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ARTICLE INFO ABSTRACT
Keywords: Background: This study compared the efficacy of oropharyngeal airways (OA) and nasopharyngeal
Hypoxemia airways (NA) in maintaining oxygenation during painless fiberoptic bronchoscopy (PFB) in pa-
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tients sedated with remimazolam besylate.

Methods: Two hundred and fifty-two patients were randomized to the OA or NA group. Remi-
mazolam besylate was used for anesthesia induction and maintenance in both groups. We
measured and recorded several physiological parameters, including mean arterial pressure, heart
rate and oxygen saturation (Sp0O2), at various time points: before anesthesia (T1), after anesthesia
induction (T2), immediately after the bronchoscope reached the trachea (T3), during the pro-
cedure (T4), and 5 min after transfer to the post-anesthesia care unit (T5). The incidence and
frequency of hypoxemia, minimum SpO2 during the procedure and patient awakening time after
flumazenil administration were also recorded. Additionally, the relationship between minimum
SpO2 and body mass index (BMI) was investigated.

Results: Patients in the NA group experienced a higher incidence of hypoxemia compared to the
OA group. Patients in the OA group maintained higher SpO2 levels at T3 and had a higher
minimum SpO2 during the procedure than the NA group. Furthermore, a significant negative
correlation was observed between minimum SpO2 and BMI. Following flumazenil anesthesia
reversal, nearly 97 % of patients awakened within 1 min.

Conclusions: This study suggests that OA may provide a better safety profile than NA by preserving
respiratory function during PFB.

1. Introduction

In recent years, fiberoptic bronchoscopy has been widely used to diagnose and treat respiratory diseases [1,2]. According to the
British Thoracic Society guidelines for flexible bronchoscopy in adults, patients undergoing bronchoscopy should be offered intra-
venous sedation as long as there are no contraindications [3]. Fiberoptic bronchoscopy can be performed under various anesthesia
techniques, including general anesthesia with tracheal intubation or laryngeal mask airway, intravenous sedation and topical
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anesthesia. Painless fiberoptic bronchoscopy (PFB) involves the administration of sedative and analgesic medications to achieve a state
of minimal sedation during the procedure. This allows for a brief period of amnesia and reduced discomfort, enabling the patient to
tolerate the procedure while awakening rapidly afterward with minimal recall of the experience [4]. PFB avoids the physiological and
psychological discomfort caused to patients during routine bronchoscopy under local anesthesia, makes patients more comfortable,
improves the positive sampling rate, shortens the examination time and reduces the re-examination rate [5]. PFB aims to ensure safety,
comfort and prompt awakening, in line with the trend towards more comfortable medical care and improved postoperative recovery.

Maintaining normoxia is a critical aspect of the anesthesiologist’s role during the procedure [6]. Using a laryngeal mask airway
(LMA) during fiberoptic bronchoscopy can alleviate hypoxemia and facilitate easy access to the glottis, particularly in patients with
subglottic obstruction and those at high risk [7]. However, the LMA is still considered an invasive form of ventilation and requires a
certain depth of anesthesia. Due to the increasing demand for comfortable diagnosis and treatment, there is a pressing requirement for
an increased availability of non-invasive and expeditious ventilation support tools. It is now understood that non-invasive ventilation
tools such as oropharyngeal airways (OA) and nasopharyngeal airways (NA) can offer airway support. Previous studies have shown
that OA are associated with several benefits. For example, one study found that OA were linked to a significantly lower incidence of
hypoxia, shorter endoscopy entry time and more stable hemodynamics in elderly patients undergoing esophagogastroduodenoscopy
[8]. Moreover, another study reported that using NA in obese patients during painless gastroscopy resulted in less SpO2 reduction than
nasal oxygen tubes [9]. Furthermore, nasopharyngeal apnoeic oxygenation has been demonstrated to prolong safe apnea time and
reduce the risk of desaturation in morbidly obese patients [10]. However, despite these findings, the use of OA and NA in PFB remains
limited in terms of established application experience.

To address this knowledge gap, we conducted a prospective, randomized study comparing the efficacy and safety of NA and OA in
patients undergoing PFB with intravenous anesthesia. The study specifically assessed the ability of both devices to maintain respiratory
function and oxygenation while also monitoring for potential adverse events.

2. Materials and methods
Ethics approval

We conducted a prospective randomized controlled trial following approval from our institution’s ethics committee (approval
number: 20230326). Before patient enrollment, the trial was prospectively registered at the Chinese Clinical Trial Register
(ChiCTR2400079589) (https://www.chictr.org.cn/bin/project/edit?pid=202069). Written informed consent was obtained from all
patients before enrollment. The study was carried out between January 2024 and April 2024.

2.1. Study population

This study enrolled adult patients aged 18-85 years old, regardless of gender. To participate, patients needed an American Society
of Anesthesiologists (ASA) Class I-III classification and a metabolic equivalent (MET) greater than 3. Exclusion criteria included:
severely loose teeth, deviated nasal septum, history of nasal surgery, extremely severe obstructive ventilation dysfunction, pre-
anesthesia oxygen saturation below 90 %, or existing respiratory failure. All enrolled patients met the necessary criteria for under-
going fiberoptic bronchoscopy.

2.2. Anesthesia protocol

Prior to the procedure, all patients were instructed to abstain from solid food for 8 h and clear liquids for 2 h. Upon arrival in the
anesthesia preparation room, intravenous access was established. Standard monitoring equipment, including a pulse oximeter, three-
lead ECG and non-invasive blood pressure cuff, were applied after entering the operating room. Patients received oxygen inhalation
through a nasal cannula at a flow rate of 2 L/min. Lidocaine aerosol was administered three times to achieve topical pharyngeal
anesthesia. Fiberoptic bronchoscopy was performed via the nasal route in all patients. Remimazolam besylate was injected intrave-
nously for both induction using a micropump at a dose of 0.05-0.2 mg/kg and maintenance of anesthesia. Additional bolus doses of
1-2 mg of remimazolam besylate were administered as needed based on clinical judgment and the patient’s response. Following the
induction of anesthesia, patients were randomly assigned to either the OA group (n = 126) or the NA group (n = 126) using a random
number table method. Finally, the appropriate airway device (OA or NA) was inserted.

If a patient’s mean arterial pressure (MAP) decreased by more than 20 % from baseline, intravenous M-hydroxylamine (a vaso-
pressor) was administered at a dose of 0.2-0.5 mg until MAP normalized. Topical pharyngeal anesthesia with 2 % lidocaine hydro-
chloride solution (5 ml) was administered as needed during the fiberoptic bronchoscopy procedure. Following the procedure,
flumazenil (0.5 mg) was administered to reverse the effects of remimazolam besylate. All patients were monitored closely in the post-
anesthesia care unit (PACU) for at least 30 min before discharge following fiberoptic bronchoscopy and recovery. The anesthesiologists
involved in the study were highly experienced.

2.3. Management of SpO2 reduction

Prior to anesthesia induction, all patients received supplemental oxygen via a nasal cannula at a flow rate of 2 L/min. During
anesthesia maintenance, oxygen administration was continued, either through the OA or NA, depending on the chosen airway device
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and as long as the patient’s SpO2 remained at or above 90 %. Hypoxemia, characterized by a SpO2 value below 90 % [11,12], is one of
the most common complication of PFB [13]. As indicated by a previous retrospective cohort study, Sp02<94 % during bronchoscopy
was an independent risk factor for post-bronchoscopy respiratory adverse events [14]. The following steps were undertaken in case of
hypoxemia in the present study: (1) If the SpO2 decreased to 85%-90 %, the anesthesiologist would increase the oxygen flow rate to 5
L/min through the existing OA or NA and perform a jaw lift maneuver to improve airway patency. (2) If the SpO2 dropped below 85 %,
a fiberoptic laryngoscope would be inserted to establish a definitive airway and provide immediate oxygenation. (3) In cases where the
SpO2 remained below 85 % for more than 1 min despite the above interventions, mask ventilation with positive pressure would be
initiated after the removal of the fiberoptic bronchoscope. (4) If hypoxemia persisted even with mask ventilation, endotracheal
intubation would be performed.

2.4. QOutcome measurements

The medical histories of patients, including comorbidities such as hypertension, diabetes, and heart disease, were collected in the
anesthesia preparation room. We also recorded patient age, height, weight, and MET and measured their neck and abdominal cir-
cumferences. Additionally, we calculated and evaluated the body mass index (BMI) and ASA classification and determined the neck
circumference/height ratio (NHR). The vital signs, including MAP, HR, and SpO2, were monitored at different time points: pre-
anesthesia (T1), post-anesthesia induction (T2), immediately upon the fiberoptic bronchoscope reaching the tracheal carina (T3),

Patients undergoing painless
fiberoptic bronchoscopy

I
Exclusion Criteria :
1. Patients with severe loose teeth, deviated
nasal septum or nasal surgery history
2.Patients with extremely severe obstructive

Inclusion criteria:
1.Age 18-85 years,
2. American Society of

?DHEIS i e i ventilation dysfunction
3. MET=>3 3.Patients with pulse oxygen saturation

(SpO2)=90% before anesthesia or respiratory
failure

| Assessed for eligibility (u=280)

Patients excluded :
Incomplete perioperative data (n=28)

Randomized(n=252)

Nasopharyngeal airway Oropharyngeal airway

(n=126) (n=126)
I |

Data collection

Primary outcome Secondary outcome

1.The incidence of 1. The minimum Sp02
hypoxemia 2. Management of hypoxemia
3. Awakening from anesthesia
and incidence of adverse effects

Fig. 1. Flowchart of the present study.
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during the fiberoptic bronchoscopy procedure itself (T4), and finally, 5 min after transfer to the post-anesthesia care unit (PACU) (T5).

Hypoxemia is defined as a condition where the oxygen saturation level in the blood is below 90 %. We recorded the frequency and
incidence of hypoxemia, the minimum SpO2 (Min SpO2), and the number of patients that required the jaw-thrust maneuver, rapid
oxygenation, mask pressurized ventilation or endotracheal intubation. We also recorded whether a patient experienced hypotension
requiring vasopressor treatment. The anesthetic dosage, operation times, and patients’ awakening were carefully recorded, including
whether the modified observer’s assessment of alert/sedation (MOAA/S) was >4 within 1 min after flumazenil antagonism and the
time to leave the PACU (within 1 h) after awakening. The MOAA/S scale is a validated 6-point scale that evaluates patient respon-
siveness along the ASA sedation continuum [15]. A score of 5 indicated a quick response to their name spoken normally, while
0 indicated no reaction to a painful trapezius squeeze.

2.5. Primary and secondary outcomes

The primary outcome of our study was the incidence and frequency of perioperative hypoxemia and the Min SpO2 during PFB.
Secondary outcomes included comparisons of vital signs at various time points (T1-T5), the incidence of adverse events (AEs), and
patient awakening times between the OA and NA groups.

2.6. Sample size estimation

After conducting a literature review, we determined the sample size required for the study based on the incidence of hypoxemia
during painless gastroscopy. It has been reported that the incidence of hypoxemia is 4.4 % with OA [16] and 15.9 % with NA [9]. Using
a one-tailed test, a P-value of 0.025, and a power value of 0.8, we used PASS 2021 software to estimate the sample size for the study,
with the NA and OA groups being in a 1:1 ratio. The sample size required was 210 patients (n = 105 per group). Given that
approximately 20 % of patients were expected to drop out, 252 patients were enrolled in the study, with 126 in the NA group and 126
in the OA group.

2.7. Statistical analysis

Statistical analysis was conducted using SPSS version 23.0 (SPSS Inc., Chicago, US). Quantitative data were described as the mean
+ SD, and an independent sample t-test was used to compare the two groups. Intraoperative anesthetic drugs and other drug con-
centrations were presented as medians (interquartile range) and analyzed using the Mann-Whitney test. Categorical data are described
as numbers or frequencies (%), and %2 or Fisher’s exact test was used to compare both groups when appropriate. Correlation analysis
was performed by the partial correlation test. P < 0.05 was considered statistically significant.

Table 1

Baseline characteristics of the study participants.
Group NA OA P-value
Age (years) 60.91 + 10.94 58.80 + 10.14 0.11
Gender (F/M) 40/86 39/87 0.89
Height (cm) 162.90 + 7.90 162.82 + 7.48 0.94
Weight (kg) 60.26 + 9.45 61.81 + 9.86 0.21
BMI (kg/mz) 22.71 + 2.98 23.32 + 3.09 0.12
Neck circumference (cm) 38.32 + 4.28 38.65 + 4.79 0.57
Abdominal circumference (cm) 86.63 + 8.66 87.54 +£11.90 0.49
NHR 0.23 £ 0.33 0.23 £+ 0.40 0.98
MET 5.67 £1.78 5.99 £1.38 0.16
ASA classification 0.34
I 11 9
I 77 88
111 38 29
Type of procedure 0.938
BAL 38(30.2 %) 41(32.5 %)
transbronchial biopsy 33(26.2 %) 35(27.8 %)
EBUS-TBLB 34(26.9 %) 31(24.6 %)
EBUS-TBNA 21(16.7 %) 19(15.1 %)
Comorbid conditions, n (%)
Hypertension 36 (28.6) 41 (32.5) 0.49
Diabetes mellitus type 2 10 (7.9) 13 (10.3) 0.59
Coronary artery disease 8(6.3) 8(6.3) /

Continuous variables are reported as the mean + SD and/or median (range). Comparisons between the two groups were performed using an
unpaired t-test. Categorical data are reported as numbers or frequencies (%) and a 2 or Fisher’s exact test was used to compare the two groups
when appropriate.

BMI: body mass index; MET: metabolic equivalent; NHR: neck circumference/height ratio; NA: nasopharyngeal airway; OA: oropharyngeal airway;
F/M: female/male; BAL: bronohoalveolar lavage; EBUS-TBLB: endobronchial ultrasound-guided transbronchial lung biopsy; EBUS-TBNA: endo-
bronchial ultrasound-guided transbronchial needle aspiration.
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3. Results
3.1. Baseline characteristics of the study participants

A total of 252 patients from our institution were enrolled in this prospective, randomized controlled trial (illustrated in Fig. 1) after
assessment of 280 patients for eligibility. Patients for whom complete perioperative data could not be obtained were excluded (n = 28).
Table 1 summarizes the morphometric, demographic, and baseline clinical characteristics of the patients in each group. No significant
differences were observed between the OA and NA groups in terms of age, height, weight, BMI, MET, ASA classification, neck
circumference, abdominal circumference, NHR, or comorbidities (Table 1). The fiberoptic bronchoscopy procedures in this study
included bronchoalveolar lavage (BAL), transbronchial biopsy, endobronchial ultrasound-guided transbronchial lung biopsy (EBUS-
TBLB), and endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA). The number of procedures performed
(BAL, transbronchial biopsy, EBUS-TBLB and EBUS-TBNA) did not differ statistically between the OA and NA groups (Table 1).
Similarly, the intraoperative doses of remimazolam besylate and operative times did not show significant differences between the
groups (Table 2). Notably, the operative times for the OA group (mean + SD: 31.04 + 18.95 min) and NA group (mean + SD: 34.18 +
19.26 min) were comparable (Table 2).

3.2. SpO2 dlterations and airway maintenance following hypoxemia in both groups

This study revealed a significantly lower incidence of hypoxemia in the OA group compared to the NA group (38.8 % vs. 59.6 %, ¥2
=10.73, P = 0.001). Further analysis of hypoxemia risk by procedure type demonstrated a significant decrease in patients undergoing
EBUS-TBLB (20/44 vs. 8/23, P = 0.007) and EBUS-TBNA (16/41 vs. 8/11, P = 0.02) in the OA group. However, no such decrease was

Table 2
Anesthetic drugs, respiratory and hemodynamics parameters in the two groups.
NA OA P-value

Anesthetic drugs and operative time
Remimazolam besylate (mg) 27 (20-40) 26.8 (20~38.5) 0.95
Operative time (minutes) 34.18 +£ 19.26 31.04 + 18.95 0.20
Respiratory parameters
SpO> (%, T1) 97.23 £ 1.53 97.55 + 1.33 0.08
SpO; (%, T2) 97.84 + 2.19 97.96 + 2.05 0.65
Sp02 (%, T3) 94.47 + 5.88 96.09 + 4.20 0.01%
SpO2 (%, T4) 96.54 + 2.78 96.79 + 2.49 0.46
SpO3 (%, T5) 98.06 + 9.31 97.33 £ 2.40 0.39
Hypoxemia (Y/N) 75/51 49/77 0.001 %%
Hypoxemia of BAL (Y/N) 23/15 16/26 0.06
Hypoxemia of transbronchial biopsy (Y/N) 16/17 17/18 0.99
Hypoxemia of EBUS-TBLB (Y/N) 20/14 8/23 0.007**
Hypoxemia of EBUS-TBNA (Y/N) 16/25 8/11 0.02*
Minimum SpO, 87.02 + 7.89 90.00 + 5.61 <0.0001 %k %k %%k
Frequency of hypoxemia 1(0,1) 0(0,1) 0.006% %
Frequency of hypoxemia in BAL 1(0,1) 0(0,1) 0.29
Frequency of hypoxemia in transbronchial biopsy 0(0,1) 0(0,1) 0.83
Frequency of hypoxemia in EBUS-TBLB 1(0,2) 0(0,1) 0.15
Frequency of hypoxemia in EBUS-TBNA 1(1,2) 0(0,1) 0.17
Times of jaw lifting 1(0,2) 1(0,1) 0.03%
Times of rapid oxygenation 0(0,1) 0(0,1) 0.07
Mask pressurized ventilation 0 0 /
Endotracheal intubation 0 0 /
Hemodynamics parameters
MAP (mmHg, T1) 98.66 + 13.68 101.24 +£ 11.74 0.11
MAP (mmHg, T2) 95.20 + 12.84 98.66 + 13.68 0.57
MAP (mmHg, T3) 100.86 + 20.07 102.08 + 19.00 0.70
MAP (mmHg, T4) 90.42 +12.31 90.20 + 14.02 0.89
MAP (mmHg, T5) 95.51 + 15.97 93.10 + 14.86 0.22
HR (beats per min, T1) 84.97 + 14.65 86.15 + 15.59 0.54
HR (beats per min, T2) 87.57 +13.17 87.31 + 12.56 0.88
HR (beats per min, T3) 99.31 +£13.96 101.40 + 15.11 0.26
HR (beats per min, T4) 88.12 + 11.56 88.18 +12.61 0.97
HR (beats per min, T5) 85.86 + 13.12 85.30 + 13.76 0.74

Continuous and categorical (ordinal) variables are reported as the mean + SD and/or median (range); comparisons between the two groups were
performed using an unpaired t-test or a Mann-Whitney test.

HR: heart rate; MAP: mean arterial pressure; SpO,: pulse oxygen saturation; NA: nasopharyngeal airway; OA: oropharyngeal airway; BAL: brono-
hoalveolarlavage; EBUS-TBLB:endobronchial ultrasound-guided transbronchial lung biopsy; EBUS-TBNA:Endobronchial ultrasound-guided trans-
bronchial needle aspiration.

*P < 0.05, **P < 0.01, ****P < 0.0001.
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observed for patients undergoing BAL or transbronchial biopsy (Table 2). There were no significant differences in SpO2 between the
OA and NA groups at baseline (T1), after anesthesia induction (T2), during bronchoscopy (T4), or 5 min post-PACU admission (T5).
However, SpO2 measured immediately after the fiberoptic bronchoscope reached the carina (T3) was significantly higher in the OA
group compared to the NA group (t = 2.50, P = 0.01, Table 2). This finding was further supported by a higher minimum SpO2 observed
in the OA group (t = 3.57, P < 0.0001, Table 2). Consistent with the lower incidence of hypoxemia, the OA group also exhibited a
statistically significant reduction in the frequency of hypoxemia events (P = 0.006, Table 2). However, further analysis of hypoxemia
frequency by procedure type did not reveal significant differences between the groups (Table 2). Management of hypoxemia events
also differed between groups. The NA group required a significantly higher frequency of jaw thrust maneuvers (P = 0.03, Table 2).
While the use of rapid oxygenation appeared to be more frequent in the NA group (P = 0.07, Table 2), this difference did not reach
statistical significance. Importantly, no patients in either group required mask ventilation or endotracheal intubation. Additionally, no

significant differences were observed in hemodynamic parameters (MAP and HR) at any time point between the NA and OA groups
(Table 2).

3.3. Correlation analysis of min SpO2 and the physical parameters of study participants

To investigate the relationship between hypoxemia and body composition, we analyzed the correlations between Min SpO2 and
various body parameters (BMI, neck circumference, abdominal circumference, and NHR) during PFB. Partial Least Squares (PLS)
modeling was employed for this correlation analysis. Additionally, we considered the potential influence of factors known to affect
patient oxygenation during bronchoscopy, including ASA classification [17], age [18], and operation time [19], during the statistical
analysis. Our findings revealed a significant negative correlation between BMI and Min SpO2 in all patients undergoing PFB (Fig. 2A, r
= —0.13, P =0.04). This indicates that higher BMI is associated with lower minimum oxygen saturation levels. However, no significant
correlations were observed between NHR, neck circumference, or abdominal circumference and Min SpO2 (Fig. 2B, r = —0.06, P =
0.40; Fig. 2C, r = 0.006, P = 0.93; Fig. 2D, r = —0.08, P = 0.22).

To investigate the factors that potentially contributed to the difference in hypoxemia between the two groups, fiberoptic bron-
choscopy was used to measure the distance between the OA and NA and the glottis in patients of varying heights and genders
(Fig. 3A-I). Fig. 3A-C displays fiberoptic bronchoscope images of male patients with varying heights (160-180 cm) after placing
nasopharyngeal airway, while Fig. 3D-E exhibit representative photos of female patients ranging from 150 cm to 160 cm in height with
fiberoptic bronchoscope after placing nasopharyngeal airway. These results indicate that the distance between the glottis and NA
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Fig. 2. Correlation analysis of Min SpO2 and physical parameters of patients. A: The BMI of all patients had a certain correlation with Min SpO2
during the examination. B-D: The patients’ neck circumference, NHR, and abdominal circumference had no significant correlation with Min SpO2.

BMI: body mass index; Min SpO2: minimum pulse oxygen saturation; NA: nasopharynx airway; NHR: neck circumference/height ratio; OA:
oropharynx airway.
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varied among patients (Fig. 3A-E). Representative pictures of patients with varying heights ranging from 150 cm to 170 cm were also
recorded (Fig. 3F-H). In addition, the location of the oxygen tube in the OA group was recorded (Fig. 3I), which indicated that the
oxygen tube was positioned very close to the glottis. Fig. 3J shows photos of the oropharyngeal and nasopharyngeal airways of
different models used in the study. The top one is the OA, the middle in green is the 6F NA with an external diameter of 25FR, and the
bottom in orange is the 7F NA with an external diameter of 20FR. When the SpO2 was <85 %, the fiberoptic laryngoscope, connected
to the oxygen tube, is inserted into the main airway to facilitate rapid oxygenation (Fig. 3K), as mentioned earlier.

3.4. Awakening from anesthesia and the incidence of AEs in the two groups

After flumazenil antagonism of the anesthetic, nearly 97 % of patients were awake within 1 min. The proportion of patients who did
not open their eyes within 1 min after flumazenil administration did not significantly differ between the two groups (Table 3). Three
patients experienced delayed awakening in the PACU, but the difference was not statistically significant between the two groups
(Table 3). During PFB, 12.6 % of patients in the OA group and 16.7 % in the NA group experienced hypotension, but there was no
significant difference between the two groups (Table 3). The administration of M-hydroxylamine effectively increased blood pressure,
and neither group experienced epistaxis or oral bleeding, allergic reactions, or severe hypotension (Table 3).

Fig. 3. Representative images of the nasopharynx or oropharynx airway placed in patients of different heights and genders.

A- C shows pictures of male patients of different heights (160 cm-180 cm) with fiberoptic bronchoscope after placing nasopharyngeal airway; D-E
shows photos of female patients of different heights (150 cm-160 cm) with fiberoptic bronchoscope after placing nasopharyngeal airway. F-H:
Representative pictures of varying heights (ranging from 150 cm to 170 cm) that underwent placement of oropharyngeal airways. I: After placing
the oropharyngeal airway, the oxygen tube in the oropharyngeal airway group was very close to the glottis. J: Photos of the oropharyngeal airway
and nasopharyngeal airway of different models. The upper one is the oropharynx airway. The nasopharyngeal airway with green color is 6F, and the
orange color is 7F; K: Picture of the fiberoptic laryngoscope pushed into the main airway to produce rapid oxygenation when SpO2 is <85 %.
NA: nasopharyngeal airway; OA: oropharyngeal airway.
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Table 3

Awakening from anesthesia and the incidence of adverse effects in the two groups.
Group NA OA P-value
Open eyes within 1 min, n (%) 122 (96.8) 122 (96.8) 1
Delayed awaken in PACU, n (%) 2(1.6) 1(0.8) 0.56
Patients need m-hydroxylamine, n (%) 21 (16.7) 16 (12.6) 0.37
Epistaxis 0 0 /
Oral bleeding 0 0 /
Allergic reaction 0 0 /
Severe hypotension 0 0 /

Categorical data were described as number or frequencies (%), and a y2 or Fisher’s exact tests were used for comparison between the two groups
when appropriate.
NA: nasopharyngeal airway; OA: oropharyngeal airway.

4. Discussion

The present study observed higher Min SpO2 and SpO2 at T3 in the OA group and a lower incidence of hypoxemia compared to the
NA group during PFB, highlighting the superior biosafety profile of OA in maintaining patient oxygenation, which is worthy of clinical
promotion.

Fiberoptic bronchoscopy conducted via the airway can potentially result in partial obstruction, elevated airway resistance, and
decreased alveolar ventilation and flow rate, which may ultimately lead to hypoxemia, arrhythmia, and potentially even cardiac arrest
[20]. Therefore, hypoxemia is most likely to occur in sedated patients and those given local anesthesia during bronchoscopy. Hyp-
oxemia, a complication with a reported prevalence ranging from 26 % to 68.1 % in patients undergoing bronchoscopy, can be
attributed to variations in anesthesia selection and inconsistent criteria for defining hypoxemia [12,21-23]. In the present research,
the overall incidence of hypoxemia in patients undergoing PFB was 48.4 %, with a higher rate in the NA group than in the OA group
(59.6 % vs. 38.8 %).

The causes of hypoxemia during PFB are relatively complex, including patient respiratory system disease, the use of anesthetic
drugs, breath holding, cough, laryngospasm, bleeding, etc. [23]. Additionally, Chen H et al. suggest that factors such as patient
comorbidities, the degree of airway stenosis, and the bronchoscopist’s skill level may also influence the incidence of hypoxemia [21].
Most anesthetics used for sedation during PFB can cause glossoptosis and respiratory depression. Therefore, ventilation following
anesthesia is crucial for successful fiberoptic bronchoscopy. The OA is a medical device used in airway management to maintain or
open a patient’s airway. The OA can prevent the tongue from covering the epiglottis and establish a temporary artificial airway [3].
The NA is a thin, clear, flexible tube inserted into a patient’s nostril [24]. The NA aims to circumvent blockage of the upper airway at
the level of the nose, nasopharynx, or base of the tongue. Additionally, it prevents the tongue from retracting towards the pharyngeal
wall and causing an obstruction. The NA preserves the openness of the airway in patients who are conscious or semi-conscious. The
current study suggests that OA is more effective than NA in maintaining patient oxygenation. The possible explanations for this finding
are: firstly, OA significantly reduces the degree of posterior tongue displacement, resulting in better airway opening; secondly, the
oxygen tube is positioned closer to the glottis with the use of OA, resulting in more accurate delivery of oxygen.

Next, the correlation between hypoxemia and BMI, neck circumference, NHR, and abdominal circumference was analyzed. There
was a clear correlation between BMI and hypoxemia during endoscopy. Obese patients were more susceptible to hypoxemia than those
of normal weight [6]. The results of the present study provide compelling evidence of a significant negative correlation between Min
SpO2 and BMI during painless bronchoscopy in the NA and OA groups, but not with neck circumference, NHR, or abdominal
circumference. It has been reported that neck circumference is closely associated with apnea syndrome severity [7]. In addition, NHR
can predict sleep-related respiratory diseases [15]. The neck circumference [25] and BMI are useful anatomical parameters for pre-
dicting complex airway management [26]. Current evidence suggests that patients with a large neck circumference or high BMI [25]
may be at a higher risk of developing hypoxemia. However, the results of the present study indicated that neck circumference and NHR
had no significant correlation with Min SpO2 during the bronchoscopy procedure.

Traditional opioids combined with propofol [27] or dexmedetomidine [28] are often used during PFB, effectively reducing the
severity of cardiovascular reactions and the stress reactions of patients elicited by noxious stimuli. However, some problems remain,
such as respiratory inhibition or delayed awakening. Remimazolam besylate is widely used during painless gastroscopy [29] and PFB
[30] due to its rapid onset, light inhibition of respiratory, and rapid antagonism by flumazenil. A recent study [30] demonstrated that
remimazolam besylate could assist patients in achieving the required level of sedation for bronchoscopy. Ultrasound bronchoscopy
may lead to poor recovery quality due to the extended operation time and simple remimazolam besylate sedation. A previous study
pointed out that prolonged use of remimazolam besylate for sedation may cause delayed awakening [31]. In the present study, 3
patients did not open their eyes within 1 min after anesthetic antagonism by flumazenil. These patients had a MOAA/S score of fewer
than four points and underwent a surgical procedure lasting more than 1 h. Moreover, one female patient was observed in the PACU for
>1 h due to severe nausea and vomiting. In addition, 14.8 % of patients in the study (12.6 % in the OA group and 16.7 % in the NA
group) received a vasopressor to maintain normal blood pressure, which may be related to the prolonged fasting and drinking times,
inadequate liquid supplementation, and the vasodilator effect of anesthetic drugs. However, neither group of patients experienced
severe hypotension. In addition, no complications such as epistaxis, oral bleeding or allergic reactions occurred in both groups. These
results further indicate that remimazolam besylate can be safely used in PFB.
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Our study has some limitations that should be acknowledged, including variations in the duration of the examinations, resulting in
vital signs being recorded at five specific time points during bronchoscopy following the administration of remimazolam besylate
rather than at consistent 5 or 10-min intervals. Moreover, the long-term prognosis of the patients was not observed.

In summary, this study suggests that oropharyngeal airways may be preferable to nasopharyngeal airways for maintaining upper
airway patency and reducing the risk of hypoxemia during PFB. The combination of oropharyngeal airways with remimazolam
besylate anesthesia during PFB appears to promote stable respiratory function and facilitate rapid patient awakening, offering po-
tential benefits in clinical practice.
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