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Abstract: Pulmonary aspiration is a serious anaesthetic complication with morbidity and up to 9% of all
anaesthesia-related mortality. Aspiration risk is especially focused on fastening time. We aimed to evaluate the
prevalence of 'risky stomach' defined by ultrasound imagine of solid contents and/or calculated gastric fluid
volume >1.25 mL/kg in elective surgery also comparing this definition with the 0-2 qualitative rating scale used
for "empty/risky stomach". This prospective study has 97 patients aged 2-18. Ultrasonographic evaluations of
the gastric antrum content is scaled with qualitative assessment in supine and right lateral decubitus (RLD)
position. Gastric volume was calculated. In our study, stomach content and volume were evaluated by
ultrasound in 97% of children and 5.2% had Grade 2 antrum. In RLD position, antral CSA was 2.36 cm?, and
the median gastric volume was 0.46 mL/kg. In patients with grade 0 antrum has moderate and positive
correlation between antral CSA and BMI, and strong and positive correlation between antral CSA and age like
grade 1 antrum. We showed that 0.1%-4.7% of elective children had gastric fluid volumes of >1.25 mL/kg as
"risky stomach". Ultrasound for gastric contents could be used routine practice to determine pulmonary
aspiration risk in emergency and elective procedures.
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1. Introduction

Pulmonary aspiration of gastric contents is approximately 0.02%-0.1% of elective pediatric
surgeries [1]. Although aspiration usually occurs anesthesia induction, in patients with comorbidities
and/or emergency surgery, it can also be seen tracheal extubation and recovery period [2-8]. Hypoxia,
pneumonia and prolonged mechanical ventilation may develop after pulmonary aspiration [9].

Increased gastric content volume, causes regurgitation and pulmonary aspiration, can be
evaluated by ultrasound [10]. Gastric bedside ultrasound (POCUS) is safe, noninvasive, bedside
technique allows evaluation of gastric content and volume in patients, recommended by the
European Society of Anesthesiology and Intensive Care [11,12]. It can improve our knowledge of
gastric emptying in patients, clinical situations and thereby help to identify possible predictive factors
for risky gastric content [1,13,14]. The mainstay of aspiration prevention has been standardized nil
per os (NPO) guidelines, but the variability of gastric emptying among patients, comorbidities, and
uncertain NPO status may constitute a risk [15]. Current standard of care is based on patient/parent
discourse of last oral intake; this is prone to all kinds of inaccuracies and requires a careful and
communicative patient/parent. Studies shown that the perception of time is weak, especially in
preoperative phase, related to the increased stress of parents [16,17]. This raises doubts about the
accuracy of the data. In the region we live in, often worried about regurgitation of gastric contents
and pulmonary aspiration in pediatric patients, especially since provided health services to patient
groups with low socioeconomic status, immigrants, and who are ineffective communicators.
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The purpose of this study was to evaluate the prevalence of 'risky stomach' defined by
ultrasound imaging of solid contents and/or calculated gastric fluid volume >1.25 mL/kg in elective
surgery. We also aimed to compare this definition with the 0-2 qualitative rating scale used to
distinguish between "empty" and "risky stomach ".

2. MATERIAL AND METHOD

2.1. Study Design

This prospective study was conducted between February 2020-November 2021 after written
informed consent from the parent and/or patient and approval of the SBU Bursa Yiiksek Thtisas
Training and Research Hospital Ethics Committee (2011-KAEK-25 2019/12-09). Age, gender, weight,
height, medical/surgical history, medications and expiration times, allergies, and last oral intake time
separately for clear and thick liquids and solid foods noted.

2.2. Identification of Patients

One hundred ASA I-II patients aged 2-18 years scheduled for elective surgery under general
anesthesia were enrolled. Gastrointestinal disease history and/or functional impairment, previous
esophageal or upper abdominal surgery, or those who could not be given the right lateral decubitus
(RLD) position to obtain gastric POCUS measurements were excluded from the study.

In our hospital, children who were routinely scheduled for elective surgery were allowed to
have clear liquids up to 2 hours prior to the induction of anesthesia, breast milk up to 4 hours before,
and to drink milk, formula and eat light meals up to 6 hours before, in accordance with current
guidelines [18].

2.3. Ultrasound Examination of the Gastric Antrum

All ultrasonographic evaluations of the gastric antrum were performed by a single investigator
(AD) who was blinded to the clinical history of the patients and had performed at least 100 previous
gastric ultrasound examinations before. The examination was performed with an ultrasound (GE®,
Healthcare LOGIQ™ e series, USA) in the operating room just prior to the induction of general
anesthesia. The children were first placed in supine and then in the RLD position, and a low
frequency (2-5 MHz) convex abdominal probe, or if the antrum was <3 cm from the skin surface, a
high frequency linear probe (5-12 MHz) was used. The gastric antrum was scanned in a standard
sagittal plane in the epigastrium, including the left lobe of the liver and the aorta or inferior vena
cava, as previously described [19,20].

Qualitative assessment of gastric antrum content was made using a 3-point qualitative rating
scale described by Perlas et al. [21]. Grade 0 was defined as the absence of any content in a flat antrum
in both the supine and right lateral decubitus positions. Grade 1 indicated the appearance of the fluid
content in the right lateral decubitus position only, and grade 2 indicated the appearance of the fluid
content in both the RLD and the supine position.

The maximum antero-posterior (D1) and longitudinal diameters (D2) of the antrum were
measured from serosa to serosa in the RLD position, and the antral cross-sectional area (CSA)
calculated with the formula: antral CSA (cm?) = (r x D1 x D2) /4) [22]. Gastric volume was then
calculated using a mathematical model previously validated in the pediatric population: volume
(mlkg 1) =-7.8+(3.5x CSA (cm?)) + (0.127 x age {month}) / body weight (kg) [19]. The R? value for
this model was 0.60 [19]. No examination was performed during peristaltic movements of the antrum.
“Risky stomach” indicated the visualization of any solid, echoic content in the antrum and/or gastric
fluid volume >1.25 ml/kg [19,23] and “full stomach” indicated any solid, echoic content visualization
in the antrum and/or a calculated gastric fluid volume of >1.5 ml.kg - [24,25]. The cut-off value of
>1.25 ml/kg is recommended in children for the definition of a “risky stomach " [19,23]. Calculated
gastric content volumes of >0.8, >1, and >1.5 ml/kg were suggested to show “empty,” “risky stomach,”
and “full stomach,” respectively [13,21,25-28]. Since the boundaries between normal, upper normal,
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and increased gastric volume are unclear, the prevalence of cut-off values was also calculated, and
gastric measurements of each child was completed in a maximum of 5 minutes.

Demographic data (age, gender, weight, height, body mass index and American Society of
Anesthesiologists (ASA) physical condition classification), solid food, viscous and clear liquid fasting
times, type of surgery (ear, nose and throat surgery, urogenital surgery, orthopedic surgery, pediatric
surgery) and complications such as regurgitation and pulmonary aspiration were recorded.

2.4. Sample Size and Statistical Analysis

Descriptive data are presented in numbers and percentages, while categorical data are presented
as mean * standard deviation, interquartile range and minimum-maximum values. The Fisher test
was used to compare categorical data. The Kolmogorov-Smirnov test and histogram graphs were
used to examine the assumption of normal distribution. Since the data did not show a normal
distribution, the Friedman test was used for the comparison of the data and the Kruskal Wallis test
was utilized for inter-group analyses. Spearman correlation analysis was used to examine the
correlation of data. P<0.05 indicated statistical significance. Bonferroni correction was applied for the
p value in Post Hoc analyses. All analyses were performed with the SPSS 20 program.

Although no power analysis was made when the study was planned, a post hoc power analysis
was conducted to examine whether the number of samples included in the study was sufficient
during analysis. The effect sizes calculated from the mean antral CSA and gastric volume values
measured in RLD position are as follows for all three grades: With an effect value of F: 1.49, F:0.93,
and a %5 alpha error value, the study power was over 99.9% in all analyses with 97 patients. Analyses
were carried out using the G*Power 3.1 Program.

3. RESULTS

One hundred patients included in the study, and three patients excluded because of insufficient
evaluation due to the dense amount of gas in the antrum. Evaluation was performed on 97 children
(95% CI: 92.2%-99.1%) (Figure 1).

Figure 1. Flow diagram showing patient enrolment and analysis.

‘ Assessed for eligibility (n=100)

Excluded (n=3)
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Figure 1. Flow diagram showing patient enrolment and analysis.

In the study, 30 (30.9%) were female and 67 (69.1%) were male; 18 (17.46%) children aged 2 to <3
years, 30 (29.1%) children aged 3 to <6 years, 27 children (26.19%) aged 6 to <12 years, and 22 (21.34%)
between 12-18 years of age. Among them, 90.7% ASA I and 9.3% ASA 1II. Pediatric surgery operations
were the most common (85.6%). No echoic, solid, or viscous liquid content was found in any of the
patients, and gastric volume was <1.5 ml.kg? in all patients during the ultrasonography of the
antrum. Fifty-five children (56.7%) had Grade 0, 37 (38.1%) had Grade 2 and 5 (5.2%) had Grade 2
antrum (Table 1).
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Table 1. Preoperative evaluation of the patients.

n (%)
Female 30 (30.9)
Gender Male 67 (69.1)
I 88 (90.7)

ASA 11 9 9.3)
Orthopedic surgery 2 (2.1)
Pediatric surgery 83 (85.6)

Surgery type ENT surgery 4 @.1)
Urologic surgery 8 (8.2)
Gastri tent qualitati Grade 0 55 (56.7)
astric coz:;equa itative Grade 1 37 33.1)
Grade 2 5 (5.2)

ASA: American Society of Anesthesiology, ENT: Ear nose throat.

The median (interquartile range) antral CSA was 2.36 (1.44-4.20) cm? in the RLD position. The
corresponding median gastric volume was 0.46 (0.33-0.72) mL/kg (Table 2). The median fasting time
was 9 hours for solid thick liquids and 4 hours for clear liquids. Solid food fasting time was prolonged
up to 12 hours (Table 2).

Table 2. Demographic, last fastening content and time, Ultrasonografic antral RLD CSA- Gastric

volume of the patients.

mean median range
SD (Interquartile range) (Min - Max)
Age (month) 91.08+55.21 72.00 (47.00-135.00) 24-212
Height (cm) 122.88+29.05 116.00 (103.00-147.00) 1.32-180
Weight (kg) 29.22 £15.91 22.00 (16.50-41.00) 12 -76
BMI (kg/m ) 17,654 £ 2.551 17.46 (15.80-19.09) 12.75 - 23.89
Last solids intake time (hour) 8.46 £ 1.44 9.00 (8.00-9.00) 6-12
Last thick liquid intake time (hour) 8.37+1.54 9.00 (8.00-9.00) 4-12
Time to last clear liquid intake (seed) 4.89 £2.31 4.00 (3.00-6.00) 2-10
Antral RLD CSA (cm ?) 2.8+1.64 2.36 (1.44-4.20) 0.48 - 6.34
Gastric volume (ml/kg) 0.51 £0.28 0.46 (0.33-0.72) 0.1-1.29
Gastric volume (ml) 14.53+9.27 13.41 (7.68-20.79) 2:16 - 38:1

BMI:Body Mass Index, RLD:Right lateral Decubitus , CSA:Cross sectional area, SD: Standard Deviation.

The relationship between the qualitative antrum grade 0-2 and the antral CSA measured in the
RLD position, and the corresponding stomach volume is presented in Table 3. Gastric fluid volume
calculated per unit weight was significantly higher in children with Grade 1 and Grade 2 antrums
compared to those with Grade 0 antrum (Table 3).

Table 3. Antral RLD CSA values and gastric volume calculation of antrum.

Grade 0 Grade 1 Grade 2 a
(n = 55) (n=37) (n=5) P
Antral RLD CSA (cm ?) median (IQR) 149 (0.94-2.08) 4.29 (3.66-4.73) 5.96 (4.59-6.02) <0.001
2
Antral RLD CSA (cm *) mean 1.58 (1.39-1.77) 4.25 (3.94-4.57) 5.44 (4.27-6.60)

(95% CI)
Calculated gastric volume (ml/kg) median (IQR) 0.34 (0.20-0.40) 0.72 (0.56-0.83) 0.81 (0.81-1.01) <0.001
Calculated gastric volume (ml/kg) mean (95% CI) 0.32 (0.29-0.36) 0.72 (0.64-0.80) 0.93 (0.71-1.15)
RLD:Right lateral Decubitus , CSA:Cross sectional area * Kruskal Wallis test Data are expressed as median (IQR:

Interquartile range) or mean (95% confidence) intervals.

The distribution of children calculated gastric fluid volume >0.8, >1, >1.25 and >1.5 mL/kg by
antral degree is presented in Table 4. For a child with both antrum grade 0 and gastric fluid volume
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>0.8 mL/kg, the gastric fluid volume was <1 mL/kg. Gastric fluid volume was >1.25 mL/kg in only
one child (Table 4). This patient was scheduled for ASA I and laparoscopic inguinal hernia operation
and had a fasting period of 10 hours for solid food and 2 hours for clear liquids prior to ultrasound
measurement. The "risky stomach" fullness rate in the study group was 1% (95% CI: 0.1%-4.7%). The
prevalences of children with gastric fluid volume >0.8, >1.0, and >1.5 mL/kg were 19.6% (95% CI:
12.6%-28.3%), %6.2 (%95 CI: %2.6-%12.3), and %0.0 (Table 4).

Table 4. Distribution of children with calculated gastric fluid volume >0.8, >1, >1.25 and >1.5 mL/kg
according to antral grade [n, (%)].

Grade 0 Grade 1 Grade 2 a
(n=55) (n=37) (n=5) p
Gastric volume >0.8 ml/kg 1 (1.8%) 13 (35.1%) 5 (100.0%)  <0.001
Gastric volume >1 ml/kg 0 (0.0%) 4 (10.8%) 2 (40.0% ) 0.002
Gastric volume >1.25 ml/kg 0 (0.0%) one (2.7%) 0 (0.0%) 0.433
Gastric volume >1.5 ml/kg 0 (0.0%) 0 (0.0%) 0 (0.0%) *

aFisher test,* p value could not be calculated due to lack of data.

In patients with grade 0 antrum, there was a moderate and positive correlation (Rho:0.542
(p<0.001)) between antral RLD CSA and BM]I, and a strong and positive correlation between antral
RLD CSA and age (Rho:0.796 (p<0.001)) (Table 5). A strong and positive correlation existed between
antral RLD CSA and age in patients with grade 1 antrum (Rho:0.622 (p<0.001)) (Table 5). No
regurgitation or pulmonary aspiration was observed.

Table 5. Correlation of Antrum grade scores with BMI and age.

Grade 0 Grade 1 Grade 2

rho (p) rho (p) rho (p)
BMI 0.542 (<0.001) 0.143 (0.397) 0.000 (>0.999)
Age (month) 0.796 (<0.001 ) 0.622 (<0.001) 0.667 (0.219)

BMI: body mass index.

4. DISCUSSION

In our study, stomach content and volume were evaluated by ultrasound in 97% of children, of
which 5.2% had Grade 2 antrum. In the RLD position, antral CSA was 2.36 (1.44-4.20) cm?, and the
median calculated gastric volume was 0.46 (0.33-0.72) mL/kg. While the median solid food and thick
liquid fasting time was 9 hours, the median clear liquid fasting time was 4 hours, and solid food
fasting time extended up to 12 hours. In patients with grade 0 antrum, a moderate and positive
correlation was found between antral CSA and BMI, and a strong and positive correlation was seen
between antral CSA and age. There was a strong and positive correlation between antral CSA and
age in patients with grade 1 antrum. We showed that only 0.1%-4.7% of elective surgery children had
gastric fluid volumes of >1.25 mL/kg, implying a "risky stomach" with a potentially increased risk for
pulmonary aspiration of gastric contents [25].

Apart from gastric fluid volume, factors such as gastric distension by insufflation of air to
stomach during anesthesia induction, difficulties in airway management, contraction or coughing
related to inappropriate anesthesia technique also play a role in pathophysiology of pulmonary
aspiration of gastric contents [4]. However, some studies show that the risk of gastric contents
aspiration may increase independent of other risks [2,3].

In studies, antral CSA measured both supine and RLD positions, but for completing the
measurements shortly, we preferred to measure antral CSA in RLD, which is the main determinant
according to various mathematical calculations [19,29-31].

A study using the three-position blind aspiration technique; found that the mean gastric fluid
volume 0.4 + 0.45 mL/kg and 95% of these children had <1.25 mL/kg [23]. However, the volume of
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gastric contents assessed by nasogastric aspiration increased in 46% of children undergoing
emergency surgery [32]. In our study, the percentage of children with gastric fluid volume >1.25
mL/kg was lower than those with gastric fluid volumes of >0.8 and >1 mL/kg. These results support
that gastric fluid volume of >1.25 mL/kg is not common in electively fasted children and can be used
as a critical cut-off value to between normal and increased gastric fluid volume in children, like
previous studies [19,23]. In addition, calculated mean gastric fluid volume was similar with volume
aspirated blindly in children scheduled for elective surgery and volume calculated in healthy
volunteers using magnetic resonance [22,33,34].

To target the elective pediatric population where preoperative ultrasound of gastric contents
would be most effective, further studies should be conducted to identify risk factors that contribute
to increased gastric contents volume. In our study, five children (5.2%) had grade 2 antrum, while
Desranges et al. reported the incidence of grade 2 antrum as 9.1%, and Spencer et al. reported the
incidence of grade 2 antrum in children scheduled for elective upper gastrointestinal endoscopy as
9% [19,28]. This high incidence can be explained by inclusion of children with gastrointestinal
complaints such as inflammatory bowel disease or gastroesophageal reflux in another study [19].
Although our results show that use of 0-2 qualitative rating scale may not be precise to distinguish
between "risky stomach" and "empty stomach" in children, it supports the incidence of elective
patients with grade 2 antrum between 3% and 5% [13,21].

In addition, the fasting times in our study were much longer than current guidelines, as in most
clinical practices [19,35,36]. The causes of prolonged fasting may be related to the slow change in
practice or the inability to perform early in the morning. Shorter fasting periods, if possible, have
recently been recommended various pediatric anesthesia societies [37-39]. Protocols for fasting time
have a good safety record in terms of low aspiration and regurgitation, but often cause excessive
fasting times, thirst, and discomfort [36]. Also, several articles shown that the 2-hour clear liquid
fasting rule translates to median fasting times of 6 to 13 hours in the real world [40,41]. In our study,
the median duration of clear liquid fasting was 4 hours, and the median solid fasting time was 9
hours. Contrary to expected, prolonging the fasting period is not beneficial for reducing gastric fluid
volume, but prolonged thirst and fasting may lead to significant preoperative agitation, peroperative
hypotension, and ketone body accumulation [36,42—44]. Regardless of the fasting regimen and the
actual duration of fasting, keep in mind that the risk of regurgitation or aspiration is present with any
sedation/general anesthetic and increased risk in emergencies and child with gastrointestinal
obstruction.

5. Limitations

Our study is single-center and needs larger case numbers. Gastric content volume was not
measured directly but calculated by ultrasound. In elective surgery children, it is impossible using
invasive methods like gastric tube to measure gastric content before anesthesia. In addition, blind
aspiration does not ensure all gastric contents removing from the stomach and therefore may give an
imprecise measurement. Other noninvasive methods for gastric volume, such as gastric
tomodensitometry or magnetic resonance, have also not been very applicable in the elective surgery,
for both ethical and practical reasons. These tools have limitations and are not definitive methods for
gastric content volume. Another point to consider is that all ultrasound examinations in this study
were performed by the same investigator. However, several previous studies have shown that
ultrasound and measurement of antral CSA allow accurate assessment of gastric volume and content
in healthy individuals, in adult and pediatric patients surgery [13,19,21,25,26,29,31] with high intra-
and inter-rater reliability [45].

6. CONCLUSION

One of the most feared and mortal complications of general anesthesia, 'risky stomach' and
pulmonary aspiration should not be neglected even in the elective pediatric surgery group. We think
that the evaluation of gastric contents by ultrasound; is noninvasive, bedside and easy-to-apply
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method, can be preferred in routine practice to determine the risk in every patient, to take necessary
precautions and exclude unknown risk factors.
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