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Purpose: To determine whether low-dose esketamine combined with propofol is non-inferior to propofol alone for discharge 
readiness after outpatient flexible bronchoscopy.
Patients and Methods: In this single-center, randomized, double-blind, non-inferiority trial, 246 adults aged 18 to 75 years with 
ASA physical status I to III scheduled for elective outpatient flexible bronchoscopy were randomly assigned (1:1:1) to propofol alone 
(propofol plus 0.9% saline; n = 82), propofol plus esketamine 0.1 mg/kg (n = 82), or propofol plus esketamine 0.2 mg/kg (n = 82). The 
primary endpoint was the proportion achieving discharge readiness (Modified Post-Anesthetic Discharge Scoring System [MPADSS] 
score ≥ 9) within 30 minutes of procedure completion; the non-inferiority margin was −18 percentage points. Secondary endpoints 
included propofol consumption, intraoperative cough severity, adverse events, and patient-reported recovery quality.
Results: Both esketamine doses were non-inferior to propofol alone for discharge readiness: the risk difference was −3.0 percentage points 
(95% CI, −13.8 to 7.8; Pnon-inferiority = 0.003) at 0.1 mg/kg and −5.1 percentage points (95% CI, −16.2 to 6.1; Pnon-inferiority = 0.012) at 0.2 mg/kg. 
In exploratory secondary analyses, both doses reduced propofol consumption (by 20% and 28%; both P < 0.001) and intraoperative cough 
severity (P = 0.005 and P = 0.002). Hypotension occurred in 42 (51%), 24 (29%), and 10 (12%) participants in the propofol-alone, propofol + 
esketamine 0.1, and propofol + esketamine 0.2 groups, respectively, and hypoxemia in 17 (21%), 10 (12%), and 3 (4%). Recovery quality was 
comparable across the three groups.
Conclusion: Adding low-dose esketamine to propofol maintained timely discharge readiness during outpatient flexible bronchoscopy. 
Among the secondary outcomes, esketamine at 0.2 mg/kg was associated with lower rates of hypotension and hypoxemia, although 
these exploratory findings warrant confirmation.
Registration: ClinicalTrials.gov Identifier: NCT05643066.
Keywords: bronchoscopy, discharge readiness, esketamine, non-inferiority, procedural sedation, propofol

Introduction
Lung cancer accounts for approximately 1.8 million deaths annually, while chronic respiratory diseases rank as the third 
leading cause of death worldwide.1 Flexible bronchoscopy remains the principal diagnostic and therapeutic tool for these 
conditions, enabling airway inspection, tissue sampling, and staging assessment.2 However, topical anesthesia alone often 
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causes discomfort and anxiety that may compromise examination quality and diagnostic yield.3 Procedural sedation is 
therefore standard practice during flexible bronchoscopy.

Propofol is the most widely used sedative for flexible bronchoscopy owing to its rapid onset and short duration of action, 
which facilitates efficient patient throughput in outpatient settings.4,5 Nevertheless, it carries well-documented adverse effects, 
including injection-site pain, respiratory depression, and dose-dependent hypotension.6,7 To mitigate these effects, clinicians 
have sought adjunctive agents that reduce propofol dose requirements without compromising sedation quality.8–10

Esketamine, the S-enantiomer of ketamine, is an attractive adjunct to propofol in this context. It provides approximately 
twice the analgesic potency of racemic ketamine with fewer psychomimetic effects,11,12 while preserving respiratory drive, 
producing bronchodilation, and maintaining cardiovascular stability — properties that directly counteract the principal 
hemodynamic and respiratory limitations of propofol.13,14 In bidirectional gastrointestinal endoscopy, esketamine added to 
propofol reduced hypotension and desaturation,15 and a previous bronchoscopy trial reported lower transient hypoxemia 
with propofol–esketamine than with propofol–remifentanil.16 However, neither study used an inactive-adjunct comparator, 
assessed discharge readiness, or compared multiple esketamine doses. The effect of esketamine on discharge readiness — 
an operational priority and key quality metric in outpatient settings — therefore remains undefined.

We hypothesized that combining low-dose esketamine with propofol would not delay discharge readiness compared 
with propofol alone. We further explored whether esketamine would reduce adverse events, including hemodynamic 
instability and respiratory depression. To test this hypothesis, we conducted a randomized, double-blind, non-inferiority 
trial comparing propofol plus normal saline with propofol plus esketamine at 0.1 or 0.2 mg/kg. The primary endpoint was 
the proportion of participants achieving discharge readiness within 30 minutes of procedure completion, defined as 
a Modified Post-Anesthetic Discharge Scoring System (MPADSS) score ≥ 9.17 Secondary endpoints included propofol 
consumption, intraoperative cough severity, adverse events, and patient-reported recovery quality.

Graphical Abstract
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Materials and Methods
Study Design and Ethics
We conducted a single-center, randomized, double-blind, non-inferiority trial at Fujian Provincial Hospital (Fuzhou, 
People’s Republic of China) between December 7, 2022, and December 18, 2023. The Institutional Review Board of 
Fujian Provincial Hospital approved the study protocol (approval number K2021-12-067) on May 10, 2022, and the trial 
was prospectively registered at ClinicalTrials.gov (NCT05643066; https://clinicaltrials.gov/study/NCT05643066) before 
enrollment commenced. All participants provided written informed consent after a detailed explanation of the study 
procedures. The trial was conducted in accordance with the Declaration of Helsinki and reported in accordance with the 
CONSORT extension for non-inferiority trials.18 No protocol modifications were made after trial commencement.

Patient Selection
Eligible participants were adults aged 18 to 75 years with an American Society of Anesthesiologists (ASA) physical 
status of I to III and who were scheduled for elective outpatient flexible bronchoscopy. Exclusion criteria were 
hypersensitivity to any study medication, obstructive sleep apnea–hypopnea syndrome, psychiatric or neurological 
disease, cognitive impairment, pregnancy, substance abuse, current use of centrally acting medications, and inability to 
provide informed consent or to complete the study assessments owing to a language barrier or illiteracy.

Randomization and Allocation
A total of 246 participants were randomly assigned in a 1:1:1 ratio to receive propofol plus 0.9% saline (propofol-alone 
group), propofol plus esketamine at 0.1 mg/kg (propofol + esketamine 0.1 group), or propofol plus esketamine at 0.2 mg/ 
kg (propofol + esketamine 0.2 group). An independent statistician generated the randomization sequence using permuted 
blocks of 6 and 9 with R software, version 4.0.5 (R Foundation for Statistical Computing, Vienna, Austria); block sizes 
were concealed from all enrolling investigators. Allocation concealment was achieved using sequentially numbered, 
opaque, sealed envelopes that were opened only after participant enrollment. An unblinded pharmacist prepared visually 
identical 10-mL syringes daily, containing esketamine at 1 mg/mL (propofol + esketamine 0.1 group), esketamine at 
2 mg/mL (propofol + esketamine 0.2 group), or 0.9% saline (propofol-alone group). All participants, bronchoscopists, 
anesthesiologists, nurses, and outcome assessors remained blinded throughout the study.

Study Procedures
Participants fasted from solid foods for ≥ 6 hours and from clear liquids for ≥ 2 hours before the procedure. Standard 
monitoring included continuous electrocardiography, noninvasive blood pressure measurement, pulse oximetry, and 
continuous capnography. Topical anesthesia was administered according to a standardized protocol consisting of 
nebulized 2% lidocaine (10 mL) delivered over 15 minutes, followed by intranasal application of 2% lidocaine gel 
(3 mL). During bronchoscopy, supplemental 1% lidocaine was instilled in 2-mL aliquots through the working channel at 
key anatomical landmarks; the total lidocaine dose was limited to < 7 mg/kg to avoid systemic toxicity.19

After baseline measurements were obtained, the attending anesthesiologist administered the assigned study solution 
(0.1 mL/kg) intravenously over 30 seconds, followed immediately by propofol (1 mg/kg) over 30 seconds. Once the 
participant achieved adequate sedation — defined as a Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) 
score of 2 or lower20 — a nasopharyngeal airway was inserted and oxygen was delivered at 3 L·min–1 (100% FiO2). The 
bronchoscopist performed the examination through the contralateral nostril (Figure S1).

If a participant required additional sedation after 2 minutes (MOAA/S score ≥ 3), rescue propofol (0.5 mg/kg) was 
administered at intervals of ≥ 1 minute until adequate sedation was re-established. Spontaneous ventilation was 
maintained throughout, with continuous hemodynamic monitoring. Following the procedure, participants recovered 
under direct observation. Discharge readiness was assessed at 5-minute intervals beginning when the participant achieved 
full alertness (MOAA/S score of 5). Discharge was permitted when the MPADSS score reached 9 or higher.17
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Study Outcomes
The primary endpoint was the proportion of participants who achieved discharge readiness within 30 minutes of 
procedure completion, defined as an MPADSS score ≥ 9 on a 10-point scale assessing five domains: vital signs, 
ambulation, nausea and vomiting, pain, and surgical bleeding.17 Discharge readiness was assessed by a blinded nurse 
at 5-minute intervals from the time of full alertness (MOAA/S score of 5) until discharge criteria were met.

Secondary endpoints comprised recovery quality, procedural efficiency, patient experience, and safety. Recovery 
quality was assessed using the Postoperative Quality of Recovery Scale (PostopQRS) at baseline and at 30 minutes, 
24 hours, and 72 hours after the procedure.21 This instrument evaluates five domains: physiological, nociceptive, 
emotive, activities of daily living, and cognitive. Recovery at each time point was defined as a score meeting or 
exceeding the baseline value in the corresponding domain. PostopQRS assessments at baseline and 30 minutes were 
performed in person by a blinded assessor, and the 24-hour and 72-hour assessments were conducted by telephone by the 
same assessor using a standardized interview script to ensure consistency.

Procedural efficiency endpoints included induction time (defined as the interval from drug administration to 
a MOAA/S score ≤ 2), total propofol consumption, and emergence time (defined as the interval from bronchoscope 
withdrawal to a MOAA/S score of 5). Injection-site pain was assessed immediately after study drug administration with 
a numerical rating scale (0–10). Patient and bronchoscopist satisfaction were evaluated immediately after the procedure 
with 5-point Likert scales (1 = very dissatisfied to 5 = very satisfied).22 At 24 hours, participants were asked to report 
their willingness to undergo repeat bronchoscopy and their likelihood of recommending the procedure to others (response 
options: yes, no, or unsure).

Adverse events were defined a priori and categorized as follows: cardiovascular disturbances (heart rate < 50 or > 100 
beats·min–1; mean arterial pressure < 65 mmHg or a decrease of > 30% from baseline; systolic blood pressure > 
140 mmHg or an increase of > 30% from baseline), respiratory events (oxygen saturation < 90% despite supplemental 
oxygen), gastrointestinal events (nausea and vomiting), and neuropsychiatric effects (nightmares or visual disturbances).

Sample Size Calculation
The sample size was calculated to demonstrate non-inferiority of esketamine-supplemented propofol sedation relative to 
propofol alone for the primary endpoint. A retrospective audit at our institution showed that 88% of patients achieved 
discharge readiness within 30 minutes of procedure completion when sedated with propofol alone; we therefore set 
a non-inferiority margin of −18 percentage points, corresponding to a minimum acceptable rate of 70% in the esketamine 
groups. This threshold was considered the lowest proportion compatible with maintaining acceptable outpatient through
put and is consistent with the margin adopted for the same discharge-readiness endpoint in a previous randomized non- 
inferiority trial of ambulatory sedation.23 To control the familywise type I error rate across the two pairwise comparisons, 
we used a prespecified fixed-sequence testing strategy: the propofol + esketamine 0.1 mg/kg group was compared with 
the propofol-alone group first (one-sided α = 0.025), and the propofol + esketamine 0.2 mg/kg group was tested only if 
non-inferiority was established for the lower dose. Assuming a discharge readiness rate of 88% in both arms of each 
comparison, 90% power, a one-sided α of 0.025, and an anticipated 15% attrition rate, the required sample size was 82 
participants per group (246 in total). The calculation was performed using PASS software (version 2021; NCSS, LLC, 
Kaysville, UT, USA).

Statistical Analysis
All randomized participants (n = 246) were analyzed according to their originally allocated groups (intention-to-treat 
principle). Missing primary outcome data were addressed using multiple imputation with chained equations, generating 
20 imputed datasets combined using Rubin’s rules.24 Per-protocol sensitivity analyses (n = 232) were conducted to assess 
the robustness of the primary findings. For secondary outcomes with missing data (< 6%), missing values were imputed 
using group-specific means for continuous variables and within-group modal values for categorical variables. Complete- 
case analyses, which included only participants with fully observed data, were performed as sensitivity analyses to verify 
the robustness of the imputed results.
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For the primary endpoint, risk differences with two-sided 95% confidence intervals (CIs) were calculated using the 
Farrington–Manning method; non-inferiority was declared for each comparison if the lower bound of the 95% CI 
exceeded −18 percentage points. Time to discharge readiness was additionally analyzed using Kaplan–Meier estimates 
and Cox proportional hazards models; hazard ratios with 95% CIs were reported as the measure of effect.

Secondary outcomes were tested for superiority (two-sided; P < 0.05). Longitudinal recovery data from the 
PostopQRS were analyzed using a generalized linear mixed model with a binomial distribution and a logit link function, 
with all domain outcomes dichotomized as “recovered” (postoperative score meeting or exceeding the baseline value) or 
“not recovered.” Group allocation, time (modeled as a categorical variable), and the group-by-time interaction were 
included as fixed effects, and a random intercept was specified for each participant to account for within-participant 
correlation across repeated measures. The group-by-time interaction was the prespecified test for between-group 
differences in recovery trajectories; where a significant interaction was detected, pairwise comparisons at each time 
point were performed with Bonferroni correction. Exploratory subgroup analyses examined potential effect modification 
by sex, age, ASA physical status, and procedure indication; results are presented as forest plots with interaction P values. 
All P values for secondary and exploratory outcomes are descriptive and were not adjusted for multiple comparisons. All 
analyses were performed by a statistician blinded to group allocation using R software, version 4.3.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results
Between December 7, 2022, and December 18, 2023, a total of 265 individuals were screened for eligibility, of whom 
246 were randomly assigned to the propofol-alone group (n = 82), the propofol + esketamine 0.1 group (n = 82), or the 
propofol + esketamine 0.2 group (n = 82) (Figure 1). Baseline demographic and clinical characteristics were well 
balanced across the three groups (Table 1). Of the 246 randomized participants, 9 did not receive their assigned 

Figure 1 CONSORT flow diagram showing participant enrollment, allocation, follow-up, and analysis.
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intervention (8 because of procedure cancellation and 1 because of withdrawal of consent); 5 additional participants were 
subsequently lost to follow-up, yielding a per-protocol population of 232 (94.3%) (Table S1).

At 30 minutes, discharge readiness (MPADSS score ≥ 9) met the prespecified non-inferiority criterion for both esketamine 
doses compared with the propofol-alone group (Figure 2). In the intention-to-treat population, the risk difference compared with 
the propofol-alone group was −3.0 percentage points (95% CI, −13.8 to 7.8; Pnon-inferiority = 0.003) for the propofol + esketamine 
0.1 group and −5.1 percentage points (95% CI, −16.2 to 6.1; Pnon-inferiority = 0.012) for the propofol + esketamine 0.2 group. 
All 232 per-protocol participants met discharge criteria within 40 minutes. Per-protocol results were consistent: the risk difference 
was −2.8 percentage points (95% CI, −14.0 to 8.2; Pnon-inferiority = 0.005) for the propofol + esketamine 0.1 group 
and −4.8 percentage points (95% CI, −16.1 to 6.4; Pnon-inferiority = 0.011) for the propofol + esketamine 0.2 group. In both the ITT 
and the per-protocol analyses, the lower bounds of the 95% CIs for all risk differences remained above the prespecified 
−18 percentage point non-inferiority margin.

Kaplan–Meier analysis demonstrated comparable time to discharge readiness across the three groups (Figure 3), with Cox 
hazard ratios of 0.93 (95% CI, 0.69–1.27; P = 0.685) for the propofol + esketamine 0.1 group and 0.84 (95% CI, 0.62–1.14; 

Table 1 Baseline Demographic and Clinical Characteristics

Propofol Alone (n = 82) Propofol + Esketamine 0.1 (n = 82) Propofol + Esketamine 0.2 (n = 82)

Age, yr 57 (50–63) 60 (51–66) 56 (50–65)

Sex, male, n (%) 43 (52%) 51 (62%) 53 (65%)

Height, cm 162 (158–169) 163 (159–168) 165 (160–170)

Weight, kg 60 (53–65) 60 (53–68) 63 (56–70)

BMI, kg/m2 23 (21–24) 22 (20–25) 23 (21–25)

ASA physical status, n (%)

I 22 (27%) 20 (24%) 14 (17%)

II 55 (67%) 58 (71%) 60 (73%)

III 5 (6%) 4 (5%) 8 (10%)

Coexisting conditions, n (%)

Hypertension 16 (20%) 20 (24%) 18 (22%)

Diabetes mellitus 9 (11%) 12 (15%) 13 (16%)

Asthma 10 (12%) 3 (4%) 8 (10%)

Cardiovascular disease 7 (9%) 7 (9%) 13 (16%)

COPD 18 (22%) 15 (18%) 20 (24%)

Duration of 

bronchoscopy, min

20 (17–25) 21 (17–24) 22 (18–26)

Procedure indication, n (%)

Examination only 14 (17%) 6 (7%) 14 (17%)

Biopsy 23 (28%) 22 (27%) 14 (17%)

Lavage 27 (33%) 30 (37%) 28 (34%)

Biopsy and lavage 18 (22%) 24 (29%) 26 (32%)

Notes: Data are presented as median (interquartile range) or n (%). No statistical comparisons were performed for baseline characteristics. 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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P = 0.117) for the propofol + esketamine 0.2 group versus the propofol-alone group. Exploratory subgroup analyses showed 
no evidence of effect modification by sex, age, ASA physical status, or procedure indication (all Pinteraction > 0.05) (Figure 4).

Generalized linear mixed model analysis demonstrated that recovery rates across all PostopQRS domains improved 
progressively over the 72-hour assessment period in all three groups. There were no significant group-by-time 

Figure 2 Non-inferiority analysis of discharge readiness within 30 minutes of procedure completion. 
Notes: Forest plots depict risk differences (squares) with 95% CIs (horizontal lines) for the proportion of participants achieving discharge readiness (MPADSS score ≥ 9). 
(A) Intention-to-treat population (n = 246). (B) Per-protocol population (n = 232). In both analyses, the lower bounds of the 95% CIs exceeded the prespecified non- 
inferiority margin of −18 percentage points, confirming non-inferiority for both esketamine doses relative to the propofol-alone group.

Figure 3 Kaplan–Meier analysis of time to discharge readiness. 
Notes: Cumulative probability of achieving discharge readiness (MPADSS score ≥ 9) in the intention-to-treat population (n = 246). Cox hazard ratios with 95% CIs and log- 
rank P values are presented for each esketamine dose versus the propofol-alone group. The numbers at risk are displayed below the curves.
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interactions for either the propofol + esketamine 0.1 group (Pinteraction = 0.835) or the propofol + esketamine 0.2 group 
(Pinteraction = 0.837) relative to the propofol-alone group, indicating comparable recovery trajectories across the treatment 
arms (Figure S2; Tables S2 and S3).

Total propofol consumption was significantly lower in both esketamine groups than in the propofol-alone group: 200 [160– 
240] mg (propofol + esketamine 0.1) and 180 [150–210] mg (propofol + esketamine 0.2) versus 250 [215–300] mg (propofol 

Figure 4 Subgroup analysis of discharge readiness within 30 minutes of procedure completion. Notes: Forest plots depict relative risks with 95% CIs for discharge readiness 
stratified by sex, age category, American Society of Anesthesiologists physical status, and procedure indication. (A) Propofol + esketamine 0.1 mg/kg versus propofol alone; 
(B) Propofol + esketamine 0.2 mg/kg versus propofol alone. Pinteraction values test for effect modification across subgroups.
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alone) (both P < 0.001), representing relative reductions of 20% and 28%, respectively (Table 2). Induction time was shorter 
with both esketamine doses than in the propofol-alone group (P = 0.021 and P = 0.009, respectively), and injection-site pain 
scores were lower with both esketamine doses (P = 0.006 and P < 0.001, respectively). Intraoperative cough severity was also 
reduced in both esketamine groups (P = 0.005 and P = 0.002 versus the propofol-alone group, respectively). However, severe 
coughing (grade 3) did not differ significantly across groups, occurring in 8 (10%), 4 (5%), and 3 (4%) participants in the 
propofol-alone, propofol + esketamine 0.1, and propofol + esketamine 0.2 groups, respectively (P = 0.230 and P = 0.119 
versus the propofol-alone group). Patient satisfaction was significantly higher in the propofol + esketamine 0.2 group than in 
the propofol-alone group (P = 0.014). No significant differences were observed in emergence time, bronchoscopist satisfac
tion, or willingness to undergo repeat bronchoscopy among the three groups.

Hypotension occurred in 42 (51%), 24 (29%), and 10 (12%) participants in the propofol-alone, propofol + 
esketamine 0.1, and propofol + esketamine 0.2 groups, respectively (P = 0.007 and P < 0.001 versus the propofol- 
alone group) (Table 2). The incidence of hypoxemia was significantly lower in the propofol + esketamine 0.2 group 
than in the propofol-alone group: 3 (4%) versus 17 (21%) (P = 0.002); the propofol + esketamine 0.1 group showed 
an intermediate incidence of 10 (12%) (P = 0.206 versus the propofol-alone group). The rates of hypertension, 
bradycardia, tachycardia, postoperative nausea and vomiting, and neuropsychiatric effects did not differ signifi
cantly between groups. Complete-case analyses of secondary outcomes yielded consistent effect estimates 
(Table S4).

Discussion
In this randomized non-inferiority trial, supplementing propofol with low-dose esketamine preserved timely discharge readiness 
and was associated with favorable intraprocedural cardiorespiratory stability, indicating that the analgesic and sympathomimetic 
benefits of esketamine can be obtained without the recovery delay historically associated with racemic ketamine.

The 30-minute discharge-readiness threshold was selected a priori as an operational benchmark reflecting recovery- 
bay capacity rather than a physiological recovery boundary. That all per-protocol participants achieved readiness within 
40 minutes, and that the time-to-readiness curves largely overlapped, indicate that esketamine did not meaningfully delay 
recovery and support the interpretation of preserved operational efficiency.

Our results contrast with those of Singh et al,25 who reported longer discharge times with ketamine–propofol than 
with propofol alone during endoscopic ultrasonography (46 versus 33 minutes). This discrepancy likely reflects 
methodological differences: Singh et al used racemic ketamine at a substantially higher dose (0.5 mg/kg), which has 
lower NMDA receptor selectivity and more pronounced psychomimetic and sedative effects that delay recovery.26 

Esketamine has approximately twice the NMDA receptor affinity of the racemate,27 allowing the lower doses used in our 
study (0.1 and 0.2 mg/kg) to provide effective analgesia while minimizing recovery-delaying effects.28 This pharmaco
logical profile supports the suitability of esketamine as an adjunct for time-sensitive outpatient procedures.

These findings extend previous research on esketamine as a procedural sedation adjunct.29 Song et al15 reported 
improved hemodynamic and respiratory profiles with esketamine–propofol during bidirectional endoscopy. Our results 
corroborated these observations and suggested dose-related differences: esketamine at 0.2 mg/kg was associated with 
greater cardiovascular stability than the 0.1 mg/kg dose, without a higher incidence of tachycardia, hypertension, 
postoperative nausea and vomiting, or neuropsychiatric effects. These associations may reflect the sympathomimetic 
and bronchodilatory properties of esketamine, which counteract propofol-induced vasodilation, negative inotropy, and 
respiratory depression.30 Because these dose-related differences derived from exploratory analyses that were not powered 
for formal comparison or adjusted for multiplicity, they should be regarded as hypothesis-generating.

Recovery quality, including cognitive function, was equivalent across the three groups, allaying concerns about the 
potential psychoactive effects of esketamine at these doses.31 The reduction in injection-site pain is consistent with 
previous findings, with esketamine at 0.2 mg/kg demonstrating greater analgesic efficacy than the 0.1 mg/kg dose. This 
benefit likely arises from both peripheral and central mechanisms: NMDA receptor antagonism and local anesthetic-like 
effects attenuate nociceptor activation at the venous endothelium, while enhancement of descending inhibitory pathways 
raises pain thresholds.32,33
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Table 2 Secondary Outcomes and Adverse Events

Propofol Alone 
(n = 82)

Propofol + Esketamine 
0.1 (n = 82)

Propofol + Esketamine 
0.2 (n = 82)

P Value

Propofol + Esketamine 0.1 vs 
Propofol alone

Propofol + Esketamine 0.2 vs 
Propofol alone

Procedural efficiency

Induction time; s 90 (76–117) 82 (70–98) 80 (65–100) 0.021 0.009

Emergence time; min 6 (4–10) 7 (5–12) 7 (4–9) 0.197 0.938

Total propofol consumption; mg 250 (215–300) 200 (160–240) 180 (150–210) < 0.001 < 0.001

Patient experience

Injection-site pain score 0 (0–3) 0 (0–1) 0 (0–0) 0.006 < 0.001

Intra-operative cough score 1 (1–2) 1 (1–1) 1 (0–1) 0.005 0.002

Severe coughing (grade 3), n (%) 8 (10%) 4 (5%) 3 (4%) 0.230 0.119

Bronchoscopist satisfaction score 4 (4–5) 4 (4–5) 4 (4–5) 0.407 0.124

Patient satisfaction score 4 (3–5) 4 (4–5) 5 (4–5) 0.124 0.014

Patient willingness to repeat the 
bronchoscopy, n (%)

0.852 0.533

Yes 72 (88%) 71 (87%) 75 (91%)

No 2 (2%) 1 (1%) 0 (0%)

Unsure 8 (10%) 10 (12%) 7 (8%)

Patient willingness to recommend the 
bronchoscopy, n (%)

0.277 0.495

Yes 76 (93%) 80 (98%) 79 (96%)

No 1 (1%) 0 (0%) 0 (0%)

Unsure 5 (6%) 2 (2%) 3 (4%)

Adverse events, n (%)

Hypotension 42 (51%) 24 (29%) 10 (12%) 0.007 < 0.001

Hypertension 3 (4%) 3 (4%) 7 (9%) > 0.99 0.328

Hypoxemia 17 (21%) 10 (12%) 3 (4%) 0.206 0.002

Nausea and vomiting 4 (5%) 3 (4%) 6 (7%) > 0.99 0.744

Bradycardia 7 (9%) 5 (6%) 1 (1%) 0.764 0.064

Tachycardia 5 (6%) 9 (11%) 8 (10%) 0.402 0.563

Nightmare 2 (2%) 1 (1%) 3 (4%) > 0.99 > 0.99

Notes: Data are presented as median (interquartile range) or n (%). P values are from Mann–Whitney U-tests for continuous variables and Fisher’s exact tests (or chi-squared tests) for categorical variables. All P values for secondary 
endpoints are two-sided, unadjusted for multiple comparisons, and should be interpreted as descriptive.
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Both esketamine doses reduced intraoperative cough severity compared with the propofol-alone group. This anti
tussive effect is mechanistically plausible: NMDA receptors on airway sensory neurons mediate central cough reflex 
processing in the nucleus tractus solitarius,34 and antagonism of these receptors by esketamine, combined with its direct 
bronchodilatory effects,35 likely attenuates both afferent signaling and the motor cough response. The absence of a clear 
dose–response pattern may reflect an antitussive ceiling effect at 0.1 mg/kg, beyond which additional receptor blockade 
confers limited incremental benefit in the context of standardized lidocaine topicalization. Reduced coughing may in turn 
have contributed to the favorable hemodynamic stability observed in the esketamine groups, as vigorous coughing is 
a recognized trigger of transient hypertension and desaturation during flexible bronchoscopy. Although randomization 
produced a balanced distribution of procedure types across groups, which limits confounding, the influence of procedure 
type on the secondary outcomes cannot be fully excluded and warrants dedicated investigation.

This study has three principal implications for procedural sedation practice. First, low-dose esketamine preserved 
discharge readiness and operational efficiency without prolonging recovery, supporting its further evaluation for out
patient flexible bronchoscopy sedation. Second, the reduction in intraoperative cough severity is consistent with the 
recognized antitussive properties of NMDA-receptor antagonists and supports a role for esketamine in modulating airway 
reflexes during airway instrumentation. Third, the observed dose-related differences in hemodynamic and respiratory 
outcomes may inform individualized optimization of sedation regimens. However, P values for secondary outcomes were 
not adjusted for multiple comparisons, and all findings beyond the primary endpoint of discharge readiness should 
therefore be regarded as hypothesis-generating rather than confirmatory.

Several limitations warrant consideration. First, the single-center design and the inclusion of predominantly low-risk to 
moderate-risk patients (ASA physical status I–III) limit generalizability to higher-risk populations and to more complex 
bronchoscopic interventions; enrollment was confined to standard diagnostic flexible bronchoscopy and did not include 
endobronchial ultrasound–guided or other advanced interventional procedures, in which sedation requirements and airway 
stimulation may differ. Second, several higher-risk groups were excluded, including patients with obstructive sleep apnea– 
hypopnea syndrome, significant neurological disease, or ASA physical status of IV or higher. This is particularly relevant 
because the respiratory-sparing and hemodynamic-stabilizing properties of esketamine may be of greatest benefit in these 
groups; our findings therefore cannot be extrapolated to them, and dedicated trials in higher-risk populations are warranted. 
Third, the sample size was calculated for the primary endpoint of discharge readiness, potentially leaving the study under
powered for some secondary outcomes; the safety and cough findings, although clinically coherent, require confirmation in 
larger, adequately powered trials. Fourth, we did not measure plasma esketamine concentrations, which would have enabled 
characterization of the pharmacokinetic–pharmacodynamic relationship between drug exposure and clinical effects. Fifth, the 
72-hour follow-up may have been insufficient to capture delayed neurocognitive effects, although none have been reported 
with similar low-dose regimens in previous studies.

Future research should examine esketamine–propofol combinations during more complex procedures, such as 
endobronchial ultrasound–guided transbronchial needle aspiration, in which sedation requirements and airway stimula
tion differ from those of standard diagnostic bronchoscopy. Head-to-head trials comparing esketamine with other 
adjuncts such as remifentanil or dexmedetomidine would further clarify the position of esketamine in the procedural 
sedation armamentarium. Such studies should be adequately powered for safety endpoints and incorporate longer-term 
neurocognitive follow-up to address the limitations identified in the present trial.

Conclusion
In this randomized, double-blind, non-inferiority trial, adding low-dose esketamine to propofol maintained rapid discharge 
readiness and did not compromise operational efficiency during outpatient flexible bronchoscopy. Among the secondary 
outcomes, both esketamine doses were associated with lower propofol consumption and lower intraoperative cough severity, 
and esketamine at 0.2 mg/kg was associated with lower rates of hypotension and hypoxemia. Because these secondary 
analyses were exploratory and unadjusted for multiplicity, these observations should be regarded as hypothesis-generating. 
These findings support further evaluation of low-dose esketamine as an adjunct to propofol-based sedation for outpatient 
flexible bronchoscopy, with confirmation of the secondary outcomes in adequately powered trials.
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Data Sharing Statement
De-identified individual participant data underlying the results reported in this article will be made available upon 
reasonable request to the corresponding authors, beginning 3 months and ending 3 years after publication.
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