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Purpose: This randomized, controlled trial aimed to assess the sedative effects of esketamine and sufentanil combined with propofol 
during EUS.
Patients and Methods: Three hundred and forty patients undergone EUS were randomly divided into two groups to receive 
esketamine 0.25 mg/kg combined with propofol (esketamine group) or sufentanil 0.1 μg/kg combined with propofol (sufentanil group). 
The primary outcome measure was respiratory depression incidence. The secondary outcomes included the incidence of body 
movements, propofol dosage, lowest SPO2 during the operation, and management of airway obstruction. In addition, other procedures 
and anesthesia-related outcomes, and postoperative complications were recorded.
Results: A total of 340 patients underwent randomization. Of these, 172 were assigned to the esketamine group and 168 were 
assigned to the sufentanil group. 1 patient in the esketamine group was lost in the follow-up. During the EUS, 9 patients (5.3%) in the 
esketamine group and 26 (15.5%) in the sufentanil group developed respiratory depression; this difference was statistically significant 
(P = 0.002). Regarding secondary outcomes, the incidence of body movements, induction dosage, supplemental times, and total 
dosage of propofol were much higher in the sufentanil group than in the esketamine group (P < 0.05). In addition, the lowest SPO2 

during the operation, occurrence rate of airway intervention, and management of airway obstruction were significantly different (P < 
0.05). Compared to the sufentanil group, the induction time of sedation in the esketamine group was shorter, and the hemodynamics 
were more stable (P < 0.05). In addition, there were significant differences in the PACU incidence rates of nausea or vomiting between 
the two groups (P < 0.05), whereas the following day’s complications showed no statistical difference.
Conclusion: Esketamine combined with propofol for sedation during EUS can decrease respiratory depression, reduce the dosage of 
propofol and PONV, and provide a more stable hemodynamic state. Consequently, esketamine could be considered as a potential 
alternative to sufentanil for sedation during EUS.
Keywords: esketamine, sedation, endoscopic ultrasound, respiratory depression

Introduction
Endoscopic ultrasound (EUS) has been a major breakthrough in the field of endoscopy. In EUS, endoscopy visualization 
and high-frequency ultrasound are combined in a minimally invasive procedure.1 Nowadays, EUS has been widely used 
in the diagnosis and treatment of gastrointestinal disease, which has a good therapeutic effect on malignant and benign 
gastrointestinal, pancreatic and biliary diseases.2,3 Owing to the addition of an ultrasound probe at the front end, EUS is 
much thicker than a conventional endoscope. In addition, because of the different examination methods, EUS usually 
requires a longer operative time than ordinary endoscopy. All these make EUS cause greater throat irritation in patients. 
Therefore, more stringent requirements have been proposed for anesthesia technology. Typically, opioids combined with 
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propofol are the preferred sedative method for EUS. However, opioid-induced respiratory depression remains a major 
concern and carries a high risk in clinical applications.4,5 Postoperative nausea and vomiting (PONV) is another common 
side effect of opioids that may lead to prolonged hospital stay.6

Esketamine, a right-handed split of ketamine, is an N-methyl-D-aspartic acid (NMDA) antagonist that has twice the 
anesthetic effect of ketamine. According to Jonkman’s study, adequate doses of esketamine can reduce respiratory 
depression and improve hemodynamic, and the mechanism by which it alleviates respiratory depression may be 
attributed to an increase in opioids-induced ventilator CO2 chemosensitivity.7 Compared with sufentanil, esketamine 
can improve hemodynamics, reduce surgical stress and inflammatory responses, shorten anesthesia time, and promote the 
recovery of postoperative cognitive function.8 In addition, due to its shorter time to elimination and recovery, fewer 
adverse reactions are associated with adverse reactions, such as psychiatric symptoms and respiratory secretions.9 

Previous studies have shown that esketamine combined with propofol can be safely used as sedative anesthesia for 
gastroscopy.10,11 And it was reported that during colonoscopy, using esketamine along with propofol could reduce 
hypotension and enhanced respiration.12 Another study found that the combination of esketamine with propofol can 
reduce tussis occurrence with good tolerability and relax the bronchus and also provides high clearance rates and low 
possibility of adverse reactions than the combination of propofol with sufentanil.13 However, studies on the application 
of esketamine compared with opioids in EUS have not been reported.

This randomized, controlled study aimed to compare the sedative effects of esketamine and sufentanil combined with 
propofol in EUS.

Materials and Methods
This study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University (Ethics Number: 
QYFYEC2023 −145) and was conducted in accordance with the ethical standards of the Declaration of Helsinki. The 
study was registered with the Chinese Clinical Trial Registry (ChiCTR2400090306) and informed consent were obtained 
from all the patients. From 12/20/2023 to 9/20/2024, patients scheduled for EUS fulfilled the inclusion criteria and 
received sedative anesthesia with esketamine-propofol or sufentanil-propofol.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: patients undergoing EUS under sedation, American Society of Anesthesiologists 
(ASA) grades I–III, age 18–75 years, and Mallampati grades I–III. The exclusion criteria were as follows: patients who 
may need to pump water into the esophagus and stomach during the examination process, sleep apnea history, evident 
difficult airway, BMI > 30, severe liver and kidney dysfunction, and refusal to participate.

Randomization and Blinding
The patients were divided into two groups using a computer-generated random number table at a ratio of 1:1. They then 
randomly received either esketamine-propofol or sufentanil-propofol as sedative anesthesia. The group assignments were 
confidential to the participants and operators as well as the postoperative care staff and data collectors. The anesthesiol-
ogist was aware of the grouping but was not involved in data collection and statistical analysis. All data collection and 
postoperative follow-up were performed by nurse anesthetists who were unaware of the group status.

Study Interventions
All patients were sedated according to a predefined sedation protocol. The patients fasted for at least 8 hours before surgery. 
After entering the operating room, patients were orally administered 10 mL Lidocaine Hydrochloride Gel for local anesthesia 
and then placed in the left lateral position and received oxygen at 5 L/min via a nasal catheter. Blood pressure (BP), 
electrocardiography (ECG), heart rate (HR), and oxygen saturation (SPO2) were routinely monitored. Respiratory rate (RR) 
was obtained from multilead ECGs. After peripheral venous access was opened, 500 mL of normal saline was administered 
at a rate of 250 mL/h. As the induction of anesthesia, 0.25 mg/kg esketamine (Jiangsu Hengrui Pharmaceutical CO., Ltd) or 
0.1 μg/kg sufentanil (Yichang Renfu Pharmaceutical CO., Ltd) were diluted to 10 mL with saline and injected slowly within 
2 minutes, followed by 1.5–2 mg/kg propofol. After the eyelash reflex had disappeared, the endoscope was inserted. An 
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additional dose of 30 mg propofol was administered intravenously if the patient experienced body movements (body 
movements were divided into four levels: 1. No body movement; 2. Mild movements did not interfere with the operation; 
3. Moderate body movements affected the operation; 4. Severe body movements that were different to control. Here, we 
classified classes 3 and 4 as positive body movements). If the systolic blood pressure was < 90 mmHg, 6 mg ephedrine was 
administered to raise the blood pressure. If the HR was < 50 times/min, 0.2 mg atropine was injected intravenously. During 
the operation, if the patients had reduced oxygenation due to respiratory obstruction, measures such as lifting the jaw, 
pressing the thorax, or inserting a nasopharyngeal airway were implemented. If the hypoxic state continued without 
improvement, the operating physician was required to withdraw the endoscope, and pressurized ventilation through a bag 
mask was implemented or intubation if necessary. After surgery, the patients were sent to the postanesthesia care unit 
(PACU) for further monitoring and could not return to the ward until the steward score reached 5.

Outcomes
Primary Outcome
The incidence of respiratory depression, defined as SPO2 ≤ 90% lasts for more than 10s, or respiratory rate ≤8 times/min, 
or respiratory arrest time ≥15s.

Secondary Outcomes
The secondary outcomes included the incidence of body movements, propofol induction dosage, supplemental time, and 
total dosage. The lowest SPO2 during the operation, the need for airway intervention, and the management of airway 
obstruction were also recorded.

In addition, we recorded the total infusion volume, operation time, operator qualification, induction time of sedation, 
anesthesia time, procedure time, rate of immediate postoperative arousal, orientation recovery time, and PACU stay time in 
both the groups. Meanwhile, the BP, HR, SPO2 and modified observer’s assessment of alertness/sedation scale (MOAA/S) 
sedation scores at different time points as well as the number of cases requiring ephedrine and atropine were noted.

Postoperative complications, including immediate postoperative complications in the PACU, such as dizziness, 
nausea or vomiting, abdominal pain, or abdominal distension, and complications on the following day, including 
delirium, fever, dizziness, nausea or vomiting were recorded.

Finally, we investigated the satisfaction of patients and surgeons after operation. The score of endoscopists’ 
satisfaction with sedation was determined using a 5 point scale (very dissatisfied = 1 to very satisfied = 5) after the 
procedure. Patients’ satisfaction was measured using a visual analogue scale (VAS) correspond to a number of 0–5 after 
their full recovery.

Statistical Analyses
The sample size was calculated on the basis of the incidence of respiratory depression. According to previous studies,14–16 

the incidence of respiratory depression in patients receiving sufentanil in combination with propofol for sedation was 
13.3–17.6%, with an average incidence of 15%. We expected the incidence to reduce to 5% in the esketamine group. With 
a power of 80% (α = 0.05, β = 0.2), a sample size of 160 participants per group was required. We assumed that 5% of the 
patients would be lost to follow-up; therefore, at least 336 patients were required.

Data were analyzed using the SPSS software (version 25.0). Quantitative data are expressed as the mean and standard 
deviation (SD) or median (p25, p75), and qualitative data are presented as frequency and proportion. Data obtained at 
different time points were compared using a one-way repeated-measures ANOVA. For quantitative data, comparisons 
between two groups were made using t-tests or Mann–Whitney U-test. For qualitative data, chi-square or Fisher’s test 
was used. Statistical significance was set at P < 0.05.

Results
Patient Inclusion and Characteristics
During 12/20/2023 to 9/20/2024, we screened 721 patients who underwent EUS under sedation. A total of 340 patients 
fulfilled the inclusion criteria and were randomly assigned to 2 groups (172 patients in the esketamine group and 168 
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patients in the sufentanil group). One patient in the esketamine group dropped out during the follow-up period. Finally, 
339 participants completed the follow-up period and were included in statistical analysis (Figure 1).

The demographic data and baseline values of the patients are presented in Table 1. Statistical analysis revealed no 
differences between the two groups in terms of demographic characteristics and medical history (P > 0.05).

Procedure and Anesthesia-Related Outcomes
The dosage of esketamine and sufentanil in two groups were respectively 16.69 ± 2.44 mg and 6.6 ± 0.94 μg. Statistical 
analysis showed that the sedation induction time in the esketamine group was significantly lower than that in the 
sufentanil group (P < 0.05). The application of vasoactive agents (ephedrine and atropine) was much lower in the 
esketamine group than in the sufentanil group (P < 0.05). However, there were no differences in the other procedures or 
anesthesia-related outcomes (P > 0.05) (Table 2). Figure 2 shows vital signs and sedation scores at each time point. As 

Figure 1 Flow diagram of patient progress through the phases of the randomized trial.
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Table 1 Patient Demographic Characteristics

Variable Esketamine  
Group (n = 171)

Sufentanil  
Group (n = 168)

P value

Age (years) 59.51 (52, 67) 58.7 (51, 68) 0.563

Gender (Males/Females) 98/73 90/78 0.489

Height (cm) 167.24 ± 6.98 166.12 ± 7.41 0.154
Weight (kg) 66.75 ± 9.74 65.99 ± 9.38 0.463

BMI (kg/m2) 23.83 ± 2.94 23.90 ± 2.93 0.837

ASA grade 0.393
I, n (%) 53 (31.6) 63 (37.5)

II, n (%) 110 (64.3) 96 (57.1)
III, n (%) 7 (4.1) 9 (5.4)

Lesion type, n (%) 0.846

Pancreatic disease, n (%) 87 (50.9) 81 (48.2)
Hepatocholangiolithiasis, n (%) 34 (19.9) 33 (19.6)

Duodenal neoplasms, n (%) 14 (8.2) 20 (11.9)

Cholangiocarcinoma, n (%) 31 (18.1) 30 (17.9)
Other disease, n (%) 5 (2.9) 4 (2.4)

Mallampati score (I/II) 117/54 121/47 0.468

Snore, n (%) 35 (20.5) 30 (17.9) 0.582
Alcohol intake, n (%) 56 (32.7) 65 (38.7) 0.254

Smoking history, n (%) 46 (26.9) 49 (29.2) 0.642

Motion sickness, n (%) 36 (21.1) 32 (19) 0.645
Complication

Hypertension, n (%) 58 (33.9) 53 (31.5) 0.642

Diabetes, n (%) 15 (8.8) 17 (10.1) 0.671
Coronary heart disease, n (%) 16 (9.4) 12 (7.2) 0.469

Allergic history, n (%) 37 (21.6) 33 (19.6) 0.689

Operation history, n (%) 48 (28.1) 57 (33.9) 0.243

Notes: Data are presented as mean ± SD or median (p25, p75) for continuous variables, and count (percentage) for 
categorical variables. 
Abbreviations: BMI, Body Mass Index, ASA, American Society of Anesthesiologists.

Table 2 Procedure and Anesthesia-Related Outcomes

Variable Esketamine  
Group (n = 171)

Sufentanil  
Group (n = 168)

P value

Esketamine dosage (mg) 16.69 ± 2.44

Sufentanil dosage (μg) 6.60 ± 0.94

Infusion quantity (mL) 175 (150, 225) 175 (150, 200) 0.622
Operation time (morning/afternoon) 145/26 147/21 0.287

Operative qualification 0.717
< 3 years, n (%) 20 (11.7) 22 (13.1)

3–10 years, n (%) 91 (53.2) 82 (48.8)

> 10 years, n (%) 60 (35.1) 64 (38.1)
Induction time of sedation (seconds) 35 (30, 35) 35 (35, 40) <0.001

Anesthesia time (min) 22 (19, 225) 22 (18, 27) 0.764

Procedure time (min) 20 (17, 23) 20 (16.25, 24) 0.765
Immediate postoperative arousal, n (%) 134 (78.4) 138 (82.1) 0.382

Orientation recovery time (min) 8 (7, 9) 8 (6, 9) 0.642

Ephedrine application, n (%) 13 (7.6) 26 (15.5) 0.023
Atropine application, n (%) 11 (6.4) 22 (13.1) 0.039

Intraoperative cough, n (%) 7 (4.1) 9 (5.4) 0.583

Intraoperative hiccup, n (%) 6 (3.5) 4 (2.4) 0.539

(Continued)
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can be seen from the curve, MAP, HR, and RR in the esketamine group were significantly higher than those in the 
sufentanil group after anesthesia induction and during the procedure (Figure 2A, B and D). However, there was no 
significant difference in sedation scores (MOAA/S) between the two groups, except at T4 (Figure 2C).

Table 2 (Continued). 

Variable Esketamine  
Group (n = 171)

Sufentanil  
Group (n = 168)

P value

PACU stay time (min) 15.18 ± 3.91 14.67 ± 3.98 0.236
Satisfaction for anesthesia

Patient 5 (5, 5) 5 (5, 5) 0.494

Surgeon 5 (5, 5) 5 (5, 5) 0.204

Notes: Data are presented as mean ± SD or median (p25, p75) for continuous variables, and count (percentage) for 
categorical variables. 
Abbreviation: PACU, postanesthesia care unit.

Figure 2 Vital signs and sedation scores at each time point. (A-D) The MAP, HR, MOAA/S and RR of the two groups at each time point. MAP: Mean Arterial Pressure; HR: 
Heart Rate; MOAA/S: Modified observer’s assessment of alertness/sedation scale. RR: Respiratory Rate. T0, before anesthesia; T1, immediately after anesthesia induction; 
T2, endoscope passed through the throat; T3, endoscope reached the target position; T4, 10 minutes after the start of procedure; T5, end of the procedure; T6, patient 
entered the PACU; T7, patient leaved the PACU. (*P<0.05).
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Primary and Secondary Outcomes
Nine patients (5.3%) in the esketamine group and 26 (15.5%) in the sufentanil group developed respiratory depression; 
this difference was statistically significant (P = 0.002).

With regard to secondary outcomes, the incidence of body movements, induction dosage, supplemental times, and 
total dosage of propofol were much higher in the sufentanil group than in the esketamine group (P < 0.05). In addition, 
the lowest SPO2 during the operation, occurrence rate of airway intervention, and management of airway obstruction 
were significantly different (P < 0.05). The most common airway intervention was lift jaw, and none of the patients 
required intubation. (Table 3).

Postoperative Complications
Postoperative complications, including immediate complications in the PACU and complications on the following day 
are shown in Table 4. There were significant differences in the PACU incidence rates of dizziness, and nausea or 
vomiting between the two groups (P < 0.05). However, the following day’s complications showed no statistically 
significant differences (P > 0.05). One patient in the esketamine group developed fever after the examination and chest 
computed tomography (CT) is shown in Figure 3.

Table 3 Primary and Secondary Outcomes

Variable Esketamine  
Group (n = 171)

Sufentanil  
Group (n = 168)

P value

Primary outcome
Respiratory depression, n (%) 9 (5.3) 26 (15.5) 0.002

Secondary outcomes

Body movements, n (%) 58 (33.9) 81 (48.2) 0.007
Propofol usage

Induction dosage (mg) 100 (100, 110) 110 (100, 110) 0.026

Supplemental times 0 (0, 1) 0 (0, 1) 0.008
Total dosage (mg) 110 (100, 130) 120 (100, 140) 0.003

Lowest SPO2 during operation (%) 96 (95, 97) 95 (93, 96) <0.001

Need for airway intervention, n (%) 47 (27.5) 65 (38.7) 0.028
Management of airway obstruction, n (%)

Lift jaw 42 (24.6) 62 (36.9) 0.014

Pressing the thorax 2 (1.2) 9 (5.4) 0.029
Mask pressure ventilation 4 (2.3) 6 (3.6) 0.540

Insert nasopharyngeal airway 2 (1.2) 6 (3.6) 0.171

Intubation 0(0) 0(0)

Notes: Data are presented as medians (p25, p75) for continuous variables and as counts (percentages) for categorical 
variables.

Table 4 Postoperative Complications

Variable Esketamine  
Group (n = 171)

Sufentanil  
Group (n = 168)

P value

Immediate complications 20 (11.7) 27 (16.1) 0.244
Dizziness 10 (5.8) 19 (11.3) 0.072

Nausea or vomiting 6 (3.5) 16 (9.5) 0.025

Abdominal pain or abdominal distension 8 (4.7) 5 (3.0) 0.415
Complications on the following day 6 (3.5) 10 (6.0) 0.289

Delirium 0 (0) 0 (0) 1

Fever 1 (0.6) 0 (0) 1
Dizziness 4 (2.3) 4 (2.4) 1

Nausea or vomiting 2 (1.2) 6 (3.6) 0.171

Note: Data were presented as count (percentage).
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Discussion
In this study, we compared the sedative effects of esketamine and sufentanil combined with propofol in EUS and found 
fewer patients occurred respiratory depression in the esketamine group than in the sufentanil group.

EUS is typically performed in patients under sedation anesthesia. During the procedure, the endoscope occupies the 
oral cavity, making it more difficult for anesthesiologists to manage the airway. Therefore, it is necessary to explore 
a method of anesthesia with minimal impact on breathing. Propofol is the predominant drug used for sedation owing to 
its rapid onset of action and short recovery time. Since EUS usually takes a longer time, an increased dose of propofol is 
often required to complete the anesthesia. However, high doses of propofol can also cause respiratory and circulatory 
suppression. A previous study showed that 12.8% of patients experienced hypoxemia with propofol for endoscopic 
sedation.17 Therefore, in daily clinical applications, anesthesiologists usually use propofol in combination with small- 
dose opioids, which can increase the analgesic effect while reducing the applied dose of propofol. However, this 
combination may increase the risk of respiratory depression leading to hypoxemia. Opioids may cause a decrease in 
respiratory rate, which further leads to a decrease in oxygenation. This phenomenon was also observed (Figure 2D). 
Goyal R et al reported that even administered by experienced anesthesiologists, the combination of propofol and fentanyl 
would still cause a decrease in oxygenation in 48.2% of patients.18 A recent study also reported that during sedation in 
ERCP, 15.7% of patients in propofol-alfentanil group showed hypoxia.19 In previous studies, the amount of sufentanil 
used for endoscopy varied. However, we could get ranges of sufentanil dosing in endoscopy. It was reported that 0.05 μg/ 
kg sufentanil was the most suitable program for painless gastroscopy.20 For children undergoing painless gastroscopy 
under general anesthesia, 0.03–0.05 μg/kg sufentanil combined with propofol can deliver better anesthetic effect than 
propofol combined with fentanyl.21 Another study reported that 0.1 μg/kg sufentanil combined with propofol be a suitable 
alternative sedative agent for elderly patients undergoing gastroscopy due to its safety profile.22 According to our daily 
clinical application and reference to previous literatures, we set the doses of sufentanil to 0.1 μg/kg. In the current 
research, 26 of 168 patients developed respiratory depression in sufentanil-propofol group with a percentage of 15.5% 
and this finding match those previous studies. The application of esketamine significantly improved this index by 
reducing the incidence of respiratory depression to 5.3%. Simultaneously, the patients’ body movements during the 
operation were also significantly reduced.

As esketamine has both sedative and analgesic effects, when combined with propofol, it can significantly reduce the 
dosage of propofol. Eberl et al reported that esketamine can reduce the dosage of propofol by approximately 20% in 
operation.23 Other studies have also observed that esketamine can decrease propofol consumption in patients undergoing 

Figure 3 Chest computed tomography (CT) of the feverish patient.
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gastroscopy.10,24 In the present study, we also observed that the induction dosage, supplemental times, and total dosage of 
propofol were all reduced in the esketamine group. Circulatory suppression is another complication associated with 
propofol combined with sufentanil. In this study, we found that MAP and HR were much more stable in the esketamine 
group and the application of vasoactive agents was much less than that in the sufentanil group. These findings are in 
accordance with those of a recent study25 and indicate that the combination of esketamine and propofol provides more 
stable hemodynamics. In addition, we compared anesthesia-related data between the two groups and observed that the 
esketamine group required a shorter induction time for sedation. However, other outcomes, such as immediate post-
operative arousal, orientation recovery time, and PACU stay time, did not differ. These results indicate that esketamine 
can accelerate induction and has no effect on postoperative recovery. Study has even found that the awakening time of 
esketamine combined with propofol is shorter than propofol alone.10 Author speculated that this may be related to the 
reduced amount of propofol.

As we know, nausea and vomiting are common side effects of opioids, the incidence of opioids-induced nausea and 
vomiting is estimated to be 10%–40%.26 We concerned the postoperative complications and found that esketamine 
significantly reduce the incidence of nausea or vomiting in the PACU. Previous studies have reported that ketamine 
produces psychotomimetic symptoms, perceptual aberrations, and cognitive impairments.27 As a right-handed split of 
ketamine, the use of S-ketamine did not result in increased psychotomimetic side effects.28 Consistent with these 
researches, our second day’s follow-up showed no patient developed delirium, indicating that esketamine combined 
with propofol did not increase any comorbidities and can be safely used in EUS.

Before the initiation of the trial, most patients in our center were sedation with sufentanil combined with propofol. 
The study demonstrated that the combination of esketamine and propofol resulted in a decrease in respiratory depression, 
a reduction in propofol dosage and PONV, and a more stable hemodynamic state, which might not only save drugs costs 
but also make it easier for anesthesiologists to manage patients’ breathing and vital signs. We suggest the current study 
may help anesthesiologists to choose a more appropriate sedation regimen in EUS. In addition, future studies should be 
conducted to investigate the advantages of esketamine in other endoscopic procedures such as gastroscopy, colonoscopy, 
bronchoscope and endoscopic retrograde cholangiopancreatography (ERCP). At present, researches on esketamine 
mainly focuses on its association with depression. Multiple studies have found that esketamine can effectively alleviate 
symptoms in patients with depression or reduce the occurrence of postpartum depression.29,30 However, there is 
relatively limited literatures on the potential psychiatric effects of esketamine when used as an anesthetic agent. 
Meanwhile, the potential cost and availability may limit its application in routine anesthesia either. So, despite the 
potential advantages of esketamine in certain aspects, its clinical application still needs to be evaluated with caution and 
consideration of the specific circumstances and potential risks of the patients.

It is worth mentioning that one patient developed symptoms such as high fever, chills, and cough approximately four 
hours after EUS, accompanied by increased leukocyte and C-reactive protein (CRP) levels. The chest CT performed the 
next day revealed multiple flaky ground-glass density shadows in the patient’s left lung (Figure 3). The patient was then 
diagnosed with aspiration pneumonia, and she had a good prognosis after antimicrobial therapy. Aspiration pneumonia is 
a rare complication of painless endoscopies. Friedrich et al reported that 0.3% of patients who underwent outpatient 
endoscopy developed signs of respiratory symptoms suspicious for infection during a 24-hour phone follow-up, but none 
required hospitalization.31 Another research demonstrated that the probability of aspiration after painless gastroscopy was 
0.2%.32 However, in patients with high-risk factors for reflux, the proportion was significantly higher. Lin et al reported 
that the proportion of aspiration pneumonia in patients with retained gastric food content reached 4.8%.33 In the future, 
we will also increase the sample size to carry out research in this area.

This study has some limitations. First, to minimize the impact on breathing, we excluded patients with sleep apnea 
and those who may have difficult airways, as well as patients who were obese; therefore, the sedation regimen for these 
patients remains to be explored. Second, this was a single-center study, and further multicenter studies are required. 
Third, the study period was relatively short, and there may be limitations in observing the long-term impact of sedation 
effects. Finally, according to our daily clinical application and reference to previous literatures,34,35 we set the doses of 
sufentanil and esketamine to 0.1 μg/kg and 0.25 mg/kg, therefore additional studies with other doses should be 
considered.
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Conclusion
This randomized controlled trial aims to assess the sedative effects of esketamine and sufentanil combined with propofol 
during EUS. These findings demonstrate that the combination of esketamine and propofol resulted in a decrease in 
respiratory depression, a reduction in propofol dosage and PONV, and a more stable hemodynamic state. Consequently, 
esketamine could be considered as a potential alternative to sufentanil for sedation during EUS.
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