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Purpose: Thoracic surgery is among the most painful surgeries, postoperative pain can lead to a poor prognosis. This study aimed to
explore the analgesic effect of ultrasound-guided continuous rhomboid intercostal and sub-serratus (RISS) plane block Comparison of
thoracoscopic intercostal nerve block (ICNB) on postoperative pain management and recovery in patients who underwent Video-
Assisted Thoracic Surgery (VATS) Lobectomy.

Methods: This prospective randomized controlled study enrolled patients after VATS Lobectomy who received ultrasound-guided
continuous RISS plane block (RISS group) or ICNB (Control group) for postoperative pain. The primary outcome was the visual
analogue scale (VAS) score. The secondary outcomes included non-invasive blood pressure (NIBP), heart rate (HR), the time to
ambulation after surgery, the timing of drain removal, and the duration of postoperative hospitalization.

Results: A total of 98 participants were collected (53.08 = 13.63; 43 (43.88%) males); each group included 49 patients. The RISS group
displayed significantly lower visual analogue scale (VAS) scores during rest and when coughing at postoperative 12, 24, and 48h compared
to the Control group (P < 0.001). The total consumption of sufentanil and remifentanil was smaller in the RISS group than in the control
group. The NIBP,HR in the RISS group were significantly lower than in the Control group at immediately after skin incision (T1), upon
entering the thoracic cavity (T2), 5 min after entering the thoracic cavity (T3) (P <0.001). The patients in the RISS group were more likely to
exhibit a shorter time to the first postoperative ambulation compared to the Control group (8.84 £ 2.87,15.43 = 4.50, P < 0.001).
Conclusion: Continuous RISS may be a safe and effective strategy for postoperative pain management after thoracoscopic surgery.
Keywords: postoperative pain, thoracoscopic surgery, rhomboid intercostal and sub-serratus plane block, intercostal nerve block

Introduction
Thoracic surgery involves deep incisions, working through a dense network of chest wall nerves, and factors such as lung
tissue damage, respiratory movements, irritation from drainage tubes, and peripheral nerve injuries, which collectively
contribute to severe postoperative pain.'> During the early post-thoracoscopy phase, up to 75% of the patients experience
moderate to severe pain.>® Acute pain is not only debilitating in the early period after surgery, but it also carries the risk
of developing into chronic pain,** and effective pain management has the potential to reduce the incidence of chronic
postoperative pain.®’ In addition, acute pain significantly impedes patient recovery™’ and postoperative quality of life."
Severe pain can lead to systemic dysfunctions, including heightened sympathetic nervous system activity and shallow
breathing, resulting in lung collapse.''™'* Hence, pain management after thoracic surgery is paramount.

The available methods for managing postoperative pain include systemic pharmacologic therapy, local, intra-articular,
or topical techniques, regional anesthetic techniques, neuraxial anesthetic techniques, and non-pharmacologic therapies
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(eg, cognitive modalities, physical therapy, transcutaneous electrical nerve stimulation).” Unfortunately, no techniques
alone have been deemed completely effective, safe, or applicable to many patients.'* Opioids after thoracic surgery are
associated with side effects, risk of secondary hyperalgesia, and persistent postoperative pain.'” In addition, systemic
opioids carry a risk of addiction, which is a significant risk in the current opioid crisis.'®

Thoracoscopic intercostal nerve block (ICNB) has shown promise for the management of pain after thoracic surgery by
decreasing the stimulation of intercostal nerves and has been commonly used after thoracic surgery.'” A major disadvantage
of ICNB in thoracic surgery is the necessity of performing several ICNBs if multiple levels or bilateral levels are involved,
and ICNBs do not provide complete analgesia after thoracic surgery.'® Patient-controlled intravenous analgesia (PCIA) is

another hallmark of postoperative pain control, '’

but PCIA alone is insufficient to control pain after thoracic surgery and is
an adjunct to other methods and is usually combined to other modalities (eg, thoracoscopic ICNB).?

In 2018, Elsharkawy et al*' found that the RISS block induced anesthesia in the lateral cutaneous branches of the
thoracic intercostal nerves, offering versatile application for chest wall and upper abdominal analgesia across diverse
clinical settings. The RISS plane block involves the injection of local anesthetics into fascial planes, theoretically
allowing for catheter placement to achieve continuous analgesia.>' Successful RISS plane blocks have been reported in
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various procedures, including lung transplantation,” radical mastectomy,” and nephrectomy,”**’

strongly suggesting
favorable outcomes in postoperative pain relief. Unfortunately, continuous RISS plane blocks for post-thoracoscopic pain
management remain unexplored in China.

Therefore, this study aimed to assess the analgesic effect of ultrasound-guided continuous RISS plane block

comparison of ICNB on postoperative pain management and recovery in patients who underwent thoracoscopic surgery.

Methods

Study Design and Patients

This prospective randomized controlled study enrolled patients after VATS Lobectomy, at the Anesthesia and Surgery
Center of Chifeng College Affiliated Hospital between June and September 2023. Inclusion criteria: (1) aged 1878 years
old; (2) ASA physical status classification I-III; (3) body mass index (BMI) of 15-35 kg/m?; and 4) preparedness for
VATS Lobectomy. Exclusion criteria: (1) known allergies to anesthetics and local anesthetics; (2) abnormal coagulation
function or compromised immunity, rendering nerve blocks contraindicated; (3) block failure(The criteria for block
failure is considered to be a block where the bolus of local anesthetic completely misses its target, and surgery cannot
proceed after allowing an adequate time of approximately 30 minutes); (4) psychiatric conditions affecting cooperation;
(5) significant intraoperative hemorrhage; (6) alterations in surgical procedures during the operation; or (7) incomplete
follow-up information. This project belonged to the Inner Mongolia Autonomous Region Health Science and Technology
Plan Project (project #202202337). Ethical approval for this study was granted by the Chifeng College Affiliated Hospital
Ethics Committee (no. fsyy2023037). All participants and their parents provided written informed consent, and this study
was conducted in accordance with the Declaration of Helsinki.

Procedures

The participants were randomly grouped into the RISS and Control groups according to a computer-generated sequence
of numbers in a 1:1 ratio by a researcher who was not involved in the study. Te researcher assigned a random ID to each
patient, and a blinded anesthesiologist used this ID while collecting the data.

General Anesthesia

The participants underwent standard preoperative fasting of at least 8 h. Upon entering the operating room, they received
oxygen through a face mask at a rate of 5 L/min. Heart rate, blood pressure, blood oxygen saturation, and bispectral index
(BIS) were continuously monitored using a Mindray T8 monitor. Blinded anesthesiologists performed rapid intravenous
induction based on group allocation, administering midazolam 1mg, sufentanil 0.4-0.5ug/kg, propofol 1.5-2.5mg/kg, or
etomidate 0.2—0.3mg/kg, and rocuronium 0.6mg/kg. Endotracheal intubation was performed once patients lost consciousness,
followed by assisted ventilation to maintain end-tidal carbon dioxide concentration between 35—40mmHg. During surgery,
anesthesia was maintained with 2% sevoflurane and 50% oxygen inhalation, along with continuous intravenous infusion of
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remifentanil (0.1-1pg/kg/min) and propofol (2—4pg/kg/min) to target a BIS value of 40—60. Blood pressure was controlled
within 20% of baseline, with ephedrine and atropine used as needed. Following surgery, neostigmine and atropine were
routinely administered to reverse residual neuromuscular blockade, and endotracheal tubes were removed for patients with an
Aldrete score of 8 or higher before transfer to the recovery room.

Riss

For the participants in the RISS group, before induction, a continuous RISS plane block under ultrasound guidance was
performed. The participants assumed a lateral decubitus position with the surgical side facing upward. Oxygen supplementa-
tion and relevant monitoring were started, including blood pressure, pulse, and electrocardiogram. High-frequency linear
probes were used for the RISS plane block. The probe was initially placed vertically at the T4-5 intercostal level on the inner
aspect of the scapula and subsequently rotated to the oblique sagittal position. The ultrasound image sequentially revealed
layers from superficial to deep, encompassing the serratus anterior, rhomboid major, intercostal muscles, pleura, and lung.
Following the administration of 1 mL of lidocaine 1% at the puncture site, a 16 G epidural puncture needle was introduced
using an in-plane technique from the upper inner to the lower outer direction. Upon reaching the plane between the rhomboid
major and intercostal muscles, the two layers of fascia were separated using a hydrodissection technique. Subsequently, 15 mL
of ropivacaine 0.4% was injected, and an epidural catheter was placed under ultrasound guidance, securing it at a depth of
approximately 3—4 cm. The ultrasound probe was positioned on the lower outer side at the T7-8 level, corresponding to the far
posterior axillary line behind the lower angle of the scapula. The ultrasound image depicted layers from superficial to deep,
revealing the latissimus dorsi, serratus anterior, intercostal muscles, pleura, and lung. Following the administration of 1 mL of
lidocaine 1% at the puncture site, a 22-gauge nerve block puncture needle was inserted using an in-plane technique from the
upper inner to lower outer direction. Once the plane between the serratus anterior and intercostal muscles was reached and no
blood return was confirmed, 20 mL of ropivacaine 0.4% was injected. Patients were vigilantly observed for 20 min to detect
potential pneumothorax, local anesthetic toxicity, and puncture site hematoma. Subsequently, a pinprick test was performed to
assess pain perception on the punctured side of the chest and upper abdomen, and the level of anesthesia was documented.
Postoperatively, the RISS group received patient-controlled nerve analgesia (PCNA) consisting of ropivacaine hydrochloride
400 mg and 200 mL of normal saline at a background infusion rate of 4 mL/h, a patient-controlled bolus dose of 2 mL per
administration and a lockout time of 15 min. All procedures in the RISS group were conducted by the same senior attending
physician with over 5 years of experience in ultrasound-guided techniques. An anesthesia nurse with a senior qualification and
over 5 years of experience provided assistance.

Analgesic effect of RISS block: The participants in the RISS group exhibited a pain level extending primarily from
T4 to T8 at 20 min post-block. The upper boundary of the sensory deficit plane could extend as high as T2, while the
lower boundary encompassed T10. The anterior extent reached the midclavicular line, and the posterior extent reached
the scapular line (Figure 1).

lcnb

In the Control group, the surgical procedures for all patients were performed by the same team of thoracic surgeons as the
RISS group. At the end of the operation in the Control group, the surgeon administered a total of 20 mL of ropivacaine 0.4%
evenly distributed to the incision and its adjacent upper and lower intercostals spaces under thoracoscopic vision to perform
multi-point intercostal nerve block. The participants in the Control group were connected to a PCIA pump comprising
a sufentanil injection of 100 pg, dezocine 30 mg, granisetron injection of 9 mg, and 86 mL of normal saline, with a background
infusion rate of 2 mL/h, a patient-controlled bolus dose of 2 mL per administration, and a lockout time of 15 min.

Outcomes

The primary outcome was the visual analogue scale (VAS) scores upon admission to the PACU, and at postoperative 6, 12,
24, and 48 h for pain at rest and when coughing. The secondary outcomes included non-invasive blood pressure (NIBP),
including systolic blood pressure (SBP) and diastolic blood pressure (DBP), and heart rate (HR) at various time points: before
anesthesia induction (T0), immediately after skin incision (T1), upon entering the thoracic cavity (T2), 5 min after entering
the thoracic cavity (T3), 15 min after entering the thoracic cavity (T4), and 5 min after extubation (T5), the time to ambulation
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Figure | Schematic representation of the sensory loss plane under ultrasound-guided continuous rhomboid intercostal and sub-serratus (RISS) plane block.

after surgery, the timing of drain removal, and the duration of postoperative hospitalization. The time to ambulation was
defined as the number of steps the patient took, with a criterion of walking at least 10 steps in the postoperative period. The
moment for drain removal was determined when the postoperative drainage volume fell below 50 mL within 8 h, in
conjunction with complete lung re-expansion, allowing for drain removal. The duration of the postoperative hospital stay
started on the day following the surgical procedure and continued until the day of discharge. The members of the data
collection team conducted postoperative visits when the participants were admitted to the post-anesthesia care unit (PACU)
and at 6, 12, 24, and 48 h. Data on the use of analgesics in the PACU and the ward were documented.

Statistical Analysis

The primary outcome measure was the Visual Analogue Scale (VAS) score, and employing a repeated measures analysis
of variance (ANOVA)(0=0.05,1-p=0.8),the G*Power 3.1(F. Faul, Uni Duisburg-Essen, GER) software calculated
a required sample size of 82 cases. Considering a dropout rate of 20%, a minimum sample size of 100 cases is necessary.
Data analysis was performed using SPSS 25.0 (IBM, Armonk, NY, USA). Continuous data conforming to the normal
distribution were expressed as means + standard deviations (SD) and compared between groups using the t-test for
independent samples or ANOVA. Categorical data were expressed as n (%) and analyzed using the chi-squared test. For
ordinal data, the rank sum test was used. Two-sided P-values < 0.05 indicated statistical significance.

Results

A total of 100 patients were enrolled in this study; one patient was excluded because of a change in the surgical approach
due to excessive intraoperative bleeding, while another patient was excluded due to block failure, and finally, 98
participants completed the study and follow-up (aged 53.08+13.63 years old; 43 (43.88%) males), each group included
49 patients. The general participant characteristics, including patient age, sex, body mass index (BMI), history of
hypertension and diabetes, surgical duration, anesthesia duration, ASA classification, surgical incision side ratio,
intraoperative fluid volume, and intraoperative blood loss, exhibited no statistically significant differences between
RISS and Control groups (all P > 0.05), but there were significant differences in the total intraoperative analgesic
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amount of sufentanil and remifentanil, total postoperative analgesic amount of sufentanil, and analgesia pump press at
postoperative 24 and 48 h (all P < 0.05) (Table 1).

The RISS group displayed significantly lower VAS scores during rest and when coughing at 6, 12, 24, and 48h
postoperatively compared to the Control group (P < 0.001) (Table 2 and Figure 2). The SBP, DBP in the RISS group

Table | Basic Characteristics

Dove:

Variables RISS Control Group P
(n=49) (n=49)
Age, mean * SD 52.10 £ 14.78 54.06 + 12.44 0.654
Sex, male, n (%) 20 (40.8%) 23 (46.9%) 0.541
Body mass index (kg/m?), mean £ SD 25.05 + 3.99 24.16 + 3.87 0.265
Comorbidities, n (%) 19 (38.8%) 20 (40.8%) 0.836
Hypertension, n (%) 13 (26.5%) 15 (30.6%) 0.655
Diabetes, n (%) 9 (18.4%) 6 (12.2%) 0.400
Surgical duration (min), mean * SD 109.18 * 36.33 107.76 + 40.79 0.855
Anesthesia duration (min), mean + SD 150.20 + 43.77 142.45 + 42.56 0.376
ASA class | /ll, n (%) 44 (89.8%) 44 (89.8%) > 0.999
Surgical incision (left/right chest) 16/33 20/29 0.402
Intraoperative fluid volume (mL), mean + SD 900.00 + 328.35 861.22 + 414.99 0.420
Intraoperative blood loss (mL), mean + SD 3347 £ 36.19 24.08 + 19.38 0.468
Total intraoperative analgesic, mean + SD
Sufentanil (ug) 2143 £3.39 2337 £ 3.87 0.002
Remifentanil (ug) 750.21 + 287.48 1049.41 + 459.26 < 0.001
Total postoperative analgesic dose, mean + SD
Sufentanil (ug) 48.06 + 10.55 160.41 + 32.40 < 0.001
Postoperative analgesia pump press times, mean * SD
24 h 0.08 +£0.28 0.80 + 0.76 < 0.001
48 h 0.10 £ 037 1.78 + 0.74 < 0.001
Table 2 Comparison of VAS Scores at Rest and During Coughing Postoperatively
Measurement Time RISS Control Group T-value P-Value
(n=49) (n=49)
VAS score during coughing, mean + SD 6h 2.37 £ 0.57 3.90 £ 0.68 7.865 <0.001
12 h 2.71 £ 0.65 445 + 0.58 8234 <0.001
24 h 2.86 = 0.74 443 + 0.65 7814 <0.001
48 h 2,63 £ 0.73 4.49 + 0.65 8.225 <0.001
F 13.269 20.650
P P<0.001 P<0.001
Intergroup effect F=238.678 P<0.001
Intra-group effect F=26.598 P<0.001
Intergroup * intra-group effect F=3.943 P=0.011
VAS score at rest, mean = SD 6h 1.45 + 0.50 2.80 + 0.76 7.276 <0.001
12 h 1.90 + 0.65 3.43 £ 0.50 8.085 <0.001
24 h 210071 3.57 £ 0.65 7.554 <0.001
48h 1.98 + 0.78 3.63 £ 0.67 7.609 <0.001
F 21.727 22371
P P<0.001 P<0.001
Intergroup effect F=43.725 P<0.001
Intra-group effect F=1.879 P<0.001
Intergroup * intra-group effect F=190.703 P=0.157
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Figure 2 Comparison of the visual analogue scale (VAS) scores at rest and during coughing postoperatively in RISS and Control group. (A) VAS score at rest (upon
admission to the post-anesthesia care unit (PACU), postoperative 6h, 12h, 24h, 48h. (B) VAS score during coughing (upon admission to the post-anesthesia care unit
(PACU), postoperative 6h, 12h, 24h, 48h. The Orange lines represent the RISS group, and the blue lines represent the Control group.

were significantly lower than in the Control group at T1-T4 (P < 0.001), and the heart rates in the RISS group were
significantly lower than in the Control group at T1-T3 (P < 0.001). There were significant interaction effects between
time and group (P < 0.001) (Table 3 and Figure 3). The RISS group displayed a shorter time for the first postoperative

Table 3 Comparison of Blood Pressure and Heart Rate at Various Time Points During Surgery

Measurement Time RISS Control Group | T-Value | P-Value
(n=49) (n=49)
Systolic blood pressure (mmHg), mean * SD Pre-Induction (T0) 139.16 £ 15.68 | 13322 + |5.19 —1.904 <0.060
Incision (T1) 1122 + 13.12 131.82 + 15.14 6.853 <0.001
Upon chest entry (T2) 112.08 + 10.68 | 134.1 + 15.05 8.352 <0.001
5 minutes into chest entry (T3) 109.92 + 9.20 134.22 + 14.95 9.695 <0.001
I5 minutes into chest entry (T4) | 111.61 +9.16 132.29 + 13.52 8.863 <0.001
5 minutes after extubation (T5) 124.51 + 1043 | 130.20 = 13.4| 2.346 <0.001
F 38.430 1.115
P <0.001 0.366
Intergroup effect F=51.801 P<0.001
Intra-group effect F=17.781 P<0.001
Intergroup * intra-group effect F=20.902 P<0.001
(Continued)
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Table 3 (Continued).

Measurement Time RISS Control Group | T-Value | P-Value
(n=49) (n=49)

Diastolic blood pressure (mmHg), mean £ SD | Pre-induction (TO) 83.08 + 10.58 7833 + 8.26 —2.480 0.015
Incision (T1) 67.14 + 8.94 75.30 £ 10.92 4.028 <0.001
Upon chest entry (T2) 67.18 +7.28 77.89 + 9.57 5314 <0.001
5 minutes into chest entry (T3) 66.78 + 851 77.98 + 9.6l 6.108 <0.001
I5 minutes into chest entry (T4) | 67.90 + 8.02 76.61 £ 9.46 4919 <0.001
5 minutes after extubation (T5) 76.12 £ 9.05 7537 + 8.52 —0.425 0.671
F 24.354 1.762
P < 0.001 P=0.141
Intergroup effect F=17.065 P<0.001
Intra-group effect F=16.222 P<0.001
Intergroup * intra-group effect F=11.750 P<0.001

Heart Rate (beats per minute), mean + SD Pre-induction (TO) 80.63 + |1.78 79.76 + 11.86 —0.368 0.714
Incision (T1) 69.51 +9.68 7416 £ 11.15 2.206 0.030
Upon chest entry (T2) 70.10 £ 9.27 7559 £ |1.13 2.653 0.009
5 minutes into chest entry (T3) 69.73 £ 9.14 7498 + 11.08 2.557 0.012
I5 minutes into chest entry (T4) | 70.78 + 10.09 71.8 £10.52 0.490 0.625
5 minutes after extubation (T5) 74.00 + 10.87 7412 £ 1145 0.054 0.957
F 12.791 6.506
P P< 0.001 P< 0.001
Intergroup effect F=2.111 P=0.149
Intra-group effect F=15.448 P< 0.001
Intergroup * intra-group effect F=4.171 P=0.002

ambulation compared with the Control group (8.84 + 2.87h, 15.43 £ 4.50h, P < 0.001). There were no statistically
significant differences in chest tube removal time and length of postoperative hospital stay between the two groups (all
P > 0.05) (Table 4). In addition, there were no significant differences in postoperative nausea and vomiting between the
RISS and Control groups (P > 0.05). One case of peripheral nerve-controlled analgesia catheter misplacement occurred in
the RISS group postoperatively. Neither group experienced other adverse reactions, such as pneumothorax, local
anesthetic toxicity, hypotension, urinary retention, or respiratory depression (Table 4).

Discussion

This study found that ultrasound-guided continuous RISS led to lower VAS scores, NIBP, and HR compared to the
Control group, which showed that ultrasound-guided continuous RISS may contribute to a better analgesic effect (despite
a smaller consumption of sufentanil and remifentanil) and faster postoperative recovery. RISS appears safe and effective
for postoperative pain management in thoracoscopic surgery patients.

Elsharkawy et al*!

demonstrated that a single RISS plane block offers analgesia for 12-24 h. In the present study,
ultrasound-guided needle placement in the RISS plane and the subsequent placement of a patient-controlled peripheral
nerve analgesia pump extended postoperative pain relief significantly, as shown by the postoperative VAS scores at rest
and when coughing, as previously observed.?'****%° It resulted in fewer button presses on the postoperative analgesia
pump and the need for rescue analgesia compared with the Control group. Common regional block techniques employed
for post-thoracic surgery pain management include thoracic paravertebral block,?’® thoracic epidural analgesia (TEA),*
and erector spinae plane block.>® Compared with these three techniques, the RISS plane block offers several advantages.
The ultrasound images of the rib and muscle gaps during the RISS plane block are easy to interpret. It carries low risks of
pneumothorax, epidural hematoma, or spinal cord injury, has low demands on coagulation function, and exerts a minor
impact on circulatory and respiratory functions, as observed in the present study. In addition, it does not lead to
respiratory depression, addiction, or drug tolerance. As a result, it is a straightforward, relatively safe technique with
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Figure 3 Comparison of blood pressure and heart rate at various time points during surgery in RISS and Control group. (A) Systolic blood pressure (SBP, mmHg). (B)
Diastolic blood pressure (DBP, mmHg). (C) Heart rate (HR, beats per minute). The Orange lines represent the RISS group, and the blue lines represent the Control group.

easy catheter fixation and prolonged analgesic duration and is conducive to widespread clinical adoption. Furthermore,
the postoperative pain scores were lower with RISS than with ICNB, which may provide safe and effective postoperative
analgesia and accelerate rapid postoperative recovery. No severe complications were observed in the present study.
The RISS plane extends medially to the erector spinae muscles and laterally to the serratus anterior muscle.?' Early
studies have shown that the RISS plane block provides analgesia for the anterior and posterior aspects of the chest wall
and upper abdomen.?'**** In a cadaveric study involving fresh cadavers, T5-T6 intercostal nerves’ lateral branches were
found to be stained with methylene blue, and T7-T8 low serratus anterior muscle block led to methylene blue diffusion
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Table 4 Comparison of Postoperative Recovery and Adverse Reactions Between the Two Groups

Indicators RISS Control Group P
(n=49) (n=49)

Time to ambulation (h), mean + SD 8.84 + 287 15.43 + 450 < 0.001

Duration of drain removal (days), mean + SD 3.08 + 1.32 3.20 £ 1.6l 0.876

Length of postoperative hospital stay (days), mean + SD 7.76 + 3.02 8.16 + 3.35 0.706

Complications [cases (n, %)]

Nausea and vomiting 2 (4 7 (14) 0.706

Catheter displacement 1(2) 0 0317

Other* 0 0 -

Notes: *Other: including pneumothorax, local anesthetic toxicity, hypotension, urinary retention, or respiratory depression.

spanning from T4 to T10.?" In the present study, the injection sites at T4-5 and T7-8 were used. At 20 min post-block, the
pain loss plane primarily covered T4-T8, aligning with previous clinical observations.”’** Given that thoracoscopic
surgery incisions are primarily innervated by the T4-T6 spinal nerves, the local anesthetic diffusion range adequately
covers the surgical pain.

This study revealed distinct hemodynamic responses between RISS and Control groups. Pre-induction (TO0), RISS
patients exhibited elevated SBP, DBP, and HR, suggesting heightened sympathetic activity. However, post-induction (T1
to T5), RISS maintained significantly lower SBP, DBP, and HR compared to Control group. Significant interaction effects
underscored temporal hemodynamic differences, suggesting RISS provides a more stable intraoperative cardiovascular
environment.*' Intraoperative HR and NIBP serve as vital anesthesia indicators, with RISS demonstrating stable levels.
These findings inform anesthesia management and suggest RISS as a potential strategy for stable anesthesia. Further
research is needed to explore long-term implications and underlying mechanisms.

In the present study, there were no significant differences in postoperative nausea and vomiting between RISS and
Control groups. Since RISS involves leaving a catheter in place after surgery, there is always a risk of catheter
displacement, which occurred in one patient. No cases of pneumothorax, local anesthetic toxicity, hypotension, urinary
retention, or respiratory depression were observed, suggesting the safety of RISS.?**? Still, considering the relatively
small number of patients, the results should be validated in future studies.

However, this present study still had several limitations. Firstly, the investigation exclusively compared RISS
comparison of ICNB without evaluating it against other fascial plane blocks. Secondly, the study solely observed the
analgesic effects within the first 48 h postoperatively, leaving a gap in our understanding of the long-term impact of these
two block methods on pain management. A time point of 3 months should be included in future studies. Thirdly,
postoperative quality of life was not assessed.

Conclusion
In conclusion, ultrasound-guided continuous RISS plane block may be a safe and effective approach for pain control after
thoracoscopy surgery as compared with ICNB.

Data Sharing Statement
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