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Abstract

Background: Gastric ultrasound is an emerging tool for preoperative evaluation of gastric content and volume.
Objectives: To assess gastric residual volume in normal-weight and obese patients scheduled for elective surgery.
Methods: This prospective observational study was conducted on 100 patients assigned to two groups of 50 patients each. The
obese group included patients with body mass index (BMI) of 30 - 40 and American Society of Anesthesiologists (ASA) grade II and
those with BMI > 40 and ASA III without other comorbidities; the normal-weight group included patients with normal BMI and ASA
I. Gastric volume was predicted in each group using sonographic measurement of antral cross-sectional area (CSA) in semi-sitting
and right lateral positions (RLP); the two groups were compared to assess the risk of aspiration for each group preoperatively.
Results: Despite intergroup differences in antral CSA, the sonographically predicted gastric volume was < 1.5 mL/kg in both groups
in both positions. Both groups were at a low risk for aspiration, and 98% of the patients showed grade 0 or 1 in antrum assessments,
corresponding to an empty antrum and minimal fluid only in the RLP, respectively. Only 2% of the patients in both groups showed
a distended antrum in both positions.
Conclusions: Despite the differences in CSA between obese and normal-weight participants in both positions (obese > normal-
weight), both groups showed a low predicted gastric residual volume < 1.5 mL/kg and were at low risk for aspiration, provided that
fasting was initiated at least 8 hours before elective surgery.
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1. Background

Delayed gastric emptying is a major risk factor for as-
piration of gastric contents into the lungs, a possibly fa-
tal complication during anesthesia (1). Moreover, gastric
emptying also influences the systemic availability of orally
administered substances, making it doubly important for
anesthetists. Delayed gastric emptying can lead to nausea
and vomiting, prevent a return to oral feeding, and be re-
sponsible for morbidity and mortality (2)

Gastric emptying is influenced by both humoral and
neural factors (3). The volume and composition of gas-
tric food act as major determinants of the rate of gastric
emptying (4). Nevertheless, studies on the effect of body
weight on gastric emptying have yielded inconsistent find-
ings (5). The application of fasting guidelines provided
by the American Society of Anesthesiologists (ASA) ensures
that the stomach is emptied before anesthesia induction,
which is the primary method to prevent aspiration (6).

However, these guidelines cannot be applied in urgent pro-
cedures, or patients with morbidities associated with de-
layed gastric emptying (7).

Previous studies have reported the use of ultrasound
imaging preoperatively for bedside assessment of gas-
tric content and volume in non-fasting, diabetic, severely
obese, and intensive care patients (8-10). Sayyadi et al (9).
had employed ultrasonography to study the effect of meto-
clopramide on gastrointestinal tract (GIT) motility in pa-
tients with incomplete fasting.

2. Objectives

This study was conducted to assess gastric residual
volume with focused abdominal sonography in normal-
weight and obese patients scheduled for elective surgery.
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3. Methods

This prospective observational study was conducted
between July 2019 and June 2020 at our university hospital
after receiving approval from the local institutional ethics
committee and registering the clinical trial. Eligible par-
ticipants were provided a detailed study explanation and
provided informed consent before enrollment. The study
protocol adhered to CONSORT guidelines.

The study population consisted of a total of 100 obese
patients (body mass index (BMI) > 30) and normal-weight
patients with BMI between 18 and 24.9 scheduled to un-
dergo elective surgery. We excluded patients meeting any
of the following criteria: pregnancy, renal failure, liver
cell failure, or a history of upper GIT morbidity or upper
abdominal surgery, diabetes, opium addiction, and other
conditions or usage of drugs affecting gastric motility. All
patients enrolled in the study were > 20 years old. The par-
ticipants were assigned to two groups of 50 patients each.
The obese group included participants with BMI between
30 - 40 and ASA II, and those with BMI > 40 and ASA III
without other comorbidities; the second group consisted
of normal-weight participants with ASA I. The participants
underwent an 8-h preoperative overnight fast after a light
meal.

Focused abdominal sonography was performed in the
semi-sitting and right lateral position (RLP). A trained
physician used the Mindray curved transducer at a low fre-
quency (2 - 5 MHz) for abdominal examination. A sweep of
the probe from the left to right subcostal margins deter-
mined the antrum to be located within the epigastrium.
For this assessment, the left liver lobe and the descend-
ing abdominal aorta were used as anterior and posterior
landmarks, respectively. Based on antral shape and con-
tents, a flat antrum with juxtaposed anterior and poste-
rior walls was considered empty; a distended antrum with
hypoechoic contents and thin walls was considered fluid-
containing; and a distended antrum with contents show-
ing mixed echogenicity was considered solid-containing.
The antral cross-sectional area (CSA) was measured using
the equation:

(1)CSA = π
[D1 × D2]

4

(D1 and D2: two antral dimensions).

Gastric residual volume in each patient position was
calculated using the following equations: gastric residual
volume (mL) = 215 + 57 log CSA (cm2) - 0.78 age (year) - 0.16
height (cm) - 0.25 weight (kg) - 0.80 ASA (Bouvet and col-
leagues’ equation for semi-sitting position);

gastric residual volume (mL) = 27.0 + 14.6 × right-
lateral CSA - 1.28× age (Perlas and colleagues’ equation for
RLP).

The aspiration risk was categorized using the system
proposed by Ven de Putte and Perlas. In this system, the as-
piration risk is classified as (a) patients with empty antrum
and gastric residual volume < 1.5 mL/kg: low risk; (b) pa-
tients with solid contents or gastric residual volume > 1.5
mL/kg: high risk.

An 18-F nasogastric tube was inserted after anesthesia
induction and endotracheal intubation. Gastric contents
were aspirated by gentle suction with a 50 mL syringe with
a synchronous epigastric massage. The primary outcome
was gastric residual volume in the semi-sitting position.
Secondary outcomes included the grade of aspiration risk
(high and low), fluid volume aspirated from the nasogas-
tric tube after anesthesia induction, gastric residual vol-
ume in the RLP, and antral CSA in both semi-sitting and
RLP. Antrum findings were graded as empty antrum: grade
0; minimal fluid in the RLP only: grade 1; distention of
antrum in both semi-sitting position and RLP: grade 2.

3.1. Statistical Analysis

Statistical Package for the Social Sciences (version 22,
SPSS Inc, USA) was used to organize, tabulate, and statisti-
cally analyze the collected data. Numerical variables were
presented as median and interquartile range (IQR) since
they were not normally distributed; the test of significance
was determined using the Mann-Whitney U test. Num-
bers and percentages were used to represent qualitative
data; the test of significance was determined using the chi-
squared test. A two-tailed P-value < 0.05 was considered
statistically significant.

3.2. Sample Size

The G-Power© software version 3.1.7 was used to calcu-
late the sample size with an effect size of 0.57, two-sided
(two tails) type I error of 0.05, and power of 80%. Each
group was required to include at least 50 participants.

4. Results

Table 1 shows that age and sex were not significantly dif-
ferent between groups (normal-weight and obese patients;
P = 0.159), but ASA classification showed a significant dif-
ference since 100% of patients in the normal-weight group
had ASA I status, while 86% and 14% of the patients in
the obese group had ASA II and ASA III status, respectively,
regarding obesity only without other comorbidities (P <
0.0001).

2 Anesth Pain Med. 2021; 11(1):e109732.
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Table 1. Characteristics of the Participants

Normal-Weight (N = 50) Obese (N = 50) P-Value a

Median IQR Median IQR

Age 32.5 (24 - 48) 35.0 (23 - 45) 0.814

No. (%) No. (%) P-value b

Sex

Male 26 (52.0) 19 (38.0) 0.159

Female 24 (48.0) 31 (62.0)

ASA

Non-obese participants 50 (100.0) 0 (0.0) < 0.0001 c

Obese participants with BMI of 30 - 40 0 (0.0) 43 (86.0)

Obese participants with BMI > 40 0 (0.0) 7 (14.0)

Abbreviations: IQR, interquartile range; ASA, American Society of Anesthesiologists.
aMann-Whitney U test.
b Chi-square test.
cSignificant.

Table 2 shows that unlike weight and BMI, which
showed significant differences between groups (P <
0.0001); height was not significantly different between
obese and normal-weight patients.

Table 3 shows that the gastric volume was not signif-
icantly different between groups in ultrasound measure-
ments performed in the semi-sitting position while fast-
ing; however, the two groups showed significant differ-
ences in the D1 (craniocaudal) (P = 0.011) and D2 (antero-
posterior) (P < 0.0001) diameters, as well as the antral CSA,
which was a derived value (P < 0.0001).

Table 4 shows significant intergroup differences in
antral diameters D1 (P = 0.002) and D2 (P < 0.0001), as well
as antral CSA and gastric residual volume (P < 0.0001) in
abdominal ultrasound assessments in the RLP.

Table 5 shows that 52% and 58% of participants in
the normal-weight and obese groups, respectively, had an
empty antrum (grade 0) (P = 0.830). On the other hand, 46%
and 40% of participants in the normal-weight and obese
groups, respectively, had minimal antral fluid only in RLP
(grade 1), with no significant difference between groups (P
= 0.830). Moreover, 2% of the participants in both groups
showed a distended antrum (grade 2) in both RLP and semi-
sitting positions; however, the difference was not signifi-
cant (P = 0.830).

Table 6 shows no significant difference in the aspira-
tion risk between normal-weight and obese patients fast-
ing for 8 h before elective surgery (P = 1.000). Only 2% of
participants in both groups were at a high risk for aspira-
tion. Table 7 shows that nasogastric tube insertion after
anesthesia induction for measurement of gastric residual

volume did not differ between the groups (P = 0.806).

5. Discussion

Abdominal ultrasound has been used to assess gas-
tric content and volume in humans, but the difference
between preoperative gastric antral diameters of normal-
weight and obese patients undergoing elective surgeries
have not been investigated. Assessment of the gastric
volume and content greatly facilitated evaluation of the
risk of aspiration of gastric content in the two groups
(11). Aspiration pneumonia due to gastric content aspira-
tion during anesthesia is a preventable complication, ac-
counting for up to 9% of all deaths associated with anes-
thesia, with several coexisting mechanisms contributing
to this phenomenon. The critical gastric fluid volume
that may increase aspiration risk in patients during anes-
thesia remains unknown; however, several studies show
that healthy fasting patients with residual gastric volumes
larger than previously assumed (up to 1.5 mL/kg) are not
at an increased risk of aspiration (12). The adoption of uni-
versal “fasting guidelines” before elective surgery plays an
important role in mitigating risk by limiting gastric con-
tents during the immediate perioperative period. How-
ever, these guidelines cannot be applied to patients in spe-
cific physiologic states such as pregnancy, those undergo-
ing emergent or urgent surgery, or those with coexisting
medical conditions (13).

According to Bouvet et al.(14) the gastric contents of 65
in 66 (98%) patients could be identified in the semi-sitting
position, and gastric antrum imaging was successful in
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Table 2. Anthropometric Measurements

Normal-Weight (N = 50) Obese (N = 50) P-Value a

Median IQR Median IQR

Weight 64.5 (57 - 70) 90 (80 - 100) < 0.0001b

Height 166 (160 - 171) 160 (160 - 10) 0.102

BMI 23.13 (22.15 - 24.22) 33.06 (31.2 - 34.77) < 0.0001b

Abbreviations: BMI, body mass index; IQR, interquartile range.
aMann-Whitney U tes.
bSignificant.

Table 3. Ultrasound Measurements in the Semi-Sitting Position

Normal-Weight (N = 50) Obese (N = 50)
P-Value a

Median IQR Median IQR

D1 semi-sitting (cm) b 2.7 (2.46 - 3.24) 3.01 (2.73 - 3.50) 0.011c

D2 semi-sitting (cm) d 1.82 (1.5 - 2.06) 2.5 (2.15 - 3) < 0.0001c

CSA semi-sitting (cm2) 3.93 (3.5 - 4.61) 6.07 (5.59 - 6.63) < 0.000 c

Predicted gastric volume semi-sitting (mL) 65.29 (59.3 - 72.48) 60.73 (56.1 - 67.55) 0.104

Abbreviation: CSA, cross-sectional area; IQR, interquartile range.
aMann-Whitney U test.
b D1, craniocaudal diameter.
cSignificant.
d D2, anteroposterior diameter.

Table 4. Ultrasound Measurements in the Right Lateral Position

Normal-Weight (N = 50) Obese (N = 50)
P-Value a

Median IQR Median IQR

D1 RLP b (cm) 2.76 (2.39 - 3.22) 3.11 (2.78 - 2.5) 0.002 d

D2 RLP c (cm) 1.9 (1.7 - 2.15) 2.43 (2.1 - 2.81) <0.0001 d

CSA RLP (cm2) 3.89 (3.73 - 4.6) 5.83 (5.52 - 6.33) <0.0001 d

Gastric volume RLP (mL) 44.45 (35.62 - 51.23) 61.59 (49.6 - 70.17) <0.0001d

Abbreviation: IQR, interquartile range; CSA, cross-sectional area; RLP, right lateral position.
aMann-Whitney U test.
b D1, craniocaudal diameter.
cD2, anteroposterior diameter.
dSignificant

Table 5. Antral Grading in Obese and Normal-Weight Participants a

Grading Normal-Weight (N = 50) Obese (N = 50) P-Value b

(0) Empty antrum 26 (52.0) 29 (58.0) 0.830

(1) Minimal fluid in right lateral position only 23 (46.0) 20 (40.0)

(2) Distended antrum in both right lateral and semi-sitting position 1 (2.0) 1(2.0)

aValues are expressed as No. (%)
bChi-square test.

95% and 90% of the subjects in the RLP and supine posi-
tions, respectively, by Van de Putte et al (15). In the RLP
position, a 100% success rate was reported by Perlas et al
(16). The present study could measure the antral area in

all 100 patients in the RLP and semi-sitting positions, con-
sistent with R. Kruisselbrink et al. (7), who identified the
antrum in all 38 subjects included in the final analysis of
their study. This is not surprising because irrespective of
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Table 6. Aspiration Risk a

Normal-Weight (N = 50) Obese (N = 50) P-Valueb

Risk 1.000

Low risk 49 (98.0) 49 (98.0)

High risk for aspiration 1 (2.0) 1 (2.0)

a Values are expressed as No. (%)
bChi-square test

Table 7. Gastric Volume Assessment by Ryle Tube Insertion

Normal-Weight (N = 50) Obese (N = 50)
P-Value a

Median IQR Median IQR

Ryle 5 (0 - 30) 0 (0 - 50) 0.808421

aChi-square test

gas contents in the fundus, the antrum was reportedly vis-
ible in each patient before and after ingestion of liquids or
solid foods. (17). Compared to the supine position, scan-
ning in the RLP or semi-sitting position has been shown to
improve sensitivity for detection of small gastric volumes,
since a substantial portion of gastric content moves favor-
ably to the more dependent antrum (18).

In our study, no patient showed solid content in the
stomach, similar to the findings reported by Van de Putte
pet al (15). For an elective surgical fasting population, there
was no significant difference between obese and normal-
weight patients in antral grading since most of the normal-
weight and obese patients had antral grade 0 (52% and 58%,
respectively), and a lower proportion had antral grade 1
(46% and 40%, respectively). The remaining (2%) patients
in both groups were classified as antral grade 2 with fluid
content and a clearly distended gastric antrum visible in
both semi-sitting and RLP positions. In the semi-sitting po-
sition, the predicted gastric volume was 65 ± 6 mL and 60
± 5 mL in the normal-weight and obese patients, respec-
tively; in the RLP, it was 44 ± 8 mL and 61 ± 10 mL in the
normal-weight and obese patients, respectively.

Perlas et al. described the findings for 200 patients,
with most (193 of 200; 96.5%) classified as grade 0 or 1
(grade 0, 43%; grade 1, 53.5%). The remaining seven (3.5%)
patients were classified as grade 2 with fluid content and a
distended gastric antrum visible in both supine positions
and RLP (16). In contrast, Van de Putte et al. graded the
antrum in 53 of 60 (88.3%) patients with a BMI ranging be-
tween 35.1 and 68.7 kg/m2 (95% CI, 0.77 - 0.95). Among these,
21 (39.6%) patients were classified as grade 0, 29 (54.7%) as
grade 1, and 3 (5.7%) as grade 2 antrum (15). The predicted
volumes for the two groups (grade 0 and 1) in the study by
Perlas et al. were 0 and 16 ± 36 mL, respectively, and the

corresponding value was 180 ± 83 mL for the third group
(grade 2). Further, while one patient in their study had
a gastric content regurgitation episode during anesthesia
emergence, the current study had no such occurrence.

Antral grade showed no significant relationship with
age, gender, weight, and BMI in our study, unlike the find-
ings by Van de Putte et al (15). They compared severely
obese and non-obese individuals and observed larger base-
line gastric volumes (P < 0.001) and a larger antral CSA in
severely obese individuals. Similarly, in a previous study
by Wong et al. on pregnant patients, a slightly larger fast-
ing CSA was reported in obese versus non-obese patients
(5.2 ± 2.1 cm2 vs. 4 ± 2.5 cm2) (19). In our study, the CSA
of obese patients (median = 6.07 cm2) was larger than that
of normal-weight patients (median = 3.93 cm2) in the semi-
sitting position (P < 0.0001), while gastric volume was not
significantly different (P = 0.104). Measurements in the RLP
showed significant intergroup differences in CSA (median
= 3.89 cm2 and 5.83 cm2 in the normal-weight and obese
groups, respectively) and gastric volumes (median = 44.45
mL and 61.59 mL, in the normal-weight and obese groups,
respectively) (P < 0.0001). According to a study by Philips S
et al., the upper limit of residual gastric fluid was between
75 and 130 mL after aspiration of gastric fluid through a
nasogastric tube immediately after induction (20). how-
ever, in our study, the upper limit of gastric fluid aspiration
through nasogastric tube was 50 mL. The data collected in
the present study showed that fasting for 8 hours before
elective surgery resulted in a low aspiration risk in 98% of
the participants in both groups since both groups had a
gastric residual volume < 1.5 mL/Kg. Only 2% of the pa-
tients had a high risk of aspiration in both groups despite
differences in their antral CSA in the RLP and semi-sitting
positions on abdominal ultrasound. One of the limitations
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of our study was that a single operator performed all mea-
surements; according to a recent study describing learn-
ing curves in patients with BMI of 25± 3 kg/m2, obtaining a
95% success rate with qualitative assessment of gastric con-
tent required a mean of 33 examinations (21). In this con-
text, 3-dimensional ultrasonography may be a promising
modality to accurately assess gastric volume; however, the
data obtained with this method remain preliminary (22).

Third, since the stomach is a dynamic organ that is con-
stantly emptying, the volume at the time of ultrasound as-
sessment may have been higher than at the time of suc-
tioning; the observed “overestimation may be explained
through this phenomenon.

5.1. Conclusion

Despite the differences in CSA of obese and normal-
weight individuals in gastric sonography measurements
performed in both semi-sitting and RLP (obese > normal-
weight), both groups showed low predicted gastric resid-
ual volumes of < 1.5 mL/kg. Both groups had low aspira-
tion risk, with most patients in both groups categorized as
grade 0 and 1, indicating an empty antrum and an antrum
filled with fluid in the RLP alone, respectively, after fasting
for at least 8 h before elective surgery.
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