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9 Open

Original Investigation | Anesthesiology

Effect of Esketamine Added to Propofol Sedation on Desaturation

and Hypotension in Bidirectional Endoscopy
A Randomized Clinical Trial

Nan Song, MD; Yi Yang, MD; Zhong Zheng, MD; Wen-cheng Shi, MD; Ai-ping Tan, MD; Xi-sheng Shan, MD, PhD; Hong Liu, MD; Lingzhong Meng, MD;

Ke Peng, MD, PhD; Fu-hai Ji, MD, PhD

Abstract

IMPORTANCE Propofol sedation is widely used for endoscopic procedures, but it poses risks of
hemodynamic and respiratory depression. The addition of esketamine as an adjuvant may reduce
propofol requirements and associated adverse events.

OBJECTIVE To evaluate the effects of low-dose esketamine added to propofol-based sedation on
desaturation and hypotension during same-visit bidirectional endoscopy.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, double-blind, placebo-controlled
randomized clinical trial assessed patients from 3 teaching hospitals in China who were scheduled for
same-visit bidirectional endoscopy between February 8 and November 30, 2022, and randomly
assigned to receive esketamine or normal saline (placebo).

INTERVENTIONS After induction of sedation with 0.1 pg/kg of sufentanil and 0.5 mg/kg of propofol,
patients in the esketamine group received 0.15 mg/kg of intravenous esketamine, whereas patients
in the placebo group received an equivalent volume of saline. Sedation was achieved through
propofol titration.

MAIN OUTCOMES AND MEASURES The primary outcome was the composite of desaturation and
hypotension during the procedures. Secondary outcomes included desaturation, hypotension,
propofol requirements, postprocedure pain and fatigue, nausea or vomiting, dizziness or headache,
hallucination or nightmare, endoscopist satisfaction, and patient satisfaction.

RESULTS Among the 663 initially enrolled patients, 660 completed the study (median [IQR] age, 48
[36-57] years; 355 [53.8%] female), with 331 randomized to the esketamine group and 329 to the
placebo group. The administration of esketamine compared with placebo significantly reduced the
incidence of the composite outcome of desaturation and hypotension (8.2% vs 21.0%; difference,
-12.8 percentage points; odds ratio [OR], 0.34; 95% Cl, 0.21-0.54; P < .001). Additionally,
esketamine led to significantly lower incidences of desaturation (OR, 0.36; 95% Cl, 0.18-0.72; false
discovery rate g = .01) and hypotension (OR, 0.33; 95% Cl, 0.18-0.60; g < .001) and reduced
propofol requirements (difference, -58.9 mg; 95% Cl, -65.7 to -52.2 mg; g < .001), without
significant effects on other secondary outcomes.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial of patients undergoing same-visit
bidirectional endoscopy, the administration of low-dose esketamine resulted in an approximately
61% reduction in the incidence of desaturation and hypotension, accompanied by decreased
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added to propofol sedation reduce
desaturation and hypotension during
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desaturation and hypotension occurred
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significantly lower than the 21.0%
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normal saline.

Meaning The findings of this study
support the incorporation of esketamine
as an adjuvant to propofol sedation for
patients undergoing same-visit
bidirectional endoscopy.
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Abstract (continued)

propofol requirements. These findings support the use of esketamine as an adjuvant to propofol-
based sedation in endoscopic procedures.

TRIAL REGISTRATION Chinese Clinical Trial Registry Identifier: ChiCTR2200055938

JAMA Network Open. 2023;6(12):2347886. doi:10.1001/jamanetworkopen.2023.47886

Introduction

During the last decade, the volume of gastrointestinal endoscopic procedures has increased
10-fold.™ Many patients now undergo esophagogastroduodenoscopy and colonoscopy during the
same hospital visit, commonly known as same-visit bidirectional endoscopy. To enhance patient
comfort and facilitate these procedures, the use of sedation has become increasingly prevalent.*>
Although propofol, either alone or in combination with analgesics, is the standard sedation choice for
endoscopic procedures, it is not without its drawbacks, as adverse events, such as desaturation and
hypotension, have been reported.®

One promising alternative is esketamine, an N-methyl-D-aspartate receptor antagonist and the
dextrorotatory isomer of ketamine. Esketamine possesses twice the potency of ketamine in terms
of hypnotic and analgesic effects, with fewer psychiatric adverse effects.®" Previous studies have
also indicated that a subanesthetic dose of esketamine can maintain hemodynamic stability and
reduce respiratory depression in surgical patients.>** This finding has prompted exploration of the
use of low-dose esketamine as an adjuvant to propofol in providing sedation and analgesia to
patients undergoing gastrointestinal endoscopic procedures. With this context in mind, we designed
this multicenter randomized clinical trial to investigate the effects of adding low-dose esketamine to
propofol-based sedation in patients undergoing same-visit bidirectional endoscopy. Our primary
hypothesis was that esketamine as an adjuvant to propofol sedation leads to a reduced incidence of
the composite outcome of desaturation and hypotension during these endoscopic procedures.

Methods

Study Design

This multicenter, double-blind, placebo-controlled randomized clinical trial was conducted at 3
medical centers in eastern China. Ethical approval was obtained from the ethics committees of all
study centers. This study was registered on the Chinese Clinical Trial Registry before enrolling the first
patient. All patients provided written informed consent. The study adhered to the principles outlined
in the Declaration of Helsinki'™ and followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. The rationale of this study was previously published.'® The study
protocol and statistical plan are available in Supplement 1. There were no modifications to the
protocol during the study implementation.

Patients

Eligible patients were recruited from February 8 to November 30, 2022. Inclusion criteria were age
of 18 to 70 years, American Society of Anesthesiologists (ASA) physical status | to I, body mass index
(BMI) of 18 to 30 (calculated as weight in kilograms divided by height in meters squared), and same-
visit bidirectional endoscopy scheduled. Exclusion criteria were severe cardiovascular or pulmonary
diseases, kidney or liver dysfunction, neurocognitive or psychiatric disorders, seizures or epilepsy,
alcoholism, preoperative use of sedatives or analgesics, or allergies to the medications under
investigation.
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Randomization and Blinding

Research personnel who were not involved in patient recruitment, data collection, or outcome
assessment performed the randomization (1:1, permuted blocks of 2 and 4, and stratified by trial
sites) using an online tool."” The randomization details were concealed within identical sealed
opaque envelopes to maintain blinding. Shortly before patients were sedated, an independent nurse
anesthetist who was unaware of the randomization opened the envelopes and assigned eligible
patients to the esketamine group or the normal saline placebo group. The same nurse anesthetist
prepared both esketamine and normal saline medications in indistinguishable syringes because both
substances are clear and colorless solutions. For the entirety of the study, all participants, including
patients, anesthesiologists, endoscopists, nurses, and outcome assessors, remained blinded to the
randomization allocation.

Periprocedural Care

Patients’ vital signs, including heart rate, oxygen saturation as measured by pulse oximetry (Spo,),
and noninvasive blood pressure, were closely monitored using an anesthetic monitor (GE
HealthCare). Before the commencement of the procedures, we measured patients’ blood pressure,
Spo,, and heart rate and used these measurements as the baseline values. Spo, was monitored with
the probe attached to the left index finger, whereas blood pressure was measured at a 2-minute
interval with the cuff placed around the right upper arm. To ensure adequate oxygenation, patients
received nasal cannula oxygen supplementation at 3 L/min. The bidirectional endoscopic procedures
were performed sequentially by experienced endoscopic teams, beginning with
esophagogastroduodenoscopy and followed by colonoscopy. On completion of the procedures,
patients were transferred to a designated recovery room for postprocedure care.

Study Interventions

Both groups of patients were administered 0.1 pg/kg of intravenous sufentanil and 0.5 mg/kg of
propofol to induce sedation. Subsequently, patients in the esketamine group were given 0.15 mg/kg
of intravenous esketamine, whereas patients in the placebo group received an equivalent volume

of saline. Throughout the procedures, sedation was adjusted by titrating propofol doses, typically 0.2
to 0.3 mg/kg, to achieve the predetermined sedation level. At the start of
esophagogastroduodenoscopy. the targeted sedation level was set at a Modified Observer's
Assessment of Alertness/Sedation scale score of 1 (only responding to a trapezius squeeze
stimulus).'®° During the subsequent colonoscopy, the target sedation level was set at a score of 2
(only responding to prodding or shaking stimuli).

Desaturation was defined as Spo, less than 90% for 10 seconds or longer. Interventions for
desaturation included supplemental oxygen of 5 to 10 L/min and airway interventions (jaw
extension, oral or nasal airway, or endotracheal intubation). Hypotension was defined as a systolic
blood pressure less than 80 mm Hg or a decrease in systolic blood pressure greater than 30% of
baseline. Interventions for hypotension included 5 mg of intravenous ephedrine or 50 pg of
phenylephrine.

Study Outcomes

The primary outcome measure was a composite of desaturation and hypotension (any event of
desaturation, hypotension, or both) during sedation. Prespecified secondary outcomes included
individual occurrences of desaturation and hypotension; total propofol dose; pain and fatigue levels
at emergence from sedation and 15 minutes after the procedure; the occurrence of dizziness or
headache, hallucination or nightmare episodes, and nausea or vomiting; and satisfaction of patients
and endoscopists. Postprocedure pain or fatigue was evaluated using the numerical rating scale
(range, 0-10, with O indicating no pain or fatigue and 10 indicating the most severe pain or fatigue
experienced by the patient). Patient satisfaction and endoscopist satisfaction were measured using
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a 5-point Likert scale (range, O-5, with a score of 1indicating being very dissatisfied and a score of 5
indicating being highly satisfied).

Data Collection

We collected patients' demographic and baseline data. During sedation, patients’ vital signs were
continuously captured by monitors, and the anesthesiologists documented anesthesia information
on paper anesthesia records. Desaturation and hypotension events as well as interventions were also
recorded. In the case of artifacts in the Spo, measurement, a decision was made by the anesthesia
team to ascertain whether it was a desaturation event or not. The raw data collected by the monitors
and anesthesia records were reviewed by 2 independent researchers to confirm the occurrence of
study outcomes. All data were entered in case report forms and registered in an electronic research
database. Patient safety, trial implementation, and data management were monitored by an
independent data and safety monitoring board. The database was locked following the completion
of the last patient. The research data were sent to a statistician for analysis per the predefined
protocol.

Statistical Analysis

Previous studies have investigated desaturation and hypotension as separate outcomes during
endoscopic procedures with propofol sedation combined with an opioid agent. Chiang et al*®
reported an incidence of desaturation of 31% to 45%, and Yin et al*' reported a desaturation rate of
23% and hypotension of 17%. In a study by Eberl et al,>? 8 of 79 patients (10.0%) experienced
desaturation and 17 (21.5%) developed hypotension. Nonetheless, none of those studies assessed
the composite outcome of desaturation and hypotension. Hence, we performed a pilot study of 32
patients having the same procedures and sedation as the placebo group, showing that the composite
outcome of desaturation and hypotension occurred in 10 patients (31.3%; 7 patients experienced
desaturation, 5 developed hypotension, and 2 had both).'® We hypothesized that incorporating
low-dose esketamine as an adjuvant to propofol could lower the incidence of the composite outcome
from 30% to 20%. To achieve a statistical power of 80% with an a = .05, we calculated that each
group would require 294 patients. Therefore, we recruited 660 patients (n = 330 in each group) to
account for any potential dropouts.

For continuous variables, the Shapiro-Wilk test was used to assess the distribution. Normally
distributed data were presented as means (SDs). Nonnormally distributed data were presented as
medians (IQRs), and intergroup comparisons were performed using the Mann-Whitney U test.
Categorical variables were expressed as numbers (percentages) and analyzed using the x test or
Fisher exact test, as appropriate. For the baseline data, standardized mean differences (SMDs) were
provided as a measure of the imbalance between the groups. The treatment effects of esketamine
vs placebo were evaluated using odds ratio (OR) or median difference (MD) with 95% Cls. We used
multivariable logistic regression or linear regression to adjust the study outcomes for potential
confounding factors, including age, BMI, smoking status, hypertension, and diabetes, as well as trial
sites. Additionally, we performed regression analyses for the study outcomes, adjusting for
covariates with an SMD greater than 0.10 (sex, hypertension, and procedure time) and trial sites, as
well as for sex and trial sites. Prespecified subgroup analyses of the primary outcome were
conducted based on trial sites, age, BMI, current smoking, history of hypertension, and history of
diabetes.

Data were analyzed in the modified intention-to-treat population, encompassing all
randomized patients who underwent endoscopic procedures with available primary outcome data.
No interim analysis or imputation for missing data was performed. Statistical analyses were
performed using R software, version 3.6.0 (R Foundation for Statistical Computing). For the primary
outcome, the significance level was a 2-sided P < .05. For the secondary outcomes, multiple testing
was adjusted using the Benjamini-Hochberg method, and the significance level of a false discovery
rate g < .05 was applied.
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Results

Of 782 patients screened for eligibility, 663 (median [IQR] age, 48 [36-57] years; 355 [53.8%] female
and 305 [46.2%] male; median [IQR] BMI, 23.2 [21.3-25.0]) were randomized. During the study, 1
patient in the esketamine group had missing data on blood pressure, and 2 patients in the placebo
group withdrew their consent. Those 3 patients were the only ones with missing data on the primary
outcome. Ultimately, data from 660 patients (331in the esketamine group and 329 in the placebo
group) were included and analyzed (Figure 1).

Demographic and baseline characteristics, as well as the procedure time, are presented in
Table 1. There are imbalances between groups in sex, height and weight (related to sex),
hypertension, and procedure time. There were 195 women (58.9%) in the esketamine group and 160
(48.6%) in the placebo group (SMD, 0.21). Forty-one patients (12.4%) in the esketamine group and
55 (16.7%) in the placebo group had hypertension (SMD, 0.12). The median (IQR) procedure time was
20 (16-25) minutes in the esketamine group and 18 (15-22) minutes in the placebo group (SMD, 0.15).

Primary Outcome

The occurrence of the composite outcome (desaturation and hypotension events) was observed in
27 of 331 patients (8.2%) in the esketamine group and 69 of 329 patients (21.0%) in the placebo
group (risk difference, -12.8 percentage points; OR, 0.34; 95% Cl, 0.21-0.54; P < .001) (Table 2).
Even after adjustment for baseline covariates and trial sites, the esketamine group still showed a
significantly lower odds of the composite outcome (adjusted for age, BMI, smoking status,
hypertension, diabetes, and trial sites: OR, 0.35; 95% Cl, 0.21-0.57; P < .001; adjusted for sex,
hypertension, procedure time, and trial sites: OR, 0.34; 95% Cl, 0.21-0.55; P < .001; adjusted for sex
and trial sites: OR, 0.34; 95% Cl, 0.21-0.55; P < .001).

Secondary Outcomes

For the 2 separate outcomes of desaturation and hypotension, the use of esketamine demonstrated
significant reductions in the rates of desaturation (3.6% vs 9.4%; OR, 0.36; 95% Cl, 0.18-0.72;

g = .01) and hypotension (4.8% vs 13.4%; OR, 0.33; 95% Cl, 0.18-0.60; g < .001) (Table 2). After
adjustment for covariates and trial sites, the esketamine group continued to exhibit a significantly
lower odds of desaturation (adjusted for age, BMI, smoking status, hypertension, diabetes, and trial

Figure 1. CONSORT Flow Diagram

782 Patients assessed for eligibility

7 Excluded
4 Asthma
2 Coronary heart disease
1 Hypersensitivity to sedatives
775 Eligible
—»‘ 112 Declined to participate

(663 Randomized )

~

332 Esketamine group ‘ ‘ 331 Placebo group ‘

—»‘ 1 Blood pressure data missing ‘ *»‘ 2 Withdrew at patient request

331 Included in final analysis ‘ ‘ 329 Included in finalanalysis‘
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sites: OR, 0.37; 95% Cl, 0.18-0.78; g = .03; adjusted for sex, hypertension, procedure time, and trial
sites: OR, 0.41; 95% Cl, 0.20-0.83; g = .04; adjusted for sex and trial sites: OR, 0.40; 95% Cl,
0.20-0.80; g = .03) and hypotension (adjusted for age, BMI, smoking status, hypertension, diabetes,
and trial sites: OR, 0.34; 95% Cl, 0.19-0.62; g < .001; adjusted for sex, hypertension, procedure time,
and trial sites: OR, 0.32; 95% Cl, 0.17-0.58; g < .007; adjusted for sex and trial sites: OR, 0.32; 95%
Cl, 0.17-0.58; g < .001). All patients with desaturation responded to jaw extension and supplemental
oxygen therapy. No patient needed artificial airway or endotracheal intubation. All hypotension
events were treated with intravenous ephedrine or phenylephrine.

Use of esketamine significantly reduced the total dose of propofol when analyzing unadjusted
data (MD, -58.9 mg; 95% Cl, -65.7 to -52.2 mg; g < .001) and after adjustment (adjusted for age,
BMI, smoking status, hypertension, diabetes, and trial sites: MD, -57.7 mg; 95% Cl, -64.2 to -51.2
mg; g < .00T; adjusted for sex, hypertension, procedure time, and trial sites: MD, -59.6 mg; 95% Cl,
-65.4to-53.7 mg; g < .001; adjusted for sex and trial sites: MD, -56.6 mg; 95% Cl, -63.2 to -50.1 mg;
g < .001). There were no significant between-group differences regarding other secondary
outcomes. No patients experienced dissociation, emergence delirium, or illusions during the study.

Subgroup Analyses

For the composite of desaturation and hypotension events, no significant heterogeneities were
found among the subgroups in terms of study sites (leading vs participating), age (<60 vs =60
years), BMI (<25 vs =25), current smoker status (yes vs no), and history of hypertension (yes vs no)
(Figure 2). However, significant heterogeneity was observed within the subgroup of patients with
diabetes.

Table 1. Demographics, Baseline Data, and Procedure Time®

Characteristic Esketamine (n = 331) Placebo (n = 329) SMD
Age, median (IQR), y 48 (36-57) 47 (37-57) 0.002
Sex
Female 195 (58.9) 160 (48.6)
Male 136 (41.1) 169 (51.4) 0-21
Height, median (IQR), m 1.65(1.6-1.7) 1.67 (1.6-1.7) 0.21
Weight, median (IQR), kg 62 (55-70) 63 (57-72) 0.18
BMI, median (IQR) 22.9(21.1-24.9) 23.2(21.5-24.9) 0.08
ASA physical status
| 257 (77.6) 242 (73.6)
Il 74(22.4) 87 (26.4) 0-10
Current smoker 28(8.5) 35(10.6) 0.07
Hypertension 41 (12.4) 55(16.7) 0.12
Diabetes 21(6.3) 29 (8.8) 0.09
Baseline measurements
SBP, median (IQR), mm Hg 129(118-141) 128(120-141) 0.005
DBP, mean (SD), mm Hg 75.4(11.0) 75.7 (11.2) 0.03
MAP, mean (SD), mm Hg 93.7(11.9) 93.9(11.5) 0.02
HR, median (IQR), beats per min 76 (68-84) 75 (70-82) 0.03 AbbreViaFionsi ASA, American SOCi?ty of
Anesthesiologists; BMI, body mass index (calculated as
Spo,, median (IQR), % 100 (99-100) 100(99-100) 0.02 weight in kilograms divided by height in meters
Trial sites squared); DBP, diastolic blood pressure; HR, heart rate;
Site 1 220 (66.5) 220 (66.9) MAP, mean arterial pressure; SBP, systolic blood
Site 2 56 (16.9) 54.(16.4) 0.01 pressure; SMD,‘ standardized mean differenlce; Spo,,
et 55 (16.6) 55 (16.7) oxygen saturation as measured by pulse oximetry.
Procedure time, median (IQR), min 20 (16-25) 18 (15-22) 0.15 " Dataare presented as number (percentage) of

patients unless otherwise indicated.

& JAMA Network Open. 2023;6(12):e2347886. doi:10.1001/jamanetworkopen.2023.47886

Downloaded from jamanetwork.com by guest on 12/21/2023

December 20, 2023 6/1



JAMA Network Open | Anesthesiology

Esketamine Added to Propofol Sedation for Endoscopy

Table 2. Trial Outcomes

Adjusted for age, BMI, smoking
status, hypertension, diabetes,

Adjusted for sex, hypertension,

Patients, No. (%) Overall and trial sites procedure time, and trial sites  Adjusted for sex and trial sites
Esketamine Placebo OR OR OR OR
Outcome (n=331) (n=329) (95%Cl) Pvalue gqValue (95% Cl) Pvalue gqValue (95% Cl) Pvalue gqValue (95% Cl) Pvalue g Value
Primary outcome
Composite of 27 (8.2) 69(21.0) 0.34(0.21 <.001 NA 0.35(0.21 <.001 NA 0.34(0.21 <.001 NA 0.34(0.21 <.001 NA
desaturation and t0 0.54) t00.57) t0 0.55) t0 0.55)
hypotension
Secondary outcomes?
Desaturation 12 (3.6) 31(9.4) 0.36(0.18 .004 .01 0.37(0.18 .009 .03 0.41(0.20 .01 .04 0.40(0.20 .009 .03
t0 0.72) t00.78) t00.83) t0 0.80)
Hypotension 16 (4.8) 44(13.4) 0.33(0.18 <.001 <.001 0.34(0.19 <.001 <.001 0.32(0.17 <.001 <.001 0.32(0.17 <.001 <.001
to 0.60) 10 0.62) t0 0.58) t0 0.58)
Total propofol 130(110 200(160 -58.9 <.001 <.001 -57.7 <.001 <.001 -59.6 <.001 <.001 -56.6 <.001 <.001
dose, median to 160) to 225) (-65.7 to (-64.2 to (-65.4 to (-63.2to
(IQR), mg® -52.2) -51.2) -53.7) -50.1)
NRS pain score
21
Emergence 13(3.9) 6(1.8) 2.20(0.83 .12 21 2.31(0.85 .10 .18 2.17(0.80 .13 .23 2.15(0.80 .13 22
from sedation t0 5.86) t06.28) t0 5.87) t0 5.78)
15 min later 13(3.9) 6(1.8) 2.20(0.83 .12 21 2.31(0.85 .10 .18 2.17(0.80 .13 .23 2.15(0.80 13 .22
t0 5.86) 10 6.28) t0 5.87) t0 5.78)
NRS fatigue
score 24
Emergence 180 (54.4) 195(59.3) 0.82(0.60 .21 31 0.79(0.57 .14 23 0.79(0.57 .15 .25 0.79(0.57 .14 22
from sedation t01.12) to 1.09) t0 1.09) t0 1.08)
15 min later 3(0.9) 10(3.0) 0.29(0.08 .06 .16 0.27 (0.07 .05 14 0.27 (0.07 .05 13 0.29(0.08 .06 .16
t0 1.07) t01.01) t0 1.01) t0 1.07)
Dizziness or 73(22.1) 69(21.0) 1.07(0.74 .74 .96 1.04(0.71 .85 >99 1.14(0.78 .51 .66 1.09(0.75 .65 .85
headache to 1.55) to 1.51) t0 1.66) t0 1.58)
Hallucination 4(1.2) 1(0.3) 4.01(0.45 .22 31 4.21(0.46 .20 .29 451(0.49 .18 .26 4.24(0.47 .20 .29
or nightmare t0 36.10) to 38.40) t041.10) to 38.40)
Nausea or 6(1.8) 6(1.8) 0.99(0.32 >.99 >.99 0.94(0.30 .92 >.99 0.91(0.28 .87 >.99 0.90(0.28 .86 >.99
vomiting to 3.11) t02.99) t0 2.88) t0 2.86)
Patients highly 325(98.2) 329(100) NA >.99 >.99 NA >.99 >.99 NA >.99 >.99 NA >.99 >.99
satisfied
Endoscopists 331(100) 326(99.1) NA >.99 >.99 NA >.99 >.99 NA >.99 >.99 NA >.99 >.99

highly satisfied

Abbreviations: BMI, body mass index; NA, not applicable; NRS, numerical rating scale; OR, odds ratio.

@ For secondary outcomes, multiple comparisons were corrected using the Benjamini-Hochberg approach to control for false discovery (a g < .05 was applied).

b Values are mean difference (95% Cl).

Figure 2. Subgroup Analyses of the Composite Outcome of Desaturation and Hypotension

Patients, No. (%)

Subgroup Esketamine Placebo  OR (95% Cl)
Trial sites

Leading site 21(9.6) 47 (21.4) 0.4(0.22-0.68)

Participating sites 6 (5.4) 22(20.2) 0.2(0.09-0.58)
Age,y

<60 20(7.6) 57(21.4) 0.3(0.17-0.52)

260 7(10.5) 12(19.1) 0.5(0.18-1.35)
BMI

<25 15 (6.0) 39(15.8) 0.3(0.18-0.63)

225 12(15.4) 30(36.6) 0.3(0.15-0.68)
Current smoker

Yes 4(143)  10(28.6) 0.4(0.11-1.51)

No 23(7.6) 59(20.1) 0.3(0.20-0.55)
Hypertension

Yes 10 (24.4) 17(30.9) 0.7 (0.29-1.80)

No 17 (5.9) 52(19.0) 0.3(0.15-0.47)
Diabetes

Yes 6(28.6) 7(24.1) 1.3(0.35-4.49)

No 21(6.8) 62(20.7) 0.3(0.17-0.47)

P for
interaction

.32

40

.89

74

.07

T
0.18 0.35 0.71

OR (95% CI)

.04

BMI indicates body mass index (calculated as weight in
kilograms divided by height in meters squared); OR,

odds ratio.
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Discussion

This multicenter randomized clinical trial found significant benefits of administering low-dose
esketamine as an adjuvant to propofol-based sedation for patients undergoing same-visit
bidirectional endoscopy. The addition of esketamine reduced the composite and separate outcomes
of desaturation and hypotension during the procedures. Moreover, esketamine administration
decreased propofol requirements without increasing associated adverse effects. To our knowledge,
this is the first multicenter randomized clinical trial to establish the advantages of using low-dose
esketamine in combination with propofol sedation for same-visit bidirectional endoscopic
procedures.

During propofol sedation, hemodynamic and respiratory depression is a common concern. In
previous studies involving patients undergoing gastrointestinal endoscopy with propofol sedation,
the incidence rates of desaturation and hypotension events were approximately 30%.2022
Interestingly, in our study, the placebo group experienced a lower rate of the composite outcome
(21%), which could be attributed to low-dose sufentanil (0.1 pg/kg) to reduce propofol requirements.
The combination of sufentanil and propofol for sedation is the standard practice at our study
institutions and is also in line with a recent national survey in China, highlighting the preference for
fentanyl or sufentanil as adjuvants to propofol sedation for gastrointestinal endoscopy.?*

Previous studies have investigated the use of low-dose esketamine as an adjunct to propofol for

sedation during endoscopic procedures. Eberl et al*?

enrolled 162 patients undergoing endoscopic
retrograde cholangiopancreatography and demonstrated that esketamine (0.15 mg/kg) led to
reduced propofol requirements compared with alfentanil (2 pg/kg), without affecting recovery time
or adverse events. Another study,?* which involved 114 patients with obesity undergoing
gastroscopy, found that the combination of propofol and esketamine (0.25 mg/kg) resulted in a
shorter induction time and awakening time, lower propofol consumption, more stable
hemodynamics, and a reduced incidence of adverse events compared with propofol alone.
Specifically, the incidence of hypoxemia was 17.3% in the esketamine group vs 40.4% in the control
group, and the incidence of hypotension was 7.7% in the esketamine group vs 23.1% in the control
group. These incidences of patients with obesity (mean BMI, 31-32) were higher than in the current
study. Esketamine, through its activation of the sympathetic nervous system, maintains blood
pressure and counters respiratory depression.'*2>2¢ Consequently, esketamine emerges as an ideal
adjuvant to propofol, offering improved sedation and safety. However, prior studies had limited
sample sizes, and the primary focus was not on essential patient outcomes.

In contrast, our study results are based on a robust multicenter, randomized design, providing
substantial clinical evidence supporting the administration of esketamine in combination with
propofol sedation for endoscopic procedures. In our patient cohort, adding low-dose esketamine
(0.15 mg/kg) to propofol-based sedation significantly reduced desaturation and hypotension events
by 61% (an absolute reduction of 12.8 percentage points). Furthermore, the total propofol
consumption was notably reduced by 30% (an absolute reduction of 58.9 mg). These beneficial
treatment effects of esketamine remained significant even after adjusting for possible confounding
covariates. Notably, low-dose esketamine demonstrated a favorable safety profile because it did not
increase adverse effects, such as dizziness, headache, nausea, vomiting, nightmares, hallucinations,
dissociation, emergence delirium, or illusions.

Limitations

This study has several limitations that should be acknowledged. First, we administered low-dose
esketamine in combination with propofol and sufentanil to achieve adequate efficacy and safety in
our patients. However, the optimal sedation regimen for endoscopic procedures is an area that still
requires further investigation. Therefore, future research should continue exploring and refining the
most effective and safe sedation protocols. Second, the subgroup analysis revealed a significant
heterogeneity between patients with and without diabetes. However, this finding may have been
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influenced by the relatively small number of patients with diabetes included in the analysis. To
validate and draw more robust conclusions from this result, additional studies with a larger and more
balanced representation of patients with diabetes are warranted. Third, this trial was not powered
to detect differences in other adverse events. Fourth, for this study, we specifically included patients
aged 18 to 70 years with an ASA physical status | or Il and a BMI between 18 and 30. Although these
selection criteria allowed us to observe the treatment effects of esketamine in this specific patient
population, they may not fully capture the effects in other age groups, those with higher ASA
classifications, or individuals with obesity. Therefore, future research should explore the use of
esketamine in different patient populations to gain a comprehensive understanding of its efficacy
and safety across various demographics. Despite these limitations, our study provides valuable
insights into the benefits of low-dose esketamine as an adjuvant to propofol-based sedation for
same-visit bidirectional endoscopy. Further research and larger trials will be essential to optimize
sedation strategies, confirm the subgroup findings, and extend the applicability of esketamine to
broader patient populations undergoing endoscopic procedures.

Conclusions

This multicenter randomized clinical trial provides compelling evidence that the addition of low-dose
esketamine to propofol-based sedation significantly reduces the incidence of composite
desaturation and hypotension events during same-visit bidirectional endoscopy. Moreover, the use
of esketamine led to a noteworthy decrease in propofol requirements for these procedures while
causing no safety concerns. On the basis of these findings, the incorporation of esketamine as an
adjuvant to propofol sedation is strongly supported for patients undergoing same-visit bidirectional
endoscopy.

ARTICLE INFORMATION
Accepted for Publication: October 30, 2023.

Published: December 20, 2023. doi:10.1001/jamanetworkopen.2023.47886

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Song N
et al. JAMA Network Open.

Corresponding Authors: Ke Peng, MD, PhD (pengke0422@163.com), and Fu-hai Ji, MD, PhD
(jifuhaisuda@163.com), Department of Anesthesiology, First Affiliated Hospital of Soochow University, 188 Shizi
St, Suzhou, Jiangsu 215006, China.

Author Affiliations: Department of Anesthesiology, The First Affiliated Hospital of Soochow University, Suzhou,
Jiangsu, China (Song, Shan, Peng, Ji); Institute of Anesthesiology, Soochow University, Suzhou, Jiangsu, China
(Song, Shan, Peng, Ji); Department of Anesthesiology, The People’s Hospital of Suzhou New District, Suzhou,
Jiangsu, China (Yang, Tan); Department of Anesthesiology, Taicang First People’s Hospital, Taicang, Jiangsu, China
(Zheng, Shi); Department of Anesthesiology and Pain Medicine, University of California Davis Health System,
Sacramento (Liu); Department of Anesthesia, Indiana University School of Medicine, Indianapolis (Meng).

Author Contributions: Drs Peng and Ji had full access to all of the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Song, Yang, and Zheng contributed equally to
this work.

Concept and design: Peng, Ji.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Song, Yang, Zheng, Shi, Tan, Peng.

Critical review of the manuscript for important intellectual content: Shan, Liu, Meng, Peng, Ji.
Statistical analysis: Song, Peng.

Obtained funding: Peng, Ji.

Administrative, technical, or material support: Yang, Zheng, Shi, Tan, Peng, Ji.

Supervision: Shan, Liu, Peng, Ji.

[5 JAMA Network Open. 2023;6(12):e2347886. doi:10.1001/jamanetworkopen.2023.47886 December 20, 2023 9m

Downloaded from jamanetwork.com by guest on 12/21/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.47886&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
mailto:pengke0422@163.com
mailto:jifuhaisuda@163.com

JAMA Network Open | Anesthesiology Esketamine Added to Propofol Sedation for Endoscopy

Conflict of Interest Disclosures: Dr Ji reported receiving lecture fees from Yichang Humanwell outside the
submitted work. No other disclosures were reported.

Funding/Support: This study was supported by grant 82072130 from the National Natural Science Foundation of
China, grant ZD2022021 from Key Medical Research Projects in Jiangsu Province, grant WS-022 from Six Talent
Peaks Project in Jiangsu Province, grant Szlcyxzxj202102 from Suzhou Clinical Medical Center for Anesthesiology,
grant SYH-32021-0036 (2021031) from Jiangsu Medical Association Anesthesia Research Project, and grant
SKY2022136 from Suzhou Medical Health Science and Technology Innovation Project.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: Lan Sun, MSc, Hangzhou Le9 Healthcare Technology Co Ltd, provided statistical
support. She was not compensated for this work.

REFERENCES

1. Lucendo AJ, Gonzalez-Huix F, Tenias JM, et al; Spanish Society of Digestive Diseases, Spanish Society of
Digestive Endoscopy, and Spanish Association of Gastroenterology. Gastrointestinal endoscopy sedation and
monitoring practices in Spain: a nationwide survey in the year 2014. Endoscopy. 2015;47(4):383-390. doi:10.1055/
5-0034-1391672

2. Jung, Kim JW, Im JP, Cho YK, Lee TH, Jang JY. Safety of gastrointestinal endoscopy in Korea: a nationwide
survey and population-based study. J Korean Med Sci. 2022;37(4):e24. doi:10.3346/jkms.2022.37.e24

3. XinL, GaoY, Cheng Z, et al. Utilization and quality assessment of digestive endoscopy in China: results from
5-year consecutive nationwide surveys. Chin Med J (Engl). 2022;135(16):2003-2010. doi:10.1097/CM9.
0000000000002366

4. GuWJ, Wang HT, Huang J, et al. High flow nasal oxygen versus conventional oxygen therapy in gastrointestinal
endoscopy with conscious sedation: systematic review and meta-analysis with trial sequential analysis. Dig
Endosc. 2022;34(6):1136-1146. doi:10.1111/den.14315

5. Dossa F, Megetto O, Yakubu M, Zhang DDQ, Baxter NN. Sedation practices for routine gastrointestinal
endoscopy: a systematic review of recommendations. BMC Gastroenterol. 2021;21(1):22. doi:10.1186/s12876-020-
01561-z

6. Sneyd JR, Absalom AR, Barends CRM, Jones JB. Hypotension during propofol sedation for colonoscopy:
aretrospective exploratory analysis and meta-analysis. Br J Anaesth. 2022;128(4):610-622. doi:10.1016/j.bja.2021.
10.044

7. Zhong J, Zhang J, Fan Y, et al. Efficacy and safety of Ciprofol for procedural sedation and anesthesia in
non-operating room settings. J Clin Anesth. 2023;85:111047. doi:10.1016/j.jclinane.2022.111047

8. Ogawa T, Tomoda T, Kato H, Akimoto Y, Tanaka S, Okada H. Propofol sedation with a target-controlled infusion
pump in elderly patients undergoing ERCP. Gastrointest Endosc. 2020;92(2):301-307. doi:10.1016/j.gie.2020.
03.002

9. ChenY, Chen J, Wang Q, et al. Safety and tolerability of esketamine in propofol based sedation for endoscopic
variceal ligation with or without injection sclerotherapy: randomized controlled trial. Dig Endosc. 2023;35(7):
845-854. doi:10.1111/den.14539

10. Molero P, Ramos-Quiroga JA, Martin-Santos R, Calvo-Sanchez E, Gutiérrez-Rojas L, Meana JJ. Antidepressant
efficacy and tolerability of ketamine and esketamine: a critical review. CNS Drugs. 2018;32(5):411-420. doi:10.
1007/s40263-018-0519-3

1. XuLL, Wang C, Deng CM, et al. Efficacy and safety of esketamine for supplemental analgesia during elective
cesarean delivery: a randomized clinical trial. JAMA Netw Open. 2023;6(4):e239321. doi:10.1001/
jamanetworkopen.2023.9321

12. LiJ, Wang Z, Wang A, Wang Z. Clinical effects of low-dose esketamine for anaesthesia induction in the elderly:
arandomized controlled trial. J Clin Pharm Ther. 2022;47(6):759-766. doi:10.1111/jcpt.13604

13. Han C, JiH, GuoYY, et al. Effect of subanesthetic dose of esketamine on perioperative neurocognitive disorders
in elderly undergoing gastrointestinal surgery: a randomized controlled trial. Drug Des Dev Ther. 2023;17:
863-873. doi:10.2147/DDDT.5401161

14. 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

[5 JAMA Network Open. 2023;6(12):e2347886. doi:10.1001/jamanetworkopen.2023.47886 December 20, 2023 10/1

Downloaded from jamanetwork.com by guest on 12/21/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.47886&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
https://dx.doi.org/10.1055/s-0034-1391672
https://dx.doi.org/10.1055/s-0034-1391672
https://dx.doi.org/10.3346/jkms.2022.37.e24
https://dx.doi.org/10.1097/CM9.0000000000002366
https://dx.doi.org/10.1097/CM9.0000000000002366
https://dx.doi.org/10.1111/den.14315
https://dx.doi.org/10.1186/s12876-020-01561-z
https://dx.doi.org/10.1186/s12876-020-01561-z
https://dx.doi.org/10.1016/j.bja.2021.10.044
https://dx.doi.org/10.1016/j.bja.2021.10.044
https://dx.doi.org/10.1016/j.jclinane.2022.111047
https://dx.doi.org/10.1016/j.gie.2020.03.002
https://dx.doi.org/10.1016/j.gie.2020.03.002
https://dx.doi.org/10.1111/den.14539
https://dx.doi.org/10.1007/s40263-018-0519-3
https://dx.doi.org/10.1007/s40263-018-0519-3
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.9321&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.9321&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
https://dx.doi.org/10.1111/jcpt.13604
https://dx.doi.org/10.2147/DDDT.S401161
https://dx.doi.org/10.1016/j.bja.2018.02.021

JAMA Network Open | Anesthesiology Esketamine Added to Propofol Sedation for Endoscopy

15. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

16. Song N, Shan XS, Yang Y, et al. Low-dose esketamine as an adjuvant to propofol sedation for same-visit
bidirectional endoscopy: protocol for a multicenter randomized controlled trial. Int J Gen Med. 2022;15:
4733-4740. doi:10.2147/1JGM.S365068

17. Sealed Envelope Ltd. Create a blocked randomisation list. 2022. Accessed November 10, 2023. https://www.
sealedenvelope.com/simple-randomiser/v1/lists

18. Barends CRM, Driesens MK, Struys MMRF, Visser A, Absalom AR. Intranasal dexmedetomidine in elderly
subjects with or without beta blockade: a randomised double-blind single-ascending-dose cohort study. BrJ
Anaesth. 2020;50007-0912(19)31015-3. doi:10.1016/j.bja.2019.12.025

19. Kashiwagi K, Hosoe N, Takahashi K, et al. Prospective, randomized, placebo-controlled trial evaluating the
efficacy and safety of propofol sedation by anesthesiologists and gastroenterologist-led teams using computer-
assisted personalized sedation during upper and lower gastrointestinal endoscopy. Dig Endosc. 2016;28(6):
657-664. doi:10.1111/den.12678

20. Chiang MH, Wu SC, You CH, et al. Target-controlled infusion vs. manually controlled infusion of propofol with
alfentanil for bidirectional endoscopy: a randomized controlled trial. Endoscopy. 2013;45(11):907-914. doi:10.
1055/s-0033-1344645

21. YinS, Hong J, Sha T, et al. Efficacy and tolerability of sufentanil, dexmedetomidine, or ketamine added to
propofol-based sedation for gastrointestinal endoscopy in elderly patients: a prospective, randomized, controlled
trial. Clin Ther. 2019;41(9):1864-1877.€0. doi:10.1016/j.clinthera.2019.06.011

22. EberlS, 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

23. ZhouS, 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

24. ZhengL, Wang, 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 Dev Ther. 2023;17:1347-1356. doi:10.2147/DDDT.5408076

25. Zhou N, Liang X, Gong J, et al. S-ketamine used during anesthesia induction increases the perfusion index and
mean arterial pressure after induction: a randomized, double-blind, placebo-controlled trial. Eur J Pharm Sci.
2022;179:106312. doi:10.1016/j.ejps.2022.106312

26. Trimmel H, Helbok R, Staudinger T, et al. S(+)-ketamine: current trends in emergency and intensive care
medicine. Wien Klin Wochenschr. 2018;130(9-10):356-366. doi:10.1007/s00508-017-1299-3

SUPPLEMENT1.
Study Protocol and Statistical Plan

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2023;6(12):e2347886. doi:10.1001/jamanetworkopen.2023.47886 December 20, 2023 nm

Downloaded from jamanetwork.com by guest on 12/21/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.47886
https://dx.doi.org/10.2147/IJGM.S365068
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://dx.doi.org/10.1016/j.bja.2019.12.025
https://dx.doi.org/10.1111/den.12678
https://dx.doi.org/10.1055/s-0033-1344645
https://dx.doi.org/10.1055/s-0033-1344645
https://dx.doi.org/10.1016/j.clinthera.2019.06.011
https://dx.doi.org/10.1097/EJA.0000000000001134
https://dx.doi.org/10.1016/j.bja.2021.01.028
https://dx.doi.org/10.2147/DDDT.S408076
https://dx.doi.org/10.1016/j.ejps.2022.106312
https://dx.doi.org/10.1007/s00508-017-1299-3



