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Purpose: Obstructive sleep apnea (OSA) is an independent risk factor for gastric insufflation during the induction of general
anesthesia. We aimed to compare the impact of oropharyngeal airway-assisted face-mask ventilation and transnasal humidified rapid-
insufflation ventilatory exchange (THRIVE) on gastric insufflation in patients with high-risk OSA.

Patients and Methods: Patients at high risk for OSA scheduled for elective major abdominal surgery under general anesthesia were
randomized 1:1 to either Group T (THRIVE throughout induction) or Group M (face-mask preoxygenation followed by oropharyngeal airway-
assisted pressure-controlled ventilation). Gastric antrum ultrasonography was performed at baseline (T}), after preoxygenation (T,), and post-
intubation (T4) to assess changes of antral cross-sectional area (CSAa). Arterial blood gases were analyzed at Ty, T,, after induction during
ventilation/apnea (T3), and T4. Adverse events and patient comfort were recorded. The primary outcome was the incidence of gastric
insufflation at T,. Secondary outcomes included CSAa percentage change, oxygenation and arterial blood gas variables, adverse events, and
patient comfort.

Results: Of 100 randomized patients, 94 completed the study (47 per group). Group T demonstrated a significantly lower incidence of
gastric insufflation post-intubation compared to Group M (23.4% vs 44.7%; P = 0.030) and a smaller median percentage increase in
antral cross-sectional area (7.62% vs 13.24%; P = 0.070). THRIVE provided superior preoxygenation (higher PaO, at T,, P < 0.001).
During apnea (T3-T,4), Group T maintained adequate oxygenation (SpO, >92%) without mechanical ventilation but developed mild
hypercapnia, which was expected to improve following continued mechanical ventilation after intubation. Adverse event rates were
non-significant (P = 1.000). Patient comfort scores were significantly higher in Group T (P < 0.001).

Conclusion: In patients at high risk for OSA, THRIVE reduces the incidence of gastric insufflation during induction compared with
oropharyngeal airway-assisted face-mask ventilation. THRIVE improves preoxygenation and patient comfort. Oxygenation was
maintained during apnea, with a transient increase in PaCO, observed after intubation.

Keywords: transnasal humidified rapid-insufflation ventilatory exchange, oropharyngeal airway, gastric insufflation, general
anesthesia, obstructive sleep apnea
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Introduction

It is reported that pulmonary aspiration of gastric contents, which can result from gastric reflux, remains a significant
cause of morbidity and mortality during general anesthesia.! Contributing factors include elevated intragastric pressure,
lower esophageal sphincter dysfunction, delayed gastric emptying, and ineffective ventilation techniques. During
induction, the loss of consciousness, relaxation of airway muscles, and suppression of pharyngeal reflexes elevate the
risk of aspiration, particularly when gastric insufflation occurs.” Such distension can impair surgical visibility during
abdominal procedures, complicate the surgical field, and increase the risk of perioperative injury. Therefore, preventing
gastric insufflation is crucial for patient safety and surgical efficacy.

The high prevalence of obstructive sleep apnea (OSA), especially among surgical populations, makes preoperative
identification of at-risk patients a necessary foundation for implementing safety measures.®> Although polysomnography
is the gold standard for diagnosing OSA, it is not suitable for routine preoperative use due to time and resource
constraints. For patients with a STOP-Bang score of >3, the likelihood of having OSA is high.* In addition, overweight
and obesity are closely associated with upper airway collapsibility and increased perioperative airway-related complica-
tions; therefore, patients with a body mass index (BMI) >25 kg/m? and a STOP-Bang score >3 were considered
a population at high risk for OSA in the present study. Previous research has shown that OSA is an independent risk
factor for gastric insufflation during anesthesia induction.” Therefore, patients at high risk for OSA may be particularly
vulnerable to gastric insufflation and hypoxemia during induction. Patients with OSA pose unique challenges during
induction due to reduced oxygen reserves and an increased risk of hypoxemia, with a higher risk for difficult mask
ventilation and airway management, underscoring the need for effective preoxygenation.®’

Current strategies, such as pressure-controlled face ventilation (PCFV) and modified rapid sequence induction, aim to
balance adequate ventilation with minimizing gastric insufflation. PCFV delivers positive pressure to inflate the lungs but
concurrently risks forcing gas into the esophagus, leading to gastric insufflation. One study has shown that an inspiratory
pressure of 15 ¢cm H,O allowed for reduced occurrence of gastric insufflation with proper lung ventilation during
induction of anesthesia.® However, these methods remain suboptimal. Although an oropharyngeal airway helps to
establish a patent airway by preventing the tongue from covering the epiglottis,” it may also reduce upper airway
resistance and decrease the inspiratory pressure required for effective mask ventilation, thereby potentially lowering the
risk of gas entering the esophagus and stomach. However, its effect on gastric insufflation in patients at high risk for OSA
remains unclear. In contrast, transnasal humidified rapid insufflation ventilatory exchange (THRIVE) is based on apneic
oxygenation. It delivers a continuous flow of humidified oxygen via the nasal cannula, facilitating oxygen uptake and
carbon dioxide clearance through diffusion and convection, respectively, without generating significant positive pressure

in the pharynx. THRIVE has shown promise as an apneic oxygenation technique,'®!!

yet its impact on gastric
insufflation risk in patients at high risk for OSA has not been thoroughly evaluated.

To date, no previous study has directly compared THRIVE with oropharyngeal airway-assisted face-mask ventilation
in patients at high risk for OSA during anesthetic induction. Therefore, we designed this study to compare THRIVE with
oropharyngeal airway-assisted face-mask ventilation in patients at high risk for OSA during anesthetic induction,
focusing on the incidence of gastric insufflation, oxygenation efficacy, and patient comfort. In addition, we aimed to
evaluate whether THRIVE could serve as an effective airway-management strategy while reducing gastric insufflation

during induction in this high-risk population.

Materials and Methods
Study Design and Ethics

This study was conducted in accordance with the principles of the Declaration of Helsinki and approved by the Medical
Ethics Committee of Zhejiang Cancer Hospital on March 26, 2024 (Approval No. IRB-2024-284 (IIT)), and written
informed consent was obtained from all subjects participating in the trial. The trial was registered before patient
enrollment in the Chinese Clinical Trial Registry (ChiCTR2400083976). This study was reported in line with the
Consolidated Standards of Reporting Trials (CONSORT) guidelines.'?
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Patient Recruitment

Patient recruitment took place from May 2024 to December 2024. Written informed consent was obtained from all
eligible participants before surgery. This prospective study included adults aged 18 to 80 years with a STOP-Bang score
of >3 and a body mass index (BMI) of >25 kg:m 2, undergoing elective major abdominal surgery with general anesthesia
and endotracheal intubation (ASA I-III). Exclusion criteria included craniofacial or nasopharyngeal abnormalities,
gastrointestinal instrumentation, inadequate gastric sonographic imaging, ASA classification >III, active respiratory
conditions (eg, obstructive lung disease, recent bronchospasm within three months, or acute airway infection within
one week), pregnancy, and lactation.

Randomization and Allocation

A total of 116 patients at high risk for OSA were initially enrolled in the study. Of these, 12 did not meet the inclusion criteria,
and 4 declined to participate, yielding 100 patients for randomization. Participants were sequentially numbered and
randomized using a computer-generated sequence into two groups: oropharyngeal airway-assisted face-mask ventilation
(Group M, n=50) and THRIVE (Group T, n=50). Allocation concealment was maintained with sealed opaque envelopes
managed by an independent study coordinator. Treatment allocation was established by opening a sealed opaque envelope
after informed consent had been given and once the patient was in the operating theater preoperative area. All gastric
ultrasonography procedures were performed by a single experienced anesthesiologist, while a blinded evaluator indepen-
dently analyzed the gastric antrum images. Although patients and the attending anesthesiologist were aware of group
assignments because of the visible differences between the ventilation modalities, the ultrasound examiner and image
assessor were not involved in group allocation or intraoperative management. Efforts were made to minimize awareness of
the assigned intervention during ultrasonographic assessment to reduce potential assessment bias.

Gastric Insufflation and Antral Cross-Sectional Area Measurement

Gastric ultrasound, an imaging modality that has recently emerged for assessing gastric volume and detecting gastric
insufflation, demonstrates high sensitivity and specificity. Real-time ultrasonographic examination of the gastric antrum
during mask ventilation allows for the straightforward visualization of gastric air entry. The presence of air is indicated
by characteristic sonographic artifacts, such as an acoustic shadow or a comet-tail artifact.'* The standardized scanning
technique for the gastric antrum involves a sagittal view obtained slightly to the right of the anterior midline, inferior to
the xiphoid process. The gastric antrum was located between the left lobe of the liver and the pancreas at the level of the
abdominal aorta.'* The patient is positioned supine, and a standard low-frequency (2-5 MHz) convex array abdominal
probe is used, with the probe marker oriented cranially. In the fasted state before anesthesia induction, ultrasonography of
the gastric antrum typically reveals a’bull’s-eye’sign. Following mask ventilation, a significant increase in the antral
cross-sectional area may be observed, and the presence of acoustic shadowing or the characteristic “comet-tail” sign
indicates gastric insufflation (Figure 1). The degree of gastric insufflation can be quantified by comparing the antral
cross-sectional area (CSAa) measured via ultrasound before and after ventilation.'> For optimal data accuracy, the antral
cross-sectional area (CSAa) should be measured during gastric systole. The CSAa is calculated using the formula:
CSAa=(APxCCxm)/4, where AP and CC represent the anteroposterior and craniocaudal diameters of the antrum,
respectively.'® Therefore, this study utilized gastric ultrasound to monitor for gastric insufflation and to quantify
associated changes in the CSAa during the induction of general anesthesia in patients at high risk for OSA.

Intervention

Preoperative Evaluation

One day before surgery, each participant received a comprehensive preoperative evaluation that included a review of
medical history, demographic information (such as sex and age) along with detailed anthropometric measurements
(including height, weight, body mass index, and neck circumference), airway anatomical assessments (thyromental
distance, interincisal distance, and Mallampati score), risk stratification using ASA Classification and STOP-Bang Score,
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Figure | Ultrasonographic diagnosis of gastric insufflation. (a) No gastric insufflation. (b) Gastric insufflation. The red arrow indicates the comet tail.
Abbreviations: A, gastric antrum; L, liver; SMA, superior mesenteric artery; AA, abdominal aorta.

functional evaluations of cardiopulmonary and respiratory status, and baseline laboratory tests. Written informed consent
was obtained from every patient and their family after a full explanation of the study protocol.

Preoperative Preparation

On the day of surgery, patients fasted for 8 h and abstained from clear liquids for at least 2 h. No pre-anesthetic
medication was administered. Upon arrival in the operating room, baseline vital signs—non-invasive blood pressure,
heart rate, and peripheral oxygen saturation—were recorded (T;). A radial arterial catheter was then inserted for
continuous invasive arterial blood pressure monitoring and arterial blood gas sampling. A trained anesthesiologist,
blinded to group assignment, obtained ultrasound images of the gastric antrum to assess image quality and exclude
residual gastric contents (Supplemental Figure S1). During gastric systole, three consecutive images of the CSAa were

acquired at 5s intervals and stored. Blinding was attempted by draping the ventilation equipment to minimize visualiza-
tion of the ventilation modality during ultrasonography; however, complete concealment of group allocation could not be
guaranteed because of the visible differences between the THRIVE and face-mask ventilation setups.

Anesthesia Induction and Ventilation

Anesthesia induction was administered by a separate anesthesiologist. Both groups received preoxygenation for 3 min.
Patients in the oropharyngeal airway-assisted face-mask ventilation group were preoxygenated via a tightly sealed mask
(100% O,, 10 L'min"") (Supplemental Figure S2). In contrast, patients in the THRIVE group received high-flow, heated,
and humidified oxygen (100% O,, 30 L-min” ", 37°C) via nasal cannula without mask ventilation (Optiflow™, Fisher and

Paykel Healthcare Limited, Auckland, New Zealand) (Supplemental Figure S3). After 3 min of preoxygenation (T,),

gastric antral ultrasonography was repeated, CSAa images were obtained, and arterial blood gas analysis was performed
simultaneously. Anesthesia was then induced using propofol (1.5-2 mg-kg '), sufentanil (0.4 ug-kg '), and rocuronium
(0.9 mgkg™"), dosed according to ideal body weight. Upon confirmation of unconsciousness, procedures differed
between groups. In the oropharyngeal airway-assisted face-mask ventilation group, an oropharyngeal airway was inserted
(size: 9 cm for women, 10 cm for men), the head was tilted back, and a tight-fitting mask was secured using a two-
handed jaw thrust technique. Ventilation was provided via the anesthesia machine in pressure-controlled ventilation
(PCV) mode with settings: inspiratory pressure 15 cm H,O, I: E ratio 1: 2, respiratory rate 12 breaths min~', PEEP 0 cm
H,0, 100% O,, and flow rate 10 L'min '. The THRIVE group continued to receive high-flow, heated, and humidified
oxygen (100% O,, 37°C) via nasal cannula, with the flow rate adjusted to 60 L-min'. The head was tilted back, and
a two-handed jaw lift was performed to maintain airway patency while keeping the mouth closed. After 3 min of
ventilation (T3), arterial blood gas analysis was performed, followed immediately by tracheal intubation. If SpO, fell
below 92% for more than 10s after induction, two-person mask ventilation was initiated. Immediately after tracheal
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intubation (T,), gastric antral ultrasonography was repeated, CSAa images were obtained, and arterial blood gas analysis
was performed simultaneously. Mask ventilation and oropharyngeal airway placement were performed by an anesthetist
with >5 years of clinical experience. An anesthesiologist with expertise in gastric ultrasound assessed for the presence of
comet-tail signs and measured the gastric antral area. The results were averaged from three CSAa images.

Data Collection

The primary outcome was the incidence of gastric insufflation at Ty, as determined by the presence of a comet-tail sign
on gastric ultrasonography. Gastric insufflation detected at T, was considered baseline insufflation before induction-
related ventilation or apneic oxygenation and was analyzed separately. Arterial blood gas and oxygenation-related
variables (including SpO,, pH, Pa0O,, and PaCO,) were recorded at time points T;, T,, Ts, and T4. Adverse events—
including epistaxis, pharyngeal discomfort, barotrauma, regurgitation/aspiration, and postoperative nausea/vomiting
within 24 hours—were systematically documented. Patient comfort before loss of consciousness was quantified using
a standardized six-point smiley-face scale (Supplemental Figure S4)."”

Sample Size Calculation

The sample size was calculated for this trial was calculated using PASS 15.0 software (NCSS, LLC, Kaysville, UT,
USA), based on data from previous studies and relevant literature.” Gastric insufflation was reported in 13% (4/30) of
patients in the THRIVE group,” and our pilot study showed that 40% (12/30) of patients in the oropharyngeal airway-
assisted face-mask ventilation group experienced gastric insufflation. To achieve 80% power with a significance level of
0.05 for detecting between-group differences, a minimum of 41 patients per group was required. Considering potential
dropouts, the final sample size was set at 50 patients per group.

Statistical Analysis

Statistical analysis was conducted using SPSS 26.0 (IBM Corp). Continuous variables with normal distribution were
expressed as mean + standard deviation, while non-normally distributed data were reported as median (interquartile
range). Between-group comparisons employed independent samples #-test for parametric data and Mann—Whitney U-test
for non-parametric distributions. Categorical variables were presented as frequencies (percentages), analyzed using -
test or Fisher’s exact test as appropriate. The 95% confidence interval for the absolute risk reduction of the primary
outcome was calculated using the Newcombe method for two independent proportions. For longitudinal analysis of
CSAa, repeated-measures ANOVA with Greenhouse-Geisser correction addressed violations of sphericity (Mauchly’s
test P < 0.05). All hypothesis testing was two-tailed, with a = 0.05 considered statistically significant. Data visualization
was generated using GraphPad Prism 10.0 (GraphPad Software).

Results

This prospective study enrolled 116 patients at high risk for OSA between May and December 2024. After excluding
12 patients who did not meet the inclusion criteria and 4 who declined to participate, 100 participants were
randomized equally to either Group M or Group T. 3 participants per group were subsequently excluded due to
indiscernible gastric antral ultrasound images during pre-trial assessment. Ultimately, 47 participants in each group
completed protocolized anesthesia induction and ventilation procedures with full assessment compliance. Participant
progression is detailed in the CONSORT diagram (Figure 2), with baseline demographic and clinical characteristics
presented in Table 1.

The Incidence of Gastric Insufflation

This study evaluated gastric insufflation incidence through ultrasonographic detection of comet-tail signs in the
gastric antrum under different ventilation modalities (Table 2). At the T, timepoint (3 min preoxygenation pre-
induction), gastric insufflation rates were comparable between groups, occurring in 10.6% (5/47) of patients in
Group M and 14.9% (7/47) of patients in Group T (P = 0.536). The primary outcome was the incidence of gastric
insufflation at T, (immediately after tracheal intubation). At T4, Group T demonstrated a significantly lower
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[ Enroliment ]

Assessed for eligibility (n=116)

Excluded (n=16)
4 Not meeting inclusion criteria (n=12)
4 Decline to participate (n=4)

\ 4

Randomised (n=100)

) 4 [
L

Allocation ] 4

Allocated to oropharyngeal airway mask ventilation group (n = 50)
4 Received allocated intervention (n = 47)
4 Did not receive allocated intervention (n = 3)

Gastric antrum unclear before intervention(n = 3)

Allocated to THRIVE group (n = 50)

4 Received allocated intervention (n = 47)

4 Did not receive allocated intervention (n = 3)
Gastric antrum unclear before intervention (n = 3)

Follow-Up ] \ 4

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

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

Analysis } 4

Analysed (n = 47)
Excluded from analysis (n = 0)

Analysed (n = 47)
Excluded from analysis (n = 0)

Figure 2 CONSORT Flow Diagram.

incidence of gastric insufflation compared with Group M (23.4% [11/47] vs 44.7% [21/47]), corresponding to an
absolute risk reduction of 21.3% (95% CI, 2.1% to 38.4%). Chi-square analysis demonstrated a statistically

significant intergroup difference (* = 4.738, P = 0.030).

Table | Baseline Patient Characteristics

Group M (n=47) | Group T (n=47) P
Sex (male/female) 30/17 3l/16 0.829
Age (years) 62.1 (8.66) 65.3 (8.55) 0.080
Height (cm) 164.3 (8.14) 162.8 (8.40) 0.406
Weight (kg) 76.1 (7.87) 74.5 (9.06) 0.354
BMI (kg'm ?) 27.9 [26.6-29.4] 27.9 [26.1-29.4] | 0.722
Neck circumference (cm) 40.8 (1.91) 40.1 (2.72) 0.177
Thyromental distance (cm) 7.48 (0.95) 7.15 (0.93) 0.093
Interincisal Distance (cm) 4.0 [4.04.5] 4.0 [4.04.5] 0.537
Mallampati score (I/II/11l) 3/22/22/0 3/26/18/0 0.693
ASA Classification (I/II/111) 0/45/2 0/45/2 1.000
STOP-Bang Score (3/4/5/6/7/8) 13/16/17/0/1/0 I'1/14/13/5/3/0 0.146
Diabetes mellitus, n (%) 4 (8.51%) 3 (6.38%) 0.694
Lung Function (Normal/Light/Moderate/Severe) 32/10/4/1 32/9/6/0 0.693
FEVI (L) 2.46 (0.77) 2.28 (0.74) 0.250
FEVI as a percentage of predicted value (%) 93.5 (20.7) 94.5 (18.4) 0.809
FEVI/FVC % 103 [99-107] 104 [100-108] 0.444

Note: Data presented as mean (SD), median [IQR], number or n (%).
Abbreviation: ASA, American Society of Anesthesiologists.
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Table 2 The Incidence of Comet Tail Sign

Time | Group M (n=47) Group T (n=47) ARR 95% CI Ve P
+ +

T, 5 (10.6%) 7 (14.9%) —4.3% [-18.4-9.9%] | 0.382 | 0.536
[4.6-22.6%] [7.4-27.7%]

Ty 21 (44.7%) [31.4-58.8%] | |1 (23.4%) [13.6-37.2%] | 21.3% [2.1-38.4%)] 4.738 | 0.030

Notes: Data presented as n (%) [95% CI]. T,, after 3 min of pre-oxygenation; T4, immediately after intubation; +,
presence of comet tail sign.
Abbreviations: ARR, absolute risk reduction; Cl, confidence interval.

The Cross-Sectional Area of the Gastric Antrum

Repeated-measures ANOVA with Greenhouse—Geisser adjustment for violations of sphericity showed no between-group
differences in CSAa at T;, T,, or T4 (all P > 0.05), indicating comparable antral size across these time points.
A significant group-by-time interaction was detected (P < 0.001), demonstrating that ventilation mode influenced
CSAa trajectories. Specifically, the median percentage increase in CSAa from T, to T4 was higher in the mask ventilation
group (Group M: 13.24%, IQR 3.64-33.48%) than in the THRIVE group (Group T: 7.62%, IQR 2.55-18.55%; P =
0.070), although the difference in CSAa did not reach statistical significance. These findings, summarized in
Supplemental Table 1, suggest that THRIVE is associated with less gastric insufflation and reduced intragastric gas

accumulation compared with mask ventilation.

SpO, and Arterial Blood Gas pH, PaO,, PaCO,

Normality testing confirmed the non-normal distribution of SpO, data; all other parameters exhibited normal distribution.
Between-group comparisons utilized independent samples t-tests for normally distributed variables and non-parametric
tests for SpO,. Supplemental Table 2 presents the values for SpO,, pH, PaO,, and PaCO, at each time point. Trends for
pH, PaO,, and PaCO, are illustrated in Figure 3.

At baseline (T), no significant intergroup differences were observed for SpO,, pH, PaO,, or PaCO, (P > 0.05 for all).
Following 3 min of preoxygenation (T,), SpO, reached 100% in both groups (P = 0.559). However, significant
intergroup differences emerged for arterial blood gases at T, (P < 0.05). Specifically, PaO, was significantly higher in
Group T (354.47 + 79.90 mmHg) compared with Group M (288.83 + 63.89 mmHg; P < 0.001). Conversely, PaCO, was
significantly lower in Group T (38.85 + 3.56 mmHg) than in Group M (41.28 + 3.92 mmHg; P = 0.002), although values
in both groups remained within the normal physiological range.

Significant intergroup differences persisted for pH, PaO,, and PaCO, at T; and T4 (P < 0.001 for all comparisons). At
T3, PaO, was significantly lower in Group T (217.74 £+ 99.23 mmHg) compared with Group M (376.87 £ 62.65 mmHg;

(a) (b) (c)
-~ Group M -# Group T -o~ Group M -# Group T -e- Group M -# Group T
7.45 * 500 70
kK *kk
Kk - *kk
7.40 . 400 5 60 **k
= T
*okok T 300 E
L 7.35- £ E 50+
- < *k
200 o
Q o
7.30 o S 404
100 o
7.25 T T T T 0 T T T T 30 T T T T
Ty Ty Ts T4 Ty T, T3 Ts T T Ts Ta
Time Time Time

Figure 3 Arterial blood gas variables including (a) pH, (b) PaO,, (c) PaCO, at before pre-oxygenation (T)), after 3 min of pre-oxygenation (T5), after 3 min of ventilation
following induction of unconsciousness by anesthesia (Ts3), and immediately after intubation (T,). *P < 0.05, **P < 0.01, ***P < 0.001.
Abbreviations: pH, potential of hydrogen; PaO,, Partial pressure of oxygen in arterial blood; PaCO,, Partial pressure of carbon dioxide in arterial blood.
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P < 0.001). This difference remained significant at T4, with lower PaO, in Group T (172.06 £ 91.33 mmHg) versus
Group M (309.64 + 76.31 mmHg; P < 0.001), likely reflecting the absence of mechanical ventilation in Group T during
these time points. Despite these differences, oxygenation levels remained clinically acceptable. Concurrently, PaCO, was
significantly higher in Group T at both T; (54.67 + 3.68 mmHg vs 45.38 + 6.61 mmHg in Group M; P < 0.001) and T4
(57.64 + 3.83 mmHg vs 51.83 + 6.09 mmHg in Group M; P < 0.001), accompanied by corresponding reductions in pH.
However, all measured parameters remained within clinically acceptable ranges and were expected to improve following
continued mechanical ventilation after tracheal intubation. No significant intergroup differences in SpO, were observed
during intubation, and SpO, was greater than 92%.

General Adverse Reaction

The following adverse events were systematically monitored within 24 hours post-procedure: epistaxis, nasophar-
yngeal discomfort, pneumatic pressure injury, regurgitation/aspiration, and nausea/vomiting. Statistical analysis
revealed no significant difference in the incidence of these events between Group M and Group T (P = 1.000)
(Supplemental Table 3). No instances of epistaxis, pneumatic pressure injury, or regurgitation/aspiration were

observed in either group. Nasopharyngeal discomfort occurred in two patients in Group M and one patient in
Group T; symptoms were mild in all cases. Postoperative nausea and vomiting (PONV) within the first 24 hours
occurred in five patients in each group and were successfully managed with symptomatic treatment. It should be
noted that the absence of rare adverse events in this sample size does not allow conclusions regarding equivalence
of safety between the two interventions. PONV may also be influenced by multiple perioperative factors, including

anesthetic management and individual susceptibility.

Comfort

Patient comfort during preoxygenation and induction of anesthesia was evaluated using a six-point smiley face scale,
where a score of 0 indicated no discomfort. Statistical analysis revealed that patients in Group T experienced significantly
greater comfort compared to those in Group M (P < 0.001) (Figure 4 and Supplemental Table 4). These results suggest

that the ventilation method utilized in Group T provided a more comfortable experience during the preoxygenation and
induction phases.

%k %k %k
40_ [ |

mm Group M

mm Group T
304

Number

01 2 3 4 5 01 2 3 4 5
Group M Group T

Comfort score

Figure 4 Comparison of comfort scores between Group M and Group T. Group comparison, ***P < 0.001.
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Discussion
THRIVE significantly reduced the incidence of gastric insufflation during general anesthesia induction in patients at high
risk for OSA. This effect is likely attributable to its sustained low airway pressure (<10 cm H,0O), which remains below
the typical lower esophageal sphincter pressure in awake adults (16 cm H,0), thereby reducing gas ingress associated
with the pressure fluctuations inherent in conventional mask ventilation.'® These findings are consistent with previous
reports on pressure-controlled ventilation (1015 cm H,0),%!'3!%2! and extend the demonstrated utility of THRIVE to
high-risk OSA populations. However, THRIVE did not completely prevent gastric insufflation, which was still observed
in 23.4% of cases. This highlights a fundamental physiological limit: any gas flow into the upper airway risks an inherent
risk of gastric insufflation in susceptible individuals. Therefore, THRIVE should be viewed as a risk-reduction strategy
rather than a definitive solution, and appropriate monitoring for this complication remains necessary. It is important to
note that this study did not demonstrate a direct reduction in pulmonary aspiration, a rare clinical event. While the comet-
tail sign is a valuable surrogate safety endpoint, future research with the statistical power to track clinical aspiration
events is needed to confirm whether reducing this marker translates into improved patient-centered outcomes.
Although THRIVE significantly reduced the incidence of comet-tail signs indicative of gastric insufflation and
showed a possible trend toward reduced gastric distension, the between-group difference in CSAa change did not
reach statistical significance. This discrepancy may reflect the higher sensitivity of comet-tail artifacts for detecting small
amounts of intragastric air, whereas measurable changes in gastric antral area may require a greater volume of gastric
distension. In addition, interindividual variability in gastric compliance and the limited sample size may have reduced the
ability to detect statistically significant CSAa differences. This observation is consistent with documented gastric
insufflation occurring at pressures of 1025 ¢mH,O in non-paralyzed patients,”® a risk that THRIVE may mitigate
through its stable, low-pressure delivery. In OSA patients, characterized by inherent pharyngeal collapsibility and

posterior tongue displacement,”**

an oropharyngeal airway relieves supraglottic obstruction but may alter upper airway
geometry and airflow distribution in a way that is not fully understood. During positive-pressure ventilation, airflow may
be redistributed within the upper airway, and any potential effect on pressure transmission to the hypopharyngeal region
remains speculative. The independent contribution of the oropharyngeal airway to gastric insufflation therefore remains
hypothetical, as this study lacked a mask-ventilation-only control group for direct comparison. This requires validation in
future controlled studies.

THRIVE offers several established advantages: it improves preoxygenation, prolongs safe apnea time, and, as shown
here, reduces gastric insufflation. These benefits are attributed to the maintenance of positive airway pressure and the
washout of upper airway dead space, mechanisms that have been previously demonstrated in general populations.®*>~°
Blood gas analysis confirmed THRIVE provided superior preoxygenation, with significantly higher PaO, than the
facemask group. However, during the apneic period, the THRIVE group exhibited a marked downward trend in PaO,,
indicating a progressive decline in oxygen reserve. But safe SpO, levels were maintained in both groups throughout the
procedure. These findings support the potential role of THRIVE as a strategy for maintaining oxygenation while reducing
the risk of gastric insufflation during anesthetic induction, consistent with emergency difficult airway protocols and
previous findings.>> *® In the context of an anticipated or encountered difficult airway, where intubation may be
prolonged, the decision to use THRIVE necessitates a careful risk-benefit analysis: the potential benefit of a higher initial
PaO, must be balanced against the risk of a more rapid depletion of oxygen reserves during a potentially challenging
apnea. It is noteworthy that mild hypercapnia was observed in the THRIVE group at the early post-intubation time point,
and further changes after initiation of mechanical ventilation were not assessed in this study. This finding is a recognized
physiological consequence of apneic oxygenation, as THRIVE primarily facilitates oxygen delivery and carbon dioxide
clearance through diffusion and convection, which is less efficient than active alveolar ventilation. In most patients, In
most patients, this transient increase in PaCO, is expected to improve following the initiation of effective mechanical
ventilation after intubation.; however, in patients with comorbidities, even transient hypercapnia may be detrimental.
Therefore, we propose that THRIVE should be used with caution, if at all, in patients with conditions that may be
exacerbated by hypercapnia, such as known intracranial hypertension or severe pulmonary arterial hypertension.
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Within Enhanced Recovery After Surgery (ERAS) frameworks, THRIVE may offer potential perioperative benefits.
Enhanced patient comfort (P < 0.05) may contribute to reduced induction-related stress responses, while the reduction in
gastric insufflation may have implications for perioperative complication reduction. These findings are consistent with
previous research.!” However, postoperative recovery outcomes and surgical field visibility were not directly assessed in
this study. Therefore, the potential role of THRIVE in improving ERAS-related outcomes warrants further investigation.

This study has several limitations that should be acknowledged. First, patients were screened for high risk of obstructive
sleep apnea (OSA) using the STOP-Bang score (>3)*°° rather than confirmed by the diagnostic gold standard, polysomno-
graphy (PSG), due to practical and logistical constraints, which may introduce potential misclassification bias and limit
accurate assessment of OSA severity. Second, the incidence of gastric insufflation was evaluated using ultrasound-based
measurement of gastric antral cross-sectional area, which represents a surrogate endpoint rather than the clinically definitive
outcome of pulmonary aspiration, and therefore cannot fully reflect true aspiration risk; moreover, measurements were
performed only at predefined time points, which may not capture dynamic peri-induction changes. Third, the sample size was
relatively limited, potentially reducing statistical power for detecting rare adverse events; although the observed incidence of
gastric insufflation in the THRIVE group was higher than initially assumed during sample size estimation, suggesting that the
true effect size may have been smaller than expected a priori, the study remained sufficiently powered to detect statistically
significant between-group differences in the primary outcome but was not specifically powered for safety endpoints. Finally,
the single-center design may limit generalizability, and patient-reported comfort scores may be influenced by subjective
psychological factors, introducing potential reporting bias. Future multicenter studies incorporating PSG-confirmed OSA
populations, clinically relevant aspiration outcomes, and predefined safety powering are warranted to further strengthen the
evidence base.

Conclusion

In patients at high risk for OSA undergoing elective abdominal surgery, THRIVE reduced ultrasound-detected gastric
insufflation during induction compared with oropharyngeal airway-assisted pressure-controlled mask ventilation, while
improving preoxygenation and comfort. THRIVE maintained oxygenation during apnea, with a transient increase in
PaCO, observed after intubation, warranting caution in patients vulnerable to hypercapnia. No significant differences in
adverse event rates were observed between groups. Overall, THRIVE may be a useful option for preoxygenation and
ventilation in this patient population.
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