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Abstract
Background: Propofol and remifentanil are frequently used together for painless
therapeutic gastrointestinal (GI) endoscopy. However, this combination can result in
respiratory and cardiovascular depression. The use of esketamine has the potential
to counteract these adverse effects. This study evaluates the efficacy and safety of
low-dose esketamine combined with a fixed dose of propofol-remifentanil sedation
during painless therapeutic GI endoscopy. Methods: A total of 400 patients undergoing
painless therapeutic GI endoscopy were randomly divided into four groups (n = 100
per group). The control group received propofol and remifentanil, while the other
three groups received propofol and remifentanil plus 0.05, 0.10 and 0.15 mg/kg/h
esketamine. Throughout the procedure, we recorded hemodynamics, pulse oxygen
saturation, somatic responses, adverse event management, emergence delirium and
perioperative Mini-Mental State Examination (MMSE) scores. Results: Respiratory
interventions were significantly higher in the control groupcompared to three esketamine
groups (elevated oxygen flow: 15% vs. 2%, 2% and 4%; mandibular support: 10%
vs. 1%, 1% and 3%; mask ventilation: 4% vs. 0%, 0% and 0%). Hypotension
and bradycardia occurred more frequently in the control group (hypotension: 13%
vs. 3%, 1% and 1%; bradycardia: 15% vs. 5%, 3% and 2%). Although there were
no significant differences in gagging among the groups, a reduced response to body
movement was documented in patients randomized to esketamine when compared to
the control group (1% vs. 13%). No significant changes were observed in MMSE
scores in any of the groups. Conclusions: The continuous infusion of small-dose
esketamine in addition to propofol-remifentanil sedation could provide efficient and safe
sedation for painless therapeutic GI endoscopic procedures. Clinical Trial Registration:
The study was registered in the Chinese Clinical Trial Registry (Registration number:
ChiCTR2400079866). Date of registration: 15 January 2024.
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1. Introduction

In China, approximately 14 million gastrointestinal (GI) en-
doscopic procedures are conducted annually, a number antic-
ipated to rise to 51 million by 2030 due to the aging pop-
ulation [1]. Currently, a growing number of patients prefer
painless GI endoscopy because it aims to offer greater safety
and comfort [2]. However, despite its increasing popularity, no
standardized anesthesia protocol is in place to ensure that the
anesthesia administered during these procedures is effective,
safe, comfortable and satisfactory. Therefore, it is essential
to develop methods to provide such anesthesia during GI
endoscopic procedures.
The combination of propofol and remifentanil is increas-

ingly preferred over propofol alone for diagnostic and thera-
peutic GI endoscopy [3–5]. Both agents act rapidly and dissi-

pate quickly after administration, facilitating faster endoscopic
procedures and quicker patient recovery. As a result, patients
can leave the post-anesthetic care unit (PACU) sooner. When
used together, propofol and remifentanil exert a synergistic
effect, allowing for the desired outcomes to be achieved with
reduced doses of each drug. Nevertheless, the infusion rates
and dosages prescribed in the propofol-remifentanil adminis-
tration protocols may lead to respiratory and cardiovascular
depression [6]. These adverse effects can arise with prolonged
endoscopic procedures, occasionally necessitating the use of
additional drugs. Therefore, this may pose additional risks for
patients. Consequently, there is an urgent need for innovative
drugs or methods to alleviate these side effects.

Esketamine is the S (+)-isomer of ketamine and a new
N-methyl-D-aspartate (NMDA) receptor antagonist. Europe
and China have approved esketamine for general anesthesia
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as well as perioperative sedation and analgesia, respectively
[7]. It is effective in treating both acute and chronic pain at
lower dosages, resulting in fewer dose-dependent side effects.
The Food and Drug Administration (FDA) has approved in-
tranasal esketamine for treatment-resistant depression, and it is
commonly utilized in low-resource settings outside operating
rooms and even in patients’ homes [8]. Similar to ketamine, es-
ketaminemay helpmitigate opioid-induced respiratory depres-
sion [9–12]. Low-dose esketamine stimulates catecholamine
release and activates the sympathetic nervous system, leading
to cardiovascular stimulation that can elevate blood pressure
and heart rate (HR) [13, 14].
This study aims to evaluate the efficacy and safety of

low-dose esketamine administered with fixed-dose propofol-
remifentanil for sedation during painless therapeutic GI
endoscopy.

2. Materials and methods

2.1 Study design and participants
This study is a prospective, double-blinded, randomized con-
trolled trial aimed at evaluating the efficacy of esketamine
in combination with propofol and remifentanil during gas-
trointestinal polypectomy. The respiratory and circulatory
depression, perioperative sedation, and cognitive function of
patients were assessed. The study protocol was approved by
the Ethics Committee of Huai’an No. 1 People’s Hospital
affiliated with Nanjing Medical University, China (Ethics ap-
proval number: KY-2023-080-02) on 11 July 2023. The study
has been registered with the Chinese Clinical Trial Registry
(Registration number: ChiCTR2400079866). All participants
between 17 July and 15 November 2023 provided a voluntary,
written informed consent prior to participation.

2.2 Sample size estimation
We conducted a pre-experiment using two groups: a control
group administered with propofol-remifentanil and an exper-
imental group administered with propofol-remifentanil plus
0.10 mg/kg/h of esketamine. Respiratory and cardiovascular
adverse events and somatic response rates were recorded for
both groups. The significance level was set to p < 0.05 with a
power of 0.90. The optimal sample size was calculated as 79
patients per group using PASS 19 software (NCSS, Kaysville,
UT, USA). Considering a patient dropout rate of 20%, we
determined that each group should have at least 99 patients.
Therefore, we chose a target sample size of 100 patients per
group for ease of calculation and management.
We enrolled 400 patients aged 18–65 years with an Amer-

ican Society of Anesthesiologists physical status of Ⅰ or Ⅱ,
who were scheduled to undergo gastrointestinal polypectomy
under deep sedation/anesthesia without tracheal intubation.
The following exclusion criteria were applied: a body mass
index (BMI) of>30 kg/m2, sleep apnea syndrome, contraindi-
cations to related drugs, a history of depression, or the use
of sedative and analgesic drugs within two weeks prior to the
initiation of the study. Additionally, we excluded individuals
with neurocognitive or psychiatric disorders, liver or kidney
disease or dysfunction, a history of myocardial infarction,

poorly controlled hypertension (systolic blood pressure >180
mmHg), cerebrovascular diseases, and language or physical
impairments that could hinder completion of the Mini-Mental
State Examinations (MMSEs).

2.3 Randomization and blinding
All patients were randomly assigned to one of the four
groups—C, E1, E2 and E3—in a 1:1:1:1 ratio based on
a computer-generated randomization number using Excel.
Specifically, any integral number generated between 1 and 400
divisible by 4 without a remainder was designated as group C,
while numbers with remainders of 1, 2 and 3 were assigned as
groups E1, E2 and E3, respectively. The computer-generated
randomization numbers were recorded and placed in separate
opaque envelopes. Prior to each sedation procedure, an
assistant responsible for preparing the anesthesia regimens
opened the envelopes to determine the appropriate anesthesia
protocol to follow.
Induction was conducted using 1.5 mg/kg of propofol.

Group C received intravenous anesthesia consisting of 3
mg/kg/h of propofol and 1.8 µg/kg/h of remifentanil. Groups
E1, E2 and E3 were administered with 50, 100 and 150
µg/kg/h of esketamine, respectively.An assistant who was
not involved in the procedure mixed propofol, remifentanil
and esketamine in a 50-mL syringe. The rate of drug
administration was uniform across all groups, and the four
mixed regimens presented the same appearance. Unaware
of the syringe’s contents, the anesthesiologist administered
the anesthesia based on the instructions in the envelope.
Consequently, the anesthesiologists and the patients were
blinded to the randomization and group allocation.

2.4 Perioperative management
The patients fasted for 8 h and were deprived of water for
2 h before surgery. MMSEs were performed before surgery
as well as one day and three days after the procedure. The
patients were administered 10–15 mL/kg of normal saline in
the preparation room through a 20 G cannula inserted via the
antecubital vein. Upon entering the endoscopy room, patients
were positioned in the left lateral position, and a nasal catheter
was used for oxygen inhalation (2–3 L/min) and for monitoring
end-tidal (ET) CO2. Routine intraoperative monitoring, which
included a bispectral index (BIS), an electrocardiogram (ECG),
HR, blood pressure (BP), respiratory rate (RR) and pulse
oxygen saturation (SpO2), was conducted. No pre-induction
medications were administered. A mask filled with 100% oxy-
gen (4–6 L/min) was used for at least 3–5min before induction.
Anesthesia was initiated with a slow infusion of a 1.5 mg/kg
bolus of propofol over 30 seconds, administered until the
eyelash reflex was no longer present. To maintain anesthesia,
the Modified Observer’s Assessment of Alertness/Sedation
Scale (MOAA/SS) was monitored by the same assistant and
maintained between 0 and 1 with a BIS target of ≥60 but
≤72 (60–70 is deep sedation) [15–17]. Hypertension was
defined as a mean arterial pressure (MAP) >105 mmHg or an
increase of 30% from the baseline. Conversely, hypotension
was defined as a MAP <65 mmHg or a decrease of 30%
from the baseline. Patients with hypotension and tachycardia
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received a bolus dose of 50 µg of phenylephrine, while those
with hypotension and bradycardia received a bolus dose of 10
mg of ephedrine. An additional dose of 0.5 mg/kg of propofol
was added when the patient showed body movement, eye-
opening, hypertension and tachycardia. If the HR was ≤50
bpm, 0.25mg of atropinewas injected. When SpO2 was≤90%
for 10 s, chin lift or jaw thrust was used, and the airflow
was changed to 5–6 L/min. If SpO2 continued to fall and
become <90%, a mask was used to elevate SpO2 following
the withdrawal of the endoscope. If necessary, mask ventila-
tion or tracheal intubation was employed. At the end of the
procedure, a follow-up injection of 0.02 mg/kg of nalbuphine
was administered, and the patient was transferred to the PACU.
Emergence delirium was evaluated using Ricker’s sedation-
agitation scale. The patient was transported to the ward when
the Aldrete score was ≥9 [18]. Experienced anesthesiologists
and endoscopists performed all procedures.

2.5 Data collection

Baseline data, such as sex, age, height, weight, BMI, Amer-
ican Society of Anesthesiologists (ASA) physical status and
operation type, were recorded. BIS (Bispectral Index), ETCO2

(the End-Tidal Carbon Dioxide), HR, MAP (Mean Arterial
Pressure), RR (Respiratory Rate) and SpO2 (Peripheral Oxy-
gen Saturation) were recorded after the patients entered the
operating room and during their endoscopic operation.

2.6 Primary and other outcomes

The primary outcome measured was the incidence of cardio-
vascular and respiratory adverse events, somatic responses,
the extent of eye-opening, drug interventions, and hypoxia
resulting from respiratory depression and airway maneuvers.
Additional outcomes included the time taken to awaken, the
quality of awakening, MMSE results, nausea and vomiting.

2.7 Statistical analysis

Sample size calculations were conducted using PASS
17 (NCSS, Kaysville, UT, USA) software. Statistical
analysis was performed with GraphPad Prism version
9.5.0 (GraphPad Inc, San Diego, CA, USA). Continuous
variables were expressed as mean ± standard deviation
(SD), while categorical variables were expressed as N (%)
of patients. The normal distribution of all data was assessed
by the Kolmogorov-Smirnov test and histograms. To assess
differences between groups, the chi-square test or Fisher’s
exact test was used for categorical variables, while continuous
variable comparisons were done using ANOVA (Analysis
of Variance) and the Student-Newman-Keuls test for post
hoc comparisons. The Kruskal-Wallis H rank sum test and
Tamhane’s T2 method were employed for discrete variables.
Repeated measurement data were analyzed using ANOVA
with a repeated measurement design. A p-value or corrected
p-value of ≤ 0.05 was defined as statistically significant.

3. Results

Fig. 1 shows the study flow chart. A total of 400 patients
were enrolled in the trial, with 395 completing the study.
Two patients in group C were excluded due to postoperative
bleeding and the need for urgent secondary surgery. In group
E2, one patient was lost to follow-up, while another opted to
discontinue participation. Additionally, one patient in group
E3 experienced post-operative hallucinations in the recovery
room following surgery. These five patients were excluded,
and their corresponding data were removed from the study. No
statistically significant differences were observed among the
characteristics of patients, including age, sex, height, weight,
BMI, duration of surgery and ASA physical status classifica-
tion (Table 1).

3.1 Incidence of adverse events during the
surgery
No significant clinical adverse events were observed during
the trial, indicating no serious respiratory complications ne-
cessitating pausing the operation, such as the requirement for
tracheal intubation. The number of respiratory maneuvers, in-
cluding basic breathing assistance procedures, such as elevated
oxygen flow, mandibular support and mask ventilation, were
significantly higher in group C than in the other groups (p <

0.05). In addition, incidents of hypotension and bradycardia
requiring medication were more prevalent in group C. No sta-
tistically significant difference related to gaggingwas observed
for all groups, although the E1, E2 and E3 groups showed
slower body movement responses compared to those in group
C (Table 2).

3.2 MMSE and other results
We conducted an MMSE prior to the operation and again on
the first and third postoperative days. Sedation did not signif-
icantly change MMSE scores among all the groups (Fig. 2).
Furthermore, no other side effects, such as emergence delir-
ium, nausea and vomiting, were reported. All patients re-
covered swiftly in the PACU. Esketamine did not prolong the
recovery time (Table 3).

4. Discussion

Our study demonstrated that a low continuous infusion of
esketamine , combined with a fixed-dose regimen of propofol-
remifentanil for sedation monitored using BIS and MOAA/SS
(Modified Observer’s Assessment of Alertness/Sedation
Scale), leads to stable hemodynamic status, reduced incidence
of hypoxemia, and improved perioperative outcomes during
therapeutic GI endoscopic procedures.
Multiple studies have focused on identifying the most effec-

tive anesthetic in high-volume GI endoscopic procedure cen-
ters. Endoscopists typically prefer moderate-to-deep sedation
over general anesthesia due to its safety, efficacy and rapid
recovery benefits. The combination of propofol and remifen-
tanil has been shown to provide better anesthesia during GI
endoscopic procedures [3]. When the dosage of remifentanil
is decreased, and the dosage of propofol is increased, there is
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FIGURE 1. Consort flow diagram.

TABLE 1. Demographic characteristics of patients across study groups.
C E1 E2 E3 p-value

Age (yr) 46.35 ± 9.79 44.23 ± 10.48 44.65 ± 11.12 43.38 ± 12.25 0.7961
Male/Female 62/36 67/33 58/40 64/35 0.7114
BMI (kg/m2) 23.25 ± 3.23 22.16 ± 2.76 21.94 ± 2.89 23.42 ± 3.17 0.3878
Duration of surgery (min) 45.26 ± 10.35 43.33 ± 11.71 48.80 ± 9.87 47.78 ± 8.86 0.9965
ASA physical status classification (I) 54 57 52 59 0.6968
Data are presented as mean ± SD or number (%).
BMI: body mass index; ASA: American Society of Anesthesiologists.

TABLE 2. Incidence of adverse events among the study groups.
C E1 E2 E3 p-value

Respiratory adverse events
Oxygen flow elevated 15 (15%) 2 (2%) 2 (2%) 4 (4%) 0.0002
Mandibular support 10 (10%) 1 (1%) 1 (1%) 3 (3%) 0.0072
Mask ventilation 4 (4%) 0 (0%) 0 (0%) 0 (0%) 0.0072
Tracheal intubation 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0000

Cardiovascular adverse events
Hypotension 13 (13%) 3 (3%) 1 (1%) 1 (1%) 0.0001
Hypertension 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0000
Bradycardia 15 (15%) 5 (5%) 2 (3%) 2 (2%) 0.0003
Tachycardia 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0000

Somatic responses
Gagging 6 (6%) 2 (2%) 1 (1%) 1 (1%) 0.0921
Body movement 13 (13%) 4 (4%) 1 (1%) 1 (1%) 0.0001

Data are presented as numbers (%).
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FIGURE 2. MMSE results. MMSE: Mini-Mental State Examination; POD: Post-operative day. *p > 0.05.

TABLE 3. Other side effects.
C E1 E2 E3 p-value

Emergence delirium 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0000
Nausea and vomiting 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0000
Recovery time (min) 4.32 ± 1.71 4.50 ± 1.83 4.24 ± 1.56 4.63 ± 1.45 0.3372
Data are presented as number (%) or mean ± SD.

a significant reduction in apnea duration and an extension of
recovery time. Conversely, increasing the remifentanil dose
while decreasing the propofol dose results in prolonged apnea
duration and reduced recovery times. In our current study,
we standardized the dosage of propofol and remifentanil to 3
mg/kg/h and 1.8 µg/kg/h, respectively. Additionally, we in-
cluded esketamine in this study to help induce sedation. Propo-
fol acts on GABA (Gamma-Aminobutyric Acid) receptors to
reduce respiratory variability in a dose-dependent manner [8].
However, administering higher doses of 2 mg/kg propofol dur-
ing deep sedation increases the risk of hypoxemia. In contrast,
esketamine helps to maintain respiratory variability, promoting
spontaneous breathing while also exhibiting sympathomimetic
activities that can relax bronchial smooth muscles and alleviate
bronchospasm contraction induced by histamine release, thus
effectively reducing airway edema [19]. Therefore, eske-
tamine may help lower the risk of hypoxemia through these
mechanisms.

The low dose of propofol we used in our study was associ-

ated with relatively high levels of remifentanil and esketamine.
This equilibrium was successfully maintained throughout the
procedure, even during prolonged operations. No statisti-
cally significant difference was observed in gag reflex among
all groups, although somatic responses were more frequent
in group C. Hence, the gag reflex cannot be considered as
a reliable indicator of inadequate sedation during GI endo-
scopic procedures. Low-dose esketamine can release cate-
cholamines, activating the sympathetic nervous system and
leading to an indirect cardiovascular stimulating effect that
increases blood pressure and HR. Jonkman et al. [11] re-
ported that low-dose esketamine can effectively counteract
remifentanil-induced respiratory depression owing to its an-
tagonistic effects on the ventilatory CO2 chemo-insensitivity
associated with remifentanil. Our study demonstrated that the
continuous infusion of low-dose esketamine is a safe and is an
effective enhancement to a propofol-remifentanil combination.

Esketamine is a novel NMDA receptor antagonist for clin-
ical applications. However, its effectiveness in alleviating
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postoperative cognitive decline has not yet been definitively
established [20, 21]. Previous studies have shown that a
combination of propofol and ketamine can reduce the inci-
dence of the psychotomimetic effect [22]. In their evaluation
using the MMSE, Zhan et al. [23] noted the presence of
psychotomimetic effects but found no significant differences
between the groups studied. We evaluated MMSE scores
prior to surgery and one and three days after the procedure,
and found no notable differences. Intravenous administration
of esketamine (0.25–0.5 mg/kg) is widely used for clinical
anesthesia. As the dose increases, esketamine-related side
effects, such as excessive salivation, hallucinations and de-
layed postoperative recovery, also tend to increase. Therefore,
we initiated a continuous infusion of 0.05–0.15 mg/kg/h of
esketamine for maintenance to ensure safety and efficacy.
There is substantial data suggesting that the BIS value may

accurately reflect sedation levels during GI endoscopy [24].
However, whether the BIS value obtained with esketamine is
more effective for monitoring moderate to deep sedation re-
mains uncertain. Our findings indicate that esketamine has no
impact on BIS. According to Carrara et al. [25], administering
a continuous intravenous infusion of esketamine may be more
effective than a bolus for influencing the BIS value. Small-
dose esketamine does not affect the BIS value [25].
The results of our study may contribute to reducing the

risk of adverse events for high-risk individuals (overweight,
accompanied by respiratory disease, etc.) who are sched-
uled to undergo GI endoscopy. However, our study still
has several limitations. Firstly, the perioperative follow-up
was limited to just four days, with no long-term follow-up
conducted. Recent studies have shown that the use of ketamine
for procedural sedation is associated with an increased risk
of oxygen desaturation and a higher likelihood of patients
being discharged to nursing homes [26]. Thus, the long-
term safety of esketamine needs to be further studied. Sec-
ondly, we utilized a combination of propofol, remifentanil,
and esketamine for total intravenous sedation despite ongoing
debates regarding the safety profile and effectiveness of this
mixture [27, 28]. Additionally, our sample size of 400 cases,
determined through a power analysis of preliminary results,
is relatively small. The small number of adverse events may
suggest underpowered comparisons for rare outcomes. To
thoroughly assess the efficacy and safety of low-dose eske-
tamine combined with propofol and remifentanil for painless
therapeutic GI endoscopy, a larger, multi-center study with
long-term follow-up is necessary. Finally, we acknowledge
a lack of data pertaining to cost-effectiveness and patient satis-
faction, which could limit the widespread clinical adoption of
these findings.

5. Conclusions

The administration of low dose esketamine, combined with
propofol-remifentanil, resulted in more stable hemodynamics
and a reduced incidence of respiratory adverse events during
painless therapeutic GI endoscopy. However, further studies
with long follow-up duration are necessary to accurately de-
termine the actual value of esketamine in therapeutic GI en-
doscopy, especially its long-term impact on cognitive function.

ABBREVIATIONS

GI, gastrointestinal; PACU, postanesthetic care unit; HR, heart
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Modified Observer’s Assessment of Alertness/Sedation Scale;
ASA, American Society of Anesthesiologists; SD, standard
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ET, end-tidal; FDA, Food and Drug Administration. MMSEs,
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