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Purpose: While esketamine shows promise as an adjunct in procedural sedation, its impact on postoperative cognitive recovery 
remains incompletely characterized. This study investigated the effects of esketamine on multiple dimensions of recovery, particularly 
cognition, in patients undergoing colonoscopy with propofol-based sedation.
Patients and Methods: We conducted this randomized, double-blinded, placebo-controlled trial from January 6, 2023, to May 20, 
2024, at two hospitals in China. Patients were randomized in a 1:1 ratio to receive either esketamine 0.2 mg/kg (n = 126) or placebo (n 
= 126), followed by propofol 1 mg/kg. We administered additional propofol boluses (0.5 mg/kg) to maintain sedation. The study 
assessed cognitive recovery on postoperative day 3 as the primary outcome, measured by the Postoperative Quality of Recovery Scale 
(PostopQRS). Secondary outcomes included overall recovery, recovery in other PostopQRS domains, time to discharge, and adverse 
events.
Results: Esketamine significantly enhanced cognitive recovery compared to placebo on postoperative day 3 (95.2% vs 83.3%, relative 
risk = 1.14; 95% confidence interval: 1.05–1.25, P = 0.002). Discharge times were comparable between groups (odds ratio = 0.70; 
95% confidence interval: 0.43–1.16, P = 0.163). The esketamine group demonstrated higher satisfaction (P = 0.003) and significantly 
reduced incidences of hypotension (14.3% vs 36.5%, P < 0.001), bradycardia (5.6% vs 15.1%, P = 0.013), hypoxemia (2.4% vs 8.7%, 
P = 0.028), and injection site pain (21.4% vs 48.4%, P < 0.001).
Conclusion: Adding esketamine 0.2 mg/kg to propofol for colonoscopy sedation improved postoperative cognitive recovery, 
enhanced patient satisfaction, and reduced cardiopulmonary adverse events without prolonging discharge time. These findings 
establish low-dose esketamine as a beneficial adjunct to propofol in procedural sedation for colonoscopy.
Keywords: cognitive recovery, colonoscopy, esketamine, Propofol, procedural sedation, quality of recovery

Introduction
Colorectal cancer ranks as the third most prevalent malignancy worldwide, with an estimated 1.93 million new cases and 
903,859 deaths reported annually.1 Colonoscopy is the gold standard for screening and diagnosis, offering critical 
benefits in reducing incidence and mortality through early detection and intervention.2 The United States Preventive 
Services Task Force recommends colorectal cancer screening in adults aged 45 to 49 years.3 However, patient anxiety 
about procedural discomfort often impedes adherence to these guidelines, significantly contributing to low compliance 
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rates.4 This challenge has led to increased adoption of sedation protocols to enhance patient experience and improve 
screening adherence.5

Propofol, widely used for colonoscopy sedation due to its rapid onset and short duration, can cause hypotension 
(affecting about 50% of patients) and respiratory depression when administered alone. These effects may lead to organ 
dysfunction and cardiovascular or neurological complications.6,7 To mitigate these risks and enhance sedation efficacy, 
clinicians often combine propofol with adjunctive agents, aiming to improve patient safety and optimize the sedation 
process.8–10

Esketamine, the S-enantiomer of ketamine, has emerged as a promising adjunct in procedural sedation. As an 
N-methyl-D-aspartate (NMDA) receptor antagonist, esketamine exhibits sympathomimetic and analgesic properties 
that may counteract propofol’s hypotensive and respiratory depressive effects.11,12 Recent evidence from surgical settings 
has further supported esketamine’s potential benefits. Zhang et al13 found that incorporating esketamine into general 
anesthesia enhanced early recovery and cognitive function in patients undergoing modified radical mastectomy, while 
Zhao et al reported favorable safety and efficacy outcomes with low-dose esketamine during laparoscopic 
cholecystectomy.14 Notably, esketamine demonstrates twice the analgesic potency of racemic ketamine while offering 
fewer psychiatric side effects at equivalent doses.15

Despite esketamine’s potential advantages, concerns about its impact on cognitive function persist. The NMDA 
receptor, densely expressed in brain regions crucial for memory and cognition, may trigger schizophrenia-like symptoms 
and cognitive impairment when antagonized.16 Previous research has shown that a single preoperative dose of ketamine 
(1 mg/kg) significantly increased the risk of postoperative cognitive dysfunction compared with placebo.17 However, the 
cognitive effects of subanesthetic doses of ketamine or esketamine, particularly when combined with other sedatives, 
remain insufficiently characterized.

This study evaluated the effect of adding low-dose esketamine (0.2 mg/kg) to propofol sedation on postoperative 
recovery, particularly cognitive function, in patients undergoing colonoscopy. We hypothesized that patients receiving 
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esketamine as an adjunct to propofol would improve cognitive recovery, as measured by the Postoperative Quality of 
Recovery Scale (PostopQRS),18 compared to those receiving propofol alone. The overall study design and key findings 
are illustrated in the graphical abstract.

Materials and Methods
Study Design and Ethical Considerations
This prospective, parallel-group, double-blind, randomized clinical trial was conducted at two hospitals in China from 
January 6, 2023, to May 20, 2024. The study protocol was approved by the Institutional Review Boards of Fujian 
Provincial Hospital (No. K2022-04-011, approved on April 18, 2022) and Xiapu County Hospital (No. L2022-11, 
approved on November 21, 2022). All participants provided written informed consent before enrollment. The trial was 
prospectively registered at the Chinese Clinical Trial Registry (https://www.chictr.org.cn/showproj.html?proj =186415, 
ChiCTR2200066353) on December 2, 2022. We conducted the study in adherence to Chinese legal requirements, the 
World Medical Association Declaration of Helsinki, and Good Clinical Practice guidelines. No protocol changes were 
made after trial commencement. This manuscript adheres to the Consolidated Standards of Reporting Trials (CONSORT) 
reporting guideline.19

Participants
Eligible participants were adults aged 18 to 75 years with American Society of Anesthesiologists physical status I to III 
scheduled for elective outpatient colonoscopy. Exclusion criteria encompassed: body mass index greater than 30 
(calculated as weight in kilograms divided by height in meters squared), known contraindications or sensitivities to 
study medications, impaired mobility, need for therapeutic colonoscopy procedures (eg, endoscopic mucosal resection or 
submucosal dissection), history of psychiatric illness, neurological disease, seizure disorder, substance abuse, preexisting 
cognitive deficits, pregnancy, and inability to communicate in Mandarin Chinese.

Randomization and Masking
Patients were randomly assigned (1:1) to receive esketamine or placebo using permuted block randomization (block size 
of 6), stratified by the study center. An independent statistician generated the randomization sequence using R version 
4.0.5. Allocation was concealed in sealed, sequentially numbered envelopes and revealed shortly before sedation. Study 
drugs were prepared in identical 10-mL syringes by research nurses not involved in patient care or assessment. 
Esketamine was diluted to 2 mg/mL in 0.9% saline to achieve the protocol-specified dose of 0.2 mg/kg (administered 
as 0.1 mL/kg), while the placebo consisted of an equivalent volume of 0.9% saline. Both solutions were colorless and 
visually indistinguishable, ensuring proper blinding of all study participants and personnel.

Sedation Procedure
All patients underwent standard bowel preparation before colonoscopy following the local protocol. Standard monitoring 
was continuously applied in the procedure room, including electrocardiography, pulse oximetry, and noninvasive blood 
pressure. All patients received nasal cannula oxygen supplementation at 3 L/min per clinical practice. Sedation was 
induced with intravenous administration of esketamine 0.2 mg/kg or an equivalent volume of 0.9% saline, followed by 
propofol 1 mg/kg. Throughout the procedure, the attending anesthesiologist maintained the target sedation level, defined 
as a modified Observer’s Assessment of Alertness/Sedation (MOAA/S) score of less than 3,20 by titrating propofol doses 
(typically 0.5 mg/kg per bolus).

Outcomes
The primary outcome was the incidence of cognitive recovery on postoperative day 3, assessed using the cognitive 
domain of the PostopQRS. This time point was selected to minimize the potential confounding effects of propofol 
sedation, bowel preparation, and procedural stress on neurocognitive recovery assessment. The cognitive domain 
evaluation comprised five standardized verbal tests measuring memory, attention, and executive function. Following 
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validated PostopQRS methodology, cognitive recovery was defined quantitatively as achieving scores within 20% of 
individual baseline measurements across all five tests. This standardized threshold accounts for normal test-retest 
variability while maintaining clinically meaningful recovery assessment. For instance, in the word recall test, if 
a patient recalled 5 words at baseline, a postoperative recall of 4 or more words (≥80% of baseline) would indicate 
recovery for that specific component. Complete cognitive recovery required meeting this threshold across all five 
cognitive domain tests: word generation, word recall, digits forward, digits back, and word recognition.21

Secondary outcomes included overall postoperative recovery, recovery in other PostopQRS domains (physiological, 
nociceptive, emotive, activities of daily living, and cognitive), emergence time, time to discharge, and endoscopist and 
patient satisfaction. The PostopQRS was assessed at pre-procedure, 40 minutes after colonoscopy, and then on days 1, 3, 
and 7. Recovery in each PostopQRS domain was defined as postoperative scores returning to or exceeding individual 
baseline values, with overall recovery requiring recovery in all five domains. Emergence time was defined as the interval 
from procedure completion to achieving a MOAA/S score 5. Discharge readiness was determined by Modified Post- 
Anesthetic Discharge Scoring System scores ≥9.22 Satisfaction was assessed using 5-point Likert scales (1 = very 
satisfied, 5 = very dissatisfied) for both endoscopists and patients.23

Adverse events were also recorded, including hypotension, bradycardia, hypoxemia, injection site pain, fatigue, 
dizziness, nausea or vomiting, hallucination, and nightmares. A blinded research assistant at each hospital collected data 
face-to-face while in the hospital and via telephone after discharge.

Sample Size Estimation
The sample size was calculated using PASS software, version 15.0 (NCSS LLC, UT, USA). Previous research indicated 
that approximately 80% of patients achieve cognitive recovery according to PostopQRS criteria on postoperative day 3.24 

With an anticipated baseline recovery rate of 80% in the control group, we calculated that 101 patients per group would 
provide 90% power to detect a difference of 15 percentage points (from 80% to 95%) using a two-sided test at 
a significance level of 0.05. Anticipating a 20% attrition rate due to potential dropouts or incomplete follow-up, we 
established a target enrollment of 126 participants per group.

Statistical Analysis
We assessed the distribution of continuous variables for normality with the Shapiro–Wilk test and Q-Q plot. Data are 
presented as mean ± standard deviation (SD), median (interquartile range [IQR]), or number (percentage). We used 
independent t-tests, Mann-Whitney U-tests, and chi-square or Fisher’s exact test, as appropriate.

We compared the primary outcome (cognitive recovery rate on postoperative day 3) between groups using the chi- 
square test, calculating relative risk (RR) with 95% confidence intervals (CIs). We fitted a generalized linear mixed 
model with a binomial distribution and logit link function to analyze changes in recovery rates over time. The model 
included fixed effects for treatment (esketamine vs placebo), time, and their interaction, with random intercepts for 
subjects to account for within-subject correlations in the repeated measurements. Results are presented as odds ratios 
(ORs) with 95% CIs. We analyzed time to discharge readiness using Kaplan-Meier survival analysis and Log-rank test 
and calculated hazard ratios with 95% CIs using a Cox proportional hazards model.

Primary analyses followed the intention-to-treat principle, including all 252 randomized participants (126 per group). 
Multiple imputation was used to handle missing data from participants who did not complete the study protocol, with 
sensitivity analyses performed on the per-protocol population (121 esketamine, 118 placebo). Statistical significance was 
set at 2-sided P < 0.05. Analyses were performed using R version 4.3.3 and IBM SPSS version 27.0 (IBM Corp., 
Armonk, NY, USA).

Results
Between January 6, 2023, and May 20, 2024, we screened 266 eligible patients and randomized 252 to receive either 
esketamine or placebo (Figure 1). All participants received their allocated treatment except one in the placebo group, who 
withdrew consent. Twelve participants (five esketamine, seven placebo) were lost to follow-up, resulting in a final per- 
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protocol population 239. Baseline characteristics were well-balanced between the esketamine and placebo groups, with 
no statistically significant differences observed in age, sex, BMI, ASA physical status, or comorbidities (Table 1).

The proportion of patients achieving cognitive recovery on postoperative day 3 was significantly higher in the 
esketamine group compared with the placebo group (95.2% vs 83.3%, RR = 1.14; 95% CI: 1.05–1.25, P = 0.002), with 
similar findings in per-protocol analysis (RR = 1.11; 95% CI: 1.04–1.19; P < 0.001). A significant treatment-by-time 

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the study.

Table 1 Patient Characteristics

Characteristic Esketamine (n = 126) Placebo (n = 126) P value

Age, median (IQR), y 64.5 (54.0–69.0) 65.0 (55.0–69.0) 0.308

Sex, n (%) 0.313

Male 69 (54.8) 61 (48.4)

Female 57 (45.2) 65 (51.6)

Height, mean (SD), cm 165.6 (5.9) 166.3 (6.1) 0.332

Weight, median (IQR), kg 63.0 (58.0–68.0) 65.0 (60.0–68.0) 0.092

BMI, median (IQR), kg/m2 22.7 (21.5–24.4) 23.0 (21.8–24.3) 0.256

ASA physical status, n (%) 0.581

I 28 (22.2) 35 (27.8)

II 84 (66.7) 79 (62.7)

III 14 (11.1) 12 (9.5)

(Continued)
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interaction (P = 0.015, Figure 2A) revealed that while the cognitive recovery was similar between groups at 40 minutes 
(OR = 0.70; 95% CI: 0.43–1.16, P = 0.163), the esketamine group showed significantly higher recovery rates at day 3 
(OR = 4.00; 95% CI: 1.56–10.28, P = 0.004). By postoperative day 7, failure to recover occurred in 2.4% of esketamine 
versus 9.5% of placebo patients (P = 0.026, Table 2).

Figure 2B-F illustrate recovery trajectories for overall recovery and recovery in other domains of the PostopQRS 
(nociceptive, emotive, activities of daily living, and physiological). The model revealed a significant treatment-by-time 
interaction for overall recovery (P < 0.001). At postoperative day 3, the odds of overall recovery in the esketamine group 
were significantly higher than in the control group (OR = 3.80; 95% CI: 1.56–9.21; P = 0.003). No statistically significant 
differences were observed between the groups in the nociceptive, emotive, activities-of-daily-living, and physiological 
domains (all P > 0.05, Table 2). Emergence time was similar between the esketamine and placebo groups (15 [11–17] vs 
15 [12–19] min; median difference, −1 min; 95% CI: −2 to 0; P = 0.127). Median (IQR) discharge time was 20 (18–25) 
minutes for esketamine and 22 (18–25) minutes for placebo (difference, −1 min; 95% CI: −2 to 0 min; HR, 1.19; 95% CI: 
0.93–1.53; P = 0.121; Figure 3). Patients receiving esketamine reported higher satisfaction scores (P = 0.003) and 
required significantly less propofol (P < 0.001) compared to the placebo group. Endoscopist satisfaction scores and 
procedure time did not differ significantly between groups (both P > 0.05; Table 3).

Esketamine was associated with significantly lower incidences of hypotension (14.3% vs 36.5%, P < 0.001), 
bradycardia (5.6% vs 15.1%, P = 0.013), and hypoxemia (2.4% vs 8.7%, P = 0.028) compared to placebo. Injection 
site pain also occurred less frequently in the esketamine group (21.4% vs 48.4%, RR = 0.44; 95% CI: 0.30–0.65, P < 
0.001). No significant differences were observed in other adverse events, including fatigue, dizziness, nausea or 
vomiting, hallucination, and nightmares (all P > 0.05, Figure 4).

Discussion
Our study demonstrated that esketamine 0.2 mg/kg as an adjunct to propofol for colonoscopy sedation provides multiple 
significant benefits. As the first investigation of esketamine specifically in propofol-based sedation for colonoscopy, our 
findings represent an important advancement in procedural sedation protocols, distinguishing it from previous research in 
general anesthesia settings. Cognitive recovery rates were significantly higher in the esketamine group compared to 
placebo on postoperative day 3. The esketamine group exhibited lower incidences of hypotension, bradycardia, 
hypoxemia, and injection site pain. Importantly, these benefits were achieved without prolonging emergence or discharge 
times, or increasing the occurrence of psychotomimetic adverse effects. Moreover, patients receiving esketamine reported 
higher satisfaction scores. These consistently favorable results, spanning cognitive function and physiological para-
meters, suggest that low-dose esketamine offers a valuable optimization of current sedation protocols for colonoscopy 
procedures.

Supporting our initial hypothesis, esketamine significantly enhanced cognitive recovery on postoperative day 3. Our 
findings align with emerging evidence from recent clinical trials, where subanesthetic doses of esketamine administered 

Table 1 (Continued). 

Characteristic Esketamine (n = 126) Placebo (n = 126) P value

Education, median (IQR), y 10.5 (6.0–12.0) 9.0 (6.0–12.0) 0.645

Comorbidities, n (%)

Coronary artery disease 19 (15.1) 24 (19.0) 0.402

Chronic obstructive pulmonary disease 16 (12.7) 13 (10.3) 0.554

Diabetes mellitus 14 (11.1) 18 (14.3) 0.449

Hypertension 38 (30.2) 33 (26.2) 0.435

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; SD, standard 
deviation.
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intraoperatively were associated with enhanced early cognitive function.24,25 The observed cognitive benefit was 
substantial, with a recovery rate of 95.2% in the esketamine group compared to 83.3% in the placebo group (RR = 
1.14; 95% CI: 1.05–1.25, P = 0.002). The mechanistic basis for this improvement likely lies in esketamine’s complex 

Figure 2 Recovery rates overall and by individual domains measured using the Postoperative Quality of Recovery Scale (PostopQRS) following colonoscopy. 
Note: (A) Proportion of patients recovered in the cognition domain. (B) Overall recovery across all PostopQRS domains. (C) Nociceptive recovery (pain and 
nausea). (D) Emotive recovery (anxiety and depression) (E) Recovery of activities of daily living. (F) Physiologic recovery. Data points represent the proportion of 
patients recovered in each domain at specified time intervals. P values for group differences over time were derived from generalized linear mixed models, reflecting 
time-by-treatment interactions.
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Table 2 Recovery Rates Overall and by Individual Domains for Patients Undergoing Colonoscopy

n (%) Estimated 
Difference  
(95% CI)

Odd ratio (95% CI) P value

Esketamine  
(n = 126)

Placebo  
(n = 126)

Cognitive

40 min 65 (51.6) 76 (60.3) −0.09 (−0.21 to 0.03) 0.70 (0.43 to 1.16) 0.163

1 day 110 (87.3) 100 (79.4) 0.08 (−0.01 to 0.17) 1.79 (0.91 to 3.53) 0.094

3 day 120 (95.2) 105 (83.3) 0.12 (0.04 to 0.19) 4.00 (1.56 to 10.28) 0.004

7 day 123 (97.6) 114 (90.5) 0.07 (0.01 to 0.13) 4.32 (1.19 to 15.69) 0.026

Overall

40 min 55 (43.7) 64 (50.8) −0.07 (−0.19 to 0.05) 0.75 (0.46 to 1.23) 0.257

1 day 108 (85.7) 98 (77.8) 0.08 (−0.02 to 0.17) 1.71 (0.89 to 3.29) 0.105

3 day 119 (94.4) 103 (81.7) 0.13 (0.05 to 0.21) 3.80 (1.56 to 9.21) 0.003

7 day 122 (96.8) 112 (88.9) 0.08 (0.02 to 0.14) 3.81 (1.22 to 11.93) 0.021

Nociceptive

40 min 114 (90.5) 108 (85.7) 0.05 (−0.03 to 0.13) 1.58 (0.73 to 3.44) 0.246

1 day 125 (99.2) 124 (98.4) 0.01 (−0.02 to 0.03) 2.02 (0.18 to 22.52) 0.569

3 day 126 (100.0) 126 (100.0) 0.00 (0.00 to 0.00) 1.00 (0.00 to ∞) >0.99

7 day 126 (100.0) 126 (100.0) 0.00 (0.00 to 0.00) 1.00 (0.00 to ∞) >0.99

Emotion

40 min 122 (96.8) 123 (97.6) −0.01 (−0.05 to 0.03) 0.74 (0.16 to 3.39) 0.702

1 day 125 (99.2) 124 (98.4) 0.01 (−0.02 to 0.03) 2.02 (0.18 to 22.52) 0.569

3 day 124 (98.4) 122 (96.8) 0.02 (−0.02 to 0.05) 2.03 (0.37 to 11.30) 0.418

7 day 124 (98.4) 121 (96.0) 0.02 (−0.02 to 0.06) 2.56 (0.49 to 13.46) 0.266

Activities of daily living

1 day 123 (97.6) 124 (98.4) 0.00 (−0.04 to 0.03) 0.66 (0.11 to 4.03) 0.654

3 day 126 (100.0) 126 (100.0) 0.00 (0.00 to 0.00) 1.00 (0.00 to ∞) >0.99

7 day 126 (100.0) 126 (100.0) 0.00 (0.00 to 0.00) 1.00 (0.00 to ∞) >0.99

Physiological

10 min 92 (73.0) 76 (60.3) 0.13 (0.01 to 0.24) 1.78 (1.05 to 3.03) 0.033

20 min 111 (88.1) 99 (78.6) 0.10 (0.00 to 0.19) 2.02 (1.02 to 4.01) 0.045

30 min 120 (95.2) 109 (86.5) 0.09 (0.02 to 0.16) 3.12 (1.19 to 8.20) 0.021

40 min 124 (98.4) 120 (95.2) 0.03 (−0.01 to 0.07) 3.10 (0.61 to 15.66) 0.171

Note: We fitted a generalized linear mixed model with a binomial distribution and logit link function to analyze changes in recovery rates over 
time. 
Abbreviation: CI, confidence interval.
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pharmacological profile as an NMDA receptor antagonist, which modulates glutamatergic neurotransmission and initiates 
downstream signaling cascades promoting synaptic plasticity.26–29 Such molecular processes, including activation of 
brain-derived neurotrophic factor and mammalian target of rapamycin pathways, may contribute to enhanced cognitive 

Figure 3 Discharge probability during 40 min after colonoscopy. 
Note: Discharge time was based on a Modified Post Anesthesia Discharge Scoring System (PADSS) score of 9 or greater. Time-to-event distributions between groups were 
compared using the Log rank test. Hazard ratios with 95% CIs were calculated using a Cox proportional hazards model. No significant differences were observed between 
the esketamine and placebo groups. 
Abbreviation: CI, confidence interval.

Table 3 Secondary Outcomes

Characteristic Esketamine (n = 126) Placebo (n = 126) P value

Induction time, median (IQR), sec 86 (76–95) 89 (78–102) 0.042

Colonoscopy duration, median (IQR), min 23 (20–27) 24 (20–28) 0.440

Propofol consumption, median (IQR), mg 140 (120–280) 200 (180–240) <0.001

Emergence time, median (IQR), min 15 (11–17) 15 (12–19) 0.127

Discharge time, median (IQR), min 20 (18–25) 22 (18–25) 0.121

Patient satisfaction, n (%) 0.003

Very satisfied 69 (54.8) 58 (46.0)

Satisfied 49 (38.9) 38 (30.2)

Neutral 6 (4.8) 17 (13.5)

Dissatisfied 2 (1.6) 11 (8.7)

Very dissatisfied 0 (0.0) 2 (1.6)

(Continued)
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performance during the postoperative period. This promising finding represents a novel application of esketamine in 
colonoscopy sedation, suggesting potential neuroprotective benefits beyond its established role in procedural sedation 
and analgesia.

Our study demonstrated a significantly lower incidence of cardiopulmonary adverse events in the esketamine group, 
specifically hypotension (14.3% vs 36.5%), bradycardia (5.6% vs 15.1%), and hypoxemia (2.4% vs 8.7%), consistent 
with previous research findings.12,30 This enhanced hemodynamic stability can be attributed to two key factors: the 
significant reduction in propofol consumption (5.8 mg/kg/h vs 7.7 mg/kg/h, representing a 25% decrease) and esketa-
mine’s inherent sympathomimetic properties. The combination of these effects appears to effectively counteract propofol- 
induced circulatory and respiratory depression.31 Notably, we observed no significant differences in psychotomimetic 
adverse effects between groups, likely due to propofol’s potential attenuation of esketamine-related psychotomimetic 
effects and the relatively low subanesthetic dosage employed.32 These findings suggest that combining low-dose 
esketamine with propofol may provide a safer sedation profile for colonoscopy procedures, particularly in patients at 
elevated risk for cardiopulmonary complications, while maintaining a favorable side effect profile.

Our trial revealed no significant differences in emergence or discharge times between the esketamine and placebo 
groups, aligning with previous studies.33,34 This finding further supports esketamine’s role as an optimal adjunct in 

Table 3 (Continued). 

Characteristic Esketamine (n = 126) Placebo (n = 126) P value

Endoscopist satisfaction, n (%) 0.478

Very satisfied 66 (52.4) 58 (46.0)

Satisfied 58 (46.3) 64 (50.8)

Neutral 2 (1.6) 4 (3.2)

Dissatisfied 0 (0.0) 0 (0.0)

Very dissatisfied 0 (0.0) 0 (0.0)

Abbreviation: IQR, interquartile range.

Figure 4 Adverse events comparison between esketamine and placebo groups. 
Note: Adverse event rates were compared between groups using chi-square or Fisher’s exact tests with calculated rate differences and 95% confidence intervals. The 
esketamine group was associated with lower incidences of hypotension, bradycardia, hypoxemia, and injection site pain compared with the placebo group. 
Abbreviations: CI, confidence interval; N/A, not applicable.
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propofol-based sedation, as it maintains clinical efficiency without compromising discharge readiness—a crucial factor 
for optimizing patient turnover and resource allocation in ambulatory endoscopy centers. The ability to improve recovery 
and reduce adverse events without prolonging procedural times represents a significant advantage in the high-volume 
setting of outpatient colonoscopy.

Patients receiving esketamine reported higher satisfaction scores (P = 0.003) and experienced significantly less 
propofol injection pain (21.4% vs 48.4%, RR = 0.44; 95% CI: 0.30–0.65, P < 0.001). This finding aligns with previous 
research demonstrating that coadministration of esketamine and propofol mitigated propofol injection pain in patients 
undergoing general anesthesia.35 Notably, propofol injection pain is ranked as the seventh most important low-morbidity 
clinical anesthesia problem and significantly impacts patient satisfaction.36 The enhanced patient satisfaction observed in 
our study reflects a comprehensive improvement in the patient experience, attributable to reduced propofol injection pain 
and esketamine’s overall beneficial effects on the sedation process.

A key strength of our study is the use of the PostopQRS, which offers distinct advantages in evaluating cognitive 
function. The PostopQRS assesses recovery over time at both group and individual levels, with demonstrated feasibility 
in face-to-face and telephone interviews. Importantly, it evaluates recovery relative to individual preoperative baselines, 
allowing for a more nuanced and personalized evaluation of cognitive recovery compared to absolute score 
assessments.18 This approach enhances our cognitive function measurements’ sensitivity and clinical relevance.

However, this study has several limitations. First, we evaluated only one subanesthetic dose of esketamine (0.2 mg/ 
kg), which precludes a comprehensive dose-response analysis and limits our ability to determine the optimal dosage for 
balancing efficacy and safety. Second, our sample size may have been insufficient to detect statistically significant 
differences in rare esketamine-related psychotomimetic adverse effects between groups, potentially underestimating these 
risks. Finally, the stringent eligibility criteria, while ensuring internal validity, limit the generalizability of our findings to 
the broader colonoscopy patient population with diverse comorbidities and risk factors.

Conclusion
The addition of low-dose esketamine (0.2 mg/kg) to propofol for colonoscopy sedation yielded significant improvements in 
multiple domains: enhanced cognitive recovery on postoperative day 3, reduced cardiopulmonary complications (hypotension, 
bradycardia, and hypoxemia), decreased injection site pain, and increased patient satisfaction—all achieved without prolonging 
discharge times. While these findings demonstrate promising clinical benefits, implementation in routine practice requires 
careful consideration. Healthcare providers should carefully select patients, particularly those at higher risk of propofol-related 
adverse events, adhere to the studied dose, and monitor patients closely. Future research priorities should include large-scale, 
multi-center trials to validate these findings, establish optimal dosing strategies, evaluate outcomes in specific patient 
subgroups, assess long-term safety and economic implications, and elucidate the underlying mechanisms of improved recovery. 
Such comprehensive investigation will be essential for optimizing esketamine’s role in procedural sedation protocols.
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author upon reasonable request.

Acknowledgments
We thank the anesthesiology team, endoscopy specialists, and nursing staff at Fujian Provincial Hospital and Fujian 
Xiapu County Hospital for their essential contributions to this research. We also thank Dr. Wenjun Lin of Fujian Medical 
University for her expertise and guidance in the statistical analysis of this study.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis, and interpretation, or all these areas; took part in drafting, revising, or critically 
reviewing the article; gave final approval of the version to be published; agreed on the journal to which the article has 
been submitted; and agree to be accountable for all aspects of the work.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S503129                                                                                                                                                                                                                                                                                                                                                                                                    435

Liu et al

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



Funding
This study was supported by the Science and Technology Program of Haicang District of Xiamen, China 
(350205Z20232004), Natural Science Foundation of Xiamen, China (3502Z202374068), Natural Science Foundation 
of Ningde, China (2022J58), Fujian Strait Medical and Health Exchange Association Precision Anesthesia Research 
Project (2024HYHMZ04), Natural Science Foundation of Fujian Province (2023J011201, 2024J011039), Fujian 
Provincial Health Technology Project (2022CXA007), and the Joint Funds for the Innovation of Science and 
Technology, Fujian Province (2023Y9275).

Disclosure
The author reports no conflicts of interest in this work.

References
1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 

185 countries. CA Cancer J Clin. 2024;74(3):229–263. doi:10.3322/caac.21834
2. Kanth P, Inadomi JM. Screening and prevention of colorectal cancer. BMJ. 2021;374:n1855. doi:10.1136/bmj
3. Davidson KW, Barry MJ, Mangione CM. Screening for colorectal cancer: us preventive services task force recommendation statement. JAMA. 

2021;325(19):1965–1977. doi:10.1001/jama.2021.6238
4. Hayman CV, Vyas D. Screening colonoscopy: the present and the future. World J Gastroenterol. 2021;27(3):233–239. doi:10.3748/wjg
5. Zhou S, Zhu Z, Dai W, et al. National survey on sedation for gastrointestinal endoscopy in 2758 Chinese hospitals. Br J Anaesth. 2021;127 

(1):56–64. doi:10.1016/j.bja.2021.01.028
6. Zhang W, Zhu Z, Zheng Y. Effect and safety of propofol for sedation during colonoscopy: a meta-analysis. J Clin Anesth. 2018;51:10–18. 

doi:10.1016/j.jclinane.2018.07.005
7. Sneyd JR, Absalom AR, Barends CRM, Jones JB. Hypotension during propofol sedation for colonoscopy: a retrospective exploratory analysis and 

meta-analysis. Br J Anaesth. 2022;128(4):610–622. doi:10.1016/j.bja.2021.10.044
8. Sidhu R, Turnbull D, Haboubi H, et al. British society of gastroenterology guidelines on sedation in gastrointestinal endoscopy. Gut. 2024;73 

(2):219–245. doi:10.1136/gutjnl-2023-330396
9. Liu X, Xiao Q, Zhuang S. Comparison of propofol-esketamine versus propofol for anesthesia in gastroscopy: a double-blind, randomized controlled 

clinical trial. Front Med. 2023;10:1184709. doi:10.3389/fmed.2023.1184709
10. Wang X, Zhang M, Sun H, et al. Dexmedetomidine-oxycodone combination for conscious sedation during colonoscopy in obese patients: 

a randomized controlled trial. Heliyon. 2023;9(5):e16370. doi:10.1016/j.heliyon
11. Kan Z, Min W, Dai Y, Zhang P. Intravenous esketamine as an adjuvant for sedation/analgesia outside the operating room: a systematic review and 

meta-analysis. Front Pharmacol. 2024;15:1287761. doi:10.3389/fphar.2024.1287761
12. Song N, Yang Y, Zheng Z, et al. Effect of esketamine added to propofol sedation on desaturation and hypotension in bidirectional endoscopy: 

a randomized clinical trial. JAMA Netw Open. 2023;6(12):e2347886. doi:10.1001/jamanetworkopen.2023.47886
13. Zhang J, Jia D, Li W, et al. General anesthesia with S-ketamine improves the early recovery and cognitive function in patients undergoing modified 

radical mastectomy: a prospective randomized controlled trial. BMC Anesthesiol. 2023;23:214. doi:10.1186/s12871-023-02161-6
14. Zhao L, Li Z, Jin B, et al. Safety and efficacy of low-dose esketamine in laparoscopic cholecystectomy: a prospective, double-blind randomized 

controlled trial. BMC Anesthesiol. 2024;24:47. doi:10.1186/s12871-024-02429-5
15. Jelen LA, Young AH, Stone JM. Ketamine: a tale of two enantiomers. J Psychopharmacol. 2021;35(2):109–123. doi:10.1177/0269881120959644
16. Morgan CJ, Mofeez A, Brandner B, Bromley L, Curran HV. Acute effects of ketamine on memory systems and psychotic symptoms in healthy 

volunteers. Neuropsychopharmacology. 2004;29(1):208–218. doi:10.1038/sj.npp.1300342
17. Ghazaly HF, Hemaida TS, Zaher ZZ, Elkhodary OM, Hammad SS. A pre-anesthetic bolus of ketamine versus dexmedetomidine for prevention of 

postoperative delirium in elderly patients undergoing emergency surgery: a randomized, double-blinded, placebo-controlled study. BMC 
Anesthesiol. 2023;23(1):407. doi:10.1186/s12871-023-02367-8

18. Royse CF, Newman S, Chung F, et al. Development and feasibility of a scale to assess postoperative recovery: the post-operative quality recovery 
scale. Anesthesiology. 2010;113(4):892–905. doi:10.1097/ALN.0b013e3181d960a9

19. Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG. CONSORT Group. Reporting of noninferiority and equivalence randomized trials: 
extension of the CONSORT 2010 statement. JAMA. 2012;308(24):2594–2604. doi:10.1001/jama.2012.87802

20. Chernik DA, Gillings D, Laine H, et al. Validity and reliability of the observer’s assessment of Alertness/Sedation scale: study with intravenous 
midazolam. J Clin Psychopharmacol. 1990;10(4):244–251.

21. Royse CF, Newman S, Williams Z, Wilkinson DJ. A human volunteer study to identify variability in performance in the cognitive domain of the 
postoperative quality of recovery scale. Anesthesiology. 2013;119(3):576–581. doi:10.1097/ALN.0b013e318299f72b

22. Chung F. Discharge criteria--a new trend. Can J Anaesth. 1995;42(11):1056–1058. doi:10.1007/bf03011083
23. Johanson JF, Schmitt CM, Deas TM Jr, et al. Quality and outcomes assessment in gastrointestinal endoscopy. Gastrointest Endosc. 2000;52 

(6):827–830. doi:10.1016/s0016-5107(00)70218-5
24. Ma J, Wang F, Wang J, et al. The effect of low-dose esketamine on postoperative neurocognitive dysfunction in elderly patients undergoing general 

anesthesia for gastrointestinal tumors: a randomized controlled trial. Drug Des Devel Ther. 2023;17:1945–1957. doi:10.2147/DDDT.S406568
25. Gurunathan U, Rahman T, Williams Z, et al. Effect of midazolam in addition to propofol and opiate sedation on the quality of recovery after 

colonoscopy: a randomized clinical trial. Anesth Analg. 2020;131(3):741–750. doi:10.1213/ane.0000000000004620
26. Han C, Ji H, Guo Y, et al. Effect of subanesthetic dose of esketamine on perioperative neurocognitive disorders in elderly undergoing 

gastrointestinal surgery: a randomized controlled trial. Drug Des Devel Ther. 2023;17:863–873. doi:10.2147/dddtS401161

https://doi.org/10.2147/DDDT.S503129                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 436

Liu et al                                                                                                                                                                              

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

https://doi.org/10.3322/caac.21834
https://doi.org/10.1136/bmj
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.3748/wjg
https://doi.org/10.1016/j.bja.2021.01.028
https://doi.org/10.1016/j.jclinane.2018.07.005
https://doi.org/10.1016/j.bja.2021.10.044
https://doi.org/10.1136/gutjnl-2023-330396
https://doi.org/10.3389/fmed.2023.1184709
https://doi.org/10.1016/j.heliyon
https://doi.org/10.3389/fphar.2024.1287761
https://doi.org/10.1001/jamanetworkopen.2023.47886
https://doi.org/10.1186/s12871-023-02161-6
https://doi.org/10.1186/s12871-024-02429-5
https://doi.org/10.1177/0269881120959644
https://doi.org/10.1038/sj.npp.1300342
https://doi.org/10.1186/s12871-023-02367-8
https://doi.org/10.1097/ALN.0b013e3181d960a9
https://doi.org/10.1001/jama.2012.87802
https://doi.org/10.1097/ALN.0b013e318299f72b
https://doi.org/10.1007/bf03011083
https://doi.org/10.1016/s0016-5107(00)70218-5
https://doi.org/10.2147/DDDT.S406568
https://doi.org/10.1213/ane.0000000000004620
https://doi.org/10.2147/dddtS401161


27. McIntyre RS, Rosenblat JD, Nemeroff CB, et al. Synthesizing the evidence for ketamine and esketamine in treatment-resistant depression: an 
international expert opinion on the available evidence and implementation. Am J Psychiatry. 2021;178(5):383–399. doi:10.1176/appi. 
ajp.2020.20081251

28. Hashimoto K. Molecular mechanisms of the rapid-acting and long-lasting antidepressant actions of (R)-ketamine. Biochem Pharmacol. 
2020;177:113935. doi:10.1016/j.bcp.2020.113935

29. Hess EM, Riggs LM, Michaelides M, Gould TD. Mechanisms of ketamine and its metabolites as antidepressants. Biochem Pharmacol. 
2022;197:114892. doi:10.1016/j.bcp.2021.114892

30. 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

31. 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

32. Nagata A, Nakao S, Miyamoto E, et al. Propofol inhibits ketamine-induced c-fos expression in the rat posterior cingulate cortex. Anesth Analg. 
1998;87(6):1416–1420. doi:10.1097/00000539-199812000-00040

33. Zhan Y, Liang S, Yang Z, et al. Efficacy and safety of subanesthetic doses of esketamine combined with propofol in painless gastrointestinal 
endoscopy: a prospective, double-blind, randomized controlled trial. BMC Gastroenterol. 2022;22(1):391. doi:10.1186/s12876-022-02467-8

34. Eberl S, Koers L, van Hooft J, et al. The effectiveness of a low-dose esketamine versus an alfentanil adjunct to propofol sedation during endoscopic 
retrograde cholangiopancreatography: a randomised controlled multicentre trial. Eur J Anaesthesiol. 2020;37(5):394–401. doi:10.1097/ 
EJA.0000000000001134

35. Xu C, Wei X, Zhang C, et al. Esketamine prevents propofol-induced injection pain: randomized controlled trial. Front Pharmacol. 2022;13:991559. 
doi:10.3389/fphar2022.991559

36. Macario A, Weinger M, Truong P, Lee M. Which clinical anesthesia outcomes are both common and important to avoid? The perspective of a panel 
of expert anesthesiologists. Anesth Analg. 1999;88(5):1085–1091. doi:10.1097/00000539-199905000-00023

Drug Design, Development and Therapy                                                                                     

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

Drug Design, Development and Therapy 2025:19                                                                                     437

Liu et al

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

https://doi.org/10.1176/appi.ajp.2020.20081251
https://doi.org/10.1176/appi.ajp.2020.20081251
https://doi.org/10.1016/j.bcp.2020.113935
https://doi.org/10.1016/j.bcp.2021.114892
https://doi.org/10.2147/DDDT.S408076
https://doi.org/10.2147/DDDT.S408076
https://doi.org/10.1016/j.bja.2018.02.021
https://doi.org/10.1097/00000539-199812000-00040
https://doi.org/10.1186/s12876-022-02467-8
https://doi.org/10.1097/EJA.0000000000001134
https://doi.org/10.1097/EJA.0000000000001134
https://doi.org/10.3389/fphar2022.991559
https://doi.org/10.1097/00000539-199905000-00023
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

	Introduction
	Materials and Methods
	Study Design and Ethical Considerations
	Participants
	Randomization and Masking
	Sedation Procedure
	Outcomes
	Sample Size Estimation
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

