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 Background: Pulmonary aspiration of the gastric contents is a serious perioperative complication. The aim of this study was 
to evaluate the efficacy of portable ultrasonography in the preoperative evaluation of the gastric contents of 
patients. The secondary aim was to examine the relationship between gastric antrum cross-sectional area and 
age and body mass index (BMI).

 Material/Methods: This single-center, prospective, cross-sectional study included 120 patients who underwent surgery. Measurements 
the gastric antral cross-sectional areas and quantitative and qualitative measurements of the stomach were 
taken by ultrasonography guidance in all patients.

 Results: With the patient in a supine position, the mean gastric antrum cross-sectional area was found to be 3.4±2.43 cm2 
(range, 0.79–17.3 cm2). As the number of hours of fasting increased, the gastric antral cross-sectional area sta-
tistically significantly decreased (P<0.05). Increased age and BMI values were determined to increase the gas-
tric antrum cross-sectional area in a linear correlation; r=0.209, P<0.05 and r=0.252, P=0.05, respectively. It was 
determined that 20.8% of the patients exceeded the high-risk stomach antral cutoff cross-sectional area that 
was defined as 340 mm2 in patients fasting for at least 8 hours.

 Conclusions: It was determined that bedside ultrasonography is a useful, non-invasive tool in the determination of gastric 
content and volume. A significant proportion of surgical patients may not present with an empty stomach de-
spite the recommended fasting protocols.

 MeSH Keywords: Fasting • Pyloric Antrum • Respiratory Aspiration of Gastric Contents • Ultrasonography

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/908520

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Department of Anesthesiology, Diyarbakır Selahaddini Eyyübi State Hopital, 
Diyarbakır, Turkey

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 5542-5548 

DOI: 10.12659/MSM.908520

5542
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Although perioperative aspiration of the stomach contents is 
seen rarely in anesthesia practice, it is a complication that can 
lead to severe morbidity and mortality [1,2]. The risk of mor-
bidity and mortality has been reported as 8%–10% in large 
case series studies that included long-term mechanical venti-
lation as a result of aspiration pneumonia [3,4]. However, dif-
ferent clinical conditions emerge depending on the type and 
amount of aspirated material, the frequency of aspiration, and 
the response of the patient. Solid particles, liquids with a low 
pH, and an excessive amount of content increase morbidity. 
Identification of patients at risk is a cornerstone of safe anes-
thesia practice regarding preoperative fasting and therapeu-
tic drug aspiration. General anesthesia or sedation block the 
physiological mechanisms preventing aspiration (lower esoph-
agus sphincter and upper airway reflexes) [5]. Therefore, the 
liquid and solid food intake of a patient before general anes-
thesia is important for patient safety. In the revised preoper-
ative fasting guidelines, at least 2 hours without clear liquids 
is recommended, 6 hours of fasting for liquids containing solid 
particles and toasted sandwich type solid foods, and 8 hours 
of fasting for high calorie and fatty foods [6]. For patients at 
risk of aspiration, rapid series induction, tracheal intubation 
without mask ventilation, or face mask ventilation with cri-
coid pressure are recommended [7].

Despite the use of methods such as paracetamol absorption, 
polyethylene glycol dilution, and electric impedance tomog-
raphy for visualization of the structure of the stomach con-
tent, volume, and time to emptying, stomach scintigraphy has 
been accepted as the gold standard imaging method [8,9]. 
However, it is not considered a practical measurement meth-
od as it is costly, causes wide spread radiation exposure, and 
requires special equipment. Gastric ultrasonography guidance 
(USG) has come into common use as it is a practical, inexpen-
sive, and useful imaging method. Recent studies which have 
used bedside gastric USG have shown that the nature of the 
stomach content (liquid, solid, or empty) and the volume of 
the stomach content is correlated to the antral cross-section-
al area [10–14]. Its accuracy and reproducibility have been 
shown in multiple studies [10–12]. Gastric USG may be useful 
in many clinical situations such as lack of patient adherence 
to fasting instructions (e.g., due to emergency/urgent proce-
dure or miscommunication), unreliable fasting history (e.g., al-
tered sensorium, language barrier, or cognitive dysfunction), 
potential delay in gastric emptying (e.g., pregnancy, diabetes 
mellitus, severe liver or kidney dysfunction, or neuromuscular 
disorders) in which aspiration risk is unclear or undetermined.

The primary aim of this prospective study was to identify pa-
tients at risk of perioperative aspiration of stomach contents, 
by calculating the gastric antrum cross-sectional area with 

preoperative stomach antrum USG of patients. The second-
ary aim was to examine the relationship between gastric an-
trum cross-sectional area and age and body mass index (BMI).

Material and Methods

Ethical approval

Approval for the study was granted by the Institutional Ethics 
Committee (Decision no: 82, Diyarbakir Training and Research 
Hospital Ethics Committee). Written informed consent was ob-
tained from all patients.

Patients

This prospective study included 123 patients who were to 
undergo surgery. Inclusion criteria for the study were patient 
age 18–85 years old, height >145 cm, weight 40–110 kg, BMI 
<35 kg/m2, ASA classification (I, II, III), and elective or emer-
gency surgery. Patients were excluded from the study if they 
had abnormal anatomy of the upper gastrointestinal system 
(previous esophagus or gastric surgery, including hiatus her-
nia), if they had active gastric or duodenal ulcer, upper gastro-
intestinal system bleeding, vagal nerve denervation, diabetes 
mellitus, subocclusive syndrome, or infiltrative diseases such 
as scleroderma or amyloidosis, medullar lesion above T10 lev-
el, or pregnancy. The presence of gastroesophageal reflux dis-
ease alone was not an exclusion criterion.

Preprocedural assessment

In the preoperative section of the operating theater all pa-
tients were questioned in detail about their fasting status, 
demographic data were recorded, and a medical examination 
was made. Before anesthesia induction, the aforementioned-
described standardized screening protocol was applied to the 
patients for gastric examination and USG by an experienced 
USG operator (with at least 5 years USG experience and >50 
gastric USG examinations). The doctor applying the USG had 
no influence on the anesthesia method or any other proce-
dures applied to the patient.

Procedure

With the patient in a supine position, the USG examination was 
made with a 2–5 MHz curvilinear array low frequency transduc-
er (Sonosite® M-Turbo Bothell WA, USA). The transducer was 
placed in the parasagittal plane of the epigastric region. To ob-
tain general qualitative observations of the gastric antrum and 
body, the stomach cavity, and the stomach contents, the trans-
ducer was scanned curving from right to left. The antrum is gen-
erally seen in the parasagittal plane immediately to the right of 
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the midline. Perlas et al. showed reference points to be the left 
anterior lobe or caudal lobe of the liver, the pancreas head, and 
the superior mesenteric vessels with the vena cava inferior or 
abdominal aorta [10–12]. Quantitative and qualitative evalua-
tion of the gastric antrum was made by the USG operator. If the 
antrum had a smooth appearance when the anterior and pos-
terior walls were next to each other, it was evaluated as empty. 
When the antrum had a hypoechoic content and the walls had 
a swollen endocavitary lumen, this was evaluated as evidence 
that it contained fluid. All the measurements were of the resting 
stomach at the moment when peristaltic contractions ceased.

The cross-sectional antral area was measured using the free-trac-
ing method (FTM), using calculations of the manually drawn lines 
as determined by the ultrasound caliper section. The tradition-
al two-diameter method (TDM) described by Bolondi et al. [15] 
was selected for this study as the calculation is simple and easy 
to apply according to the formula, CSA=AP×CC×p÷4. In a study 
using FTM and TDM, Kruisselbrink et al. showed that the re-
sults of the measurements of both methods were similar [14]. 
In this study, the cutoff value of antral cross-sectional area of 
340 mm2 was accepted as the diagnosis of an at-risk stomach 
according to the study by Bouvet et al. [13].

Statistical analysis

A descriptive analysis of the demographic data (age, weight, 
height, and BMI), gender, and ASA classification was performed. 
The data were summarized using the mean and standard de-
viation. The assumption of normal distribution of continuous 
variables was checked using the Shapiro-Wilk test. If variables 
were normally distributed, central tendency was expressed as 
the mean (SD). Means were compared using Student’s t-test or 
one-way analysis of variance as appropriate. Categorical data 
are expressed as the count and percentages or ratios and an-
alyzed with the Fisher’s exact test. Differences were consid-
ered significant if P<0.05. Statistical analysis was performed 
using SPSS 20 software (IBM, Armonk NY, USA).

Results

The study included a total of 123 patients. Three patients were 
excluded: 2 patients where detailed images could not be tak-
en because of gas in the stomach, and 1 patient who had a 
BMI of >35 kg/m2. Therefore, the study evaluation included 
120 patients of which 76 were male and 44 were female; the 
mean age was 40.4±16.54 years (range, 18–82 years). The de-
mographic data of the patients are shown in Table 1. A peri-
od of more than 8 hours of fasting was determined in 91 pa-
tients (75.8%) and less than 8 hours of fasting in 29 patients 
(24.2%). The mean cross-sectional area of the stomach an-
trum was found to be 3.34±2.43 cm2 (range, 0.79–17.3 cm2).

USG images of the patients are shown in Figure 1. Patients with 
an empty stomach were seen to have oval or round images in 
the sagittal plane; this appearance is described as “bullseye” 
(Figure 1A). The walls of an empty stomach appear relatively 
thick. In a stomach with liquid content, the antrum appears 
stretched and round, and the stomach walls are seen to be thin 

Characteristic

Age (years) 40.4±16.54 (18–82)

Gender (M/F) 76/44

Height (cm) 169.01±9.11 (148–187)

Weight (kg) 72.97±12.27 (44–105)

Area (cm2) 3.34±2.43 (0.79–17.3)

BMI (kg/m2) 25.56±4.02 (17.72–37.78)

ASA

 ASA I 84

 ASA II 29

 ASA III 7

Preoperative fasting time (h) 9.41±4.08 (1.0–18.50)

 >8 hours fasting 91

 <8 hours fasting 29

Type of surgery

 General surgery 44

 Orthopedia 24

 Urology 24

 Otolaryngology 8

 Ophtalmology 13

 Neurosurgery 4

  Plastic and Reconstructive 
surgery

3

Planned Anesthesia

 General 59

 Spinal 35

 Regional blok 18

 Sedation 4

 Local 4

Total 120

Table 1. Demographic data of the patients.

ASA – American Society of Anesthesiologists; mean ± standard 
deviation; n – patient number.
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and hypoechoic (Figure 1B). When there is solid content, the 
antrum appearance is described as frosted glass (Figure 1C).

The mean, standard deviation, and the minimum and maxi-
mum values of the antral cross-sectional area of patients with 

at least 8 hours of fasting and less than 8 hours of fasting are 
shown in Table 2. The antral cross-sectional area of the group 
with less than 8 hours of fasting was determined to be statis-
tically significantly higher (P<0.05). No statistically significant 
difference was determined between the mean antrum cross-
sectional areas of emergency and elective cases (P>0.05). No 
difference was seen between the fasting periods of elective 
and emergency cases (P>0.05). According to the cutoff value 
of 340 mm2 determined for the diagnosis of stomach fullness 
risk, an increased rate was determined in 20.8% of patients 

A C

B

Figure 1.  (A) Gastric sonographic image of the antrum in the 
epigastric area obtained in a sagittal plane using a 
curved-array low-frequency probe after 8 hours of 
fasting. Note a hypoechoic layer within the gastric 
wall that corresponds to the muscularis propria. Ao – 
aorta; LLL – left lobe of the liver; P – pancreas; SMA 
– superior mesenteric artery. (B) Gastric ultrasound 
images of the antrum 2 hour after ingestion of a solid 
meal. (C) Gastric ultrasound images of the antrum 1.5 
hour after ingestion of clear fluid. The clear fluid in the 
stomach seen as hypoechoic-anechoic content.

Characteristic  n (%) Anral area (mm2) p

Surgery

0.17

 Emergency 24 394.21±21.2

 Elective 96 319.25±24.9

Emergency (fasting time)

At least 8 hours fasting

Antral area

 >340 mm2 20 (% 20.8) 461.65±135.4

 <340 mm2 72 (%79.2) 217.7±68.9

Total 25

Table 2. Characteristics of antral cross-sectional area.
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with at least 8 hours of fasting and the mean cross-sectional 
area was found to be 461.65±135.4 mm2 (Table 2).

A linear correlation curve was seen such that as the fasting 
period increased, the antral cross-sectional area decreased 
(Figure 2). The correlation coefficient was determined as 
r=–0.499 (P<0.01).

The correlation of BMI and the antral cross-sectional area of 
patients with at least 8 hours of fasting is shown in Figure 3. 
A weak positive linear correlation was determined (r=0.252, 
P=0.05). Similar results were determined in the relationship 
between age and antral cross-sectional area (r=0.209, P<0.05) 
(Figure 4).

Discussion

The results of this study showed that the use of USG on pa-
tients for preoperative gastric antrum measurements was sim-
ple and effective for the examination of stomach contents. In 
the different periods of fasting, it was seen that as the peri-
od of fasting increased, the stomach antrum area decreased; 
in patients with at least 8 hours of fasting, a statistically sig-
nificant change was determined in the stomach antrum area, 
independent of factors such as age and BMI.

In 1946, Mendelson first identified pneumonia associated with 
the aspiration of gastric contents during general anesthesia in 
obstetric patients, and this complication has since been em-
phasized as a serious problem in anesthesia practice [16]. In 
recent prospective and retrospective large case series stud-
ies in the UK and France, aspiration of the stomach contents 
has been shown to be the leading cause of anesthesia-related 
mortality [4,17]. Lung damage related to aspiration of stom-
ach acid has been reported to be the result of 2 mechanisms. 
The first is rapid tissue damage which is a direct effect, and 
the second is the indirect development of widespread inflam-
matory response. Severe complications, such as pneumonia, 
pulmonary edema, acute respiratory distress syndrome, sepsis, 
and hypoxic brain injury, are associated with aspiration [18].

Until recently, USG was used in anesthesiology for venous and 
arterial punctures, peripheral and central nerve blocks, cardi-
ac interventions, and at increasing rates in orotracheal intu-
bation interventions. Bedside determination of gastric fullness 
with USG has become a part of the daily practice of anesthesia 
used in intensive care units and emergency care units for the 
evaluation of the risk of pulmonary aspiration. Koenig et al. 
determined the stomach contents of intensive care patients 
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Figure 2.  Correlation of the antral cross-sectional area with 
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who were to be intubated in the supine position using USG, 
then aspirated the stomach contents and applied the proce-
dures [19]. Gastric USG has also been used by gastroenterol-
ogists to determine gastric motility and emptying, or lesions 
in the gastric wall. In the evaluation of gastric motility, the re-
sults of USG have been seen to be close to those obtained 
with scintigraphy, which is considered the gold standard [20]. 
After efficacy is proven in the calculations of gastric volume 
of bedside ultrasound [12], the efficacy is further determined 
by showing the nature of the stomach contents (solid, liquid, 
or empty). Just as in the current study, previous studies have 
calculated that the gastric content volume increases in with 
a linear correlation (Pearson correlation coefficient 0.6–0.91) 
with increasing antral area [10,11,21–23].

The volume of gastric content is defined with different math-
ematical models after the calculation of the gastric antrum 
cross-sectional area with USG imaging [10–13]. The Perla’s 
and Bouvet mathematical models are acceptable with respect 
to reliability and applicability. In the Bouvet model, gastric vol-
umes up to 250 mL can be calculated from stomach serosa-
to-serosa in non-pregnant adults with BMI of 14–31 kg/m2 
(correlation coefficient 0.72) [13]. In the Perlas model, gastric 
volumes up to 500 mL can be calculated from stomach sero-
sa-to-serosa in non-pregnant adults with BMI of up to 40 kg/
m2 (correlation coefficient 0.86). As the current study was con-
ducted with patients in the supine position, the Perlas et al. 
mathematical formula was determined to be appropriate for 
the gastric volume calculation in this position [12]. However, 
because the variable values in this formula (19 years < age 
<58 years, 45 kg < weight <105 kg, 150 cm < height <192 cm, 
2.3cm2 < CSA-supine <16.27 cm2) were not suitable for the 
current study group, correct results could not be obtained.

There is ongoing debate related to the cutoff values of gastric 
volume which would lead to aspiration of stomach contents. 
Previous studies have shown basal values of gastric content 
volume varying between 100 mL and 130 mL in individuals with 
an average fasting period, which has been shown to be equiva-
lent to 0.6 mL/kg [24,25]. In animal studies adapted to humans, 
while the stomach content of 25–50 mL volume (0.4–0.8 mL/kg) 
has been accepted as the cutoff value [26], Perlas et al. stated 
that 1.5 mL/kg could be appropriate [10]. In risk evaluation ac-
cording to gastric antrum area measurements, while there are 
studies that have taken 320 mm2 as a threshold value [27,28], 
in another study by Bouvet et al. which evaluated aspiration 
of stomach contents in the supine position after gastric an-
trum measurements, used the risk of solid food or liquid con-
tent of 0.8 mL/kg with antral cross-sectional area of 340 mm2 
with 91% sensitivity, 71% specificity, and 94% negative predic-
tive value [13]. According to the results of the current study, in 
20.8% of the patients with a fasting period of at least 8 hours, 
the antral cross-sectional area was higher than 340 mm2. In a 

study by Bisinoti et al., the stomach was determined not to be 
empty by gastric measurements of 26.4% of patients [29]. It 
has been suggested that there could be patient incompatibil-
ity or known or unknown gastric motility impairment because 
of increased gastric content in elective patients [30].

The patient’s age is not expected to have an effect on the calcu-
lated gastric volume and antral area. In a study by Perlas et al., 
the antral cross-sectional area of elderly patients was deter-
mined to be greater than that of young patients estimated 
to have the same gastric volume [10]. In other words, a low-
er gastric volume was found in the right lateral antral cross-
sectional area measurements in elderly patients compared to 
young patients. In the current study, it was determined that 
the antral cross-sectional area of patients fasting for at least 
8 hours increased with a low linear correlation with advanc-
ing age. The reason for this may be that the stomach walls of 
elderly patients are more compliant than those of young pa-
tients, and it could be that there is reduced gastric motility 
at an advanced age.

In the current study, no statistically significant difference was 
determined in the antral cross-section measurements of those 
undergoing elective or emergency surgery. Due to the low 
number of patients, and because the majority of those in the 
emergency patient group were appendectomy cases who had 
delayed time to admittance for surgery for diagnosis from fast-
ing periods, the period of fasting exceeded the mean 8 hours.

There were some limitations to this study. It was not applied to 
specific patient groups such as children, the elderly, and those 
with certain comorbidities. The USG examinations were made 
by a single practitioner and it was not possible for the results 
to be confirmed by another researcher. As the study was con-
ducted with the patients in a supine position, there was no 
clear mathematical formula related to the stomach content 
volume. Therefore, high-risk stomach classification could not 
be applied according to the estimated gastric content volume.

Conclusions

In conclusion, because of the preoperative gastric antrum mea-
surements, it was determined that the use of bedside USG was 
simple and effective in the examination of stomach content 
volume and the evaluation of the related risk of aspiration. It 
should be taken into consideration that patients have a risk 
of gastric filling despite recommended fasting protocols, in-
creased age, and BMI.
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