after surgery 44 + 04 45+ 04 0.637
F value 2.1 182.8
P value 0.154 < 0.001%

Data are presented as mean = standard deviation, *P < 0.001 Observation group vs Control group, “P < 0.001 36 h after

surgery vs 6 h, 12 h, and 24 h after surgery
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Table 3 The incidence of adverse reactions after surgery

Control group (z = 30) (%) Observation group (z = 30) (%) P value
Nausea 12 (40.0%) 3 (10.0%) 0.007*
Vomit 9 (30.0%) 2 (6.7%) 0.020°
Pruritus 4 (13.3%) 0 (0.0%) 0.121
Somnolence 3 (10.0%) 0 (0.0%) 0.236
Actelectasis 3 (10.0%) 1 (3.3%) 0.605
)

Data are presented as number (%)*P < 0.05
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Fig. 5 Dermatomes of the sensory block in the patient of
observation group. Frequency of sensory segments block-
ade to sharp touch at 2 h later after surgery

lacks a postoperative analgesia suitable for
SPVAT wedge resection.

Currently, postoperative analgesia after tho-
racic surgery mainly includes thoracic epidural
analgesia, PCIA, TPB, erector spinae plane block
and intercostal nerve block [7, 9, 19]. Thoracic
epidural analgesia is the gold standard for
postoperative analgesia after thoracic surgery,
but there are still complications such as epidural
hematoma or infection, nerve damage or
hypotension [11-13]. While PCIA is simple and
convenient for postoperative care [14], but it
requires large amounts of systemic opioids, with
the adverse reactions such as nausea and vom-
iting [15]. TPB is a technique of injecting LAs
into the paravertebral space, which produces a

similar effect to unilateral epidural block and
effectively reduce postoperative pain
[16, 20-22]. However, the requirements for
ultrasound imaging and block technology are
high, the operation space is limited and the
difficulty is greater, the success rate is low. There
is a possibility of puncturing the pleura and
damaging the intercostal nerve or sympathetic
chain [8, 21, 23, 24]. Compared with TPB,
erector spinae plane block has a higher success
rate, but requires higher ultrasound imaging
and block technique [19]. Intercostal nerve
block has a limited block range and can only
suppress incision pain [9]. The above-men-
tioned analgesia methods require well-trained
anesthesiologists, which are cumbersome, have
more complications, and have a high failure
rate. They are not suitable for SPVAT wedge
resection.

Is there a simpler, faster operation, fewer
complications, and an effective analgesic
method that can apply postoperative analgesia
after SPVAT wedge resection? Therefore, this
study aimed to investigate the analgesic effect
of single-injection TPB via the intrathoracic
approach for analgesia after SPVAT lung wedge
resection.

In this study, we used single-injection TPB at
the T4 level. Before the end of the surgery, the
scalp needle with the extended tube was inser-
ted into the paravertebral space at the T4 level
under thoracoscopic direct vision. One cen-
timeter adjacent to the thoracic vertebrae were
inserted vertically 0.5 cm under the parietal
pleura and 20ml 0.375% ropivacaine was
injected. The dermatomes of the sensory block
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in the observation group were maintained at
T1-T8, and 19 (63.3%) were at T2-T7, indicat-
ing that the LAs was effectively spreading into
the paravertebral space. The study by Gacio
et al. reported ultrasound-guided single-injec-
tion paravertebral block allows proper control
of acute pain with less intraoperative and post-
operative consumption of opioids in major
breast surgery [25]. The sufentanil consump-
tion, VAS score, and number of PCIA presses in
the observation group were significantly lower
than those of the control group in the first 24 h
after surgery. This fully showed that the post-
operative pain of the observation group was
significantly reduced, and once again proved
that the single-injection TPB under thoraco-
scopic direct vision was indeed effective and
tfeasible. LAs spread in the paravertebral spaces
of 2-4 vertebral planes above and below the T4
segment, basically covering the area of surgery
and incision, effectively reducing postoperative
pain and reducing the amount of intravenous
opioids after surgery. This is similar to the
results of Gacio et al. [25]. The duration of the
single injection TPB was related to the concen-
tration of the LAs, generally within 12-24 h.
The VAS scores during rest and coughing at 6,
12, and 24 h were significantly lower than that
at 36 h after surgery in the observation group.
This result also proved once again that the
duration of a single block is within 24 h. There
was no significant difference in VAS scores
between the two groups at 36 h after surgery.
This might be due to the following reasons: (1)
SPVAT wedge resection is less traumatic, and
the postoperative pain is mainly within 24 h
after the surgery, and the pain is less after 24 h.
(2) The endogenous analgesic system is acti-
vated when TPB block the transmission of
noxious stimuli to the center nervous system at
the level of the spinal cord, which can continue
to play an analgesic effect. (3) The effect of TPB
is gradually subsided, so that the patient’s tol-
erance threshold for pain is increased, and
hyperalgesia is avoided. This also suggests that
after the effect of a single injection SITPB is
over, it may still promote the improvement of
postoperative pain through other ways.
Thoracoscopy imaging has magnification
function and the thoracic vertebral body and

paravertebral tissue were fully exposed after
lung atrophy. The vertical distance between the
parietal pleura and the intervertebral foramen is
about 1.0 cm. This ensures that the LAs is
completely injected into the paravertebral
space. We chose the transmural pleura to insert
the needle vertically at a depth of 0.5cm to
avoid the risk of damaging the nerve root, or
even entering the spinal canal. Single-injection
TPB via the intrathoracic approach under tho-
racoscopic direct vision is easy to operate. It
only requires checking the Computer tomogra-
phy image structure of the block site before the
block and it can be completed quickly by the
surgeon. Compared with conventional multi-
ports thoracoscopic surgery, SPVAT lung wedge
resection has fewer incisions and faster recov-
ery. In this study, a single-injection TPB can
meet the need for postoperative analgesia.
Compared with the single-injection TPB in this
study, the operation of ultrasound-guided TPB
or erector spinal plane block was relatively
complicated, and the advantages and signifi-
cance of analgesia after this kind of surgery
might not be obvious.

Arunakul et al. found that PVB can reduce
postoperative opioid requirement, pain, and
severity of nausea and vomiting in modified
radical mastectomy [26]. In this study, the
incidence of nausea and vomiting in the
observation group were significantly lower than
those in the control group, which may be due to
the poor analgesic effect of the control group,
the consumption of sufentanil was more, the
use of opioids was larger, so the incidence of
adverse reactions was higher. There was no
statistical significance of the incidence of pru-
ritus and somnolence between the two groups
of patients. This may be because the concen-
tration of opioids is not enough to cause skin
pruritus and somnolence. There was no atelec-
tasis in the two groups, which may be due to
less lung tissue resection, shorter surgery time
and one lung ventilation time.

The present study had several limitations.
First, this study did not observe local anesthetic
poisoning, high epidural block and other block-
related complications. Second, this study did
not observe pain-related indicators such as
sufentanil consumption beyond 24h after
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surgery. Lastly, this study did not compare with
ultrasound-guided single thoracic paravertebral
block or erector spinal plane block in terms of
operation time, success rate, sensory level, and
complications. These are also our next research
directions.

CONCLUSIONS

In conclusion, a single-injection TPB via the
intrathoracic approach under thoracoscopic
direct vision is simple and quick to operate,
which can effectively reduce postoperative pain
after SPVAT wedge resection, with fewer adverse
reactions.
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