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Purpose: In this prospective observational study, an ultrasonographic measurement of antral cross-sectional area (ACSA) was 
conducted to evaluate the gastric content and volume as well as to identify high-risk stomach in non-pregnant adult surgical patients 
adhering to preanesthetic fasting guidelines.
Patients and Methods: Fasted patients undergoing gastrointestinal endoscopy under sedation were included. Ultrasonographic 
measurements of ACSA were conducted in both semi-recumbent and right lateral decubitus positions before endoscopic procedures. 
Gastroscopy was employed to guide the measurement of suctioned gastric volume (GV). Ultrasonography was performed to assess 
gastric contents and identify patients with high-risk stomach. The relationship between ACSA and suctioned GV was also evaluated.
Results: ACSA was evaluated in 736 out of 782 patients. A significant positive correlation was discovered between ACSA in the right 
lateral decubitus position and suctioned GV, which was more reliable than in the semi-recumbent position. To analyze high-risk 
stomach with a GV > 100 mL, the cutoff value of ACSA in the right lateral decubitus was found to be 7.5 cm2, with the AUC, 
sensitivity and specificity of 0.80 (95% CI, 0.76–0.82; P<0.001), 82.4% and 67.3%, respectively. A novel mathematical model based 
on ACSA to estimate GV in non-pregnant fasted adults was presented.
Conclusion: Ultrasonographic measurement of ACSA can assist anesthesiologists in estimating the risk of pulmonary aspiration of 
gastric contents during general anesthesia and sedation.
Keywords: gastroscopy, antrum, gastric content, pulmonary aspiration, ultrasonography

Introduction
Pulmonary aspiration of gastric contents is a severe perioperative complication of anesthesia. It involves the inhalation of 
stomach contents into the lungs and can result in significant morbidity and mortality. In fact, mortality rates associated with this 
complication can be as high as 5%, and it is estimated to contribute to up to 9% of anesthesia-related fatalities.1–3 Both general 
anesthesia and sedation can have a depressant effect on the tone of the lower esophageal sphincter and the protective reflexes of 
the upper airway. When its tone is decreased, there is an increased risk of gastric contents refluxing into the esophagus. While 
adhering to strict fasting guidelines recommended by the American Society of Anesthesiologists (ASA) can significantly 
attenuate the risk of pulmonary aspiration, it does not provide absolute immunity.1,2,4 Previous studies found that 0.1% of 
patients who received Monitored Anesthesia Care (MAC) during endoscopy necessitated antibiotic treatment for aspiration.5,6 

Gastroscopy stimulation, inappropriate anesthesia management during gastroscopy, and anatomical anomalies in the digestive 
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tract can increase the risk of pulmonary aspiration. In certain cases where the risk of pulmonary aspiration is deemed high or 
uncertain, doctors and patients may opt for gastrointestinal endoscopy without sedation. This decision may be made to minimize 
the risk of sedation-related complications and reduce the chances of aspiration. However, undergoing endoscopy without 
sedation can be an uncomfortable experience for patients, and numerous interventions and examinations rely on sedation.

The antrum is the most appropriate site for gastric ultrasonography, and different features of the antrum can be used to judge 
the nature of gastric contents.7–9 Ultrasonography can provide qualitative assessments of solid gastric contents. It is a non- 
invasive imaging technique that can help determine the presence or absence of solid material in the stomach. However, for liquid 
gastroesophageal contents, assessing gastric volume (GV) becomes critical in preventing perioperative aspiration. The volume of 
gastric contents is an important factor in determining the risk of aspiration during anesthesia and surgical procedure. A GV > 
1.5 mL/kg (equivalent to 100 mL for the average adult) is considered to be associated with an increased risk of aspiration.4,10–13 

When the GV exceeds this threshold, the risk of regurgitation and subsequent aspiration of gastric contents during anesthesia 
becomes higher. The use of a composite ultrasound scale for the qualitative and quantitative assessment of GV has been proposed 
as a method to evaluate gastric contents.14–16 Additionally, a mathematical model-driven clinical algorithm has been suggested to 
aid in the assessment of GV.17,18 However, for quantitative assessment, the relationship between fasted patients’ gastric contents, 
the ultrasonographic assessment of antral cross-sectional area (ACSA), and the self-related factors warrants further investigation.

This study focuses on utilizing gastric antrum ultrasonography to evaluate gastric contents in patients who have followed 
fasting guidelines and are scheduled for gastrointestinal endoscopy with sedation. The ACSA of the gastric system and the volume 
of gastric contents were recorded and analyzed. In addition, we aimed to examine the clinical application of gastric antrum 
ultrasonography in evaluating gastric contents, while determining quantitative patterns for ultrasound analysis of the antrum in 
fasted patients. The objectives of our prospective observational study were as follows: (1) to evaluate the correlation between the 
ultrasonographic assessment of ACSA and actual measurements from gastroscopic suctioned volume of gastric contents in fasted 
patients; and (2) to identify gastric high-risk stomach during the preoperative period, as defined by the volume of gastric contents 
at risk of clinical consequences for pulmonary aspiration. The primary outcome of our study was to identify a cutoff value of 
ACSA that could be used to diagnose high-risk stomach. Finally, a mathematical model was developed to estimate GV.

Materials and Methods
Ethics and Consent of Participants
This observational study was performed in accordance with the Declaration of Helsinki, and was approved by the Research 
Ethics Committee of the First Affiliated Hospital of Guangxi Medical University in February 2020 (No. 2020KY-E-007). It 
was also registered on the International Clinical Trial Registry Platform (No. ChiCTR2000033984) in June 2020, and was 
conducted between June 2020 and December 2021 at the Department of Gastroenterology Outpatient Endoscopy Center of the 
same hospital. Written informed consent was obtained from all the participants. Before accessing the data, a statistical analysis 
plan was documented, timestamped with permanent electronic signatures, and filed for investigators’ records.

Participants
Fasted patients undergoing gastrointestinal endoscopy under sedation were enrolled into this study for ultrasonographic 
assessment of gastric contents. The inclusion criteria were as follows: patients aged 16–85 years old, with ASA physical 
status I–III, undergoing gastrointestinal endoscopy, and able to comprehend the rationale of the study. The exclusion 
criteria were as follows: recent upper gastrointestinal bleeding (within the preceding 1 month), gastrointestinal dysfunc
tion (including prior gastric or lower esophageal surgeries, diabetes, severe liver and kidney dysfunction), documented 
upper gastrointestinal tract abnormalities, gastric tumors, hiatal hernias, pregnancy, poor-quality gastric antrum ultra
sound images and the presence of solid food in the gastric system. All subjects provided written informed consent. 
Patients were prepared according to standard institutional guidelines.

Protocol
In line with standard institutional guidelines, all patients fasted for more than 8 h without solid food and 4 h without 
fluids before undergoing gastroscopy. The patient’s medical history, characteristics and general conditions were 
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documented. The ultrasound examinations were carried out by an anesthetist with a minimum of 100 prior gastric 
ultrasound exams performed. The anesthetist performed the ultrasound using a FUJIFILM SonoSite M-Turbo™ machine 
(Bothell, USA) equipped with a low-frequency convex probe (C60 x/2-5 MHz).

Ultrasound Examinations of the Gastric Antrum
All examinations were conducted with the patient lying down in semi-recumbent positions (in a semi-reclined posture 
with the head of the bed elevated to an angle of 45 degrees) and right lateral decubitus (RLD) positions (with no 
elevation of the head-of-bed). Ultrasound scanning was conducted in accordance with a standardized procedure in the 
two positions.10,19 A standardized scanning level was achieved by identifying a sagittal cross-section of the antrum using 
the abdominal aorta and the left lobe of the liver as internal landmarks.20 The antrum was identified with a sagittal plane 
between the liver cephalad and anteriorly, the pancreas and aorta posteriorly (Figure 1). This ensured consistency and 
accuracy in locating the sagittal plane for antral assessment. All images were acquired during the intervals between 
peristaltic contractions when the antrum was in a state of rest, ensuring accurate assessment of the antral area and 
preventing underestimation. Care was taken to avoid excessive probe rotation, which could lead to oblique views and 
potentially result in an overestimation of the antrum size. During each position, the gastric contents were qualitatively 
analyzed and categorized as solid/thick liquid, clear liquid, or empty. The gastric antrum that could not be measured or 
located was then excluded. Ultrasound images were saved for study review and verification.

Interpretation of Gastric Ultrasound
A semi-quantitative assessment was performed based on the qualitative 3-point grade assessments as follows: Grade 0: 
The antrum appears devoid of any content in both RLD and semi-recumbent positions, indicating an empty stomach. 
Grade 1: Gastric fluid is visible only in the RLD position, indicating a small volume of fluid. Grade 2: Gastric fluid is 
detected in the antrum in both RLD and semi-recumbent positions, indicating a large volume of fluid. This grade is 
associated with patients who experienced regurgitation upon emergence from anesthesia.14 The ACSA was quantita
tively analyzed by measuring the anteroposterior (D1) and longitudinal (D2) diameters of a single cross-section of the 

Figure 1 Upper abdominal sonographic image showing an empty stomach antrum. Antrum is pointed out by 4 x’s corresponding to its 2 perpendicular diameters. 
Abbreviations: AA, longitudinal diameter; BB, anteroposterior diameter; Ao, aorta; L, liver; P, pancreas; R, rectus abdominis muscle; Sma, superior mesenteric artery.
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gastric antrum at the standardized scanning level. The measurement of gastric wall thickness encompassed the full 
thickness of the gastric wall, and the diameters were determined from the outer serosa layer to the inner serosa layer 
(Figure 2).

A1 A2

B1 B2

C1 C2

Figure 2 Gastric ultrasound performed based on the qualitative 3-point grade assessments. Antrum is pointed out by 4 x’s corresponding to its 2 perpendicular diameters. 
(A) The empty antrum (Grade 0) in the semi-recumbent (A1) and right lateral decubitus (A2) positions appear small and “flat”. (B) The antrum with minimal, insignificant 
amount of fluid (Grade 1), a small amount of fluid is detectable only in the right lateral decubitus position (B2). (C) The antrum with significant fluid content (Grade 2), fluid 
is evident in both positions, but more marked in the right lateral decubitus position (C2). 
Abbreviations: AA, longitudinal diameter (D1); BB, anteroposterior diameter (D2); Ao, aorta; L, liver; P, pancreas; Sma, superior mesenteric artery.
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The diagnosis of high-risk stomach was defined by the presence of gastric contents with a volume that posed clinical 
consequences for pulmonary aspiration, gastric fluid volume exceeding (GV/body weight GV/W) 1.5 mL/kg or exceed
ing 100 mL per person.21 The anteroposterior (D1) and longitudinal (D2) diameters of the antral section were 
determined, and the cross-sectional area (CSA) was calculated as follows:

In cases where clear liquid was present in the RLD position, GV was subsequently determined using Perlas’ 
mathematical model.17

All data were collected in a prospective manner and summarized using percentages and ratios for discrete variables, 
while continuous variables were reported as mean (standard deviation, SD).

Anesthetic and Gastroscopic Management
Anesthetic and gastroscopy management followed pre-existing plans based on established clinical practices. In cases 
where the antrum contained solid material that was visible by ultrasound, it was considered as a full stomach and 
appropriately excluded and managed. Once the ultrasound scan was completed, patients with an estimated gastric fluid 
volume of <100 mL underwent gastrointestinal endoscopy under sedation according to a standard institutional practice. 
The anesthetic management involved the administration of IV propofol in increments of 2 mg/kg (maximum = 3 mg/kg) 
and IV fentanyl in increments of 50 µg (maximum = 100 µg) to achieve deep sedation. This approach, known as 
monitored anesthesia care (MAC), is commonly employed in endoscopic procedures. The administration of MAC was 
performed by a certified registered nurse anesthetist or an anesthesiologist.22 The patients maintained their own airway 
and cardiovascular status.23 For patients with a predicted gastric fluid volume exceeding 100 mL, complete suctioning of 
the esophagus and stomach through gastroscopy was performed before examining the gastrointestinal tract with MAC.

Measurement of GVs by Endoscopy
Gastroscopy was conducted by a gastroenterologist utilizing an Olympus gastroscope. The actual GV was measured 
under a gastroscopic guidance, with suctioning done through a side port. All gastric fluids were thoroughly suctioned, 
and their volume was measured and recorded to the nearest milliliter, which was referred to as the “suctioned volume”. 
The liquid volume and nature of gastric contents and the adverse reactions to anesthesia, including regurgitation, bucking 
and pulmonary aspiration of gastric contents during the endoscopic procedures, were documented.

Statistical Analysis
Statistical tests were conducted with SPSS 25.0 and MedCalc version 20.1 for Windows. The normality of the data 
distribution was evaluated using the Shapiro–Wilk’s W-test. Normally distributed measurement data were expressed as 
means (SD) and analyzed using one-way ANOVA, while non-normally distributed data were presented as median 
(interquartile range, IQR), and analyzed using the nonparametric rank sum test (Kruskal–Wallis rank sum test). The 
incidence data were compared with Fisher’s exact test or Pearson’s chi-squared test, depending on the specific 
circumstances and requirements of the analysis.

Receiver operating characteristic (ROC) curves were plotted, and areas under the curves (AUCs) were calculated to 
estimate the discriminating power of ultrasonographic measurement of ACSA for diagnosing the volume of aspirated 
gastric contents > 1.5 mL/kg and 100 mL. Sensitivity and specificity were determined according to the cutoff value of 
ACSA to identify a high-risk stomach. Correlation analysis of variables affecting gastric fluid volume was performed, 
and a linear regression model was established. Bland–Altman analysis was utilized to evaluate the agreement between the 
calculated GV by ultrasound assessment and the suctioned GV, and to assess the performance of our model in estimating 
GV.24 For each test, p<0.05 was deemed significant.
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Results
Patient Characteristics
A cohort of 782 patients was included in this study. Eight patients were withdrawn due to the inability to obtain 
standardized gastric images. Twenty patients were withdrawn due to failure to record the nature or liquid volume of 
gastric contents (five patients had solid contents in the stomach). Eighteen patients with comorbid gastrointestinal 
dysfunction (2.0% diabetes and 0.3% renal impairment) were excluded (Figure 3). Out of the initial cohort, 736 patients 
successfully completed all study assessments in accordance with the protocol and were subsequently included in the final 
analysis. The patient’s demographic data, gastric ultrasound examination, and GV data are listed in Table 1.

Comparison of the ACSA, Predicted GV, and Suctioned GV in Different Decubitus 
Positions
The ACSA, calculated GV, suctioned GV, and suctioned GV per unit body weight of patients in different qualitative 
3-point grade assessments were remarkably different (p<0.05). In addition, a positive correlation was observed among 
them. The patients in Grade 2 group had a significantly larger calculated and suctioned GV compared to those in other 
two groups (p<0.001; Table 1).

ROC Curve Analysis
The ROC curves obtained for ultrasonographic diagnosis of a high-risk stomach and the optimal cutoff value of ACSA for GV 
> 1.5 mL/kg and 100 mL at both RLD and semi-recumbent positions are presented in Figure 4. For patients with the RLD 
position, a cutoff value of 6.4 cm2 predicted a GV of > 1.5 mL/kg, while a value of 7.5 cm2 predicted a GV of > 100 mL.

Reconstructed Model of the Predicted GV After Correction
Based on the Perlas’ mathematical model, the current calculated gastric fluid volume provides an accurate estimate 
compared with the suctioned GV under a gastroscopic guidance. However, for small calculated volumes (Grade 0), the 
calculated volume is four times higher than the observed value; for medium volumes (Grade 1), it is calculated twice as 
much, while the highest agreement is found for large volumes (Grade 2), with a difference of approximately 30% 
between the suctioned and calculated volume. The overall calculated volume is twice that of the suctioned volume in the 
entire population (Table 1). A scatter plot was constructed, where the difference between the two measurements for each 
patient was plotted against their corresponding mean values. The Bland–Altman analysis was then conducted (Figure 5). 
In this analysis, the differences between the calculated GV based on the current model and the observed suctioned GV 
during gastroscopy were plotted. The mean difference between these values for each subject was calculated to provide 
a clinical context for evaluating the differences. The 95% limits of agreement, determined through this method, define the 
range within which the differences between the two measurements are expected to lie with a 95% probability. The results 
of this analysis demonstrated that the current mathematical model exhibited a mean “bias” or systematic error of 33.2 mL 
(95% CI, 29.7–36.7 mL), indicating a tendency to overestimate GV. Additionally, there was a strong positive correlation 
between the calculated and observed volumes, with a correlation coefficient of r = 0.83 (95% CI, 0.74–0.92), and the 
upper limit of 95% agreement band was 127.9 mL. The observed difference, particularly in low volume states, has 
clinical significance and indicates that the current model may lack the necessary accuracy for practical clinical use. 
Consequently, a novel model was developed based on the updated dataset to improve accuracy and reliability.

Bivariate correlation analysis was conducted to measure each group’s linear relationship between the independent and 
dependent variables. Nine independent variables, such as sex, age, height, weight, BMI, ASA, the ACSA in both RLD 
and semi-recumbent positions, and 3-point grades were re-screened using forward regression to obtain a corrected 
mathematical model (Table 2). The correlation between the ACSA and GV was significantly higher in the RLD position 
than in the semi-recumbent position. We selected the best-fit model with ACSA in the RLD position, 3-point grades, and 
age as predictors, which was shown as follows:
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782 patients assessed for eligibility

4 solid gastric contents image

780 patients: ultrasound scan performed in both 

the semi-recumbent and RLD positions

775 patients underwent gastrointestinal endoscopy

with monitored anesthesia care

15 could not measure gastric volume:

2 giant gastric ulcers

13 gastric or esophageal tumors

760 patients assessed for gastric volume

742 patients reviewed the ultrasound gastric antrum images

6 excluded ultrasound images: 

5 non-standard images

1 unclear image with massive ascites

736 patients included and analyzed

2 inability to cooperate with RLD positions 

18 excluded gastrointestinal dysfunction: 

16 diabetes

2 severe liver dysfunction

95 predicted gastric 

volume >1.5ml/kg

complete suctioning of the 

stomach by gastroscope

1 solid gastric contents 

681 predicted gastric 
volume 1.5ml/kg

Figure 3 Flow chart of the study. RLD represents right lateral decubitus.
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Subsequently, we analyzed the consistency between the new calculated and suctioned GV via Bland-Altman analysis 
(Figure 6), which indicated a high level of agreement between the newly calculated and suctioned volumes, with a mean 
bias of 1.3 mL (95% CI, −0.2 to 2.8 mL). The correlation coefficient r = −0.52 (95% CI, −0.58 to −0.45) and a 95% 
agreement band ranging from −39.8 mL to 42.5 mL were also observed. The findings demonstrated that the model’s 
consistency was improved significantly after correction.

Discussion
Ultrasound plays vital roles in assessing the nature and volume of gastric contents, predicting the risk of perioperative 
aspiration, and guiding anesthesia management. The qualitative examination of the gastric antrum in the RLD and semi- 
recumbent positions can assess GV with high sensitivity.14,19 The suctioned GV exhibited a better correlation with ACSA 
in the RLD than in semi-recumbent positions in our work. The reason for this improved correlation between ACSA 
measurement and fluid volume is likely due to the movement of fluids toward the antrum when the subject assumes the 
RLD position. This positioning facilitates the pooling of fluids in the lower part of the stomach, resulting in a more 
accurate assessment of ACSA and its relationship to the actual volume of fluid present.25 The cutoff value of ACSA in 
the RLD position holds clinical significance in diagnosing a stomach at risk. Our study further emphasized that a GV 
threshold of up to 100 mL is more sensitive in identifying the risk compared to a GV threshold of up to 1.5 mL/kg.

Table 1 Patient Demographics, Gastric Ultrasound Examination, and Gastric Fluid Volume Data

Grade 0 Grade 1 Grade 2 All Subjects P-value

N 156 449 131 736

Age (years) 47.8±13.8 45.5±12.5 45.9±14.0 46.1±13.1 0.189a

Male (%) 71(45.5) 201(44.8) 55(42.0) 327(44.4) 0.814b

Female (%) 85(54.5) 248(55.2) 76(58.0) 409(55.6)

Weight (kg) 58.6±11.5 58.6±10.0 58.4±11.0 58.6±10.5 0.974a

Height (cm) 161.2±7.8 161.7±7.3 161.7±7.5 161.6±7.5 0.788a

BMI (kg/m2) 22.4±3.4 22.4±3.0 22.3±3.5 22.4±3.2 0.904a

ASA physical status, n (%) 0.018c

I 109(14.8) 327(44.4) 79(10.7) 515(69.9)

II 47(6.4) 120(16.3) 49(6.7) 216(29.4)

III 0(0.0) 2(0.3) 3(0.4) 5(0.7)

Semi-recumbent CSA (cm2) 2.9(2.2, 3.9) 3.2(2.4, 4.1) 4.7(3.3, 6.3)#,† 3.3(2.4, 4.5) <0.001d

RLD CSA (cm2) 4.5(3.5, 5.8) 6.4(4.8, 8.5)* 8.2(6.1, 11.3)#,† 6.1(4.5, 8.5) <0.001d

Suctioned gastric volume (mL) 7.0(3.0, 13.0) 30.0(20.0, 43.0)* 61.0(46.0, 80.0)#,† 29.5(14.0, 48.0) <0.001d

Suctioned gastric volume (mL/kg) 0.1(0.05, 0.2) 0.5(0.3, 0.8)* 1.1(0.8, 1.4)#,† 0.5(0.2, 0.8) <0.001d

Calculated gastric fluid volume (mL) 33.0(11.2, 51.5) 61.1(35.3, 93.4)* 86.3(58.1, 130.4)#,† 58.4(30.8, 92.9) <0.001d

Calculated gastric fluid volume (mL/kg) 0.5(0.2, 1.0) 1.0(0.7, 1.6)* 1.6(1.0, 2.1)#,† 1.0(0.6, 1.6) <0.001d

Notes: Values are presented as means (Standard deviation SD), median (interquartile range IQR), or number of patients (%). *P<0.05, group Grade 1 vs group Grade 0; 
#P<0.05, group Grade 2 vs group Grade 0; †P<0.05, group Grade 2 vs group Grade 1. aOne-way ANOVA test. bPearson’s chi-squared test. cFisher’s exact test. dKruskal– 
Wallis rank sum test. 
Abbreviations: BMI, body mass index; ASA, the American Society of Anesthesiologists; CSA, cross-sectional area; RLD, right lateral decubitus.
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Our mathematical model, derived from an observational study of 782 fasted non-pregnant outpatients undergoing 
gastrointestinal endoscopy with MAC, utilizes ACSA in the semi-recumbent and RLD position, as well as age, to predict 
gastric fluid volume. This model can be of valuable assistance to anesthesiologists in evaluating the risk of pulmonary 
aspiration and making well-informed decisions regarding the anesthetic strategy. Several researchers have reported the 
development of prediction models for ultrasound-based assessment of gastric fluid volume, primarily focusing on elective 
or emergency surgery within operating rooms. However, there have been limited reports in the outpatient setting, and 
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Figure 4 Receiver operating characteristic curves for the ultrasonographic diagnosis of risk stomach, as defined by a suctioned fluid volume of gastric contents > 1.5 mL/kg 
of antral CSA in patients with RLD (A) and semi-recumbent positions (B), and defined by a suctioned fluid volume of gastric contents > 100 mL of antral CSA in patients 
with RLD (C) and semi-recumbent positions (D). 
Notes: AUC, area under the receiver operating characteristic curve, with 95% CI. P < 0.001 for the CSA of the RLD position curve. 
Abbreviations: CSA, cross-sectional area; RLD, right lateral decubitus.
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these models have predominantly been developed using data from Western countries.16,17,19 Hence, it remains crucial to 
investigate and ascertain the suitability and relevance of these existing models to Eastern populations. The current models 
involve various techniques such as using predetermined known volumes of fluid after fasting, performing suctioning 
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Figure 5 Bland–Altman analysis demonstrates the agreement between the current calculated volume (CCV) according to mathematical Model (2) and the suctioned volume 
(SV) through gastroscopy. The y-axis represents the difference between the two values (CCV-SV), and the x-axis represents the mean between the two values (CCV+SV/2). 
The Orange dotted line (inner dotted lines) represents perfect agreement. The blue solid line is the mean difference or “bias” of the model. The outer dotted lines represent 
the upper and lower limits of 95% agreement. 
Abbreviations: CCV, current calculated volume; SV, suctioned volume.

Table 2 Correlation Analysis Between Gastric Volume 
and Independent Variables

Independent Variables Suctioned Gastric Volume

r P -value

Sex −0.040 0.921

Age −0.186** <0.001

Height 0.030 0.412

Weight 0.000 0.997

BMI −0.002 0.953

ASA 0.007 0.850

Semi-recumbent CSA 0.079* 0.032

RLD CSA 0.221** <0.001

3-point grades 0.712** <0.001

Notes: *P < 0.05; **P < 0.01. 
Abbreviations: BMI, body mass index; ASA, American Society of 
Anesthesiologists; CSA, cross-sectional area; RLD, right lateral decubitus.
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under gastroscopic vision, or inserting an 18-French multi-orifice Salem tube to directly assess gastric contents and 
volume.17,26 The previous studies that relied on data from fasted healthy individuals who ingested known volumes of 
fluid may not fully reflect the clinical reality of patients with low gastric contents. These studies do not consider the pre- 
existing gastric secretions prior to ingestion, which can lead to inaccurate interpretations of gastric contents and 
potentially compromise the reliability of aspirated gastric contents through a gastric tube. To minimize experimental 
error, we assessed fasted patients undergoing gastrointestinal endoscopy with sedation, after which gastric fluid was 
suctioned under gastroscopic vision and measured.

Nevertheless, this observational study has some limitations worth considering. The lack of inclusion of aspiration subjects 
hinders the ability to discuss the reflux aspiration threshold, which could have provided further insights into the relationship 
between gastric fluid volume and aspiration risk. Moreover, there may be unmeasured factors and confounders that could have 
influenced the results of our study. These factors could include underlying undiagnosed diseases or anxiety related to 
preoperative preparation, which could potentially impact gastric emptying, gastric juice secretion, and the ACSA. In 
a study of gastritis, gastric ulcer, and Helicobacter pylori infection, the ACSA was larger in these patients than in healthy 
individuals, indicating the possibility of overestimating GV using the aforementioned GV prediction model in such 
populations.27,28 Current studies have demonstrated that conditions such as pregnancy, diabetes, and severe liver and kidney 
dysfunction can impact gastric emptying, but the relationship between the gastric ACSA and GV remains unclear.29–34 To 
minimize bias, we excluded patients with diseases associated with gastric emptying and dysfunction.

Furthermore, a negative correlation was observed between age and GV, which may be attributed to the reduction in 
gastric juice secretion in elderly patients. However, elderly patients frequently suffer from chronic diseases, gastro
intestinal dysmotility, deglutition difficulties, weak cough reflex, and other weakened protective functions. Therefore, old 
age should not be considered as a protective factor against pulmonary aspiration.35,36

With the assistance of gastric ultrasound-based risk assessment, anesthetic management can be tailored appropriately 
for each individual patient. Patients whose ultrasound reveals solid or thick material in the antrum, regardless of the 
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Figure 6 Bland–Altman analysis demonstrates the agreement between the new calculated volume (NCV) according to mathematical Model (3) and the suctioned volume 
(SV) through gastroscopy. The y-axis represents the difference between the two values (NCV-SV), and the x-axis represents the mean between the two values (NCV+SV/2). 
The blue solid line is the mean difference or “bias” of the model. The outer dotted lines represent the upper and lower limits of 95% agreement. 
Abbreviations: NCV, new calculated volume; SV represents the suctioned volume.
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quantity, are likely at a high risk of pulmonary aspiration. In such cases, no further assessment is needed, and anesthetists 
may choose to postpone or cancel the gastrointestinal endoscopy under sedation.

Quantification of gastric content has become essential when clear fluid is present, as ultrasound can detect 
a significant amount of clear fluid in about half of all fasting patients.14 The widely accepted upper limit of normal 
for gastric clear fluid content is 1.5 mL/kg or approximately 100 mL in the average adult.7,14,17,18 For patients with an 
ACSA >7.5 cm2 in the RLD position or a predicted gastric fluid volume exceeding 100 mL, it is advisable to perform 
complete suctioning of the esophagus and stomach via gastroscopy before undergoing gastrointestinal endoscopy 
examination with sedation or anesthesia.

When antral fluid is present, a volume <1.5 mL/kg may indicate baseline gastric secretions and is likely associated 
with a low risk of pulmonary aspiration. Safety measures can be enhanced by elevating the head of the bed by 45 
degrees, maintaining the appropriate depth of anesthesia or sedation, using topical anesthesia in the throat to reduce the 
cough reaction, and performing complete suctioning of gastric juice before proceeding with further gastrointestinal 
endoscopy examination.

Considering that reflux aspiration is a complex process influenced by various physiological and pathological factors, 
such as the secretory function of the stomach and oropharynx, aspiration cannot be entirely avoided, even if the stomach 
is completely empty. The aspiration of gastric contents during general anesthesia encompasses various pathophysiolo
gical features, which involve a range of risk factors. These factors can include challenges in airway management or the 
use of inadequate anesthetic techniques. During general anesthesia, challenges in airway management or inadequate 
anesthetic techniques can result in unintended consequences. For example, coughing, bucking, and blowing air into the 
stomach can occur, leading to increased intra-abdominal pressure. This elevated pressure can trigger episodes of 
gastroesophageal reflux, where gastric contents flow back up into the esophagus and potentially reach the upper 
airway.37–39 Therefore, a comprehensive assessment of the patient’s physiological and pathological status is crucial in 
determining the appropriate anesthesia management and surgical approach based on the predicted GV, which can further 
enhance the clinical decision-making process.

Conclusion
In conclusion, our study establishes that an ACSA cutoff value of 7.5 cm2 predicts a gastric volume exceeding 100 mL in the 
RLD position. We introduce a novel prediction model: Volume = 18.3 + 26.3 × 3-point grades + 0.7 × RLD CSA (cm2) - 0.3 × age 
(yr) to estimate gastric volume based on sonographic measurements of RLD position ACSA. This model effectively quantifies 
the presence of clear fluid in the antral gastric region and can be applied to aid in evaluating the risk of pulmonary aspiration for 
non-pregnant adult patients.
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