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Purpose: Abnormal liver function is common post-surgery and is linked to poor prognosis. We investigated whether intraoperative
subanesthetic esketamine could improve postoperative liver function and recovery quality by reducing surgery-induced inflammation
in patients with head and neck squamous cell carcinoma (HNSCC).

Patients and methods: In this randomized controlled trial, 172 hNSCC patients were randomly assigned to receive esketamine or
saline intravenously. The primary outcome was serum alanine aminotransferase (ALT) on postoperative day (POD) 1. Secondary
outcomes included aspartate aminotransferase (AST), abnormal liver function event (ALFE), inflammatory markers (serum C-reactive
protein [CRP], white blood cell [WBC] count, neutrophil percentage (NE%) and the neutrophil-to-lymphocyte ratio [NLR]) on PODI,
and recovery quality measured by the quality of recovery (QoR)-40 questionnaire on POD1 and POD7.

Results: The esketamine group showed a lower mean [standard deviation, SD] ALT (27.72 [13.04] vs 50.74 [20.14] U/L; P = 0.001),
AST (20.88 [8.60] vs 26.05 [15.31] U/L; P =0. 007), rate of ALFE (12% vs 31%; odds ratio [OR], 95% confidence interval [CI]:
0.308, 0.138 to 0.688; P = 0.003), CRP (53.30 [22.98] vs 60.70 [23.51] mg/L; P = 0.039), WBC count (13.37 [3.40] vs 15.02 [3.97]
10°/L; P = 0.004), NE% (85.58 [4.77] vs 87.38 [4.02]; P = 0.008), and NLR (15.05 [6.08] vs 17.25 [7.04]; P = 0.042), and higher
QoR-40 scores on POD1 (171 [169 to 174] vs 168 [166 to 171]; P < 0.001) and POD7 (177 [174 to 180] vs 175 [172 to 178]; P <
0.001) compared to the control group.

Conclusion: Subanesthetic esketamine improved postoperative liver function and recovery quality in HNSCC patients, possibly by
reducing surgery-induced inflammation.
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Introduction

Surgical procedures often trigger a variety of perioperative inflammatory reactions, which can lead to multi-system organ
dysfunctions and increase perioperative morbidity and mortality.' The intensity of this inflammatory response is
influenced by factors such as the type of surgery, the degree of tissue trauma, surgery duration, ischemia-reperfusion
injury (IRI), and blood loss and transfusion.”* Radical resection of lesions followed by microvascular free flap
reconstructions is the standard treatment for major trauma, prolonged surgical duration, significant blood loss, and

substantial hemodynamic fluctuations. Consequently, HNSCC patients are at higher risk for postoperative systemic
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inflammatory response and abnormal liver function.' Evidence suggests that preoperative and postoperative liver
dysfunction can lead to prolonged hospitalization, extended ICU stay, and increased mortality.® Therefore, protecting
liver function during surgery in HNSCC patients poses a significant challenge for anesthesiologists.

The choice of intraoperative medication is a critical factor influencing perioperative inflammatory response and organ
function. Intravenous (IV) infusions of propofol and remifentanil have been shown to reduce systemic inflammation and
improve postoperative liver and kidney function. However, even with total IV anesthesia primarily using propofol and
remifentanil, serum liver enzymes and bilirubin levels often increase postoperatively.”” The search for an anesthetic drug
that can effectively reduce inflammation while protecting perioperative liver function remains ongoing.

The impact of N-methyl-D-aspartate (NMDA) receptor antagonist ketamine on organ functions has been a subject of
interest. Ketamine has been shown to cause liver and kidney damage in experimental animals.'®'" Interestingly, ketamine
also demonstrated a hepatoprotective effect in lipopolysaccharide (LPS)-induced liver injury in rats by reducing COX-2
protein levels or HO-1 mediation.'*'? These diverse effects on the liver appear to be dose-dependent. Esketamine, the
(S)-enantiomer of ketamine, has a higher affinity for NMDA receptors. It is increasingly used in perioperative care for

1415 antidepressant and anxiolytic properties,'¢ '

20,21
1,2%

cancer patients due to its potent analgesic effects, improvement in

postoperative sleep disturbances,'” and anti-inflammatory potentia all with mild psychological side effects. A study
showed that subanesthetic doses of esketamine infusion did not affect kidney function during ischemic postconditioning
in rats with renal IR1.*> Additionally, Xu and co-workers reported that esketamine alleviated carbon tetrachloride-induced
liver injury by inhibiting oxidative stress and inflammatory cell infiltration through the Nrf2/HO-1 signaling pathway.>®
However, the effect of intraoperative esketamine infusion on postoperative liver function remains unclear. Microvascular
free flap reconstruction in HNSCC patients is associated with IRI, leading to oxidative stress, inflammation, and
endothelial dysfunction. Therefore, we speculate that esketamine’s hepatoprotective effects may, in part, be due to its
ability to mitigate IRI-induced damage and inflammation during the perioperative period.

This trial aimed to assess the effect of intraoperative subanesthetic dose of esketamine on postoperative liver function
and recovery quality in HNSCC patients undergoing radical resection followed by microvascular reconstruction. As we
know, this study is the first to explore the organ-protective effects of esketamine in patients with HNSCC.

Methods
Study Design and Ethics

This double-blinded, placebo-controlled randomized clinical trial was approved by the Institutional Scientific Research
and Clinical Trials Ethics Committee of Nanjing Stomatological Hospital, Affiliated Hospital of Medical School, Nanjing
University (No.: NJSH-2023NL-018-1). The trial was registered at https://www.chictr.org.cn (Registration No.:
ChiCTR2300070945). No significant changes were made after the trial commenced. A total of 183 hNSCC patients
were enrolled from June 2023 to June 2024. Written informed consent was obtained from all participants. This study
complied with the Declaration of Helsinki and the CONSORT guidelines.

Participant Recruitment
Inclusion Criteria

1. Patients diagnosed with HNSCC based on biopsy and scheduled for elective radical resection with functional
reconstruction using microvascular free flaps under general anesthesia.

2. Age 18-75 years, of either sex.

3. American Society of Anesthesiologists (ASA) classification I-111.

4. Voluntary participation with signed informed consent.

Exclusion Criteria

1. Emergency or recurrent surgery.
2. Body mass index (BMI) < 18 or > 30 kg/m?, calculated as weight in kilograms divided by height in meters squared.
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3. Abnormal liver function defined as serum alanine aminotransferase (ALT) or aspartate aminotransferase (AST) >
40 U/L.

4. Severe cardiovascular, pulmonary, renal, or liver diseases, alcohol or drug abuse, neuropsychiatric disease,

hyperthyroidism, or glaucoma.

Uncontrolled hypertension (baseline > 180/100 mm Hg), or diabetes (fasting blood glucose > 8.0 mmol/L).

Surgery duration less than 5 hours.

Recent use of sedatives, antidepressants, glucocorticoids, hypnotics, or analgesics within the last 3 months.

Communication impairment due to cognitive or audio-visual issues.

e R A

Contraindications or allergy to esketamine.

Randomization and Blinding
Eligible patients were randomly assigned in a 1:1 ratio to receive either IV esketamine or placebo using computer-
generated randomization table (http://www.random.org). Group assignments were sealed in envelopes and managed

by a nurse anesthetist not involved in data collection, postoperative follow-up, or analysis. The anesthesiologists
(XLL, XCC, LW and YCD) managing intraoperative care and postoperative follow-up were blinded to the group
assignment.

Study Intervention

The esketamine group received an IV loading dose of 0.5 mg/kg esketamine (Jiangsu Hengrui Pharmaceutical Co., Ltd).
before incision, followed by a continuous infusion 0.2 mg/kg/h during surgery until 30 minutes before the procedure’s
end. For infusion, 50 mg esketamine was diluted with normal saline to a total volume of 20 mL for loading dose, 50 mL
for maintenance dose. The control group received an equivalent volume of normal saline. Infusions were prepared by the
same nurse anesthetist for both groups.

Anesthesia and Postoperative Management

No premedication was given. Routine monitoring included electrocardiogram (ECG), blood pressure, pulse oxygen
saturation, end-expiratory carbon dioxide, and bispectral index (BIS). A radial artery catheter was used for real-time
arterial blood pressure and gas monitoring, and a femoral vein catheter for liquid input and blood sampling. Anesthesia
was induced with midazolam (0.02—0.06 mg/kg), propofol (1-2 mg/kg), sufentanil (0.2-0.4 pg/kg), and cisatracurium
(0.3 mg/kg) for intubation or tracheotomy. Maintenance involved propofol (4-5 mg/kg), remifentanil (0.1-0.2 pg/kg/
min), and 1% sevoflurane in 60% O-/air, keeping heart rate and systolic blood pressure within 20% of baseline. BIS was
maintained between 40-60. Vasoactive drugs such as atropine, ephedrine or deoxyepinephrine, were administered as
needed. A loading dose of 0.2-0.4 pg/kg sufentanil was given before incision, and no sufentanil was added afterwards.
Postoperative pain was managed by a patient-controlled IV analgesia pump containing dezocine 20 mg, tropisetron
10 mg, and dexmedetomidine 1 pg/kg in 100 mL normal saline. Patients were transferred to the postoperative intensive
care unit (ICU) with nasal endotracheal or tracheotomy tubes for further observation.

Data Collection and Outcome Assessment

Blood samples were collected from the femoral vein preoperatively and on postoperative day (POD) 1 to measure the
serum levels of liver enzymes and bilirubin levels using an automatic biochemistry analyzer (SIEMENS, ADVIA®
1800). Blood cell analysis was performed using an automatic hematology analyzer (Sysmex Corporation, XS-9001). The
biochemical analyzer and automatic hematology analyzer are calibrated according to Chinese quality control require-
ments and the manufacturers’ instructions. The primary outcome was serum ALT level on PODI1. Secondary outcomes
are listed as follows:

1. Serum levels of AST, total bilirubin (TBI), direct bilirubin (DBI), and indirect bilirubin (IBI) on PODI.
2. Incidence of abnormal liver function events (ALFE) on PODI, defined as ALT or AST > 40 U/L.**
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3. Serum C-reactive protein (CRP) levels, white blood cell (WBC) count, neutrophil percentage (NE%) and the
neutrophil-to-lymphocyte ratio (NLR) on POD1. NE% was calculated by dividing the absolute neutrophil count by
WBC count while the NLR was done by dividing the absolute neutrophil count by the absolute lymphocyte count.

4. Recovery Quality measured by the QoR-40 questionnaire on POD1 and POD?7, which assesses pain, physical
comfort, physical independence, emotional state, and psychological support. Scores range from 0 to 200, with
higher scores indicating better recovery.

Additional data included cumulative anesthetic drug use (sufentanil, remifentanil and propofol), surgery duration,
infusion volume (crystalloid, colloidal solution, red blood cell and fresh frozen plasma infusion), estimated blood loss,
urine output, vasoactive drugs (atropine, ephedrine, or phenylephrine) use, and incidence of postoperative adverse events,
including nausea, vomiting, blurred vision, diplopia, restlessness, and nightmares.

Sample Size Calculation

Based on pre-experimental data showing mean ALT levels of 44.35 U/mL in the control group and 37.68 U/mL in the
esketamine group on POD1, with an assumed standard deviation (SD) of 12.62 U/mL, 77 patients per group were needed
to detect a significant difference with 90% power and a two-sided a of 0.05. Considering a 10% dropout rate, 86 patients
were planned for each group. Sample size was calculated using PASS 15.0 software, version 15.0 (NCSS).

Statistical Analysis

Continuous variables with a normal distribution, as verified by Kolmogorov—Smirnov test, were expressed as mean+SD and
compared between the two groups using an independent-sample #-test. For variables with a non-normal distribution, the
median and interquartile range (IQR) were used, and comparisons were made using the Mann—Whitney U-test. Categorical
variables, presented as numbers or percentages, were compared using the y2 test or Fisher’s exact test. Statistical analyses were
performed using SPSS version 24.0 (IBM, Armonk, NY, USA), with a two-sided P < 0.05 considered statistically significant.

Results

Patients

A total of 183 patients were initially enrolled in the study. One patient declined to participate and 10 patients were
excluded due to surgery cancellation — 7 for an upper respiratory tract infection and others due to a change in the planned
surgical procedure (Figure 1). One patient in the control group was eliminated who developed postoperative hematoma
exploration. Therefore, this left 171 patients were followed up in two groups: the control group (n=85; mean [SD] age,
59.79 [12.79] years) and the esketamine group (n=86; mean [SD] age, 58.24 [12.29] years) (Table 1). Demographic data,
including age, gender, BMI, ASA physical status, preexisting medical conditions, microvascular free flap type, and
preoperative total QoR-40 scores, were comparable between the two groups (Table 1).

Efficacy Outcomes

The cumulative consumptions of anesthetics were significantly lower in the esketamine group compared to the control
group: sufentanil (median [IQR], 20 [20 to 30] vs 30 [25 to 40] pg; P = 0.020), remifentanil (median [IQR], 1.75 [1.51 to
2.00] vs 1.90 [1.58 to 2.41] mg; P = 0.029), and propofol (median [IQR], 1680 [1450 to 1980] vs 1860 [1580 to
2220] mg; P = 0.039). No significant differences were observed in surgery duration, intraoperative liquid input and
output, or the use of vasoactive drugs between the two groups (Table 2).

Baseline serum levels of ALT, AST, TBI, DBI, IBI, CRP, WBC count, NE% and NLR were similar between the two
groups. However, on PODI1, the esketamine group had significantly lower serum ALT (27.72 [13.04] vs 50.74 [20.14] U/L;
P =0.001), AST (20.88 [8.60] vs 26.05 [15.31] U/L; P =0. 007), incidence of ALFE (12% vs 31%; odds ratio [OR], 95%
confidence interval [CI]: 0.308, 0.138 to 0.688; P = 0.003), CRP (53.30 [22.98] vs 60.70 [23.51] mg/L; P = 0.039), WBC
count (13.37 [3.40] vs 15.02 [3.97] 10°/L; P=0.004), NE% (85.58 [4.77] vs 87.38 [4.02]; P = 0.008), and NLR (15.05 [6.08]
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Assessed for eligibility (n=183)

Excluded (n=11)

®  Upper respiratory tract infection (n=7)

\4

®  Alteration of planned surgical procedure (n=3)

® Declined to participate (n=1)

Randomized (n=172)

Allocation

Assigned to esketamine group (n=86) I ’ Assigned to placebo group (n=86)

Follow-up

Lost to Follow-up (n=1)

Lost to Follow-up (n=0) ® Hematoma exploration performed (n=1)

Analysis
Analyzed (n=86) I | Analyzed (n=85)

Figure | Participant Flowchart.

vs 17.25 [7.04]; P = 0.042) compared to the control group. There were no significant differences in serum TBI, DBI or IBI
levels between the two groups on POD1 (Table 3).

The total QoR-40 scores were significantly higher in the esketamine group on both POD1 (171 [169 to 174] vs 168
[166 to 171]; P < 0.001) and POD7 (177 [174 to 180] vs 175 [172 to 178]; P < 0.001). Notably, the esketamine group
showed significant improvements in pain (POD1: 29 [29 to 30] vs 28 [27 to 29]; P < 0.001), physical comfort (POD1: 51
[49 to 53] vs 50 [46 to 52]; P = 0.004), and emotional state (POD1: 39 [38 to 40] vs 38 [36 to 39]; P < 0.001); POD7: 41

Table | Subject and Baseline Characteristics

Esketamine (n=86) | Control (n=85)

Age (yr), mean (SD) 58.24 (12.29) 59.79 (12.79)
BMI (kg/m?), mean (SD) 23.03 (3.58) 22.61 (3.18)
Gender, n (%)

Male 57 (66) 50 (59)

Female 29 (34) 35 (41)
ASA physical status, n (%)

| 21 (24) 19 (22)

Il 57 (66) 60 (71)

n 8 (10) 6(7)
Preexisting medical conditions, n (%)

Hypertension 24 (28) 29 (34)

Diabetes mellitus 13 (I5) 15 (18)
Free flap type, n (%)

Forearm flap 34 (40) 33 (39

Anterolateral thigh flap 35 (41) 39 (46)

Fibular myocutaneous flap 17 (19) 13 (15)
Preoperative QoR-40 score, median (IQR) 188 (186-189) 188 (185-189)

Notes: Data are presented as mean (SD), median (IQR), or n (%).

Abbreviations: IQR, interquartile range; SD, standard deviation; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); ASA, American Society of Anesthesiologists;
QoR-40, Quality of Recovery 40 questionnaire.
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Table 2 Perioperative Parameters

Esketamine (n=86) | Control (n=85) | P-value
Intraoperative data
Surgical duration (h), mean (SD) 6.82 (1.22) 6.71 (1.66) 0.446
Propofol dose (mg), median (IQR) 1680 (1450-1980) 1860 (1580-2220) | 0.039*
Remifentanil dose (mg), median (IQR) 1.75 (1.51-2.00) 1.90 (1.58-2.41) 0.029*
Sufentanil dose (ng), median (IQR) 20 (20-30) 30 (25-40) 0.020%*
Crystoloid solution (mL), mean (SD) 2280.00 (469.24) 2195.93 (599.67) 0.083
Colloidal solution (mL), median (IQR) 1500 (1000-1500) 1500 (1000-1500) 0.828
Blood products, n (%) 6(7) 9(1 0.431
Urine output (mL), mean (SD) 1315.88 (692.83) 1282.79 (761.88) 0.321
Estimated blood loss (mL), mean (SD) 633.53 (260.31) 604.07 (225.21) 0.802
Use of vasoactive drugs, n (%) 19 (22) 22 (26) 0.562
Postoperative adverse reactions
Nausea, n (%) 4 (5) 6 (7) 0.527
Vomiting, n (%) 1 (1) 3(4) 0.317
Blurred vision, n (%) 0 (0) 0 (0) NA
Diplopia, n (%) I (I) 0 (0) 1.000
Restlessness, n (%) 0 (0) 0 (0) NA
Nightmares, n (%) (1) 0 (0) 1.000

Notes: Data are presented as mean (SD), median (IQR), or n (%). * P < 0.05. Blood products included red blood
cell and fresh frozen plasma. Vasoactive drugs included atropine, ephedrine, and phenylephrine.
Abbreviations: SD, standard deviation; IQR, interquartile range; NA, not applicable.

Table 3 Liver Functions and Inflammatory Markers

Esketamine (n=86) | Control (n=85) | P-value
Preoperative
ALT (U/L), mean (SD) 23.67 (14.64) 19.94 (13.25) 0.106
AST (U/L), mean (SD) 18.65 (5.38) 19.80 (8.50) 0.294
TBI (umol/L), mean (SD) 10.96 (4.37) 12.01 (4.29) 0.114
DBI (umol/L), mean (SD) 322 (1.11) 2.96 (1.04) 0.1'10
IBI (umol/L), mean (SD) 8.26 (3.68) 8.71 (3.52) 0.415
CRP (mg/L), mean (SD) 4.35 (9.56) 3.54 (8.20) 0.549
WBC (10°/L), mean (SD) 5.96 (1.73) 5.83 (1.22) 0.572
NE%, mean (SD) 58.76 (9.56) 60.91 (8.02) 0.163
NLR, mean (SD) 2.50 (1.18) 2.55 (l.16) 0.807
PODI
ALT (U/L), mean (SD) 27.72 (13.04) 50.74 (20.14) 0.001*
AST (U/L), mean (SD) 20.88 (8.60) 26.05 (15.31) 0.007%*
ALFE, n (%) 10 (12) 26 (31) 0.003*
TBI (umol/L), mean (SD) 14.56 (6.67) 15.74 (7.54) 0.281
DBI (umol/L), mean (SD) 4.54 (2.15) 4.12 (1.93) 0.182
IBI (umol/L), mean (SD) 10.79 (5.11) 11.41 (5.51) 0.455
CRP (mg/L), mean (SD) 53.30 (22.98) 60.70 (23.51) 0.039%*
WBC (10°/L), mean (SD) 13.37 (3.40) 15.02 (3.97) 0.004%*
NE%, mean (SD) 85.58 (4.77) 87.38 (4.02) 0.008*
NLR, mean (SD) 15.05 (6.08) 17.25 (7.04) 0.042%*

Notes: Data reported as mean (SD) or n (%). * P < 0.05.

Abbreviations: SD, standard deviation; ALT, alanine transaminase; AST, aspartate transaminase;
TBI, total bilirubin; DBI, direct bilirubin; IBI, indirect bilirubin; CRP, C-reactive protein; WBC,
white blood cell; NE%, neutrophil percentage; NLR, neutrophil-to-lymphocyte ratio; POD,
postoperative day; ALFE, abnormal liver function event.
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[40 to 42] vs 40 [39 to 40]; P < 0.001). However, no significant differences were observed in postoperative physical
independence or psychological support scores between the two groups (Figure 2).

Safety Outcomes
There were no significant differences in adverse reactions between the two groups on POD1. Nightmares and diplopia
were reported by one patient in the esketamine group on POD1 (Table 2).

Discussion

The present study demonstrated that intraoperative esketamine infusion significantly reduced serum levels of ALT and
AST, alleviated systemic inflammation response, and increased postoperative recovery quality in HNSCC patients
undergoing radial resection followed by microvascular reconstruction. Previous research has shown that both the
analgesic and adverse effects of esketamine are dose-dependent, a subanesthetic dose of esketamine can maintain its anti-
inflammatory activity and analgesic efficacy while minimizing neuropsychiatric side effects, such as hallucinations,
nightmares, and delirium.?>?” Based on these findings, this study opted for a subanesthetic dose (0.5 mg/kg followed by
a continuous infusion of 0.2 mg/kg/h) as informed by prior research outcomes.” *°

This study found that patients with normal preoperative liver function experienced abnormal liver function after
surgery, with an incidence of ALFE at 31%. Esketamine infusion lowered postoperative ALT and AST levels signifi-
cantly with the incidence of ALFE at only 12%. The results suggested that a subanesthetic dose of esketamine may help
protect the liver by mitigating damage to the liver cell membrane in patients undergoing head and neck cancer surgery.
However, there was no significant difference in postoperative serum bilirubin levels between the two groups. This could
be due to the limited sensitivity of TBI, DBI, or IBI in indicating liver function. Alternatively, it may suggest that
elevated serum bilirubin levels post-surgery primarily are caused by hemolysis from major surgical trauma rather than
liver hypoperfusion or hepatocyte injury.>' According to Shang and et.al, abnormal levels of ALT, AST, and TBI are
associated with lower 90-day and 4-year survival and can serve as independent risk factors for prognosis in cardiac
surgeries.® Therefore, a subanesthetic dose of esketamine may provide both short-term and long-term survival benefits
for HNSCC patients.

The underlying mechanisms of esketamine’s protective effect on liver remains unclear. During surgery, patients often
experience a systemic inflammation response involving neutrophils activation, pro-inflammatory cytokine release, and
glycocalyx damage, all of which can lead to abnormal liver function postoperatively.' Our findings indicate that
esketamine possesses potent anti-inflammatory effects, as evidenced by reductions in CRP levels, WBC count, NE%,
and NLR, which were consistent with the previous studies.”’*” NLR is a biomarker that is closely correlated with
systemic inflammation and poor prognosis in solid tumors including HNSCC.** Many recent studies demonstrated the
NLR was a prognostic indicator for overall and cancer-specific survival in HNSCC, and elevated NLR in HNSCC
patients confers a poor prognosis.>*~* Taken together, it is plausible that esketamine’s liver-protective effects during
surgery may arise from its anti-inflammatory and anti-stress properties, and intraoperative esketamine administration may
be useful for the prognosis for patients with HNSCC due to the anti-inflammatory property. However, further research is
needed to fully elucidate the underlying mechanism.

In this study, we found that patients in the esketamine group required significantly lower doses of remifentanil and
sufentanil, indicating that esketamine has reliable analgesic properties. Given esketamine’s moderate affinity for p-type

3336 it is likely that this interaction contributes to the reduced need for remifentanil and sufentanil.

opioid receptor,
Remifentanil is known be hydrolyzed by non-specific esterases in the body, without impacting hepatic or renal functions.
On the other hand, sufentanil offers protection against hepatic IRI by downregulating inflammatory factors such as
hypoxia-inducible factor 1a (HIF-1a), tumor necrosis factor-o. (TNF-a), IL-1, and IL-6 through the suppression of p38/
ERK/INK/NF-kB-p65/COX2 signal pathways.?” Therefore, the hepatoprotective effect may be due to esketamine itself
rather than reduced consumptions of opioid usage. Future research should adjust opioid dose in multivariable analysis to
isolate esketamine’s direct hepatoprotective effects. Additionally, total propofol consumption decreased by approximately
10% in the present study. Esketamine has been shown to reduce propofol consumption in a dose-dependent manner

during certain endoscopic surgeries, while maintaining the same level of sedation.*®3° These findings indicates that
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Figure 2 QoR-40 scores between the two groups (A) Total QoR-40 scores at different time points; (B) Sub-dimension QoR-40 score on POD; (C) Sub-dimension QoR-

40 score on POD7. * P < 0.05.

Abbreviations: QoR-40, Quality of Recovery 40 questionnaire; Pre-op, pre-operation; POD, postoperative day.
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esketamine has reliable sedative properties in addition to its analgesic effects. Moreover, we observed a transient
elevation in BIS value following esketamine infusion during anesthesia induction, although the BIS value did not differ
during anesthesia maintenance. Esketamine has been reported to increase BIS value in children during gastro-
duodenoscopy at doses of 0.3 and 0.5 mg/kg, with propofol consumptions similar to that of the placebo. These results
suggest that BIS value alone may not be sufficient to monitor anesthesia depth when esketamine is used.*’ Further
investigation is needed to understand the relationship between esketamine dosage and BIS value during surgery.

Using the overall QoR-40 score, we found that esketamine infusion during surgery contributed to enhanced post-
operative recovery quality, with patients experiencing less pain, better physical comfort, and an improved emotional
state. Accumulating evidence suggest that esketamine had the potential to improve postoperative pain and sleep quality,
as well as to provide rapid and sustained antidepressant effects in patients with treatment-resistant depression, though
transient psychotomimetic and dissociative adverse effects have been observed.'”'**'*? Additionally, esketamine has
been shown to improve postoperative depression-like symptoms through its anti-inflammatory effects, partly mediated by
the brain-derived neurotrophic factor (BDNF)/TrkB signaling pathway.”” There were no significant difference between
the two groups in terms of intraoperative liquid input and output, use of vasoactive drugs, or postoperative adverse
events. Overall, intraoperative subanesthetic dose of esketamine appear to be safe and effective, offering benefits linked
to its analgesic, antidepressant, and sleep-enhancing properties.

Limitations

There are several limitations to this study. First, it is a single-center study with a relatively small sample size, focusing
exclusively on HNSCC patients, which may introduce bias. Future multicenter RCTs with larger and more diverse
populations are needed to confirm these findings. Second, previous reports indicate that the incidence of preoperative
abnormal ALT or AST is 3.6% or 9.3%, respectively,* and that 12.6% of HNSCC patients have abnormal liver enzyme
levels before surgery.** However, this study only included patients with normal preoperative liver function, so the effects
of esketamine on preexisting abnormal liver function require further investigation. Third, liver function was only
assessed on the first day after surgery, leaving the long-term effect of esketamine on liver unknown. Finally, this study
only examined a subanesthetic dose of esketamine, so additional research is needed to explore different dosage regimens
and the dose-response relationship of esketamine.

Conclusions

This study suggests that intraoperative infusion of subanesthetic esketamine may benefit postoperative liver function and
recovery quality in HNSCC patients undergoing radical resection followed by microvascular flap reconstruction, likely
by attenuating the systemic inflammatory responses induced by major surgery. Further studies are needed to confirm
these findings and to explore the underlying mechanisms.
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