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Effect of serratus anterior plane
block combined with oxycodone for
transition analgesia on preventing
emergence agitation after video-
assisted thoracoscopic surgery: a
randomized controlled trial

Tao Wang'?, Qiu-Bo Wang'?, Zi-Jun Hou'?, Wei Chen?, Hao Cheng?, Jian-Kang He?,
Ling-Li Zhu?, Yu-Long Wang'*’ & Yong-Quan Chen**

Emergence agitation (EA) is more commonly observed after thoracic surgeries and can lead to
serious complications. This study aimed to evaluate the effectiveness of serratus anterior plane block
(SAPB) combined with oxycodone for transitional analgesia in preventing EA after video-assisted
thoracoscopic surgery (VATS). A total of 121 adult patients scheduled for VATS under one-lung
ventilation anesthesia were enrolled and randomly divided into three groups: preoperative SAPB
without opioids for transitional analgesia near the end of the surgery (SAPB + SAL group, n=39);
preoperative SAPB with sufentanil at 0.1 pg/kg for transitional analgesia (SAPB + SF group, n=42);
and preoperative SAPB with oxycodone at 0.1 mg/kg for transitional analgesia (SAPB + OCD group,
n=40). In primary outcomes, the incidences of EA in the SAPB + SAL, SAPB + SF, and SAPB +OCD
groups were 38.5%, 28.6%, and 7.5% respectively. There was a statistically significant difference in
EA incidence between the SAPB +OCD and SAPB + SF groups (P =0.0136). In secondary outcomes,
compared to the SAPB + SF group, the SAPB + OCD group experienced shorter tracheal extubation
time [15(9, 25) min vs. 21.5(14.5, 32.5) min; P=0.0473] and PACU stay [67.5(55.0, 85.0) min vs.
87.5(70.0, 110.0) min; P=0.0026]; lower NRS scores at 15 min and 2 h post-extubation (P <0.01),
and higher Quality of Recovery-15 (QoR-15) scores post-surgery [113(98, 123) vs. 102(88, 112);

P =0.0122]. Our results suggest SAPB combined with oxycodone for transitional analgesia, compared
with sufentanil, is more effective in preventing EA after VATS and conductive to rapid recovery
postoperatively.

Trial registration: Chinese Clinical Trial Registry, identifier: ChiCTR2300077473, Date: 09/11/2023.

Keywords Emergence agitation, Oxycodone, Video-assisted thoracoscopic surgery, Serratus anterior plane
block, Quality of Recovery-15
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ED Emergence Delirium

ESPB Erector Spinae Plane Block
HR Heart Rate

ICU Intensive Care Unit

Lo Lobectomy resection

MAP Mean Arterial Pressure

NRS Numerical Rating Scale

OCD Oxycodone

oS Oversedation

PACU Postanesthesia Care Unit
PVB Paravertebral Block

QoR-15 Quality of Recovery-15

RR Relative Risk

RSAS Riker Sedation-Agitation Scale
SAL Saline

SAPB Serratus Anterior Plane Block
SD Standard Deviation

Se Segment resection

SF Sufentanil

SpO2 Pulse Oxygen Saturation

TO Pre-anesthesia

T1 Pre-extubation

T2 Post-extubation 5 min

T3 Post-extubation 10 min

T4 Post-extubation 30 min
VATS Video-Assisted Thoracoscopic Surgery
We Wedge resection

Emergence agitation (EA) is a temporary state of heightened psychomotor activity occurring upon awakening
from general anesthesia, characterized by behaviors such as inconsolable agitation, aimless activity, hammering,
and disorientation"2. EA can increase the risk of complications including drainage tube dislodgement, surgical
incision rupture, and bleeding. In severe cases, it may lead to hypoxemia, aspiration, falls from the bed, and
cardiovascular and cerebrovascular events!. Additionally, managing EA can significantly drain the physical and
mental energy of medical staff. It is reported that 31% of EA cases require additional assistance’, with severe
instances necessitating the involvement of at least six PACU nurses simultaneously*.

Despite video-assisted thoracoscopic surgery (VATS) being less invasive than traditional thoracotomy?, it still
generates considerable postoperative nociceptive stimuli, including incision pain, inflammatory visceral pain,
and irritation from medical devices like thick double-lumen tracheal catheters and closed thoracic drainage
tubes®®. EA in adults is primarily an excessive arousal induced by internal and external stimuli during the
recovery of consciousness from anesthesia'. Consequently, the higher incidence of EA in patients after thoracic
surgery is often linked to these nociceptive stimuli®. To mitigate EA after VATS, both pharmacological and non-
pharmacological strategies need to be explored more diligently.

According to the recently published PROSPECT methodology, serratus anterior plane block (SAPB)
is reccommended as Grade A for postoperative analgesia management after VATS. SAPB is easy and safe to
administer, primarily blocking the long thoracic nerve and the lateral cutaneous branches of the intercostal
nerves in the serratus anterior muscle plane, effectively reducing incision pain'®-'2. However, SAPB may not
adequately address inflammatory visceral pain or the discomfort from invasive devices. Anesthesiologists
typically administer transitional opioid analgesics like sufentanil, known for its potent analgesic effects,
to manage intraoperative and postoperative pain and to prevent or treat EA'>!4. Studies have shown that
oxycodone, compared to sufentanil, offers superior control over visceral pain following abdominal surgeries'*-16
and results in quicker respiratory recovery, shorter wake and extubation times, and higher patient satisfaction
after gynecological tumor surgeries'”'®. However, it remains unclear whether the use of these two opioids as
transitional analgesics can overcome the limitations of SAPB and effectively reduce the incidence of EA after
VATS and which is better. Thus, this study aims to compare the efficacy of SAPB combined with either sufentanil
or oxycodone transitional analgesia in preventing EA and improving the quality of postoperative analgesia and
recovery.

Methods
This study has received approval from the Research and New Technology Ethics Committee of Yijishan Hospital,
Wannan Medical College (Ethics number: (2023) Ethical Review and Research (65)), and has been registered
in the Chinese Clinical Trial Registry (ChiCTR2300077473, https://www.chictr.org.cn/bin/project/edit?pid=19
8804, registration date: November 09, 2023). Our research adheres to the principles of Good Clinical Practice
and the Helsinki Declaration. We will provide detailed information about the trial process to all participants and
obtain written informed consent from them.
Inclusion criteria: Patients aged 18-65 scheduled for VATS under general anesthesia using one-lung
ventilation with a double-lumen tube, and classified as American Society of Anesthesiologists (ASA) grade I-II.
Exclusion criteria: Patients with contraindications to SAPB, those suffering from chronic pain, cognitive
impairment, opioid abuse or allergies, and patients expected to require admission to the intensive care unit
(ICU) post-surgery.
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Patients who met the inclusion criteria were recruited the day before surgery. They were introduced to the
Numerical Rating Scale (NRS)>! for pain assessment to ensure their complete understanding of the scoring
system. The NRS scores range from 0 to 10, with 0 indicating no pain, 1-3 indicating mild pain, 4-6 indicating
moderate pain, and 7-10 indicating severe pain. The patients were randomly assigned to three groups in a
1:1:1 ratio using a computer-generated number table as follows: SAPB after anesthesia induction without opioid
transitional analgesia before the end of surgery (SAPB + SAL group), SAPB combined with sufentanil at 0.1 pg/
kg for transient analgesia (SAPB 4+ SF group), and SAPB combined with oxycodone at 0.1 mg/kg for transient
analgesia (SAPB + OCD group). To maintain the blinding of outcome assessments, the group assignments of the
patients were placed in opaque envelopes and managed by the anesthesiologist in charge.

The general anesthesia protocol proceeded as follows: upon entering the operating room, patients had
peripheral veins cannulated and were infused with Lactated Ringer’s solution at a rate of 5-6 ml/kg/h. Vital signs
such as electrocardiogram readings, blood pressure, pulse oxygen saturation (SpO2), and body temperature were
routinely monitored. Anesthesia was induced following pre-oxygenation, administering midazolam at 0.02 mg/
kg, sufentanil at 0.6 ug/kg, etomidate at 0.25 mg/kg, and cisatracurium benzoate at 0.25 mg/kg in sequence.
Three minutes post-induction, a double-lumen endotracheal tube was inserted using a video laryngoscope, with
correct placement confirmed by fiberoptic bronchoscopy. Throughout the surgery, anesthesia and analgesic depth
were maintained with propofol at 4-6 mg/kg/h and remifentanil at 0.2-0.4 pg/kg/h, while muscle relaxation
was ensured by continuous administration of cisatracurium benzoate at 0.1-0.15 mg/kg/h. Ephedrine (6 mg)
and atropine (0.5 mg) were administered as necessary to manage intraoperative hypotension and bradycardia.
Mechanical ventilation settings were adjusted by the anesthesiologist based on the patient’s condition to maintain
SpO2 above 90% and end-tidal carbon dioxide partial pressure within 35-45 mmHg.

SAPB was administered following protocols from previous studies'>?. With the patient in a supine position
and the arm abducted to 90 degrees, the skin was sterilized using either iodophor or 75% medical alcohol. The
ultrasound probe was initially positioned sagittally in the mid-axillary line of the thoracic cage. Identifying the
fifth rib in this location involved counting ribs downward and laterally. The latissimus dorsi (superficial and
posterior), teres major (superior), and serratus anterior muscles (deep and inferior) were located over the fifth
rib. Using an in-plane technique, a needle was advanced and 30 ml of 0.33% ropivacaine was injected under
continuous ultrasound guidance, deep to the serratus anterior muscle.

The VATS proceeded with patients in the lateral position. Cisatracurium benzenesulfonate infusion was
stopped roughly 20 min before surgery concluded. Approximately 15 min before the end of the procedure,
the anesthesiologist opened the assigned opaque envelope and administered oxycodone, sufentanil, or saline
intravenously according to the assigned group. All groups underwent sputum aspiration under deep anesthesia,
and both propofol and remifentanil were discontinued upon admission to the PACU, where the awakening
process began.

Criteria for tracheal extubation included the patient regaining basic consciousness and spontaneous
respiratory function, with a tidal volume greater than 6 ml/kg, a respiratory rate between 10 and 20 breaths
per minute, and an oxygen saturation above 93% at 60% oxygen concentration. If a patient was not ready for
extubation but exhibited significant agitation, mechanical ventilation or assisted breathing was continued after
administering a static dose of 1 mg/kg propofol until successful extubation.

Patient behavior was monitored using the Riker Sedation-Agitation Scale (RSAS)'?! throughout the
emergence phase. Once consciousness was regained, pain assessment was conducted using the NRS. To prevent
moderate pain, an intravenous analgesia pump set at 3 ml/h delivering a mixture of 100 ug sufentanil and 100 mg
flurbiprofen ester diluted in 100 ml saline was used for all groups. As patients were ready to leave the PACU, the
Confusion Assessment Method for the Intensive Care Unit (CAM-ICU)"?2 was used to check for emergence
delirium (ED) in those diagnosed with EA.

The primary outcomes evaluated were the incidence of EA (if RSAS >5) and oversedation (if RSAS<3).
Secondary outcomes included changes in mean arterial pressure (MAP) and heart rate (HR), tracheal extubation
time, PACU stay duration, pain scores within 24 h post-surgery, the incidence of respiratory depression, and
quality of recovery 24 h post-surgery, which was assessed using the QoR-15 scale. This scale evaluates the overall
recovery experience covering five domains: pain, mental state, emotional state, independence, and comfort.

Sample size calculation and statistical analysis

Using PASS 15 software, the sample size was calculated based on the incidence of EA. In a preliminary study
involving 15 patients per group, the incidence rates of EA were 40% in the SAPB+SAL group, 28% in the
SAPB + SF group, and 7% in the SAPB+ OCD group. Assuming a Type I error of 0.05 and a Type II error of 0.2
(corresponding to 80% power to detect this difference), 33 patients were required in each group. To account for
a potential 10% loss to follow-up, at least 37 cases were eventually included in each group.

Data analysis was conducted using SPSS 27.0 (IBM Corp, Armonk, NY, USA) and Graphpad Prism 8.0.
All data were summarized as mean + standard deviation (SD), median (interquartile range: 25-75%), or count
(percentage), as appropriate. The Kolmogorov-Smirnov test was used to assess the distribution of data. For
normally distributed data, differences between study groups were analyzed using Tukey’s multiple comparisons
test, while the Kruskal-Wallis test was used for non-normally distributed data. Categorical data were compared
using Fisher’s exact test or the Chi-square test as appropriate.

Results

From November 30, 2023, to April 12, 2024, 126 patients were randomized into the SAPB+ SAL, SAPB +SE,
and SAPB+ OCD groups. Any deviations from the inclusion criteria were handled as per the exclusion criteria
(Fig. 1).
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Fig. 1. CONSORT (Consolidated Standards of Reporting of Trials) flow diagram of participant recruitment
and treatment.

The baseline characteristics of the participants and operation-related variables are summarized in Table 1.
There were no statistically significant differences in these characteristics among the three groups.

The primary outcome measured the distribution of RSAS score from 1 to 7 across each group, as depicted
in Fig. 2a. The incidence of EA was significantly lower in the SAPB + OCD group compared to the SAPB+SAL
group (7.5% vs. 38.5%; relative risk (RR)=5.128; 95% confidence interval (CI), 1.771-15.75; P=0.0010) and
the SAPB + SF group (7.5% vs. 28.6%; RR=3.810; 95% CI, 1.273-11.99; P=0.0136) (Fig. 2b). Additionally, the
incidence of oversedation was higher in the SAPB + SF group compared to the SAPB+SAL group (26.2% vs.
5.1%; RR=0.1958; 95% CI, 0.050-0.719; P=0.0099), and marginally higher than in the SAPB+ OCD group
(26.2% vs. 10.0%; RR=2.619; 95% CI, 0.9707-7.355; P=0.0580). However, there was no significant difference
between the SAPB+ OCD and SAPB+SAL groups in terms of oversedation (10.0% vs. 5.1%; RR=2.619; 95%
CI, 0.9707-7.355; P=0.6752) (Fig. 2c).

In the secondary outcomes, MAP and HR showed no significant differences among the three groups during
the anesthesia recovery period, except immediately before and after tracheal extubation (P <0.05) (Fig. 3a,b).
Compared to the SAPB + SF group, tracheal extubation time was shorter in the SAPB+ OCD group [15 (9, 25)
min vs. 21.5 (14.5, 32.5) min; P=0.0473] and the SAPB+SAL group [16 (12, 24) min vs. 21.5 (14.5, 32.5) min;
P=0.0775] (Fig. 3¢c). PACU stay was significantly shorter in the SAPB + OCD group compared to the SAPB + SF
group [67.5 (55.0, 85.0) min vs. 87.5 (70.0, 110.0) min; P=0.0026] (Fig. 3d). The NRS score at 15 min post-
extubation was significantly lower in the SAPB 4+ OCD group compared to both the SAPB + SAL group [3 (2, 3)
vs. 4 (3, 5); P<0.0001] and the SAPB +SF group [3 (2, 3) vs. 4 (3, 5); P=0.0002]. At 2 h, the NRS score in the
SAPB + OCD group remained lower than in the SAPB+ SAL [3 (2, 4) vs. 4 (3,4); P=0.0011] and the SAPD + SF
groups [3 (2,4) vs. 4 (3,4); P=0.0086]. However, at 6 and 24 h post-surgery, there were no significant differences
in pain score among the groups (P> 0.05) (Fig. 3e). The 24-h Quality of Recovery-15 (QoR-15) score was higher
in the SAPB+ OCD group compared to the SAPB+SAL group [113 (98, 123) vs. 99 (88, 112); P=0.0103] and
the SAPB+ SF group [113 (98, 123) vs. 102 (88, 112); P=0.0122] (Fig. 3f).
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Q

Group SAPB + SAL (n=39) | Group SAPB + SF (n=42) | Group SAPB+ OCD (n=40) | P value
Age (year) 55.2+8.2 54.6+8.9 54.8+8.7 0.9399
Gender (male/female) 14/25 12/30 16/24 0.5443
BMI (kg/m?) 24.0+3.0 23.8+3.9 24.0+3.2 0.9101
ASA (I/11) 7/32 9/33 8/32 0.9254
Hypertension (n) 9 (23.1%) 7 (16.7%) 9 (22.5%) 0.7297
Recent smoking (n) 5(12.8%) 7 (16.7%) 4 (10.0%) 0.6698
History of social drinking (n) 1(2.6%) 2 (4.8%) 3(7.5%) 0.5987
Type of surgery (n) (We/Se/Lo) | 2/12/25 5/7130 3/8/29 0.5011
Sufentanil consumption (ug) 40.8+5.9 40.7+6.7 40.2+6.0 0.8916
Duration of surgery (min) 95.9+29.9 94.4+29.5 96.5+30.1 0.9496
Duration of anesthesia (min) 119.3+30.5 118.3+30.6 119.7+29.8 0.9762

Table 1. Baseline characteristics of the patients and operation-related Values are presented as mean + SD,
number (%). ASA American Society of Anesthesiologists, BMI body mass index, We Wedge resection, Se
segment resection, Lo lobectomy resection.
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Fig. 2. The primary outcome. (a) The line chart presents the percentage of population corresponding to
sedation-agitation scale (RSAS) in three groups; The orange shaded part represents emergence agitation,

and the turquoise part represents oversedation. OCD oxycodone, SAL saline, SAPB anterior serratus plane
block, SF sufentanil. (b,c) The diagrams present the incidence of emergence agitation (EA) (b) and incidence
of oversedation (OS) (c); The Chi-square test was used. RSAS criterions"?: “1” as minimal or no response

to noxious stimuli; “2” as arousal to physical stimuli but non-communicative; “3” as difficult to arouse but
awakens to verbal stimuli or gentle shaking; “4” as calm and follows commands; “5” as anxious or physically
agitated but calms to verbal instructions; “6” as requires restraint and frequent verbal reminding of limits; and
“7” as attempting to remove tracheal tube or catheters, or striking at staff.

Other secondary outcomes showed no significant differences among the three groups and are summarized
in Table 2.

Discussion

The study showed that the SAPB combined with oxycodone for transitional analgesia is more effective in
preventing EA after VATS, resulting in shorter tracheal extubation times and PACU stays, as well as higher QoR-
15 score at 24 h, compared with the SAPB combined with sufentanil for transitional analgesia.

Adult EA can cause serious harm to patients and caregivers. Effective tools for diagnosing and grading EA
are crucial for evaluating the effectiveness of EA prevention. In this study, the Riker Sedation-Agitation Scale
(RSAS), the first scoring system proven to be reliable in critically ill adult patients!?!, was selected to evaluate
EA. RSAS rates awareness and agitation based on seven behaviors, with the main advantage of providing clear
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Fig. 3. The positive secondary outcome. (a,b) The box diagram presents the heart rate (a) and mean

arterial pressure (b) corresponding to time course in the group SAPB + SAL, group SAPB + SF and group
SAPB + OCD; the Tukey’s multiple comparisons test was used. T0 pre-anesthesia, T1 pre-extubation, T2 post-
extubation 5 min, T3 post-extubation 10 min, T4 post-extubation 30 min, HR heart rate, MAP mean arterial
pressure; (c) The box diagram presents the time from discontinue anesthesia to tracheal extubation in three
groups; the Kruskal-Wallis test was used. (d) The box diagram presents the time staying in postanesthesia
care unit (PACU). The NRS scores range from 0 to 10, with 0 indicating no pain, 1-3 indicating mild pain, 4-6
indicating moderate pain, and 7-10 indicating severe pain. The Kruskal-Wallis test was used. (e) The violin
diagram presents the pain score against the numerical rating scale (NRS) within 24 h after tracheal extubation,
the Kruskal-Wallis test was used. (f) The box diagram presents the score against quality of requirements-15
(QoR-15) in postoperative 24 h; the Kruskal-Wallis test was used.

Group SAPB + SAL (n=39) | Group SAPB + SF (n=42) | Group SAPB+ OCD (n=40) | P value
Chest tube indwelling time (day) | 3 (2-4) 3(2-3) 3(2-3) 0.9714
Postoperative length of stay (day) | 4 (3-5) 4 (4-5) 4 (4-5) 0.6153
Vomiting and nausea (n) 10 (25.6%) 15 (35.7%) 13 (32.5%) 0.6109
Respiratory depression (n) 4 (10.3%) 7 (16.7%) 4 (10.0%) 0.5824
CRBD (n) 7 (17.9%) 4(9.5%) 5(12.5%) 0.5278

Table 2. The other secondary outcome. Values are presented as median (Q1, Q3) or number (%). CRBD
catheter-related bladder discomfort.

criteria for observation to minimize subjectivity!. A score of 4 was classified as the optimal state of anesthesia
emergence, a score of > 5 was defined as EA, and a score of <3 was defined as oversedation.

EA and excitatory ED can be challenging to differentiate due to their similar behaviors. However, there are
still some differences between the two, including: EA happens during consciousness recovery, while Excitatory
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ED occurs with ongoing cognitive issues after consciousness returns. Excitatory ED also has lucid intervals,
absent in EA?>%. Considering the above, we believe that what we observed is EA rather than excitatory ED.
Moreover, the results of CAM-ICU also supported our opinion.

The total incidence of EA after VATS in the 121 patients included in the study was approximately 25%, higher
than in non-cardiac surgery (19%)**. Despite deliberately avoiding the use of inhaled anesthetics, which may
increase EA?, the study suggests that EA is still common after VATS, even though VATS is much less invasive
than thoracotomy. Fortunately, the incidence of EA varied significantly among different preventive measures in
this study (38.5%, 28.6%, and 7.5%), indicating that effective interventions can prevent EA after VATS.

The PROSPECT methodology for VATS, recently published, recommended regional analgesic techniques
such as paravertebral block (PVB) and erector spinae plane block (ESPB), with SAPB as a second choice”?.
However, we chose SAPB in this study instead of PVB and ESPB because of its advantages, such as no special
requirements on the patient’s position, clear visualization of the puncture needle under ultrasound, and fewer
complications such as pneumothorax and puncturing the intercostal artery!'2. These advantages make it feasible
to implement SAPB after the induction of general anesthesia to reduce patient discomfort and panic. We chose
the deep layer injection because it is technically easier, particularly in obese patients, and provides more easily
recognizable sono-anatomy compared to superficial injection?’. Additionally, some studies support that local
anesthetics diffuse more easily and provide a wider area of block with deep layer injection”°. Postoperative local
pain tests validated the effect of SAPB in this study.

Our study found a high incidence of EA (38.5%) in the SAPB+SAL group, indicating that while SAPB
can provide better regional analgesia, it may lack effectiveness on other nociceptive stimuli related to EA,
including catheter stimulation and neuroinflammatory response®. This finding suggests that it is necessary to
add transitional analgesics after VATS, especially in patients who are maintained with remifentanil during the
operation. Transitional analgesia with opioid receptor agonists is generally preferred in clinical practice. In this
study, we compared the effects of 0.1 mg/kg of oxycodone with a 1 ug/kg equivalent dose of sufentanil'.

Our study shows, for the first time, that SAPB combined with oxycodone for transitional analgesia significantly
decreases the incidence of EA after VATS, but not sufentanil, indicating that sufentanil’s role in preventing EA
after VATS is inferior to oxycodones. We speculate the reasons may be as follows: © Oxycodone can better
inhibit tracheal catheter irritation. It is well known that double-lumen tubes may cause greater irritation and
choking in patients during the recovery period, and may induce a strong cardiovascular response. Consistent
with previous studies's, our study shows that patients with oxycodone exhibited less choking and fewer sharp
fluctuations in MAP and HR before and after extubation. @ Oxycodone has a better effect on inhibiting
inflammatory visceral pain. The injury to viscera, parietal pleura, and lung during VATS may cause a persistent
inflammatory response, and the thoracic drainage tube exacerbates inflammatory visceral pain with respiratory
activity during recovery. Previous studies have suggested that oxycodone is better than sufentanil at inhibiting
visceral pain and serum inflammatory factors'®. The lower NRS score in the SAPB + OCD group within 15 min
and 2 h after extubation supports our understanding. There was no difference between groups in NRS score at
6 h and beyond, possibly because oxycodone was administered as a single injection, at which point the drug may
have reached an ineffective concentration.

Moreover, the study proves that oxycodone transitional analgesia did not lead to oversedation as sufentanil
did. This may be attributed to the unique sedative effects of oxycodone. Previous studies have found that the
sufentanil group has lower BIS values and higher respiratory depression than the equal-effect oxycodone group?’.
Our results were consistent with this, showing an oversedation incidence of 26.2% in the SAPB + SF group and
only 10% in the SAPB + OCD group. The incidence of respiratory depression was higher in the SAPB + SF group,
but there was no statistical significance between the two groups.

The significant differences in the incidence of EA and oversedation between sufentanil and oxycodone in
this study may be due to different opioid receptor mechanisms. Oxycodone activates both p-receptors and
Kk-receptors, although it has a lower affinity for k-receptors?®?. In contrast, sufentanil selectively activates
p-receptors and has little effect on x-receptors, which are significantly related to visceral pain®**!. Therefore,
oxycodone for transitional analgesia after VATS may provide more comprehensive postoperative acute pain
relief than sufentanil. However, in this study, we cannot attribute the benefits solely to oxycodone and must
consider the combined effect of SAPB. The advantages of oxycodone over sufentanil are likely based on its ability
to inhibit predominantly visceral pain. In this study, shorter tracheal extubation times, shorter PACU stays, and
higher 24-h QoR-15 scores are likely due to the combined effects of both SAPB and oxycodone. A higher 24-h
QoR-15 score indicates a better recovery experience as perceived by the patients themselves™.

There are some limitations to our study. First, due to the small sample size, we did not include more groups
to verify the effects and side effects of different doses of oxycodone or to compare non-opioid drugs such as
dexmedetomidine and non-steroidal analgesics recommended in the PROSPECT methodology for VATS,
which could help explore better preventive strategies. Second, since the primary outcome of this study was the
incidence of EA, we did not collect blood markers of inflammatory factors, sympathetic nervous system activity,
or hypothalamic-pituitary-adrenal axis-related hormones to substantiate evidence associated with inflammatory
visceral pain. Third, our study did not utilize depth of anesthesia monitoring, which is generally regarded as
beneficial for postoperative recovery in certain patients. Nevertheless, we are confident that this omission did
not affect our outcomes, since none of the three patient cohorts underwent this monitoring. Moreover, the
utility and dependability of anesthesia depth monitoring continue to be a topic of ongoing discussion within the
medical community®*-%*.

In conclusion, SAPB combined with oxycodone for transitional analgesia can effectively prevent EA after
VATS without leading to more side effects such as oversedation and respiratory depression, which is conducive
to rapid postoperative recovery of patients. However, more studies with larger sample sizes should be conducted
to justify the findings of our study, as relevant research is insufficient and our study has limitations.
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