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Purpose: Patients with obesity are more susceptible to hypoxemia. Anesthetic management for patients with obesity undergoing
painless gastroscopy presents a severe challenge for anesthesiologists. Esketamine is a NMDA antagonist that has been proven to be
beneficial for ameliorating respiratory depression owing to its sympathomimetic effect; however, there are no relevant reports on its
use in patients with obesity. We designed a randomized controlled trial to evaluate whether esketamine can be the ideal adjuvant to
propofol sedation in patients with obesity undergoing painless gastroscopy.

Patients and Methods: A total of 104 patients with obesity undergoing painless gastroscopy were randomly divided into group
C (propofol+saline) and group S (propofol+esketamine 0.25 mg/kg). Anesthesia was induced by 2 mg/kg propofol with saline or
esketamine. The consumption of propofol, hemodynamic parameters, duration of procedure, induction time, postoperative awakening
time, and orientation recovery time were recorded. Adverse events and satisfaction scores were also recorded.

Results: Propofol consumption was 274.4+22.6 mg and 201.3£16.6 mg in groups C and S, respectively. The induction time of groups
C and S were 25.4+2.3 s and 17.8+1.9 s, respectively. The postoperative awakening times of groups C and S were 6.2+1.1 min and 4.8
+1.3 min, respectively. Hemodynamic parameters were more stable in group S than in group C. The incidence of adverse events such
as injection pain, hypoxemia, hypotension, bradycardia, choking, and body movement were significantly lower in group S. The
satisfaction scores of the endoscopist and anesthesiologist were (4.58+0.49 vs 3.71+0.83) and (4.75+0.44 vs 3.3340.92), respectively.
Conclusion: The combination of propofol and esketamine (0.25 mg/kg) improves the safety and reduces the incidence of adverse
events in patients with obesity during painless gastroscopy. Thus, this method is worthy of clinical application.

Clinical Trials Registration: ChiCTR 2200062547.
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Introduction

Painless gastroscopy has become a widely used approach for the diagnosis and treatment of digestive tract diseases.’
Propofol is the most commonly used anesthetic in painless gastroscopy due to the advantage of rapid onset and recovery.”
However, an increased dose is needed to fulfill the anesthetic requirement as propofol has no analgesic effect, which

increases the risk of dosage-dependent complications such as hypoxemia and hypotension.> Even though opioids are
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widely applied in perioperative analgesia clinically, the inhibitory effect of respiration leads to a high risk in clinical
application.*

With the improvement in health awareness, more patients with obesity opt to have painless gastroscopy as a part of
physical health examination. Patients with obesity are more susceptible to hypoxemia due to the reduced functional
residual volume and the fat deposition caused by airway narrowing.” The focus of anesthetic management for patients
with obesity in painless gastroscopy is to ensure safety of the airway, which presents a severe challenge for anesthesiol-
ogists. Therefore, searching for a safe and effective anesthetic protocol for patients with obesity remains an urgent task.

Esketamine, a right-lateral dismantled fission of ketamine, is the N-methyl-D-aspartic acid (NMDA) antagonist that
can provide unique dissociative anesthesia. The anesthetic effect of esketamine is twice as potent as ketamine and its
potency is approximately three times higher than ketamine, which is related to its stronger effect on the NMDA-
receptor.® Due to the better analgesic effect and higher clearance rate, esketamine shows a lower incidence of side
reaction than ketamine at the equivalent analgesic dose, resulting in a faster recovery.’ Recent studies have suggested that
the application of esketamine is beneficial for ameliorating hemodynamic and respiratory depression due to the
sympathomimetic effect,® while there is no relevant report for patients with obesity. Owing to advantages such as
short elimination half-life, rapid awakening, and less respiratory depression,’ esketamine may be the ideal adjuvant to
propofol sedation in painless gastroscopy procedures.

In this study, we performed a prospective, double-blind, randomized controlled trial to determine the efficacy of
esketamine versus placebo combined with propofol in patients with obesity undergoing painless gastroscopy. No
previous study has evaluated the effect of esketamine on patients with obesity. Therefore, this is the first research
focused on the efficacy and safety of esketamine combined with propofol in patients with obesity undergoing painless
gastroscopy. We speculate that the combination of esketamine and propofol may be an optimized protocol with fewer
adverse events.

Methods

Ethics and Trial Registration

The study protocol was approved by the Medical Ethics Committee of the Sir Run Run Hospital, Nanjing Medical
University (Ethics Number: 2021-SR-031), and the study was registered in the Chinese Clinical Trial Registry (ChiCTR
2200062547; 08/11/2022). All participants signed an informed consent form. This study was conducted in accordance
with the Declaration of Helsinki and the International Conference on Harmonization guidelines for Good Clinical
Practice. Written informed consent was obtained from all participants.

Inclusion and Exclusion Criteria

A prospective, double-blind, randomized controlled trial was performed in Sir Run Run Hospital between August 12,
2022, and February 10, 2023. Patients scheduled for painless gastroscopy were eligible for participation in this trial if
they were 1) 18-64 years old; 2) had an American Society of Anesthesiologists (ASA) physical status I or II; 3) had
a body mass index (BMI) >28 kg/m?.

The exclusion criteria were as follows: 1) severe cardiovascular or cerebrovascular disease; 2) digestive tract obstruc-
tion; 3) respiratory infection; 4) history of diabetes, hypertension, or hypotension; 5) severe snoring and sleep apnea
syndrome; 6) history of opioid and esketamine addiction; 7) allergy to drugs used in the present study; 8) psychosocial
disease or cognitive dysfunction.

Randomization and Blinding

All patients provided written informed consent, and were then divided into two groups using a computer-generated
random number table via restricted randomization. With this list kept in a sealed envelope so that only nursing staff
members without any relation to the research could access them. According to the randomization results, the patients
were assigned to either group C or group S. In group C, patients were injected with normal saline placebo and propofol
(2 mg/kg); in group S, patients were injected with esketamine (0.25 mg/kg) and propofol (2 mg/kg). To maintain blinding
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to the research, an independent research nurse prepared and distributed the medications in identical syringes labelled with
study numbers only.

Study Interventions

All patients routinely fasted before the operation, and no preoperative medication was given. After entering the operation
room, venous access was established immediately, and the left lateral position was taken. Noninvasive blood pressure
(NIBP), electrocardiogram (ECG), heart rate (HR), and pulse oxygen saturation (SPO,) were routinely monitored.
Oxygen was administered at 2—4 L/min via a nasal cannula.

For induction of anesthesia, a bolus intravenous injection of esketamine (0.25 mg/kg) or the same volume of normal
saline placebo was administered, followed by immediate intravenous injection of propofol (2 mg/kg). When the eyelash
reflex disappeared and there was no significant body movement, the endoscopist began the endoscopy. The level of
sedation was assessed using the Ramsay Sedation Scale. Additional doses of propofol (0.5 mg/kg) were administered to
achieve a Ramsay sedation score of 5 or 6 and to treat stress responses such as body movement and choking. Once
the SpO, fell below 95%, procedures for opening the airway, such as head-tilt, chin lift, and jaw-thrust, were performed
instantly by the anesthesiologist. If the SpO, fell below 90% and hypoxemia had not ameliorated following the
treatments, the operation was stopped immediately, and the gastroscope was removed. Then, pure oxygen was adminis-
tered via a mask, with positive pressure ventilation if necessary. Ephedrine 6 mg was injected when SBP was below 30%
of the baseline level, and atropine 0.5 mg was injected when HR was below 45/min. Other perioperative adverse events
were recorded and managed in accordance with clinical operation standards.

Upon completion of endoscopic examinations, patients were transferred to the recovery room for at least 30 min. The
patients could leave the operating room when they were fully awake, had a PADSS score >9, and had stable vital signs.

This study was designed as a prospective, double-blind, randomized controlled trial. All patients received intravenous
sedation by the same anesthesiologist, and all data were collected by another anesthesiologist, both of whom were
unaware of the patient allocation group. All procedures were performed by the same endoscopist.

Outcomes

The consumption of propofol was recorded. Systolic blood pressure (SBP), diastolic blood pressure (DBP), HR, and
SPO, were recorded before (T1) and immediately after anesthesia induction (T2), immediately before (T3) and after (T4)
gastroscope insertion, and at the end of the surgery (T5). The duration of the procedure (insertion of gastroscope to
withdrawal of gastroscope), induction time (anesthesia induction to disappearance of eyelash reflex), postoperative
awakening time (the end of operation to consciousness return), and orientation recovery time (consciousness return to
normal walking) were recorded. Adverse events included injection pain, hypoxemia (SpO, <90% for >10 s), body
movement, choking, bradycardia, hypotension (blood pressure <30% of the basal blood pressure), nausea, vomiting,
dizziness, and delirium. The satisfaction of the endoscopist and anesthesiologist was recorded. Satisfaction was evaluated
using a 5-point Likert scale (1=very dissatisfied, 5=highly satisfied).

Statistical Analysis

SPSS 26.0 (SPSS, Inc., IL, USA) was used for all statistical analyses. The normality of the data distribution was
examined by the Shapiro—Wilk test. Normally distributed data are expressed as mean =+ standard deviation (SD), while
non-normally distributed data are expressed as median and interquartile range. Data were compared between groups
using unpaired t-tests, chi-squared tests, Fisher’s exact test, or Kruskal-Wallis one-way ANOVAs with Dunn’s multiple
comparison test, as appropriate. P values<0.05 were considered statistically significant.

Results

Between August 2022 and February 2023, 891 patients were assessed for eligibility, and 778 were excluded before
randomization. Overall, 113 patients were randomly allocated: 58 in group C and 55 in group S. Among these, nine
patients were dropped from the analysis: two were excluded for having a cold and seven for withdrawing consent. Thus,
104 patients were finally analyzed in our study, and detailed participant information is shown in Figure 1.
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Enrollment Assessed for eligibility(n=891)

Excluded (n=778)
* Not meeting inclusion criteria (n=726)
* Meeting exclusion criteria (n=42)
* Declined to participate (n=10)

A 4

Randomized (n=113)

!

4 Allocation 3

Allocated in group C (n=58)
* Recieved allocated intervention (n=52)
 Did not recieved allocated intervention (n=6)
had a cold (n=1)
withdrew content (n=5)

Allocated in group S (n=55)
* Recieved allocated intervention (n=52)
* Did not recieved allocated intervention (n=3)
had a cold (n=1)
withdrew content (n=2)

v Follow-up v

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

v Analysis v

Analysed (n=52)
 Excluded from analysis (n=0)

Analysed (n=52)
* Excluded from analysis (n=0)

Figure | Study population flow diagram.

Patient Inclusion and Characteristics

Figure 1 shows the flow diagram of this study. A total of 104 patients met the inclusion criteria and were randomized into
two groups. The demographic characteristics and baseline values of the patients are shown in Table 1. There were no
significant differences in the characteristics, comorbidities, and baseline values of patients between the two groups.

The Duration of Procedure and Propofol Consumption

In group C, the average duration was 7.1+0.9 min, with longest duration of 10.8 min and shortest duration of 5.2 min. In
group S, the average duration was 6.8+1.1 min, with longest duration of 11.1 min and shortest duration of 4.8 min. There
was no statistical difference in the duration of the procedure between the two groups (P>0.05) (Table 2). Propofol
consumption was 274.4+22.6 and 201.3+16.6 mg in groups C and S, respectively. Propofol consumption in group S was
significantly lower than that in group C (P<0.05) (Table 2).

Evaluation of Anesthesia-Related Indices

The induction time of groups C and S were 25.4+2.3 s and 17.8+1.9 s, respectively. The induction time was significantly
shorter in group S than in group C. The postoperative awakening times of groups C and S were 6.2+1.1 min and 4.8+1.3
min, respectively. The postoperative awakening time in group S was significantly shorter than that in group C. There was
no significant difference in orientation recovery time between the two groups (Table 3).

Table | The Demographic Characteristic of Patients

Group C (n=52) Group S (n=52) P value
Age (years) 41.1£7.9 422493 0.51
Gender (M/F) 34/18 32/20 0.69
BMI (kg/cm?) 314421 31.7+2.2 0.47
ASA (I/11) 11/41 12/40 0.82

Note: Data are presented as meantstandard deviation, or number.
Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists.
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Table 2 The Duration of Procedure and Propofol Consumption

Group C (n=52) Group S (n=52) P value
Duration of procedure (min) 7.1£0.9 6.8+1.1 0.076
Propofol consumption (mg) 274.4+22.6 201.3x16.6 <0.0001
Note: Data are presented as meanzstandard deviation.
Table 3 The Evaluation of Anesthesia-Related Indices
Group C (n=52) Group S (n=52) P value
Induction time (s) 254423 17.8+1.9 <0.0001
Postoperative awakening time (min) 6.2+1.1 4.8+1.3 <0.0001
Orientation recovery time (min) 14.1£2.1 13.9+2.4 0.63

Note: Data are presented as meanztstandard deviation.

Hemodynamic Results

There was no significant difference in SBP, DBP, HR, and SpO, between the two groups at T1 (P>0.05). HR, SBP, DBP,

and SpO, were significantly lower at T2, T3, and T4 in group C than in

group S (P<0.05). SpO, was significantly lower

at TS in group C than in group S (P<0.05). There was no significant difference in SBP, DBP, and HR between the two

groups at TS (P>0.05) (Figure 2).
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Figure 2 The results of repeated measurements of hemodynamic parameters. Systolic blood pressure (A), diastolic blood pressure (B), heart rate (C), and pulse oximetry

(D) of patient treated with propofol alone or in combination with esketamine during painless gastro

scopy. **P<0.01, ***P<0.001.
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Table 4 Incidence of Adverse Events

Group C (n=52) Group S (n=52) P value
Injection pain 42 (80.8) 16 (30.8) <0.0001
Hypoxemia 21 (40.4) 9 (17.3) 0.009
Hypotension 12 (23.1) 4(7.7) 0.029
Bradycardia 9 (17.3) 2 (3.8 0.026
Choking 44 (84.7) 17 (32.7) <0.0001
Body movement 48 (92.3) 19 (36.5) <0.0001
Nausea 0 (0) 0 (0) —
Vomiting 0 (0) 0 (0) —
Dizziness 0 (0) 0 (0) —
Delirium 0 (0) 0 (0) —

Note: Data are presented as number (%).

Incidence of Adverse Events

There were no significant clinical complications during the study. The incidences of injection pain, hypoxemia,
hypotension, bradycardia, choking, and body movement were significantly lower in group S compared with
group C (P<0.05). No nausea, vomiting, dizziness, or delirium was observed in either group (Table 4).

The Satisfactions of Endoscopist and Anesthesiologist
The satisfaction score of endoscopist (4.58+0.49 vs 3.71+£0.83) and anesthesiologist (4.75+0.44 vs 3.334+0.92) were
significantly higher in group S compared to group C (Figure 3).

Discussion

In the present study, our results suggest that the combination of esketamine and propofol maintains hemodynamic
stability and decreases the consumption of propofol and incidence of respiratory depression, as well as shortens the
induction time and awakening time in patients with obesity undergoing painless gastroscopy. Esketamine combined with
propofol could also improve the satisfaction scores of endoscopist and anesthesiologist. Taken together, our data
demonstrate that the combination of esketamine and propofol might be a more effective and safer anesthesia protocol
for patients with obesity in painless gastroscopy. No previous study evaluated the effect of esketamine on patients with
obesity. Therefore, this is the first research focused on the efficacy and safety of esketamine in patients with obesity
undergoing painless gastroscopy, which has a great clinical significance and is worthy of further clinical application.

1 B GroupC [@ Group S

5+ * % %
44

3«

Satisfaction score

14

04
endoscopist anesthesiologist

Figure 3 The satisfactions of endoscopist and anesthesiologist. ***P<0.001.
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It is well known that there is a high risk of airway management in patients with obesity due to the altered airway
anatomy, including limited neck extension, shortened neck, and fat accumulation in the pharyngeal wall.” Due to its
lipophilic properties, the distribution volume of propofol is higher in patients with obesity and a higher dose of propofol
is required to reach the sedative level.” Therefore, anesthetic management for patients with obesity in painless gastro-
scopy presents a challenge to anesthesiologists. It is necessary to seek an effective and safe anesthetic agent combined
with propofol for patients with obesity undergoing painless gastroscopy. Esketamine, as the right-lateral dismantled
fission of ketamine, is a NMDA receptor antagonist that can produce unique dissociative anesthesia and display an
analgesic effect twice that of ketamine.® Previous research has suggested that esketamine can reduce adverse events such
as hypotension and hypoxemia in painless gastrointestinal endoscopy;® however, there is no relevant report for patients
with obesity. According to previous data,'® a subanesthetic dose of esketamine was selected to evaluate the anesthetic
effect in patients with obesity undergoing painless gastroscopy in the present study.

It has been suggested that esketamine can attenuate nociceptive stimuli and inhibit nociceptive transmission via
dissociative anesthesia, therefore reducing the dosage of anesthetics.'' The results of this study suggest that the additional
use of esketamine could effectively reduce the requirement for propofol, which is consistent with the results of previous
studies. Eberl et al found that the combination of low-dose esketamine (0.15 mg/kg) and propofol reduced propofol
consumption significantly in patients undergoing endoscopic retrograde cholangiopancreatography (ERCP).'? Our results
showed that the incidence of stress response, induction time, and awakening time were lower in group S than in
group C. This may be attributed to the synergistic effect of the two agents on different receptors.'> Propofol exerts the
anesthetic role mainly by activating GABA receptors, while esketamine exhibits both sedative and analgesic effects
primarily by inhibiting NMDA receptors.® The synergistic effect of drug combination leads to the reduction of propofol
consumption, and provides a more efficient and safe anesthetic management.

Hemodynamic fluctuations is the most frequent intraoperative adverse event in painless gastroscopy.'* Zhan et al
reported that there was no significant difference with or without esketamine administration (0.05, 0.1 and 0.2 mg/kg) in
terms of hemodynamic characteristics in painless gastroscopy.'> However, the hemodynamics were more stable as the
doses of esketamine were 0.25 and 0.5 mg/kg.'® This might be because the dosages of esketamine were low, and the
sympathetic excitatory effect of esketamine may be offset by cardiovascular depression of propofol.'> We recorded
hemodynamic characteristics and found no significant difference between the groups before operation. However, HR,
SBP, and DBP decreased immediately after anesthesia induction in group C. With the addition of esketamine, the
decreasing trends mentioned above disappeared, and the patients exhibited more stable vital signs, which is similar to the
results of previous studies,'” and the sympathetic excitatory effect of esketamine may be the reason for the stable
hemodynamic.

Our data showed that the combination of esketamine and propofol shortened the induction time in this study.
However, previous studies have shown that there was no difference in induction time between propofol alone and
ketamine combined with propofol in painless gastroenteroscopy.'® The higher potency of esketamine compared with
ketamine might be crucial for the shorter induction time. Some studies have suggested that esketamine has no significant
effect on the awakening time of patients sedated with propofol,'> which is inconsistent with the findings of this study.
Our data showed that the awakening time of patients sedated with propofol was significantly shortened by esketamine
administration. This may be due to the fact that the propofol requirement of patients with obesity was greater in group C,
and administration of esketamine significantly reduced the propofol dosage.

Patients with obesity are more vulnerable to hypoxemia due to a greater dose requirement of propofol, and fat
deposition around the neck narrows the upper airway.'”?° In severe cases, intraoperative oxygen desaturation can
threaten the safety of patients.?'** Therefore, it is of great clinical value to prevent intraoperative hypoxemia during
painless gastroscopy in patients with obesity. Our data showed no significant difference in BMI between the two groups,
which indicates that the risk of respiratory depression was similar in both groups. To avoid injury caused by prolonged
hypoxemia, the length of observation was set at 10 s.2***

Due to the similar pharmacologic actions as ketamine, esketamine has sympathomimetic effects on bronchial smooth
muscle and results in bronchodilation, thus improving respiratory depression,® as demonstrated in previous research.'?
Our data suggests a certain degree of decline in peripheral blood oxygen saturation in both groups after anesthesia
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induction. Compared with group C, the incidence of hypoxemia was significantly lower in group S, suggesting that the
additional application of esketamine improved respiratory depression in patients with obesity undergoing painless
gastroscopy. A possible underlying mechanism may be related to the sympathomimetic effect. Due to the increased
sympathetic tone, voluntary breathing and airway reflexes are maintained, and esketamine therefore stabilizes
breathing.> Furthermore, propofol is related to a higher risk of respiratory inhibition in a dose-dependent manner.”®
Hence, the reduced dosage of propofol is another key factor for the lower incidence of hypoxemia.

In addition, postoperative adverse reactions such as nausea, vomiting, dizziness, and delirium were analyzed, but
none of them appeared in our results. A possible reason is that the patients included in this study were less than 65 years
of age, and the intraoperative anesthetic dosages were appropriate. In conclusion, esketamine is safe and effective for
patients with obesity undergoing painless gastroscopy.

To comprehensively verify the anesthetic effect, the satisfaction of the endoscopist and anesthesiologist during the
treatment process was evaluated in this study. The data demonstrated that the satisfaction scores of the endoscopist and
anesthesiologist in group S were significantly higher than those in group C, which may be due to the following reasons.
First, hypoxemia occurred more frequently in group C, which resulted in a greater number of interruptions, thus reducing
the coherence in the operation. Second, the postoperative awakening time was shorter, intraoperative vital signs were
more stable, and the incidence of adverse effects was lower in group S, which contributed to more controlled anesthetic
management. Third, the incidence of injection pain due to propofol administration was significantly lower in group S,
which alleviates the anxiety and discomfort of patients.

This study had several limitations. First, the sample size was relatively small, with certain limitations and the
possibility of statistical deviation. Second, even though a higher dose of esketamine may result in a more potent sedative
effect and further reduce propofol consumption, the incidence of adverse effects may increase accordingly. Therefore, the
optimum dosage of esketamine has yet to be determined. Finally, patients aged > 65 years were excluded from this study.
We considered that the optimal sedation regimen for elderly patients should be determined according to the results of this
study. In the future, prospective randomized controlled trial studies with a larger sample capacity should be performed to
verify the results of this study.

Conclusions

In conclusion, the combination of propofol and esketamine was associated with a shorter induction time and awakening
time, less propofol consumption, more stable hemodynamics, and lower incidence of adverse events compared with
propofol alone in patients with obesity undergoing painless gastroscopy. Significant advantages were shown in terms of
the satisfaction of endoscopist and anesthesiologist. Therefore, this method is worthy of further clinical application.
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