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Purpose: Esketamine have anesthetic and analgesic properties. This study aimed to observe the enhancing effect of subanesthetic 
doses of esketamine (0.15–0.3 mg/kg/h) with dexmedetomidine and remifentanil during anesthesia for liposuction surgery.
Patients and Methods: A total of 155 subjects were randomized with a 1:1 ratio to Group E (esketamine-dexmedetomidine/remifentanil, 
n=78) or Group C (saline-dexmedetomidine/remifentanil group, n=77). The primary outcome was satisfaction of patient and surgical team 
with the procedure. The secondary outcomes were the postoperative Athens Insomnia Scale (AIS) and Hospital Anxiety and Depression 
Scale (HADS) scores, hemodynamic and respiratory changes, drug consumption, adverse event rates, and predictors associated with patient 
satisfaction.
Results: Patient and surgical team satisfaction with the procedure was significantly higher in Group E than in Group C (4.7 ± 0.6 vs 
4.2 ± 0.7, P < 0.001; 4.7 ± 0.5 vs 4.4 ± 0.7, P = 0.005). The postoperative AIS (4 [1, 6] vs 5 [2, 9], P = 0.012) and HADS-A (1 [0, 3] vs 
2 [0, 6], P = 0.012) scores were significantly lower in Group E than in Group C. Hemodynamic and respiratory parameters were more 
stable in Group E than in Group C, with the lower opioids consumption of sufentanil (0 [0, 4] vs 5 [2.5, 7.7], P < 0.001) and 
remifentanil (700 [480, 900] vs 800 [500, 1200], P = 0.023) in Group E compared to Group C. On ordinal logistics regression, 
postoperative sleep quality (OR, 0.70; 95% CI, 0.62–0.79), anxiety level (OR, 0.77; 95% CI, 0.62–0.95) and recovery time in post- 
anesthesia care unit (PACU) (OR, 0.69; 95% CI, 0.56–0.98) were identified as significant predictors associated with patient 
satisfaction.
Conclusion: A subanesthetic dose of esketamine (0.15–0.3 mg/kg/h) as an adjuvant can improves the sedative and analgesic effects 
of dexmedetomidine and remifentanil during anesthesia for liposuction surgery.
Clinical Trial Registration: ChiCTR2400080363.
Keywords: esketamine, sedation, analgesia, satisfaction, liposuction

Introduction
Liposuction, a frequently performed plastic surgical procedure, primarily aims to improve body contour and aesthetics by 
eliminating excess fat from specific areas of the body.1 Currently, liposuction procedures primarily employ three well- 
recognized anesthesia techniques. The traditional approach, tumescent local anesthesia (TLA), carries the risk of toxicity 
from local anesthetic.2 Additionally, it may offer inadequate pain control, which can lead to involuntary patient 
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movement during the operation, thereby potentially affecting the quality and satisfaction of surgical results.3 On the other 
hand, general anesthesia often leads to an extended recovery time and is associated with a higher likelihood of 
experiencing nausea, vomiting, and sore throat due to the use of intubation.4,5

Typically, the most intense discomfort experienced during liposuction surgery arises during the administration of 
tumescent fluid or TLA.6 Therefore, sedation anesthesia combined with TLA allows for flexible adjustment of anesthesia 
depth according to surgical progress, but also helps prevent complications associated with prolonged periods in a passive 
position.7 Achieving ideal sedation and analgesia for liposuction necessitates high-quality anesthesia, which must 
maintain moderate sedation depth while ensuring respiratory and circulatory stability. However, an optimal sedation 
regimen for plastic surgeries, such as liposuction, has yet to be established.

Sedation and analgesia have been achieved with dexmedetomidine combined with different adjuncts like remifentanil 
or sufentanil in liposuction.8 A significant challenge during sedation and analgesia with dexmedetomidine and remifen
tanil is to maintain a delicate balance between the depth of anesthesia and spontaneous breathing.9,10 Dexmedetomidine 
exerts sedative and hypnotic effects by acting on α2 receptors in locus coeruleus and activating endogenous sleep- 
promoting pathways.11 Remifentanil, as a short-acting opioid analgesic, is associated with a higher risk of respiratory 
depression.12 While esketamine can effectively antagonize remifentanil-induced respiratory depression.13 Therefore, 
esketamine combined with dexmedetomidine and remifentanil may have more desirable effect of sedation and analgesia.

Ketamine is a racemic mixture of two enantiomers, S-ketamine (esketamine) and R-ketamine.14 Perioperative anxiety, 
which can worsen postoperative pain, depression, and sleep after surgery, may be alleviated by esketamine due to its 
potent action on the N-methyl-D-aspartate receptor (NMDAR), with benefits extending to various aspects of post
operative recovery, such as treatment-resistant depression and anxiety.15,16 Studies indicate that operative intravenous 
0.25 or 0.5 mg/kg ketamine can reduce immediate post-surgical pain and the risk of postpartum depression,17–19 while 
intraoperative 0.3 mg/kg/h esketamine infusion improves sleep quality following gynecological laparoscopic surgery.20 

Moreover, its 1 mg/kg intranasal use in pediatric dental procedures shows significant anxiety reduction.21 All the above 
studies demonstrate the role of esketamine in maintaining stable hemodynamics and improving the comfort of patients 
during the perioperative period.22

Currently, there are limited data on the efficacy and safety of a subanesthetic dose of esketamine (0.15–0.30 mg/kg/h), 
used as an adjuvant to dexmedetomidine and remifentanil, in sedation anesthesia for patients undergoing liposuction 
surgery. Therefore, this study aimed to observe the effect of a subanesthetic dose of esketamine on the satisfaction of 
both the patient and the surgical team when used with dexmedetomidine and remifentanil during anesthesia for 
liposuction surgery, and to provide a clinical basis and selection for the optimization of sedation and analgesia in plastic 
surgical procedures.

Material and Methods
Ethics and Trial Registration
The study protocol was approved by the Ethics Committee of the Plastic Surgery Hospital, Chinese Academy of Medical 
Sciences (Ethics Number: (2023) Registration No. (226), Head: Prof. Dr. Wei), and the study was registered in the 
Chinese Clinical Trials Registry (Registration number: ChiCTR2400080363. Principal Investigator: Wei Lingxin). All 
the participants provided written informed consent. This study was conducted in accordance with the Declaration of 
Helsinki and International Conference on Harmonization Guidelines for Good Clinical Practice.

Inclusion and Exclusion Criteria
A prospective, single-center, double-blind, randomized clinical trial was performed in the Plastic Surgery Hospital, 
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China between December 30, 2023, 
and March 30, 2024, were eligible for this trial. The inclusion criteria were: (1) patients aged 18–60 years, undergoing 
liposuction; (2) American Society of Anesthesiologists (ASA) physical status I to II (with I indicating a healthy patient 
and II a patient with mild systemic disease); and (3) voluntary participation and signed an informed consent form.
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The exclusion criteria were as follows: (1) acute and/or chronic pain before surgery; (2) administration of analgesic 
drugs within 48 h of surgery; (3) history of congenital heart disease, arrhythmia, or hypertension; (4) severe lung disease 
in the past month; (5) contraindications or allergy to esketamine; (6) history of severe mental or neurological diseases, 
drug or psychotropic drug abuse; and (7) cognitive dysfunction or inability to communicate.

Randomization and Blinding
In this study, all patients with informed consent were assigned sequential inclusion numbers and randomly assigned in 
a 1:1 ratio to two groups: Group E received intravenous esketamine infusion 0.15–0.3 mg/kg/h, Group C received an 
equivalent volume of saline. Assignment was achieved using sealed envelopes with an allocation result generated by 
a computerized random number generator and permuted block randomization strategy. The corresponding serial number 
envelope was opened on the day of the procedure to reveal allocation. A nurse anesthetist who was not involved in the 
liposuction procedure prepared the drugs in identical syringes labeled with the study drug numbers only. The anesthe
siologist performed anesthesia according to the instructions in the envelope. The patients, surgical team, anesthesiolo
gists, nurses, data collectors, and statistical analysts were blinded to the group allocation.

Study Interventions
This study was designed as a prospective, single-center, double-blind, randomized controlled trial. All patients underwent 
TLA combined with intravenous sedation by anesthesiologists from the same research team, and all data were collected 
by another anesthesiologist, both of whom were blinded to the patient allocation group. All procedures were performed 
by the same team.

Preoperatively, all the patients were instructed to fast, water intake was restricted, and drug use was prohibited. An 
anesthesia nurse who was unaware of the group assignments dispensed the medications. On admission, routine 
monitoring included electrocardiography (ECG), oxygen saturation (SpO2), heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), respiratory rate (RR), end-tidal CO2 pressure (PetCO2), bispectral index (BIS), 
and modified Observer’s Assessment of Alertness/Sedation Scale (MOAA/S) score. All patients were provided with 
oxygen at 5 L/min via a nasal oxygen catheter with a carbon dioxide capture capability.

For the induction of anesthesia, esketamine was diluted to 50mL at a concentration of 1 mg/mL, labeled as Drug 1, 
and the control Drug 1 was 50mL of saline. Both remifentanil and dexmedetomidine were diluted to 20mL at 
concentrations of 50ug/mL and 10ug/mL, labeled Drugs 2 and 3, respectively. After establishing peripheral venous 
access, midazolam 0.03 mg/kg, dexamethasone 5 mg and tropisetron 0.1 mg/kg were administered. Anesthesia was 
induced with an intravenous infusion of Drug 1 (esketamine or saline) 0.3 mg/kg/h, Drug 2 (remifentanil) 6 ug/kg/h and 
Drug 3 (dexmedetomidine) 3 ug/kg/h. When patient’s MOAA/S score was between 2–3, TLA was started, and after the 
injection, esketamine and dexmedetomidine were reduced to 0.15 mg/kg/h and 1ug/kg/h, respectively. Because of the 
influence of esketamine on the BIS value, the BIS value was only used as a reference index for the depth of anesthesia.23 

The level of sedation was targeted to an MOAA/S score of approximately 3 points and a BIS value of 60–80 throughout 
the surgery. If the MOAA/S score was >3 or BIS value was > 80, midazolam was increased in increments of 0.02 mg/kg. 
If the patients made physical or verbal expressions of pain, according to the anesthesiologist personal habits, the doses of 
remifentanil or sufentanil were increased in increments of 0.02 ug/kg/min or 0.1 ug/kg. When the BIS value was < 60, 
the injection rate of the three drugs reduced by 50% from the original level. Opioids were discontinued at the end of 
surgery. Drug 1 (esketamine or saline) was discontinued, and intravenous ketorolac tromethamine 30 mg was adminis
tered 30 minutes before the end of surgery.

Surgery was initiated by administration of 0.25–0.50% lidocaine 1:400,000 adrenaline and tumescent fluid (saline 
1000mL + adrenaline 1 mg + lidocaine 400 mg) to the incision line as a local anesthetic to induce swelling and firmness 
of the surgical area. If a patient developed sinus bradycardia (HR < 50 beats/min), intravenous atropine was administered 
at increments of 0.5 mg. If a patient experienced hypotension (SBP < 90 mmHg or a reduction > of > 20% from the 
baseline blood pressure), intravenous ephedrine was administered in increments of 6 mg. If respiratory depression 
(respiratory rate dropping < 8 breaths/min or absence of breathing for > 10s), or hypoxemia (SpO2 < 90%) occurred, jaw 
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thrust was used to improve ventilation. Other perioperative adverse events were recorded and managed in accordance 
with clinical operation standards.

Upon completion of liposuction surgery, the patients were transferred to the recovery room for at least 60 min. The 
patients were able to leave the operating room when they were fully awake and had stable vital signs, with an Aldrete 
score of ≥ 9.

Observed Parameters
The primary outcome was the satisfaction of the patient and surgical team with the procedure, which was quantified using 
a five-point Likert scale.24,25 Overall satisfaction with body appearance after liposuction surgery was rated on a 5-point 
Likert scale of 1–5, where 1 is “poor”, 2 is “fair”, 3 is “good”, 4 is “very good”, and 5 is “excellent”. The evaluation was 
made on the discharge date, within 1–3 days after surgery. Secondary outcomes included patients’ AIS scores on 
postoperative day 1 (POD 1) and HADS scores on postoperative day 3 (POD 3). Hemodynamic and respiratory 
parameters, including SBP, DBP, HR, RR, PetCO2, and SpO2, along with MOAA/S scores and BIS values, were 
recorded at various time points: baseline (T0), 15 min after anesthesia administration (T1), at the start of surgery (T2), 
1 h into surgery (T3), and at the end of surgery (T4). Intraoperative complications included respiratory depression, 
hypoxemia, sinus bradycardia, hypertension, hypotension, and body movement. Postoperative complications included 
hypersomnia, xerostomia, sinus bradycardia, nausea and vomiting, headache, shivering, and nightmares.

The AIS consists of 8 items: waking up at night, sleep induction, final awakening, total sleep duration, sleep quality, 
well-being, functional ability, and daytime sleepiness. AIS was scored on a 24-point scale, which was recorded on POD 
1, where 0–3 points indicated no sleep disorder; 4–6 points defined as suspected insomnia; and 7–24 points defined as 
insomnia.

The HADS consists of 14 questions, with 7 items each for the anxiety and depression subscales. The score for each 
item ranged from 0 to 3 points, and the scores were summed to yield separate scores for anxiety (HADS-A) and 
depression (HADS-D). Scores of ≥ 8 points were considered indicative of depression or anxiety.

The MOAA/S scale26 was scored on a 5-point scale where 5 points indicated that the patient was fully awake and 
readily responded to their name spoken in a normal tone; 4 points indicated that the patient was slow to respond to their 
name spoken in a normal tone; 3 points indicated that the patient did not respond to their name spoken in a normal tone, 
and only responded after their name was called loudly and repeatedly; 2 points indicated that the patient did not respond 
to their name called loudly and repeatedly, and only responded to prodding and shaking; and 1 point indicated that the 
patient did not respond to prodding and shaking but responded to a noxious stimulus.

Sample Size Calculation
The sample size calculation was based on the results of our preliminary study in 60 patients, in which the mean ± 
standard deviation of patient satisfaction score was 4.7 ± 0.6 in Group E and 4.4 ± 0.7 in Group C. Using G-power 
software (v.3.1.9.7), we calculated a sample size of 152 to achieve a power of 0.8 and an alpha error of 0.05. Assuming 
a dropout rate of 10%, 169 patients were recruited for the trial.

Statistical Analysis
Statistical analysis was performed using the SPSS software 29.0 (SPSS Inc., Chicago, IL, United States) and GraphPad 
Prism (version 10.0.0). The normality of the data distribution was examined using the Shapiro–Wilk test. Continuous 
variables with normal distribution are presented as mean ± SD, and continuous variables with non-normal distribution are 
represented by median (interquartile range) and 25th and 75th percentiles (p25, p75). Categorical variables were 
expressed as frequencies (%). Normally distributed data between the two groups were assessed using two independent 
sample t-tests, and variables at different time points within each group were compared using repeated measures ANOVA. 
Continuous variables with non-normal distributions were compared between the two groups using the Mann–Whitney 
U-test. Categorical data were compared using the χ2 test or Fisher’s exact test as appropriate. An ordinal logistic 
regression model was used to assess the predictors associated with patient satisfaction. Statistical significance was set at 
P < 0.05.

https://doi.org/10.2147/DDDT.S470891                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 3648

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


Results
Patient Inclusion and Demographic Characteristics
Between December 31, 2023, and March 31, 2024, 169 patients were assessed for eligibility, and 11 were excluded 
before randomization. Overall, 158 patients were randomly allocated: 79 in Group E and 79 in Group C. Among these, 3 
patients were excluded from the analysis for changing to general anesthesia. Thus, 155 patients were finally analyzed in 
our study, with 78 in Group E and 77 in Group C, respectively (Figure 1). The distribution of procedures among the 155 
patients by body site was: 72 cases for abdomen, 28 cases for bilateral thighs, 18 cases for bilateral gynecomastia in 
males, 11 cases for bilateral accessory breasts, 9 cases for bilateral upper arms, 8 cases for the face and neck, 5 cases for 
the back, and 4 cases for bilateral lower legs. The demographic data in terms of age, gender, height, weight, body mass 
index (BMI), ASA classification, anesthesia time, operative time, recovery time in PACU, preoperative AIS scores and 
HADS scores for anxiety and depression were no significant differences in both groups (Table 1).

Patient and Surgical Team Satisfaction Scores
Patient satisfaction with the procedure was significantly higher in Group E compared to Group C (4.7 ± 0.6 vs 4.2 ± 0.7, 
P < 0.001). Surgical team with the procedure was also higher in Group E compared to Group C (4.7 ± 0.5 vs 4.4 ± 0.7, 
P = 0.005) (Figure 2 and Table 2). Ordinal logistic regression identified postoperative sleep quality (OR, 0.70; 95% CI, 
0.62–0.79), anxiety level (OR, 0.77; 95% CI, 0.62–0.95) and recovery time in the PACU (OR, 0.69; 95% CI, 0.56–0.98) 
were identified as significant predictors associated with patient satisfaction. (Figure 3).

Postoperative Sleep Quality, Anxiety and Depression Level
The AIS scores (4 [1, 6] vs 5 [2, 9], P = 0.012) in Group E were significantly lower than those in Group C on POD 1. The 
HADS-A scores (1 [0, 3] vs 2 [0, 6], P = 0.012) were significantly lower in Group E than in Group C on POD 3. There 
were no differences in HADS-D scores on POD 3.

Figure 1 Participant flowchart. 
Abbreviations: E, esketamine; C, control.
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Hemodynamic and Respiratory Results
Hemodynamic changes in the two groups during surgery are shown in Table 3 and Figure 4. There were no significant 
differences in SBP, DBP, MAP, HR, SpO2, RR, PetCO2, BIS, or MOAA/S scores at T0 (P > 0.05). SBP were 
significantly lower at T2 in Group C than in Group E (107.8 ± 12.2 vs 103.7 ± 13.3, P < 0.05). RR were significantly 

Table 1 Patient Demographic and Baseline Characteristics

Characteristic Group E  
(n=78)

Group C  
(n=77)

P value

Age (years) 33.3±10.1 33.1±10.9 0.904

Gender (n%) 0.603

Male 20 (25.6%) 17 (22.1%)
Female 58 (74.4%) 60 (77.9%)

Height (cm) 165 (160, 172) 165 (160, 172) 0.583

Weight (kg) 61.5 (55, 73) 58 (52, 70) 0.112
BMI (kg/m2) 22.3 (20.6, 25.5) 21.7(19.7, 23.3) 0.066

ASA Physical Status Classification (n%) 0.719
I 73 (93.6%) 74 (96.1%)

II 5 (6.4%) 3 (3.9%)

Anesthesia time (min) 180 (122, 233) 195 (138, 270) 0.117
Operative time (min) 150 (110, 211) 160 (110, 240) 0.342

Preoperative AIS scores 4 (3, 6) 4 (2, 7) 0.727

Preoperative HADS-A scores 2 (1, 4) 3 (1, 5) 0.413
Preoperative HADS-D scores 1 (0, 3) 2 (0, 4) 0.619

Notes: Data are presented as the mean ± standard deviation and were compared using two independent 
sample t-tests. Data presented as median (interquartile range) and the 25th and 75th percentiles (p25, p75) 
were compared using the Mann–Whitney U-test. Data reported as the number of patients (%) were compared 
using the Pearson’s χ2 test or Fisher’s exact test. Statistical significance was set at P <0.05. 
Abbreviations: E, esketamine; C, control; ASA, American Society of Anesthesiologists; BMI, body mass index 
(calculated as weight in kilograms divided by height in meters squared); AIS, Athens Insomnia Scale; HADS-A, 
Hospital Anxiety and Depression Scale-Anxiety; HADS-D, Hospital Anxiety and Depression Scale-Depression.

Figure 2 The satisfaction scores of patient and surgical team. Statistical significance was set at **P<0.05, ***P<0. 001. 
Abbreviations: E, esketamine; C, control.
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higher in Group E than in Group C at T1 (10.2 ± 2.7 vs 9.2 ± 2.6, P = 0.026), T1 (10.9 ± 2.4 vs 9.4 ± 2.8, P < 0.001) and 
T3 (10.4 ± 2.2 vs 9.5 ± 2.3, P = 0.012). And PetCO2 in Group E than in Group C were significantly lower at T1 (43.9 ± 
4.7 vs 46.0 ± 5.1, P = 0.008), T2 (45.1± 5.4 vs 48.6 ± 6.0, P = 0.002), T3 (46.0 ± 5.7 vs 49.0 ± 6.1, P = 0.002) and T4 
(43.9 ± 4.7 vs 45.9 ± 6.0, P = 0.022). There were also differences between the two groups in the monitoring indicators of 
the depth of anesthesia and sedation. Including BIS value at T1 (Group E vs Group C:78.9 ± 7.0 vs 74.9 ± 8.3, P = 0. 
012), T2 (Group E vs Group C:75.0 ± 11.7 vs 67.8 ± 12.1, P = 0.004) and T3 (Group E vs Group C:72.3 ± 10.0 vs 66.8 ± 
9.2, P = 0.006). And MOAA/S score at T1 (Group E vs Group C:4.2 ± 0.5 vs 4.0 ± 0.3, P = 0.010) and T2 (Group E vs 
Group C:3.5 ± 0.5 vs 3.8 ± 0.4, P = 0.002).

The Duration of Procedure and Drug Consumption
The Duration of Procedure, intraoperative drug dosage, and clinical complications in the two groups are shown in Table 4. 
First, there were no significant differences in the induction time between the two groups. Second, Group E had 
a significantly lower total consumption of opioids, such as remifentanil (700 [480, 900] vs 800 [500, 1200], P = 0.023) 
and sufentanil (0 [0, 4] vs 5 [2.5, 7.7], P < 0.001) than Group C. The induction consumption of dexmedetomidine in Group 
E was significantly higher than that in Group C (40 [26, 50] vs 30 [20, 42], P = 0.007). The consumption of midazolam in 
Group E was significantly lower than that in Group C during induction (1.1 [1.0, 1.3] vs 1.5 [1.0, 2.0], P = 0.004) and during 
the entire surgery (3.6 [2.0, 5.0] vs 4.5 [3.0, 6.5], P = 0.007).

Table 2 Satisfaction Scores, Sleep Quality, Anxiety and Depression 
Scores on Postoperative Days

Group E  
(n=78)

Group C  
(n=77)

P value

Patient satisfaction scores 4.7 ± 0.6 4.2 ± 0.7 <0.001
Surgical team satisfaction scores 4.7 ± 0.5 4.4 ± 0.7 0.005
POD 1 AIS scores 4 (1, 6) 5 (2, 9) 0.012
POD 3 HADS-A scores 1 (0, 3) 2 (0, 6) 0.012
POD 3 HADS-D scores 1 (0, 4) 1 (0, 3) 0.868

Notes: Data are presented as the mean ± standard deviation and were compared using two 
independent sample t-tests. Data presented as median (interquartile range) and the 25th and 
75th percentiles (p25, p75) were compared using the Mann–Whitney U-test. Statistical sig
nificance was set at P<0.05. Significant results are in bold. 
Abbreviations: E, esketamine; C, control; POD, postoperative day; AIS, Athens Insomnia 
Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety; HADS-D, Hospital Anxiety 
and Depression Scale-Depression.

Figure 3 Forest plot of factors analyzed for association with satisfaction scores of patient in multivariable ordinal logistic regression. Statistical significance was set at 
P <0.05. Significant results are in bold. 
Abbreviations: AIS, Athens Insomnia Scale; Hads-A, Hospital Anxiety and Depression Scale for Anxiety; HADS-D, Hospital Anxiety and Depression Scale for Depression; 
PACU, post-anesthesia care unit.
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Table 3 Changes in Vital Signs of Patients During Liposuction

Characteristic Group E  
(n=78)

Group C  
(n=77)

P value

SBP, mmHg

Baseline (T0) 120.2±15.3 120.8±19.5 0.826

15 min after anesthesia administration (T1) 110.6±12.6 107.6±14.2 0.176
Surgery onset (T2) 107.8±12.2 103.7±13.3 0.045
1 h of surgery (T3) 106.1±11.0 104.2±13.7 0.338

End of surgery (T4) 110.3±12.5 110.2±15.1 0.936
DBP, mmHg

Baseline (T0) 73.5±9.9 73.7±9.9 0.899
15 min after anesthesia administration (T1) 66.3±9.4 65.5±9.7 0.615

Surgery onset (T2) 63.4±10.2 62.1±10.1 0.401

1 h of surgery (T3) 60.8±8.1 61.6±9.7 0.577
End of surgery (T4) 63.6±9.4 66.0±11.3 0.142

MAP, mmHg

Baseline (T0) 89.0±10.7 89.4±12.0 0.852
15 min after anesthesia administration (T1) 81.1±9.5 79.5±9.8 0.327

Surgery onset (T2) 78.2±9.6 75.9±10.1 0.149

1 h of surgery (T3) 75.9±7.7 75.8±10.0 0.620
End of surgery (T4) 79.2±9.1 80.8±11.7 0.222

HR, bpm

Baseline (T0) 72.1±10.4 75.4±10.9 0.053
15 min after anesthesia administration (T1) 64.9±9.3 66.2±9.7 0.359

Surgery onset (T2) 67.5±8.9 67.7±9.3 0.845

1 h of surgery (T3) 65.5±8.3 67.7±8.9 0.110
End of surgery (T4) 68.6±9.6 69.7±10.1 0.496

SpO2, %

Baseline (T0) 99.8±0.7 99.6±0.6 0.163
15 min after anesthesia administration (T1) 99.3±1.9 99.3±1.5 0.896

Surgery onset (T2) 99.4±1.5 99.5±0.8 0.518

1 h of surgery (T3) 99.5±1.4 99.4±0.7 0.974
End of surgery (T4) 99.5±1.1 99.5±0.7 0.990

RR, bpm

Baseline (T0) 15.3±2.1 15.3±2.7 0.938
15 min after anesthesia administration (T1) 10.2±2.7 9.2±2.6 0.026
Surgery onset (T2) 10.9±2.4 9.4±2.8 <0.001
1 h of surgery (T3) 10.4±2.2 9.5±2.3 0.012
End of surgery (T4) 12.4±2.4 11.7±2.3 0.055

PetCO2, mmHg

Baseline (T0) 38.7±2.9 39.5±3.8 0.333
15 min after anesthesia administration (T1) 43.9±4.7 46.0±5.1 0.008
Surgery onset (T2) 45.1±5.4 48.6±6.0 0.002
1 h of surgery (T3) 46.0±5.7 49.0±6.1 0.002
End of surgery (T4) 43.9±4.7 45.9±6.0 0.022

BIS

Baseline (T0) 97.3±2.6 97.1±2.9 0.634
15 min after anesthesia administration (T1) 78.9±7.0 74.9±8.3 0.012
Surgery onset (T2) 75.0±11.7 67.8±12.1 0.004
1 h of surgery (T3) 72.3±10.0 66.8±9.2 0.006
End of surgery (T4) 83.0±7.8 82.2±7.2 0.613

(Continued)
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Incidence of Adverse Events
As for clinical complications, the incidence of intraoperative bradycardia (0 (0%) vs 11 (14.3%), P < 0.001) and body 
movement (17 (21.8%) vs 32 (41.6%), P = 0.008) were significantly lower in Group E compared with Group C, and 2 
patients in the Group E experienced nightmare. Intraoperative hypoxemia and hypertension were not observed in either 
group. There were no significant differences in intraoperative respiratory depression, hypotension, postoperative hyper
somnia, xerostomia, bradycardia, nausea, vomiting, headache, shivering, and nightmares.

Discussion
The results of our study indicated that a subanesthetic dose of esketamine (0.15–0.3 mg/kg/h) improved the sedative and 
analgesic effects of dexmedetomidine and remifentanil during anesthesia in liposuction surgery. It could enhance the 
satisfaction scores of the patient and surgical team, improve sleep quality and anxiety levels, maintain hemodynamic and 
respiratory stability, decrease the consumption of opioids, thus optimizing the perioperative experience.

Sedation anesthesia is rapidly becoming a preferred choice in the realm of plastic surgery, particularly for procedures 
such as abdominoplasty.27 This shift is propelled by accumulated expertise alongside incremental enhancements in local 
anesthesia and intravenous sedation anesthesia. In our study, the sedation protocol incorporating esketamine received 
higher satisfaction scores from both the patient and the surgical team. This has several clinical implications. For patients, 
satisfaction improvement is about their direct feedback about the surgical outcome and perioperative experience. 
Through ordinal logistic regression, we have identified several non-surgical predictors of procedure outcome satisfaction, 
including postoperative sleep quality, anxiety levels, recovery time in PACU, and the use of esketamine, which may 
indicate the importance of patient’s perioperative experience including emotional distress and dysfunction in the 
perioperative period. For the surgical team, surgeon satisfaction scores can reflect the efficacy and efficiency of the 
surgical and anesthesia techniques, which may be associated with the best perioperative protocols. In conclusion, patient- 
reported outcome measures (PROMs) of procedure outcome satisfaction can provide meaningful clinical data to help 
doctors choose appropriate surgical methods and provide more valuable and meaningful individualized medical services 
for patients.28

The pursuit of aesthetic improvement often leads young women, a key demographic for liposuction, to experience 
heightened anxiety, depression, and sleep disturbances perioperatively. Subanesthetic doses of esketamine may mitigate 
these issues. Chen MH et al reported a single low-dose (0.5 mg/kg, intravenous infusion) ketamine can quickly lift 
depression.29 Similarly, Gan SL et al reported perioperative administration of esketamine (0.1 mg/kg intravenous 
infusion before surgery, followed by 0.1 mg/kg/h during surgery) has been linked to fewer depressive symptoms post- 
thoracoscopic lung cancer surgery.30 Qiu D et al reported intraoperative esketamine (0.3 mg/kg/h) has been shown to 
reduce postoperative sleep disturbances following gynecological laparoscopic surgery.20 Our research suggests that 

Table 3 (Continued). 

Characteristic Group E  
(n=78)

Group C  
(n=77)

P value

MOAA/S
Baseline (T0) 5.0±0.0 5.0±0.0 1.000

15 min after anesthesia administration (T1) 4.2±0.5 4.0±0.3 0.010
Surgery onset (T2) 3.5±0.5 3.8±0.4 0.002
1 h of surgery (T3) 3.1±0.8 3.0±0.7 0.409

End of surgery (T4) 4.3±0.7 4.6±0.5 0.155

Notes: Data are presented as mean ± standard deviation. Normally distributed data between the two groups were 
assessed using the Student’s t-test, and variables at different time points within each group were compared using 
repeated measures ANOVA. Continuous variables with non-normal distributions were compared between the two 
groups using the Mann–Whitney U-test. Statistical significance was set at P <0.05. Significant results are in bold. 
Abbreviations: E, esketamine; C, control; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean 
arterial pressure; HR, heart rate; SpO2, oxygen saturation; RR, respiratory rate; PetCO2, end-tidal CO2 pressure; 
BIS, bispectral index; MOAA/S, modified Observer’s Assessment of Alertness/Sedation Scale.
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intravenous esketamine during liposuction surgery improves the postoperative sleep quality and relieve anxiety level for 
patients, though its effect on depression is less clear. The complexity of postoperative anxiety is shaped by factors such as 
sleep quality, pain management, and the overall postoperative experience. The intricate interplay between these variables 
requires extensive research to decipher the precise effect of esketamine on postsurgical emotional states.

Opioid-induced respiratory depression (OIRD) presents a significant concern in surgery; however, subanesthetic 
doses of esketamine may reduce opioid requirements and related preoperative complications.31 Jonkman K et al reported 
that subanesthetic doses of esketamine counteract respiratory depression from opioids, such as remifentanil, by enhan
cing ventilatory CO2 chemosensitivity.13 Additionally, esketamine has been shown to increase cardiac output dose- 
dependently.32 Zheng L et al demonstrated that combining propofol with esketamine not only improves safety but also 
decreases the likelihood of complications such as hypoxemia and hypotension in patients undergoing painless 
gastroscopy.33 In our study also indicated that Group E required fewer opioids and experienced reduced intraoperative 

Figure 4 The results of repeated measurements of hemodynamic parameters. Systolic blood pressure (A), Diastolic blood pressure (B), Mean blood pressure (C), Heart 
rate (D), SpO2 (E), Respiratory rate (F), PetCO2 (G), BIS (H) and MOAA/S (I) of patient treated with dexmedetomidine and remifentanil or in combination with esketamine 
during liposuction. Statistical significance was set at **P<0.05, ***P<0.001. 
Abbreviations: E, esketamine; C, control; SpO2, Oxygen saturation; PetCO2, End-tidal partial pressure of carbon dioxide; BIS, bispectral index; MOAA/S, modified 
Observer’s Assessment of Alertness/Sedation Scale.
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bradycardia and patient movement, suggesting more stable hemodynamics without significantly affecting respiratory rate 
or end-tidal CO2 pressure. It’s recognized that ketamine can elevate the Bispectral Index (BIS) in anesthetized patients, 
potentially confounding its usefulness in gauging hypnotic administration.23 Our findings also showed an increase in BIS 
values following a 0.3 mg/kg/h dose of esketamine dose. Therefore, we predominantly relied on the MOOA/S to assess 
sedation depth between the groups.

Administration of esketamine is known to potentially cause nausea and psychiatric symptoms such as prolonged 
sedation, nightmares, and dissociation in a dose-dependent manner, with psychic reactions observed in 5–30% of 
patients.34,35 To mitigate such reactions, benzodiazepines such as midazolam are often recommended.36 In our study, 2 
of the 78 patients (less than 3%) in Group E, who had no prior depression, experienced nightmares during the surgery. 
Follow-up evaluations indicated that the patients’ sleep quality was favorable on both the first and second nights 
following surgery, with no nightmares reported. To enhance the depth of sedation for all participants and mitigate 
potential psychological side effects, midazolam was administered, which also served to counter any mental disturbances 
potentially induced by esketamine. Subanesthetic esketamine doses (0.15–0.30 mg/kg/h) throughout the surgical proce
dure and the structurally higher selectivity of esketamine compared to ketamine, which may also explain the lack of 
significant differences in psychiatric side effects between the two groups observed in our research.37,38 The nuances of 
esketamine’s structural selectivity and its implications on side effects merit further investigation and reference to 
pertinent literature.

Research has shown that age related inverse dose relation of sedatives and analgesics.39 Yeo H et al reported that 
precise dose adjustments of sedatives, accounting for not only weight but also age, sex, and alcohol consumption, are 
required to achieve safe, effective, and predictable conscious sedation.40 Zhi D et al reported the shift from conscious 
sedation to general anesthesia during endovascular therapy because severe agitation, respiratory insufficiency or loss of 

Table 4 The Duration of Procedure, Drug Consumption and Complications During Perioperative 
Period

Group E  
(n=78)

Group C  
(n=77)

P value

Induction time (from start to MOAA/S score 2–3, min) 17 (15, 20) 15 (12, 20) 0.058

Recovery time in PACU (min) 90 (90, 120) 120 (90, 120) 0.499
Induction dose

Dexmedetomidine (ug) 40 (26, 50) 30 (20, 42) 0.007
Midazolam (mg) 1.1 (1.0, 1.3) 1.5 (1.0, 2.0) 0.004
Remifentanil (ug) 82 (70, 105) 83 (60, 127) 0.990

Total dose
Dexmedetomidine (ug) 160 (114, 203) 170 (120, 220) 0.353

Midazolam (mg) 3.6 (2.0, 5.0) 4.5 (3.0, 6.5) 0.007
Remifentanil (ug) 700 (480, 900) 800 (500, 1200) 0.023
Sufentanil (ug) 0 (0, 4) 5 (2.5, 7.7) <0.001

Intraoperative complications

Respiratory depression 2 (2.6%) 6 (7.8%) 0.167
Body movement 17 (21.8%) 32 (41.6%) 0.008
Hypoxemia 0 (0%) 0 (0%) 1.000

Sinus bradycardia 0 (0%) 11 (14.3%) <0.001
Nausea and vomiting 1 (1.3%) 0 (0%) 1.000

Headache 1 (1.3%) 1 (1.3%) 1.000

Shivering 1 (1.3%) 0 (0%) 1.000
Nightmare 2 (2.6%) 0 (0%) 0.497

Notes: Data are presented as median (interquartile range) and the 25th and 75th percentiles (p25, p75) were compared using the 
Mann–Whitney test. Data reported as the number of patients (%) were compared using the Pearson’s χ2 test or Fisher’s exact test. 
Statistical significance was set at P <0.05. Significant results are in bold. 
Abbreviations: E, esketamine; C, control; MOAA/S, modified Observer’s Assessment of Alertness/Sedation Scale; PACU, post- 
anesthesia care unit.
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airway and so on.41 Other factors like sex, hypertension, diabetes, smoking status, atrial fibrillation, blood pressure were 
not significantly associated with conversion to general anesthesia.

In our study, 3 of the 165 patients required a transition from sedation anesthesia to general anesthesia. Specifically, 
a 49-year-old individual in Group E exhibited body movement during administration of the swelling solution to the face 
and neck. Due to unconsciousness and inability to cooperate, the decision was made to switch to general anesthesia. 
Within the Group C, two patients, aged 55 and 50, experienced respiratory depression following the administration of 
0.01ug/kg sufentanil to manage pain associated with the swelling solution injection, necessitating a change to general 
anesthesia for safety. However, 98% of the participants effectively underwent sedation and anesthesia. The mean age of 
participants in our study was 33 years. As age advances, there tends to be a decline in patient tolerance to sedative and 
analgesic medications, accompanied by an increase in the variability of individual responses.

The reticular activating system (RAS), a key player in modulating consciousness and arousal within the anesthesia 
context, may be indirectly influenced by esketamine due to its NMDA receptor antagonism, potentially altering the 
arousal state.42 Existing research thoroughly examines anesthetic pharmacokinetics and dynamics across ages, yet the 
interaction of anesthetics with the RAS among different age groups remains less understood.43 Therefore, further 
investigation into how sedation depth monitoring correlates with the RAS’s role in anxiety arousal is warranted to 
enhance our understanding and management of anesthesia across diverse patient profiles.

Liposuction is becoming more common as an outpatient procedure performed concomitantly with other procedures.44 

As comfortable medical care and accelerated postoperative recovery become more prevalent, there’s a rising demand for 
sedation and analgesia in many kinds of surgeries. The ideal sedation protocol must be safe and effective while 
considering patient comfort. This study showed that esketamine can effectively improve the analgesic and sedative 
effects of dexmedetomidine combined with remifentanil during anesthesia for liposuction surgery and enhance the 
satisfaction of the patient and surgical team.

However, this study has some limitations. Firstly, the main surgical procedure included was abdominal liposuction, and the 
enrolled subjects were not subdivided according to specific liposuction sites such as abdominal, thighs, upper arms, and so on, 
which may cause confounding bias. Secondly, no specific established or validated PROMs were used in liposuction surgery. 
Furthermore, due to the nature of liposuction surgery predominantly attracting female participants, the study observed a gender 
imbalance in its results, with a higher representation of women than men. Finally, patients aged > 60 years were excluded from 
this study. In the future, multicenter prospective randomized controlled trial studies with a larger sample capacity should be 
performed to verify the results of this study.

Conclusion
Our findings suggest that a subanesthetic dose of esketamine (0.15–0.30 mg/kg/h), when used as an adjunct to 
dexmedetomidine and remifentanil for sedation and analgesia in liposuction anesthesia, can improve the satisfaction of 
both patients and the surgical team, as well as postoperative sleep and anxiety levels. It can also maintain more stable 
intraoperative hemodynamics and respiratory parameters, lower opioid consumption, and a lower incidence of intrao
perative respiratory depression, sinus bradycardia, and body movement. Our findings provide a reference for clinical 
sedation anesthesia during plastic surgical procedures.

Data Sharing Statement
All data generated or analyzed during this study have been included in the published article. Further inquiries regarding 
the datasets can be directed to the corresponding author, Professor Lingxin Wei, upon reasonable request.

Acknowledgments
We appreciate the support of the surgical and nursing teams of the Plastic Surgery Hospital, Chinese Academy of 
Medical Sciences, and Peking Union Medical College.

Funding
There is no funding to report.

https://doi.org/10.2147/DDDT.S470891                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 3656

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


Disclosure
The authors report no conflicts of interest in this work.

References
1. Wu S, Coombs DM, Gurunian R. Liposuction: concepts, safety, and techniques in body-contouring surgery. Cleve Clin J Med. 2020;87(6):367–375. 

doi:10.3949/ccjm.87a.19097
2. Gutowski KA. Tumescent analgesia in plastic surgery. Plastic Reconst Surg. 2014;134(4 Suppl 2):50S–57S. doi:10.1097/PRS.0000000000000678
3. Habbema L. Efficacy of tumescent local anesthesia with variable lidocaine concentration in 3430 consecutive cases of liposuction. J Am Acad 

Dermatol. 2010;62(6):988–994. doi:10.1016/j.jaad.2009.09.004
4. El-Boghdadly K, Bailey CR, Wiles MD. Postoperative sore throat: a systematic review. Anaesthesia. 2016;71(6):706–717. doi:10.1111/anae.13438
5. Nowak H, Wolf A, Rahmel T, et al. Therapeutic Suggestions During General Anesthesia Reduce Postoperative Nausea and Vomiting in High-Risk 

Patients - A Post hoc Analysis of a Randomized Controlled Trial. Front Psychol. 2022;13:898326. doi:10.3389/fpsyg.2022.898326
6. Boschert MT, Puckett CL. Tumescent infusion for liposuction: a practical method and pressure delivery system. Aesthetic Surgery J. 1998;18 

(4):266–268.
7. Sucupira E, Matta R, Zuker P, Matta J, Arbeláez JP, Uebel CO. Aesthetic Plastic Surgery Checklist: a Safety Tool. Aesthetic Plastic Surgery. 

2016;40(5):785–791. doi:10.1007/s00266-016-0685-y
8. Wang Y, Xu W, Xia W, et al. Comparison of the Sedative and Analgesic Effects of Dexmedetomidine-Remifentanil and Dexmedetomidine-Sufentanil for 

Liposuction: a Prospective Single-Blind Randomized Controlled Study. Aesthetic Plastic Surgery. 2022;46(1):524–534. doi:10.1007/s00266-021-02566-z
9. Ryu JH, Lee SW, Lee JH, Lee EH, Do SH, Kim CS. Randomized double-blind study of remifentanil and dexmedetomidine for flexible 

bronchoscopy. Br J Anaesth. 2012;108(3):503–511. doi:10.1093/bja/aer400
10. Goettel N, Bharadwaj S, Venkatraghavan L, Mehta J, Bernstein M, Manninen PH. Dexmedetomidine vs propofol-remifentanil conscious sedation 

for awake craniotomy: a prospective randomized controlled trial. Br J Anaesth. 2016;116(6):811–821. doi:10.1093/bja/aew024
11. Lu Z, Li W, Chen H, Qian Y. Efficacy of a Dexmedetomidine-Remifentanil Combination Compared with a Midazolam-Remifentanil Combination 

for Conscious Sedation During Therapeutic Endoscopic Retrograde Cholangio-Pancreatography: a Prospective, Randomized, Single-Blinded 
Preliminary Trial. Dig Dis Sci. 2018;63(6):1633–1640. doi:10.1007/s10620-018-5034-3

12. Lee H, Choe YH, Park S. Analgosedation during flexible fiberoptic bronchoscopy: comparing the clinical effectiveness and safety of remifentanil 
versus midazolam/propofol. BMC Pulm Med. 2019;19(1):240. doi:10.1186/s12890-019-1004-6

13. Jonkman K, van Rijnsoever E, Olofsen E, et al. Esketamine counters opioid-induced respiratory depression. Br J Anaesth. 2018;120(5):1117–1127. 
doi:10.1016/j.bja.2018.02.021

14. Andrade C. Ketamine for Depression, 3: does Chirality Matter? J Clin Psychiatry. 2017;78(6):e674–e677. doi:10.4088/JCP.17f11681
15. Wei W, Huang X, Zhu J. Effect of Acupoint Therapies on Postoperative Sleep Quality: a Narrative Review. Medical Science Moni. 2023; 29: 

e938920. doi:10.12659/MSM.938920
16. Garakani A, Murrough JW, Freire RC, et al. Pharmacotherapy of Anxiety Disorders: current and Emerging Treatment Options. Front Psychiatry. 

2020;11:595584. doi:10.3389/fpsyt.2020.595584
17. Brinck ECV, Maisniemi K, Kankare J, Tielinen L, Tarkkila P, Kontinen VK. Analgesic Effect of Intraoperative Intravenous S-Ketamine in Opioid- 

Naïve Patients After Major Lumbar Fusion Surgery Is Temporary and Not Dose-Dependent: a Randomized, Double-Blind, Placebo-Controlled 
Clinical Trial. Anesth Analg. 2021;132(1):69–79. doi:10.1213/ANE.0000000000004729

18. Alipoor M, Loripoor M, Kazemi M, Farahbakhsh F, Sarkoohi A. The effect of ketamine on preventing postpartum depression. J Med Life. 2021;14 
(1):87–92. doi:10.25122/jml-2020-0116

19. Yao J, Song T, Zhang Y, Guo N, Zhao P. Intraoperative ketamine for reduction in postpartum depressive symptoms after cesarean delivery: a 
double-blind, randomized clinical trial. Brain Behav. 2020;10(9):e01715. doi:10.1002/brb3.1715

20. Qiu D, Wang X-M, Yang -J-J, et al. Effect of Intraoperative Esketamine Infusion on Postoperative Sleep Disturbance After Gynecological 
Laparoscopy: a Randomized Clinical Trial. JAMA Network Open. 2022;5(12):e2244514. doi:10.1001/jamanetworkopen.2022.44514

21. Xing F, Zhang TT, Yang Z, et al. Comparison of dexmedetomidine and a dexmedetomidine-esketamine combination for reducing dental anxiety in 
preschool children undergoing dental treatment under general anesthesia: a randomized controlled trial. J Affect Disord. 347:569–575. doi:10.1016/ 
j.jad.2023.12.011

22. Long Y-Q, Feng C-D, Ding -Y-Y, et al. Esketamine as an Adjuvant to Ciprofol or Propofol Sedation for Same-Day Bidirectional Endoscopy: 
protocol for a Randomized, Double-Blind, Controlled Trial With Factorial Design. Front Pharmacol. 2022;13:821691. doi:10.3389/ 
fphar.2022.821691

23. Hans P, Dewandre PY, Brichant JF, Bonhomme V. Comparative effects of ketamine on Bispectral Index and spectral entropy of the electro
encephalogram under sevoflurane anaesthesia. Br J Anaesth. 2005;94(3):336–340.

24. Likert R, Roslow S, Murphy G. A SIMPLE AND RELIABLE METHOD OF SCORING THE THURSTONE ATTITUDE SCALES. Personnel 
Psychology Fal. 1993;46(3):689–690. doi:10.1111/j.1744-6570.1993.tb00893.x

25. Pereira LH, Sterodimas A. Composite Body Contouring. Aesthetic Plastic Surgery. 2009;33(4):616–624.
26. Chisholm CJ, Zurica J, Mironov D, Sciacca RR, Ornstein E, Heyer EJ. Comparison of electrophysiologic monitors with clinical assessment of level 

of sedation. Mayo Clin Proc. 2006;81(1):46–52.
27. Kryger ZB, Fine NA, Mustoe TA. The outcome of abdominoplasty performed under conscious sedation: six-year experience in 153 consecutive 

cases. Plastic Reconst Surg. 2004;113(6).
28. Patrick DL, Burke LB, Powers JH, et al. Patient-reported outcomes to support medical product labeling claims: FDA perspective. Value Health. 

2007;10(2):S125–S37.
29. Chen M-H, Li C-T, Lin W-C, et al. Persistent antidepressant effect of low-dose ketamine and activation in the supplementary motor area and 

anterior cingulate cortex in treatment-resistant depression: a randomized control study. J Affect Disord. 2018;225:709–714. doi:10.1016/j. 
jad.2017.09.008

Drug Design, Development and Therapy 2024:18                                                                             https://doi.org/10.2147/DDDT.S470891                                                                                                                                                                                                                       

DovePress                                                                                                                       
3657

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3949/ccjm.87a.19097
https://doi.org/10.1097/PRS.0000000000000678
https://doi.org/10.1016/j.jaad.2009.09.004
https://doi.org/10.1111/anae.13438
https://doi.org/10.3389/fpsyg.2022.898326
https://doi.org/10.1007/s00266-016-0685-y
https://doi.org/10.1007/s00266-021-02566-z
https://doi.org/10.1093/bja/aer400
https://doi.org/10.1093/bja/aew024
https://doi.org/10.1007/s10620-018-5034-3
https://doi.org/10.1186/s12890-019-1004-6
https://doi.org/10.1016/j.bja.2018.02.021
https://doi.org/10.4088/JCP.17f11681
https://doi.org/10.12659/MSM.938920
https://doi.org/10.3389/fpsyt.2020.595584
https://doi.org/10.1213/ANE.0000000000004729
https://doi.org/10.25122/jml-2020-0116
https://doi.org/10.1002/brb3.1715
https://doi.org/10.1001/jamanetworkopen.2022.44514
https://doi.org/10.1016/j.jad.2023.12.011
https://doi.org/10.1016/j.jad.2023.12.011
https://doi.org/10.3389/fphar.2022.821691
https://doi.org/10.3389/fphar.2022.821691
https://doi.org/10.1111/j.1744-6570.1993.tb00893.x
https://doi.org/10.1016/j.jad.2017.09.008
https://doi.org/10.1016/j.jad.2017.09.008
https://www.dovepress.com
https://www.dovepress.com


30. Gan S-L, Long Y-Q, Wang Q-Y, et al. Effect of esketamine on postoperative depressive symptoms in patients undergoing thoracoscopic lung cancer 
surgery: a randomized controlled trial. Front Psychiatry. 2023;14:1128406. doi:10.3389/fpsyt.2023.1128406

31. Colvin LA, Bull F, Hales TG. Perioperative opioid analgesia-when is enough too much? A review of opioid-induced tolerance and hyperalgesia. 
Lancet. 2019;393(10180):1558–1568. doi:10.1016/S0140-6736(19)30430-1

32. Kamp J, van Velzen M, Aarts L, Niesters M, Dahan A, Olofsen E. Stereoselective ketamine effect on cardiac output: a population pharmacokinetic/ 
pharmacodynamic modelling study in healthy volunteers. Br J Anaesth. 2021;127(1):23–31. doi:10.1016/j.bja.2021.02.034

33. Zheng L, Wang Y, Ma Q, et al. Efficacy and Safety of a Subanesthetic Dose of Esketamine Combined with Propofol in Patients with Obesity 
Undergoing Painless Gastroscopy: a Prospective, Double-Blind, Randomized Controlled Trial. Drug Des Devel Ther. 2023;17:1347–1356. 
doi:10.2147/DDDT.S408076

34. Häske D, Böttiger BW, Bouillon B, et al. Analgesia in Patients with Trauma in Emergency Medicine. Dtsch Arztebl Int. 2017;114(46):785–792. 
doi:10.3238/arztebl.2017.0785

35. Zanos P, Moaddel R, Morris PJ, et al. Ketamine and Ketamine Metabolite Pharmacology: insights into Therapeutic Mechanisms. Pharmacol Rev. 
2018;70(3):621–660. doi:10.1124/pr.117.015198

36. Moy RJ, Le Clerc S. Ketamine in prehospital analgesia and anaesthesia. Trends Anaesth Crit Care. 2011;1(5):243–245. doi:10.1016/j. 
tacc.2011.08.002

37. Quirk K, Smith MA. Risk Factors for the Development of Neuropsychiatric Adverse Effects in Ketamine-Treated Pain. J Pain Palliat Care Pharm. 
2022;36(2):88–94. doi:10.1080/15360288.2022.2066745

38. Assouline B, Tramèr MR, Kreienbühl L, Elia N. Benefit and harm of adding ketamine to an opioid in a patient-controlled analgesia device for the 
control of postoperative pain: systematic review and meta-analyses of randomized controlled trials with trial sequential analyses. Pain. 2016;157 
(12):2854–2864. doi:10.1097/j.pain.0000000000000705

39. Mukhopadhyay A, Tai BC, Remani D, Phua J, Cove ME, Kowitlawakul Y. Age related inverse dose relation of sedatives and analgesics in the 
intensive care unit. PLoS One. 2017;12(9):e0185212. doi:10.1371/journal.pone.0185212

40. Yeo H, Kim W, Park H, Kim H. Variables Influencing the Depth of Conscious Sedation in Plastic Surgery: a Prospective Study. Archives of Plastic 
Surg. 2017;44(1). doi:10.5999/aps.2017.44.1.5

41. Zhi D, Guo Y, He L, Yang L. Percutaneous balloon compression of trigeminal ganglion under conscious sedation local anesthesia for the treatment 
of primary trigeminal neuralgia-A prospective cohort study. Front Neurol. 2023;14:1144034. doi:10.3389/fneur.2023.1144034

42. Zhou J-S, Peng G-F, Liang W-D, et al. Recent advances in the study of anesthesia-and analgesia-related mechanisms of S-ketamine. Front 
Pharmacol. 2023;14:1228895. doi:10.3389/fphar.2023.1228895

43. Taran S, Gros P, Gofton T, et al. The reticular activating system: a narrative review of discovery, evolving understanding, and relevance to current 
formulations of brain death. Canad J Anaesthes J Canad D’anesthesie. 2023;70(4):788–795. doi:10.1007/s12630-023-02421-6

44. Stein MJ, Sasson DC, Harrast J, Alderman A, Matarasso A, Gosain AK. A 16-Year Review of Clinical Practice Patterns in Liposuction Based on 
Continuous Certification by the American Board of Plastic Surgery. Plastic Reconst Surg. 2023;152(3):523–531. doi:10.1097/PRS.0000000000010254

Drug Design, Development and Therapy                                                                                           Dovepress 

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development 
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines 
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

DovePress                                                                                                  Drug Design, Development and Therapy 2024:18 3658

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fpsyt.2023.1128406
https://doi.org/10.1016/S0140-6736(19)30430-1
https://doi.org/10.1016/j.bja.2021.02.034
https://doi.org/10.2147/DDDT.S408076
https://doi.org/10.3238/arztebl.2017.0785
https://doi.org/10.1124/pr.117.015198
https://doi.org/10.1016/j.tacc.2011.08.002
https://doi.org/10.1016/j.tacc.2011.08.002
https://doi.org/10.1080/15360288.2022.2066745
https://doi.org/10.1097/j.pain.0000000000000705
https://doi.org/10.1371/journal.pone.0185212
https://doi.org/10.5999/aps.2017.44.1.5
https://doi.org/10.3389/fneur.2023.1144034
https://doi.org/10.3389/fphar.2023.1228895
https://doi.org/10.1007/s12630-023-02421-6
https://doi.org/10.1097/PRS.0000000000010254
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Material and Methods
	Ethics and Trial Registration
	Inclusion and Exclusion Criteria
	Randomization and Blinding
	Study Interventions
	Observed Parameters
	Sample Size Calculation
	Statistical Analysis

	Results
	Patient Inclusion and Demographic Characteristics
	Patient and Surgical Team Satisfaction Scores
	Postoperative Sleep Quality, Anxiety and Depression Level
	Hemodynamic and Respiratory Results
	The Duration of Procedure and Drug Consumption
	Incidence of Adverse Events

	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgments
	Funding
	Disclosure

