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Purpose: Propofol and sufentanil are the most commonly used anesthetics during bronchoscopy. Esketamine is an s-enantiomer of
ketamine racemate and has both sedative and analgesic effects, it does not inhibit respiration and maintains hemodynamic stability. We
aimed to compare the intraoperative hypoxemia risk of esketamine/propofol with sufentanil/propofol for patients in bronchoscopy.
Methods: This study was an investigator-initiated, single-center, randomized, double-blind clinical trial. Patients undergoing
bronchoscopy were randomly assigned to receive either sufentanil group (n = 33; sufentanil: 0.2 pg/kg) or esketamine group (n =
33; esketamine: 0.2 mg/kg) for sedation and analgesia. Clinical data, anesthetics usage, incidence of intraoperative hypoxemia, total
time of hypoxemia, recovery time, and adverse events were recorded.

Main Results: The incidence of intraoperative hypoxemia was significantly lower in the esketamine group than in the sufentanil
group (27.2% vs 66.7%, P=0.001, OR=5.333, 95% CI=1.859-15.301). Propofol usage was significantly higher in the esketamine
group than in the sufentanil group (t=2.952, P=0.004). The duration of hypoxia was significantly lower in the esketamine group than in
the sufentanil group (Z=—3.445, P<0.001), and the minimum oxygen saturation (SpO2) was significantly higher than in the sufentanil
group (Z=-2.682, P=0.007). Recovery time from anesthesia was significantly lower in the esketamine group than in the sufentanil
group (Z=—2.709, P=0.007). No difference was found in adverse reactions between the two groups.

Conclusion: Esketamine combined with propofol reduced the incidence of intraoperative hypoxemia compared with sufentanil in
bronchoscopy. Our results offer the possibility for a novel recommendation for the prevention of intraoperative hypoxemia during
bronchoscopy. However, we mentioned the higher propofol use in the esketamine group. Additional clarification is necessary on the
indications and the optimal dose of esketamine.

Trial Registration: Chinese clinical trial registry: ChiCTR2200058990.
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Introduction
Flexible bronchoscopy is a well-established tool for the diagnosis and interventional treatment of respiratory diseases. It
is widely used by physicians for safety, portability, and effectiveness. This procedure is usually performed under sedation
and analgesia." Generally, bronchoscopy is considered a low-risk procedure for healthy patients or those with mild, stable
systemic diseases.” However, patients with confirmed hypoxic respiratory insufficiency present a unique challenge for the
bronchoscopist. Hypoxemia is common during bronchoscopy, with risk heightened in patients with hypoxic respiratory
failure.® Statistically, hypoxemia is observed in 67% of cases during therapeutic rigid bronchoscopy when intravenous
general anesthesia and autonomous ventilation are employed.4

Esketamine, the S-enantiomer of the ketamine racemate, exhibits a higher affinity for the NMDA receptor than the
R-enantiomer. This results in a reduction of the dose-dependent dissociative properties typically associated with
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ketamine.’ Esketamine demonstrates twice the affinity for NMDA receptors as ketamine, as well as double the sedative
and analgesic effects. Both the European Medicines Agency (EMA) and the National Medicines and Medical Devices
Agency (NMPA) have approved the use of esketamine for general anesthesia in Europe and China, respectively.
Compared to ketamine, esketamine has a higher clearance rate, faster metabolism, rapid recovery from sedation, and
potent analgesic effects. The required dose of esketamine is approximately half that of ketamine. It has a minimal effect
on the respiratory center, allowing for the maintenance of spontaneous respiration. In recent years, esketamine has
become increasingly established in clinical practice.®®

Opioids are generally used to relieve pain, but they are highly addictive with adverse effects such as respiratory
depression, histamine release, hemodynamic changes and hypersensitivity reactions. Respiratory depression is one of the
most severe symptoms of acute opioid intoxication.’ It is regulated by opioid receptors expressed on the respiratory
neurons of the CNS.'® Neurons in the lateral parabrachial nucleus expressing p-opioid receptors are involved in the
pathogenesis of opioid-induced respiratory depression.!' Sufentanil, a potent opioid analgesic, is a thiophene derivative
of fentanyl that was first synthesized in the 1970s. It is the basic drug for the intravenous component of balanced general
anesthesia.'> Given its non-negligible respiratory depression, the search for new anesthetic adjuncts is necessary to
reduce the potential risks.

Several recent studies have demonstrated that esketamine is effective in reducing hypoxemia compared to sufentanil.
For instance, Jonkman et al showed that esketamine effectively mitigates remifentanil-induced respiratory depression.'?
Deng et al found that a low dose of 0.25 mg/kg esketamine provided safe and effective anesthesia during gastrointestinal
endoscopy and reduced the incidence of intraoperative hypoxemia. When combined with propofol, low-dose esketamine
helps maintain stable respiratory and circulatory status while providing sedative and paralytic effects.'* Additionally,
a randomized controlled study revealed that esketamine enhances hemodynamic stability and decreases the incidence of
hypotension during tracheoscopic drug injection, compared to sufentanil.'®

Although clinical research on esketamine in humans is ongoing, the strength of evidence for its efficacy remains low.
This study aimed to examine the available data on esketamine and sufentanil and determine the comparative efficacy of
these two drugs in patients undergoing bronchoscopy. The primary outcome was the incidence of intraoperative
hypoxemia. Secondary outcomes included hemodynamic stability and safety, recovery time from anesthesia, severe

intraoperative hypoxemia risk and adverse outcomes.

Materials and Methods

Study Design

This was a single-center, randomized, double-blind study conducted at Beijing Chao-Yang Hospital, Capital Medical
University from April 2022 to August 2022. The study was performed by clinical practice standards and the principle of
the Declaration of Helsinki 2002 and was approved by the ethical committees of Beijing Chao-Yang Hospital, Capital Medical
University, and was registered on the Chinese clinical trial registry (ChiCTR2200058990). All patients provided written
informed consent before study participation. There have been no significant changes since the start of this study trial. This
report adheres to the Comprehensive Reporting Standards for Randomized Trials (CONSORT) reporting guidelines.

Study Inclusion and Exclusion Criteria

To identify patients’ eligibility, an independent clinical reviewer confirmed the qualifications. Briefly, all patients who
were scheduled for bronchoscopy under general anesthesia were screened for qualification. The inclusion criteria were
the following: patients aged >18 years or older; planning for elective bronchoscopy under general anesthesia without
intubation; American Society of Anesthesiologists (ASA) classification I-III. The exclusion criteria were: SpO2 < 90%
after preoperative oxygenation; history of depression or taking antidepressants, neuropsychiatric disorders, hyperthyroid-
ism or drug abuse; inability to communicate; abnormal liver and kidney function; serious adverse reactions such as
cardiac arrest and cardiopulmonary resuscitation during bronchoscopy; severe hypertension, high intraocular pressure or

high intracranial pressure patients.
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Outcomes

Primary outcomes

The primary outcome was the incidence of intraoperative hypoxemia, which was diagnosed as the rate of SpO2 < 90%
lasting for 30s during the bronchoscopy.

Secondary Outcomes

1. Hemodynamic stability and safety were assessed by non-invasive blood pressure and electrocardiogram, which
included cardiovascular adverse events such as hypotension. It was measured as a change >25% from baseline and/
or necessitating an intervention.

2. Recovery time from anesthesia was defined as the time from the end of anesthesia to Aldrete score of 9.

3. Severe intraoperative hypoxemia was defined as SpO2 < 75% at any time during the bronchoscopy.

4. The total duration of intraoperative hypoxemia was assessed as the total duration of SpO2 < 90% during the
bronchoscopy.

5. Adverse events indicated accidental or adverse reactions to sedatives that threaten or cause patient injury.

6. Patient satisfaction consisted of very unsatisfied, unsatisfied, satisfied, and very satisfied.

Anesthesia
Bronchoscopy was performed in the outpatient bronchoscopy room. All patients were not allowed to eat or drink for one night
before the procedure. Preoxygenation was performed 5 minutes before induction of anesthesia. All patients received
standardized surgical and anesthesiological care. Routine monitoring was performed on arrival in the operating room,
including electrocardiogram, pulse oximetry, and noninvasive blood pressure measurement. Patients received either sufentanil
(0.2 pg/kg) and propofol (1.5-2.5 mg/kg) in the sufentanil group or esketamine (0.2 mg/kg) and propofol (1.5-2.5 mg/kg) in
the esketamine group during induction of anesthesia. After loss of consciousness (LOC), propofol (4-12 mg-kg '- h™") was
used to maintain anesthesia. Oxygen (3—6 L/min via nasal cannula) was administered to all patients during bronchoscopy.
Five mL of 2% lidocaine (Tianjin Jinyao Pharmaceutical Co., Tianjin, China) was injected into the trachea by the surgeon
through the tracheoscope after the tracheoscope was inserted into the trachea. In patients with SpO2 below 90%, fresh oxygen
was initially administered to achieve adequate ventilation and compensate for airway leakage. If this did not work, we offered
the patient jaw support or asked the surgeon to interrupt the operation and ventilate the patient for a few minutes until the SpO2
was above 95%. Intraoperative vasopressor medications were used to maintain mean arterial blood pressure within 20% of
baseline. Adverse events were monitored throughout the study.

Time points for recording hemodynamics were listed as the following:

to: before the start of surgery; t;: start of surgery; t,: 3 minutes after the start of surgery; t3: 6 minutes after the start of
surgery; t4: 9 minutes after the start of surgery; and ts: at the end of the surgery.

Randomization, binding were in line with the protocol presented in a previously published study protocol.'®

Statistical Analysis

The sample size for this trial was determined based on the results of pretrial. In the pretrial, the incidence of
intraoperative hypoxemia was approximately 64% in the sufentanil group and 30% in the esketamine group.
Considering a 10% dropout rate, 33 individuals per treatment group were randomly assigned to ensure a significance
level of 5% and a study power of 80%.

For continuous variables, the Shapiro—Wilk test was used to estimate the distribution. Normally distributed variables
were presented as means, and two-tailed unpaired t-tests were used for comparisons between groups. Non-normally
distributed variables were depicted as medians, and the Mann—Whitney U-test was used for comparisons between groups.
Categorical variables were analyzed using the y* test and expressed as numbers (percentages). Two-way repeated
ANOVA was applied for the continuous variables at different time points.

For the primary outcome, between-group differences in categorical data were expressed as odds ratio (OR) and 95%
CI. Regarding data management, variables with missing data exceeding 20% of the total observations were excluded
from the final analysis. No imputation methods were applied to address the remaining missing values to preserve data
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integrity and avoid potential bias from speculative substitutions. Statistical analyses were conducted using SPSS 26.0
software (IBM SPSS Statistics, Armonk, NY) and GraphPad Prism 5.0 software (GraphPad Software, San Diego, CA,
USA). P-values less than 0.05 were regarded as statistically significant.

Results

The flowchart of the study is shown in Figure 1. Finally, a total of 66 patients were randomly assigned to the esketamine group
or the sufentanil group (33 in the esketamine plus propofol group and 33 in the sufentanil plus propofol group). The two groups
were comparable in demographic and baseline clinical characteristics (Table 1). The average age in the esketamine and
sufentanil groups was 58.4 £13.9 and 58.0 +17.2 years old, respectively. The average dose of esketamine and sufentanil used
by patients in the esketamine group and sufentanil group was 15.2+11.2 mg and 12.6+2.1pg, respectively.

There were 9 and 22 patients who had intraoperative hypoxemia in the esketamine group and sufentanil group,
respectively. The incidence of intraoperative hypoxemia was significantly lower in the esketamine group than in the
sufentanil group (27.3% vs 66.7%, P=0.001, OR=5.333, 95% CI=1.859-15.301). The duration of intraoperative
hypoxemia in the esketamine group was significantly lower than that in sufentanil group (Z=-3.445, P<0.001).
Intraoperative lowest SpO2 in the esketamine was also lower than that in the sufentanil group (Z=—2.682, P=0.007).
The usage of propofol in the esketamine group was significantly higher than that in the sufentanil group (t=2.952,
P=0.004). Recovery time from anesthesia (Z=—2.709, P=0.007) and time from the end of surgery to a score of 9 of
ALDRETE (Z=-2.401, P=0.016) in the esketamine group was significantly shorter than that in the sufentanil group.
There was no serious intraoperative or postoperative complication in the two groups. No significant difference was found
in patient satisfaction between the two groups. (Table 2)

Two-way repeated ANOVA revealed that SpO2 levels were significantly higher in the esketamine group compared to
the sufentanil group (F=16.073, P<0.001), and a significant time effect was observed (F=8.443, P<0.006). Significant
differences were also found in the time effect for systolic blood pressure (F=11.431, P<0.001), diastolic blood pressure
(F=7.122, P<0.001), and heart rate (F=4.477, P<0.006). However, no significant differences were observed for group
effects or time*group interactions (both P>0.05). (Figure 2)

’ 75 patients assessed for eligibility ‘

9 Excluded:

2 history of depression or taking
antidepressants;

2 Neuropsychiatric disorders,
hyperthyroidism or drug abuse;

2 Inability to communicate;

3 Severe hypertension, intraocular
pressure, or intracranial pressure.

‘ 66 patients eligible ‘

’ 66 patients randomized I

—=

33 assigned to 33 assigned to
receive esketamine receive sufentanil
33 included in analysis l I 33 included in analysis

Figure | Flowchart of the study.
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Table | Baseline Characteristics of the Patients

Esketamine | Sufentanil
(n=33) (n=33)

Age (years) 584 (13.9) 58.0 (17.2)
Height (cm) 165.1 (8.1) 165.5 (8.7)
Weight (kg) 63.0 (10.5) 66.4 (13.1)
Male, n (%) 18 (54.5) 19 (57.6)
Hypertension, n (%) 7(21.2) 8 (24.2)
Diabetes, n (%) 6 (18.2) 8 (24.2)
Cerebral infarction, n (%) 6 (18.2) 7(21.2)
ASA, n (%)
| I (3) 5(15.2)
I 29 (87.9) 22 (66.7)
11l 39.1) 6 (18.2)
Pulmonary function classification,
n (%)
Normal 22 (66.7) 18 (54.5)
Mild 6 (18.2) 8 (24.2)
Moderate 5 (15.2) 6 (18.2)
Severe 0 I (3.0)
Smoking, n (%) 10 (30.3) 13 (39.4)
Drinking, n (%) 7 (21.2) 9 (27.3)

Abbreviation: ASA, American Society of Anesthesiologists.

Table 2 Details of Study Drug Administered and Outcomes in the Two Groups

Esketamine Sufentanil t,y>orZ P

(n=33) (n=33)
During of surgery (min) 16.2 (6.9) 14.6 (6.2) 1.013 0.315
Dosage of propofol (mg) 2445 (71.0) 197.0 (57.8) 2.952 0.004
Dosage of esketamine (mg) 152 (11.2)
Dosage of sufentanil (ug) 12.6 (2.1)
Hypoxemia, n (%) 9 (27.3) 22 (66.7) 10.28 0.001
Time of hypoxemia (s)* 20 (15, 30) 60 (20, 90) —3.445 <0.001
Mix SPO2 (%)* 91 (89, 92) 88 (71, 90.5) —2.682 0.007
PONY, n (%) | (3.0) 5(15.2) 2,933 0.087
Hypotension, n (%) 7(21.2) 14 (42.4) 3.422 0.064
Recovery time from anesthesia (min)* 5 (4.5, 6.5) 7.5 (5.0, 10.0) -2.709 0.007
ALDRETE time (min)* 8 (6.0, 9.5) 9.5 (7.0, 14.0) —2.401 0.016
Patient satisfaction, n (%) 2.468 0.291
2 I (3.0 0
3 23 (69.7) 19 (57.6)
4 9(273) 14 (42.4)

Note: * Median (quartile).

Abbreviations: PONY, postoperative nausea and vomiting; SpO2, oxygen saturation.

Discussion
Our study showed that respiratory depression was significantly reduced in the esketamine group compared with the
sufentanil group. To our knowledge, this was the first RCT that has compared esketamine with sufentanil for the risk of
intraoperative hypoxemia in the setting of bronchoscopy.

In this study, patients receiving esketamine/propofol had a significantly lower rate of intraoperative hypoxemia
(27.2% versus 66.7%). Similar to our results, Chen et al also showed that subclinical doses of esketamine lowered the
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Figure 2 Comparison of systolic blood pressure (A), diastolic blood pressure (B), heart rate (C), and SpO2 (D) at different time points in the intraoperative period
between the two groups. to: before the start of surgery; t;: start of surgery; t,: 3 minutes after the start of surgery; t3: 6 minutes after the start of surgery; ty: 9 minutes after
the start of surgery; and ts: at the end of the surgery. Dots and error bars represent mean and standard deviation.

incidence of apnea and intraoperative asphyxia.'” Of note, patients were at high risk for hypoxemia during bronchoscopy.
For example, Van et al found a 56% incidence of hypoxemia in patients undergoing bronchoscopy.'® Esketamine
complements opioids in pain management'® and counteracts opioid-induced respiratory depression, indicating
a possible profound interaction between esketamine and opioid neurotransmitter systems.'> Esketamine has
a stimulating effect on respiration, it stabilizes the respiratory center by blocking NMDA receptors and increasing
carbon dioxide sensitivity, thereby decreasing the incidence of respiratory depression.?’

In our hospital, anesthesia for bronchoscopy is mainly performed with propofol in combination with sufentanil.
However, cumulative doses of opioids have a detrimental effect on respiratory saturation. Surgically induced hypoxia,
such as endobronchial hemorrhage, bronchial secretions, or tissue debris obstructing the airway, can be relieved by
repositioning the bronchoscope, secretion inhalation and oxygenation. In this study, although intraoperative hypoxemia
occurred in a significant number of cases, it was easily reversible and rarely life-threatening. No serious adverse events
such as myocardial infarction, cardiac arrest or death occurred in this study. The majority of our patients were in ASA2,
who may be able to avoid transient hypoxemia.

Interestingly, the use of propofol was significantly higher in the esketamine group compared to the sufentanil group.
However, a randomized, controlled multicenter study conducted in the Netherlands demonstrated that low-dose esketa-
mine reduced the total amount of propofol required for sedation during endoscopic retrograde cholangiopancreatography,
compared to alfentanil, although recovery time was not affected.?! Similarly, the results of a meta-analysis showed
a reduction in propofol consumption with the use of the combination of esketamine and propofol when compared to other
drug combinations.”* The discrepancy in findings may be attributed to differences in patient selection. The increased
propofol use in the esketamine group and the lack of long-term outcome data warrant further investigation.

As an NMDA receptor antagonist, esketamine produces analgesic, sedative, and anesthetic effects by selectively
blocking NMDA receptors involved in pain transmission and mood regulation. Esketamine has dose-dependent effects on
the respiratory center. It does not induce significant respiratory depression at routine doses, and voluntary respiratory
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function is maintained.”> Additionally, esketamine has a bronchodilating effect that relaxes bronchial smooth muscles,
further reducing its potential risks to the respiratory system. These properties may help explain the lower incidence of
hypoxemia observed in the esketamine group, as compared to sufentanil’s opioid-related respiratory depression.**

Limitation

The results of this study are valuable for improving airway care during bronchoscopy and for training or instructing
anesthesiologists. Although this study has several advantages, several limitations deserve expansion here. First, we did
not observe postoperative SpO2. Therefore, our results on the reduction of hypoxemia by esketamine are limited to the
perioperative period and cannot be generalized to the postoperative period. Second, the participants were only from
Beijing Chao-Yang Hospital, Capital Medical University. The single-center design and fixed esketamine dose limit
generalizability, and further exploration of dosing regimens and long-term effects would strengthen the findings. Further
large-scale multicenter clinical trials are needed. Third, a fixed dose of esketamine (0.25 mg/kg) was used in this study.
Lower doses of esketamine might also be useful and have fewer adverse effects. However, further studies are needed to
clarify the indications and effects of esketamine supplementation in this patient group. Fourth, we could not demonstrate
specific side effects such as postoperative depression, anxiety, cognition, etc. Intraoperative monitoring of end-expiratory
carbon dioxide information was not possible in the present study. Furthermore, the higher propofol use in the esketamine
group and the lack of long-term outcome data may influence the interpretation of results. Finally, a notable methodo-
logical limitation arises from the initiation of patient recruitment prior to formal trial registration. Although ethical
approval was obtained in March 2022, a pilot study was first conducted during this period to determine sample size
requirements, evaluate drug dosage safety, and assess protocol feasibility. Subsequent formal enrollment of participants
occurred between April and August 2022.

Conclusions

In this study, esketamine was found to have a significantly lower risk of intraoperative hypoxemia compared to
sufentanil. Our results provide an opportunity for a new recommendation to avoid intraoperative hypoxemia during
bronchoscopy using esketamine/propofol. Further elaboration is needed on the implications of higher propofol use in the
esketamine group. Additionally, the lack of data on long-term outcomes and the single-center design limit the balanced
interpretation of the study’s applicability. Further prospective studies and adequate follow-up are required to investigate
the effects of esketamine on long-term clinical outcomes after bronchoscopy.
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The datasets used and/or analyzed during the current study are available from the corresponding authors (Yuan Sun and
Anshi Wu) upon reasonable request.
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