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Purpose: Postoperative nausea and vomiting (PONV) frequently occur in patients after surgery. In this study, the authors investigated
whether perioperative S-ketamine infusion could decrease the incidence of PONV in patients undergoing video-assisted thoracoscopic
surgery (VATS) lobectomy.

Patients and Methods: This prospective, randomized, double-blinded, controlled study was conducted a total of 420 patients from
September 2021 to May 2023 at Xuzhou Central Hospital in China, who underwent elective VATS lobectomy under general anesthesia
with tracheal intubation. The patients were randomly assigned to either the S-ketamine group or the control group. The S-ketamine
group received a bolus injection of 0.5 mg/kg S-ketamine and an intraoperative continuous infusion of S-ketamine at a rate of 0.25 mg/
kg/h. The control group received an equivalent volume of saline. All patients were equipped with patient-controlled intravenous
analgesia (PCIA), with a continuous infusion rate of 0.03 mg/kg/h S-ketamine in the S-ketamine group or 0.03 pg/kg/h sufentanil in
the control group. The primary outcome was the incidence of PONV. Secondary outcomes included perioperative opioid consumption,
hemodynamics, postoperative pain, and adverse events.

Results: The incidence of PONV in the S-ketamine group (9.7%) was significantly lower than in the control group (30.5%). Analysis
of perioperative opioid usage revealed that remifentanil usage was 40.0% lower in the S-ketamine group compared to the control group
(1414.8 pg vs 2358.2 ng), while sufentanil consumption was 75.2% lower (33.1 pg vs 133.6 pg). The S-ketamine group demonstrated
better maintenance of hemodynamic stability. Additionally, the visual analogue scale (VAS) scores on postoperative day 1 (POD-1)
and postoperative day 3 (POD-3) were significantly lower in the S-ketamine group. Finally, no statistically significant difference in
other postoperative adverse reactions was observed between the two groups.

Conclusion: The results of this trial indicate that perioperative S-ketamine infusion can effectively reduce the incidence of PONV in
patients undergoing VATS lobectomy.

Keywords: S-ketamine, postoperative nausea and vomiting, hemodynamics, non-opioid analgesic, postoperative pain, video-assisted
thoracoscopic surgery lobectomy

Introduction

Postoperative nausea and vomiting (PONV), which refers to a combination of nausea, vomiting, and/or retching
occurring after surgery, is reported to affect 12% to 38% of patients.'* The incidence of PONV is significantly higher,
reaching up to 70-80%, in high-risk patients, such as females, those with a history of PONV and/or motion sickness,
nonsmokers, and younger individuals.>* PONV has been associated with complications including pulmonary embolism,
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dehydration, disturbances in water and electrolyte balance, increased physical burden on patients, prolonged hospitaliza-
tion, and higher medical costs.”’ Among the various factors influencing PONV, anesthesia-related factors such as
inhaled anesthetics, intraoperative and postoperative opioid use, duration and type of anesthesia, and intraoperative
infusion volume have been found to be particularly significant.” Multiple clinical studies have consistently identified
opioid dose as the strongest independent risk factor for PONV in surgical patients.®* Despite advances in prevention and
treatment, the incidence of PONV in thoracic surgery remains as high as 30%. While numerous studies have focused on
PONV prophylaxis in thoracic surgery, research on opioid reduction remains limited.

S-ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist that exhibits high affinity for
NMDA and opiate receptors. Compared to racemic ketamine, S-ketamine possesses twice the anesthetic potency and
higher in vivo clearance rate, resulting in a lower incidence of psychotropic adverse reactions at equivalent doses.'®'? The
effectiveness of perioperative intravenous S-ketamine as an adjunctive analgesic has been well established. Previous studies
have demonstrated that low-dose S-ketamine (0.5mg/kg) can serve as an appealing additive to propofol sedation, offering
adequate sedation and analgesia with reduced propofol requirements and fewer cardiopulmonary adverse effects.'?
Furthermore, an investigation found that intraoperative intravenous infusion of 0.25 mg/kg/h S-ketamine could decrease
postoperative opioid consumption and contribute to postoperative recovery in thoracic surgery patients.'* Recent research
has shown that perioperative use of S-ketamine in video-assisted thoracoscopic surgery (VATS) may provide superior pain
relief and promote rapid postoperative recovery, likely due to its potent analgesic and anti-inflammatory effects. '

Evidence suggests that opioid-sparing anesthesia is an effective approach to prevent PONV.'® Previous clinical
studies have demonstrated the safety and efficacy of S-ketamine in surgical settings. Therefore, the current study was
conducted to investigate whether perioperative continuous intravenous S-ketamine infusion can effectively reduce the
incidence of PONV in postoperative thoracic surgery patients.

Materials and Methods
Study Design and Participants

This study was a prospective, randomized, double-blind, controlled clinical trial aimed at evaluating the effect of
perioperative S-ketamine infusion on postoperative nausea and vomiting (PONV) after video-assisted thoracoscopic
surgery (VATS) lobectomy for non-small cell lung cancer, and the control group was infused with the same dose of
saline. This study is in line with the principles of the Declaration of Helsinki. The study received approval from the
institutional ethics committee of Xuzhou Central Hospital and was registered prior to patient enrollment (No: XZXY-LJ
-20210331-044). Registration was completed on the Chinese Clinical Trial Registry (CHICTR) (ChiCTR2100051000).
Written informed consent was obtained from all participants before their inclusion in the trial. The study followed the
Consolidated Standards of Reporting Trials (CONSORT) reporting guideline for randomized clinical trials. The trial
protocol is available in Supplement 1.

This randomized controlled trial was conducted between September 2021 and May 2023. The trial concluded after
completion of the follow-up for the last participant. A total of 445 participants aged between 30 and 75 years, with
American Society of Anesthesiologists (ASA) physical status classification ranging from I to III, and scheduled for
elective VATS lobectomy under general anesthesia with endobronchial intubation, were evaluated. Patients who were
willing to use patient-controlled intravenous analgesia (PCIA) and scheduled to be hospitalized within 72 hours of the
procedure were included. The exclusion criteria consisted of the following: (1) known allergy to S-ketamine and non-
steroidal anti-inflammatory drugs (NSAIDs); (2) history of uncontrolled or malignant hypertension; (3) risk of increased
intracranial pressure; (4) untreated or under-treated hyperthyroidism or gastrointestinal bleeding; (5) psychiatric disease
or chronic pain that could confound the analgesic response; (6) inability to read, write, and understand Chinese.

Eligible patients were randomly assigned to either the S-ketamine group or the control group in a 1:1 ratio using
a computer-generated allocation sequence (Figure 1). To maintain allocation concealment, group assignments were
sealed in sequentially numbered envelopes and handed to a nurse who was not involved in the study. The participants,
anesthesiologist, and outcome assessor were blinded to the group assignments. PCIA pumps were placed in opaque bags
to ensure blinding.
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Enrollment
Assessed for eligibility (n=445)
Excluded (n=25)
* Not meeting inclusion criteria (n=18)
* Declined to participate (n=7)
Randomised (n=420)
Allocation
Allocated to intervention (n=210) Allocated to intervention (n=210)
» Received allocated intervention (n=210) » Received allocated intervention (n=210)
« Did not receive allocated intervention (n=0) « Did not receive allocated intervention (n=0)
Follow-Up
Lost to follow-up (n=0) Lost to follow-up (n=1)
Analysis
Analysed (n=210) Analysed (n=209)
« Excluded from analysis (n=0) « Excluded from analysis (n=0)

Figure | Flow diagram.

Anesthesia and Monitoring

During anesthesia induction, all patients received intravenous midazolam (0.05 mg/kg), propofol (2-3 mg/kg), sufentanil
(0.4-0.6 pg/kg), and cis-atracurium besylate (0.2 mg/kg) followed by double-lumen bronchial intubation based on
surgical requirements. In the S-ketamine group, patients received an intravenous bolus injection of 0.5 mg/kg
S-ketamine after anesthesia induction, while patients in the control group received an equivalent volume of saline. Lung-
protective strategies with volume-controlled ventilation were implemented for one-lung ventilation, including a tidal
volume of 6-8 mL/kg predicted body weight and peak airway pressure below 30 cmH20. All participants received an
intravenous bolus injection of 0.075 mg palonosetron at the start of the procedure. Anesthesia was maintained using
remifentanil (0.1-1.0 pg/kg/min), propofol (4-8 mg/kg/h), and S-ketamine (0.25 mg/kg/h) in the S-ketamine group,
while continuous intravenous infusion of remifentanil (0.1-1.0 pg/kg/min) and propofol (4—8 mg/kg/h) was administered
in the control group. Intraoperatively, we will dynamically adjust intraoperative analgesic medications based on blood
pressure, heart rate, and mean arterial pressure, and we will also monitor intraoperative injury perception using the
surgical volume tracing index (SPI) to assess the patient’s level of intraoperative analgesia. A value between 20 and 50
under general anesthesia indicates an appropriate level of analgesia, >50 indicates insufficient analgesia and requires an
increase in the dose of remifentanil, and <20 indicates too much analgesia and requires a slower infusion rate. Additional
cis-atracurium besylate (0.05-0.1 mg/kg) was given as required for intraoperative muscle relaxation. Infusion of
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S-ketamine was discontinued 15 minutes before the end of the procedure. Considering the potential impact of fluid
therapy on PONYV, all patients in this trial followed a restrictive fluid management strategy (crystalloid-to-colloid ratio of
2:1). During the procedure, vital signs including heart rate, oxygen saturation, respiratory rate, body temperature, end-
tidal carbon dioxide, mean arterial pressure, electrocardiogram, fluid infusion volume, urinary volume, and bispectral
index (BIS) were continuously monitored.

Postoperative Pain Management

In this study, all patients received a patient-controlled intravenous analgesia (PCIA) device. In the control group, patients
were equipped with a PCIA consisting of sufentanil (0.03 pg/kg/h) and tropisetron (10 mg) in a total volume of 100 mL,
with a continuous infusion rate of 1.5 mL/h for 48 hours. The self-controlled capacity was set at 1.5 mL, with a locking
time of 15 minutes. In the S-ketamine group, patients were equipped with a PCIA consisting of S-ketamine (0.03 mg/kg/
h) and tropisetron (10 mg) in a total volume of 100 mL, with a continuous infusion rate of 1.5 mL/h for 48 hours. The
self-controlled capacity was set at 1.5 mL, with a locking time of 15 minutes. If the Visual Analogue Scale (VAS) score is
greater than or equal to 4, an additional 50 mg of flurbiprofen would be administered intravenously, and the PCIA
settings would be adjusted to a self-controlled capacity of 2 mL and a locking time of 10 minutes. Patients were also
allowed to take acetaminophen orally as supplemental analgesics, with the type and dose of the drug recorded. If the VAS
score remained consistently below 1, and symptoms such as respiratory depression, confusion, or unstable blood pressure
occurred, the PCIA infusion would be temporarily suspended. The use of PCIA would be resumed once these
manifestations improved.

Outcome Measurements
The primary outcome assessed in this study was the incidence of postoperative nausea and vomiting (PONV), which was
evaluated using the simplified PONV impact scale(Appendix 1) on postoperative day 1 (POD-1) and postoperative day 3
(POD-3). The simplified PONV impact scale, developed by Myles et al,'” involved a structured interview consisting of
two questions. Question 1 addressed whether the patient had vomited or experienced dry-retching, while Question 2
focused on the presence of nausea (“an unsettled feeling in the stomach and a slight urge to vomit”) and its impact on
daily activities, such as getting out of bed, moving freely in bed, walking normally, or eating and drinking. Numerical
responses to both questions were necessary to calculate the PONV Impact Scale score. A score of 5 on the scale indicated
clinically significant PONV.'®

The secondary outcomes encompassed several measures, including the total consumption of perioperative opioids,
postoperative pain scores at 24 hours and 72 hours (assessed using the Visual Analog Scale or VAS), hemodynamics, and
postoperative adverse events. The VAS score(Appendix 2)ranges from 0 (indicating no pain) to 10 (representing the most
excruciating pain)."® To assess hemodynamic variables, such as mean blood pressure, systolic blood pressure, diastolic
blood pressure, heart rate, and pulse oxygen saturation, measurements were taken at specific time points: before
anesthesia induction (T,), before endobronchial intubation (T;), immediately after intubation (T,), after positioning the
patient in the lateral decubitus position following anesthesia (T3), 5 minutes after the start of the operation (T,), 30
minutes after the start of the operation (Ts), 1 hour after the start of the operation (Tg), 90 minutes after the start of the
operation (T5), and at the end of the operation (Tg). Additionally, the Mini-Mental State Examination Score (MMES),
surgery duration, and postoperative adverse events were also monitored.

Statistical Analysis
Based on the preliminary study results, which reported a PONV incidence of 25% on postoperative day 1 (POD 1) in
VATS Lobectomy, a sample size of 200 patients per group was calculated to detect a 50% relative risk reduction after
surgery, with a two-sided 0=0.05 and 90% power. Considering potential loss to follow-up, a total of 445 patients were
ultimately included in this trial. The sample size calculation was performed using the PASS software (V.20.0.6, NCSS,
Kaysville, USA).

Statistical analysis was conducted using IBM SPSS version 26.0. The Kolmogorov—Smirnov test was utilized to
assess the normal distribution of continuous variables. Normally distributed data were presented as mean (SD) and
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compared using the unpaired, two-tailed #-test. Non-normally distributed data were reported as median (IQR) and
analyzed using the Mann—Whitney U-test. Repeated measures analysis of variance was employed to compare different
time points within groups. Categorical variables were presented as number (%) and analyzed using the y* test or Fisher’s
exact test, as appropriate. A two-sided p-value less than 0.05 was considered indicative of a statistically significant
difference.

Results

Patients

A total of 445 patients underwent eligibility assessment, and 25 patients were excluded based on the exclusion criteria.
Subsequently, 420 patients were randomized into the control group and the S-ketamine group, with 210 patients in each
group. Among them, 210 patients were in the control group, and 209 patients were ultimately included in the analysis, as
one case was lost to follow-up (Figure 1). Clinical characteristics were comparable between the two groups, with no
differences observed in baseline data (Table 1).

Hemodynamics

There were no significant hemodynamic fluctuations observed among patients before and after anesthesia induction and
double-lumen endotracheal tube placement when comparing the two groups. In the control group, we observed
hemodynamic fluctuations around +22% compared to baseline levels after induction. This difference was statistically

Table | Patient Demographic and Perioperative Characteristics

Characteristic Patients, No. (%)
Control Group S-ketamine Group
(n =209) (n=210)

Age(yr) 54.7x13.7 55.6+14.4
Sex(male) 106(50.7%) 117(55.7%)
Height(cm) 163+2.1 163+2.5
Weight(kg) 65.5+2.3 66.2+2.6
BMI/(kg/m?) 23.4+28 22.6x2.1
ASA Physical Status Classification

[ 113(54.1%) 118(56.2%)

Il 64(30.6%) 69(32.9%)

1] 32(15.3%) 23(11.0%)
History

Diabetes 27(12.9%) 24(11.4%)

Hypertension 38(18.2%) 41(19.5%)

Coronary heart disease 14(6.7%) 12(5.7%)

Cerebral infarction 7(3.3%) 6(2.9%)
Preoperative examination

Hb(g/dL) 13.6x1.5 13.4+1.4

WBC(x10° /L) 6.6x1.9 6.7+1.8

NE(x10° /L) 4.2+2.3 4.4+2.2

LYM(x10° /L) 2215 22+1.7

MMSE Scores 25.4+2.3 25.7+2.2
Duration of operation (min) 146.5+14.9 143.5%14.1
Duration of anesthesia (min) 159.4+14.0 155.4+15.3
Bleeding loss (mL) 231.6x167.7 240.8+159.7
Urine volume (mL) 543.4x194.1 538.7+190.3
Crystalloid infusion volume (mL) 865.2+130.7 867.6x141.6
Colloidal fluid infusion volume(mL) 367.9+85.5 37241842

Drug Design, Development and Therapy 2024:18 htps: 1193

Dove:


https://www.dovepress.com
https://www.dovepress.com

Qi et al Dove

significant compared to the S-ketamine group (+22% vs £12%) during induction (Table 2A). Although no statistical
differences were observed between the two groups at various time points during maintenance, we found that the control
group maintained stable hemodynamics (+16%), whereas the S-ketamine group exhibited hemodynamic fluctuations
within £12% compared to baseline levels (Table 2B).

Outcome Measures

Firstly, the overall incidence of PONV in the S-ketamine group was significantly lower than that in the control group
(9.7% vs 30.5%), indicating a 20.8% reduction in PONV incidence in the S-ketamine group. There were no significant
differences in the incidence of PONV in the post-anesthesia care unit (PACU) after surgery. However, the S-ketamine
group had a lower incidence of PONV on postoperative day 1 (16.2% vs 2.6%; P < 0.0001) and postoperative day 3
(8.4% vs 1.3%; P<0.0001) compared to the control group (Figure 2A). Furthermore, our study found that the total
perioperative consumption of remifentanil (1414.8+296.3 ng vs 2358.24+548.1 ng; P<0.0001) (Figure 2B) and sufentanil
(33.1 £ 17.4 pg vs 133.64+28.2 ng; P<0.0001) (Figure 2C) was significantly lower in the S-ketamine group compared to
the control group.

Secondly, there were no significant differences in VAS scores in the PACU after surgery between the two groups.
However, the VAS scores in the S-ketamine group were significantly lower than those in the control group on
postoperative day 1 and postoperative day 3 (Figure 3A). Rescue analgesia was required by 19 patients (12.3%) in the
control group, while only 10 patients (6.67%) in the S-ketamine group required it. Additionally, the results showed that

Table 2 HR, SBP, DBP and MAP at Different Time Points

A)
To T T, T
Control group (n = 209)
HR(bpm) 78.1£12.9 | 60.949.5% 90.0+10.4* 95.2+10.8*
SBP(mmHg) 130.3x16.4 | 101.7£12.4* | 147.5£14.1* | 158.7+13.4°
DBP(mmHg) 75.3x1 1.1 58.7+11.7* | 85.1%11.3* | 91.4+9.5°
MAP(mmHg) 96.6+12.5 | 75.3%+9.9° 109.3+11.3* | 116.9+8.9*
S-ketamine group (n = 210)
HR(bpm) 782113 | 69.1£7.7% 86.0+10.5* | 87.619.7%
SBP(mmHg) 128.6+13.0 | 113.2£13.9* | 139.9£17.4* | 143.5x12.1*
DBP(mmHg) 74.3%9.7 66.4+10.3* | 80.0+8.6* 83.6+9.4°
MAP(mmHg) 92.4+9.4 81.1£9.7¢ 101.0+9.7° 103.4+8.4
(B)
To T, Ts Te T, Ts
Control group (n = 209)
HR(bpm) 78.1£129 | 90.4£10.3* | 66.7£10.5* | 72.3+9.4° 789%11.7 | 80.0+7.5
SBP(mmHg) 130.3+16.4 | 150.7+11.6* | 109.7£12.6* | 120.6x11.6 | 131.6£12.7 | 132.3£12.6
DBP(mmHg) 75.3x1 1.1 87.6+10.5* | 63.2£10.1° | 73.6+10.4 77.1x10.2 | 80.0£10.3°
MAP(mmHg) 96.6+12.5 111.249.7 82.0£10.1* | 90.3£11.8% | 97.2+105 | 97.4%10.1
S-ketamine group (n = 210)
HR(bpm) 782113 | 853%10.5° | 69.3+9.3° 72.4+9.9° 76.0+9.7 78.1+7.6
SBP(mmHg) 128.6+13.0 | 139.3+12.1* | 114.3£20.1% | 123.8+11.0* | 128.5+11.6 | 134.6+12.1*
DBP(mmHg) 74.3%9.7 82.1£10.3" | 66.319.6" 72.7x10.1 76.4%9.5 77.749.9°
MAP(mmHg) 92.4+9.4 102.7+10.4* | 82.3+8.7% 88.9+10.3* | 93.8+10.2 | 96.7+8.4°

Notes: Ty Before anesthesia induction, T,: before endotracheal intubation, T,: immediately after intubation, Tj: after lateral decubitus,
Comparison with T, time, *P<0.05. T4:5 min after the onset of operation, Ts: 30 min after the onset of operation, T4: 60 min after the onset of
operation, T7: 90 min after the onset of operation, Tg: at the end of operation.
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Figure 2 The incidence of PONV(A) at PACU, postoperative days (POD) | and 3 were compared between the control group and S-ketamine group. Comparison of
perioperative remifentanil(B) and sufentanil(C) use between Control and S-ketamine groups, **P<0.01.
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Figure 3 The visual analog scale (VAS) scores(A) at PACU, postoperative days |(POD-1) and 3 (POD-3) were compared between the control group and S-ketamine group.
Changes in systemic inflammation levels at preoperation, 24, 48 hours postoperative were compared between the control group and S-ketamine group (B and C), *P<0.05,
*#P<0.01.

the white blood cell and neutrophil counts were significantly lower in the S-ketamine group on postoperative days 1 and
3 (Figure 3B and C).

Lastly, we evaluated the MMSE scores of the two groups before surgery and on postoperative day 1 and day 3 (POD-
1 and POD-3), and no statistically significant changes were observed. Regarding postoperative adverse events, including
nightmares, hallucinations, dizziness, delirium, and others, there were no significant differences between the two groups
except for PONV (Table 3).

Table 3 Occurrence of Postoperative Adverse Reactions in Patients

AE Type Control (Number) | S-ketamine(Number)
Nightmares 2 2
Hallucination 4 5

Dysphoria 2 |

Salivation | |
Arrhythmia 10 9

Dizziness 9 I

Nausea and Vomiting 64 21

Headache 2 2
Respiratory depression 0 0

Delirium 13 14
Pneumothorax 5 6

Infection 15 14
Bronchopleural fistula 2 |

Pulmonary embolism 6 5
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Discussion

In this trial, we observed that the administration of intravenous S-ketamine during anesthesia induction, intraoperative
maintenance, and postoperative analgesia effectively reduced the incidence of postoperative nausea and vomiting
(PONV) in patients undergoing thoracic surgery by reducing opioid consumption.

The elderly have degenerative changes in the function of numerous organs and a low tolerance for surgical trauma, thus
the consequences produced by PONV will be more severe, and the incidence of PONV in thoracic surgery patients has
increased to 30%, which aligns with the findings of our study (30.5% in the control group). We observed a significantly
lower overall incidence of PONV in the S-ketamine group compared to the control group (9.7% vs 30.5%). Additionally,
we analyzed the incidence of PONV at different time points. Our results showed a significant increase in the number of new
PONYV cases in the control group on postoperative day 1 (POD-1) and postoperative day 3 (POD-3). Based on our analysis
of perioperative opioid usage, we found that the S-ketamine group had a 40.0% reduction in remifentanil usage compared to
the control group (1414.8 pg vs 2358.2 ng), and sufentanil consumption was 75.2% lower in the S-ketamine group than in
the control group (33.1 ug vs 133.6 pg). Consequently, we believe that two important reasons contributed to the reduced
incidence of PONV in the S-ketamine group. Firstly, there was a reduction in perioperative opioid consumption, which has
been established as a major risk factor for PONV.?® Secondly, S-ketamine helped maintain hemodynamic stability during
anesthesia.”! The mechanism might involve lower mean arterial pressure during surgery, which could lead to intermittent
hypoperfusion of the brainstem and vestibular system, triggering the release of cytokines, histamine, and serotonin. These
substances can stimulate histamine and serotonin receptors in the chemoreceptor areas, potentially resulting in nausea and
vomiting.*> Previous studies have suggested that opioid-free anesthesia significantly reduces postoperative nausea and
vomiting, making it an appealing option for high-risk PONV patients.'®

During anesthesia induction, the administration of intravenous S-ketamine at a dose of 0.5 mg/kg helped maintain
stable hemodynamic levels while implementing opioid-sparing anesthesia. The study results demonstrated that the blood
pressure of both groups decreased after induction compared to baseline levels. However, the blood pressure of patients in
the S-ketamine group could be stabilized at a more consistent level after induction, and there were no excessive
hemodynamic fluctuations following the double-lumen endotracheal tube procedure compared to the control group
(+12% vs £22%). These findings confirm the safety and efficacy of S-ketamine for anesthesia induction, which is
consistent with previous studies.'>'*?!

During the intraoperative anesthesia maintenance phase, the opioid-sparing anesthesia protocol with continuous
infusion of S-ketamine at a rate of 0.25 mg/kg/h was employed in the S-ketamine group. At each observation time
point, we did not observe significant hemodynamic fluctuations in the S-ketamine group compared to the control group.
While conventional anesthesia was able to maintain stable hemodynamics (+16%), the use of S-ketamine in opioid-
sparing anesthesia resulted in hemodynamic fluctuations within £12% compared to baseline levels. A previous study has
indicated that the use of S-ketamine during anesthesia induction and maintenance may improve peripheral perfusion and
blood pressure. This improvement may be attributed to the activation of the sympathetic nervous system by S-ketamine,
thus reducing the sharp decline in blood pressure during anesthesia maintenance.>

As a notable aspect of this trial, we implemented a non-opioid analgesic protocol for postoperative intravenous analgesia
via patient-controlled intravenous analgesia (PCIA) using S-ketamine (0.03 mg/kg/h) in combination with tropisetron (10 mg)
in the S-ketamine group. The findings demonstrated that this non-opioid analgesic protocol was both safe and effective for
postoperative pain management in patients undergoing VATS lobectomy. However, there is a limited number of studies on
non-opioid analgesic protocols in thoracic surgery, and further evidence is required before considering its widespread
implementation in clinical practice. It is worth noting that our observation indicated that patients undergoing VATS lobectomy
experienced fewer serious surgical perioperative complications when subjected to the non-opioid analgesic protocol compared
to opioid-balanced anesthesia. This finding aligns with the recommendations of the Thoracic Enhanced Recovery After
Surgery Program, which strongly advocates for minimizing opioid usage to improve outcomes.**

Furthermore, this trial also focused on assessing postoperative pain status and complications in patients undergoing
opioid-sparing anesthesia and non-opioid analgesic protocols. There was no statistically significant difference in the
Visual Analog Scale (VAS) scores between the two groups when patients returned to the ward from the post-anesthesia
care unit (PACU) (3.2 vs 3.1). However, during the postoperative follow-up on postoperative day 1 (POD-1) (3.8 vs 4.1)
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and postoperative day 3 (POD-3) (2.9 vs 3.5), patients in the S-ketamine group exhibited significantly lower VAS scores.
Additionally, we found that the number of white blood cells (WBC) in the S-ketamine group was lower than that in the
control group on POD-1 (13*10°/L vs 14.3*10°/L) and POD-3 (10.2%10°/L vs 11.8*10°/L). Similarly, our study revealed
that the neutrophil count on POD-1 (11.5%10°/L vs 13.7%¥10°/L) and POD-3 (8.6*10°/L vs 11.2*10%/L) in the S-ketamine
group was significantly lower than that in the control group.

Finally, no statistically significant differences were observed between the two groups in terms of S-ketamine-related
adverse reactions and postoperative complications, except for PONV. However, additional studies are warranted to
confirm the role of anti-inflammatory effects in the prophylactic effect of S-ketamine on PONV.

Limitations

This study has several limitations. Firstly, the sample size was small, and only Chinese adults were included, which
means that certain findings may have limited sample sizes and may not reflect significant differences. Secondly,
a larger multicenter and multiethnic study is needed to investigate whether alternative dosages of S-ketamine can be
safely used in patients undergoing VATS lobectomy and other types of thoracic surgery, as only one dose of
S-ketamine was included in this study. Thirdly, since perioperative opioid consumption was significantly reduced
and no biological samples were collected, it is challenging to determine the direct effect of S-ketamine itself.
Collecting blood samples could have helped elucidate the possible mechanisms underlying the beneficial effect of
S-ketamine on PONV.

Conclusion
The results of this placebo-controlled randomized clinical trial revealed that perioperative S-ketamine infusion reduced
the incidence of PONV in patients who underwent VAST lobectomy.
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