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Abstract: Anesthesia-related complications, such as pulmonary aspiration of gastric contents, occur
in approximately 0.02-0.1% of elective pediatric surgeries. Aspiration risk can be reliably assessed by
ultrasound examination of the gastric antrum, making it an essential non-invasive bedside tool. In this
prospective observational study, since most of our patients are immigrants and have communication
problems, we wanted to investigate gastric contents and the occurrence of “high risk stomach” in
children undergoing elective surgery for the possibility of pulmonary aspiration, even if the children
and/or parents reported their last oral intake time. This risk is defined by ultrasound findings of
solid content in the antrum and/or a calculated gastric volume exceeding 1.25 mL/kg. Children
aged 2-18 were included in the study. Both supine and right lateral decubitus (RLD) ultrasound
examinations were performed on the antrum before surgery. Using a qualitative grading scale from
0 to 2, we evaluated the gastric fluid content. The cross-sectional area (CSA) of the antrum was
measured in the RLD position, aiding the calculation of the gastric fluid volume according to an
established formula by Perlas. Ultrasound measurements of 97 children were evaluated. The median
fasting duration was 4 h for liquids and 9 h for thick liquids and solids. Solid content was absent in
all the children. Five children (5.2%) exhibited a grade 2 antrum, implying that fluid content was
visible in both the supine and RLD positions. The median antral CSA in the RLD was 2.36 cm?, with
a median gastric volume of 0.46 mL/kg. For patients with a grade 0 antrum, a moderate and positive
correlation was observed between the antral CSA and BMI, and a strong and positive correlation
was evident between the antral CSA and age, similar to a grade 1 antrum. Only a single child (1%)
had a potentially elevated risk of aspiration of gastric contents. Hence, the occurrence of a “high
risk stomach” was 1% (95% confidence interval: 0.1-4.7%) and is consistent with the literature. As a
necessary precaution, we propose the regular use of ultrasound evaluations of gastric contents, given
their non-invasive, bedside-friendly, and straightforward implementation, for identifying risks when
fasting times are uncertain and for ruling out unknown risk factors in each potential patient.

Keywords: aspiration in lungs; ultrasound examination of stomach; gastric antrum; gastric capacity;
scheduled surgical procedures; child patients

1. Introduction

Pulmonary aspiration of gastric contents represents a complication in approximately
0.02-0.1% of elective pediatric surgeries [1]. This condition generally leads to anesthesia
induction in patients with co-existing health issues or emergency surgery and often arises
during tracheal extubation and recovery [2-8]. This can subsequently result in hypoxia,
pneumonia, and extension of the mechanical ventilation requirements [9].
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Gastric content volume, which, if increased, could lead to regurgitation and pulmonary
aspiration, can be assessed using ultrasonography [10]. For gastric evaluation, bedside
point of care ultrasound (POCUS) is a safe and non-invasive technique recommended by
the European Society of Anesthesiology and Intensive Care [11,12]. This method enhances
our understanding of gastric emptying in various patients and clinical circumstances, aid-
ing in the identification of potential risk factors associated with gastric content [1,13,14]. Nil
per os (NPO) guidelines are currently the standard preventive measures against aspiration.
However, the inherent variability in gastric emptying among patients, co-existing health
conditions, and unreliable NPO status pose potential risks [15]. The standard of care relies
heavily on the patient’s or parents’ recall of the last oral intake, a practice vulnerable to
inaccuracies and reliant on the communication abilities of the patient or parents. Time
perception has been shown to be relatively weak, especially in the preoperative phase,
and correlates with increased parental stress [16,17]. This calls into question the accu-
racy of the data, particularly in regions with high proportions of lower socioeconomic
status groups, immigrants, and less effective communicators, where concerns about gastric
content regurgitation and pulmonary aspiration in pediatric patients are prevalent.

In the past ten years, a number of groups, largely rooted in the realm of general
anesthesia, have meticulously enhanced the utilization of POCUS in the appraisal of gastric
contents [11,18-29]. This has been employed as an indirect measure for the risk of aspiration
in the preparation phase of general anesthesia for adults, children, pregnant women, and
the obese. A comprehensive model was first developed for adults by a Canadian group,
spearheaded by Dr. Perlas [11,18-21]. The group designated the gastric antrum as a reliable
imaging plane [11], crafted a qualitative ranking methodology based on visible content in
the supine versus the right lateral decubitus (RLD) stances [18], and devised a model to
project the gastric volume from the computed cross-sectional area (CSA) [11]. This model
has been progressively sharpened and authenticated [19], leading to the model presently
in use [20,21].

The existing pediatric framework was inferred from research conducted by
Spencer et al. [24]. This study demonstrated a link between gastric ultrasound performed
in the supine and RLD positions and the volumes aspirated endoscopically in pediatric
patients lined up for endoscopy. A relationship between increased gastric volume and
qualitative gastric grade was identified, along with a substantial correlation between the
antral CSA and volume. This led to the creation of an equation to foresee the pediatric
gastric volume from the CSA, akin to the adult model by Perlas.

In accordance with adult-oriented studies [11,18,19,22,23], guidelines have been devel-
oped to define a “high risk stomach” during the preparatory phase of general anesthesia.
A “high risk stomach” is characterized by (1) the presence of any solid or thick fluid
(considered “high risk”) or (2) clear liquid exceeding a specified volume limit (labeled
as “indicative of high risk”) [20,21]. Ongoing debates in academic works concern the
appropriate volume threshold to highlight cases at risk, with proposals ranging from 0.8 to
1.5 mL/kg [1,19-21,23,28,29]. The criteria for pediatric cases typically fall within a range of
1.2 to 1.5 mL/kg [24,30-32], substantially influenced by the study of Cook-Sather et al. [33].
This research, involving the gastric suctioning of 611 pediatric patients scheduled for elec-
tive surgery, determined that 95% of the subjects had a volume under 1.25 mL/kg. When
the volume is not specifically measured, both adult [19] and child-focused studies [24]
advocate for risk stratification based on qualitative grading.

This investigation aimed to evaluate the incidence of a “high risk stomach” character-
ized by ultrasound identification of solid matter and/or an estimated gastric fluid volume
exceeding 1.25 mL/kg in elective procedures. Further, the research intended to contrast
this characterization with a 0-2 qualitative grading scale, employed to distinguish between
“empty” and “high risk stomach” conditions.
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2. Materials and Methods
2.1. Research Framework

This prospective observational study, conducted from February 2020 to November
2021, obtained parental and/or patient informed consent and approval from the Ethics
Committee of the University of Health Sciences, Bursa Yuksek Ihtisas Training and Research
Hospital (Approval code: 2011-KAEK-25 2019/12-09, Approval Date: 25/12/2019). Data
such as age, gender, weight, height, medical/surgical history, medications and their expiry
times, allergies, and the last time clear liquids, thick liquids, and solid foods were consumed
were collected.

2.2. Participant Selection

We examined a group of 100 participants, all ASA I-1I, aged between 2 and 18 years,
who were slated for elective surgical procedures under general anesthesia. Exclusion
criteria were any previous gastrointestinal conditions, functional disorders, prior surgeries
of the esophagus or upper abdomen, and inability to adopt the RLD position essential for
gastric POCUS measurements.

Within our facility, it is customary for children set for elective procedures to consume
clear liquids up to two hours ahead of anesthesia. They can have breast milk up to four
hours beforehand, and milk, formula, or light meals are allowed up to six hours in advance,
adhering to the prevalent guidelines [34].

The children underwent a range of procedures. These included pediatric surgical
interventions like inguinal hernia repairs, circumcisions, pulmonary lobectomies, ingrown
toenail removals, diagnostic laparoscopy, hysteroscopy, hypospadias corrections, pilonidal
sinus treatments, cervical lymph node extractions, cystoscopies, meatotomies, scrotal cyst
removals, treatments for undescended testes, and thyroglossal cyst removals. They also
underwent urogenital surgeries such as circumcisions, orthopedic procedures to address
humerus and femur fractures, and Ear Nose Throat (ENT) surgeries, including cervical
lymph node removal and auricular mass extractions.

2.3. Gastric Antrum Ultrasound Examination

All ultrasonographic assessments of the gastric antrum were conducted by a single
investigator, Dr. Asiye Demirel, an anesthesiologist possessing a professional background
of 13 years and expertise in more than 100 gastric ultrasound evaluations. These evaluations
were executed without knowledge of the patients’ clinical histories and were performed
in the operating room right before the initiation of general anesthesia. The patients were
first positioned supine and subsequently shifted to the RLD position. Depending on the
distance of the antrum from the skin surface, either a low-frequency (2-5 MHz) convex
abdominal probe or a high-frequency linear probe (5-12 MHz) was employed, adhering to
previously established protocols [24,35].

Dr. Demirel conducted a qualitative assessment of the gastric antrum content utilizing
the 3-point grading system as proposed by Perlas et al. [18]. The ratings were categorized as
grade 0 (absence of content in a flattened antrum in both positions), grade 1 (fluid content
visible only in the right lateral decubitus position), and grade 2 (fluid content noticeable in
both the RLD and supine positions).

The antrum’s maximum anteroposterior (D1) and longitudinal diameters (D2) were
gauged from serosa to serosa in the RLD orientation, and the antral cross-sectional area
(CSA) was deduced using the following formula: antral CSA (cm?) = (7 x D1 x D2)/4 [22].
Subsequently, the gastric volume was estimated through a previously validated mathemat-
ical formula specific to children: volume (mL-kg{~1) = —7.8 + (3.5 x CSA (cm?)) + (0.127
x age {months})/body weight (kg) [24]. This model demonstrated an R? value of 0.60 [24].
Assessments were suspended during any peristaltic motions of the antrum.

Stomach were classified as “high risk” if there was evidence of any solid, echogenic
content in the antrum and/or if the gastric fluid volume > 1.25 mL/kg [24,33] and as “full”
if any solid, echogenic content was in the antrum and/or a deduced gastric fluid volume of
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>1.5 mL/kg was noted [20,35]. A threshold of >1.25 mL/kg has been recommended for the
identification of a “risky stomach” in pediatric cases [24,33].

In light of the indeterminate division between normal, upper normal, and augmented
gastric volume, this investigation also ascertained the occurrence of children with solid
content in the antrum and/or calculated gastric fluid volume of >0.8, >1, or >1.5 mL/kg.
Such gastric volume cut-off values have been put forth to distinguish between an “empty”
and “high risk stomach” in both adult and pediatric populations [13,18,20,23,30,31]. Gastric
evaluations for each child were concluded within a time frame not exceeding 5 min.

Further, demographic information, timelines of solid food and liquid (clear and thick)
consumption, surgical procedure type, and complications such as regurgitation and pul-
monary aspiration were meticulously documented.

2.4. Sample Size and Statistical Assessment

Descriptive statistics are presented as numbers and percentages, whereas categorical
data are presented as mean + standard deviation, interquartile range, and minimum-
maximum values. Fisher’s test was used to compare categorical data. The Kolmogorov—
Smirnov test and histogram graphs were used to examine the assumption of a normal
distribution. Since the data did not demonstrate normal distribution, the Friedman test was
used for data comparison, and the Kruskal-Wallis test was used for inter-group analyses.
Spearman correlation analysis was used to examine the correlation between data. Statistical
significance was set at p < 0.05. The Bonferroni correction was applied for the p-value in
the post hoc analyses. All analyses were performed using the SPSS 20.

Although no power analysis was performed at the start of the study, a post hoc power
analysis was conducted to determine whether the study sample size was adequate during
the analysis. The calculated effect sizes from the mean antral CSA and gastric volume
values measured in the RLD position for all three grades were as follows: 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 participants. The G*Power 3.1 Program performed for the analyses.

3. Results

A total of 100 patients were assessed for eligibility, of which three were excluded due
to excessive gas in the antrum, which obstructed sufficient evaluation. The analysis was
carried out on 97 children who had definitive ultrasound examination results for the gastric
antrum (Figure 1).

Assessed for eligibility (n=100)

Excluded (n=3)

- Gasrtric antrum not visualized due
to large amount of gas in the
antrum

v

97 children included and analyzed

Figure 1. Flow diagram showing patient enrolment and analysis.

The preoperative evaluation and baseline characteristics are shown in Table 1.
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Table 1. Preoperative evaluation of the patients.

n (o/o)
Female 30 (30.9)
Gender
Male 67 (69.1)
I 88 (90.7)
ASA
I 9 9.3)
Orthopedic surgery 2 2.1)
Pediatric surgery 83 (85.6)
Surgery type
ENT surgery 4 (4.1)
Urologic surgery 8 (8.2)
Grade 0 55 (56.7)
Gastric content Grade 1 37 (38.1)
Grade 2 5 (5.2)

ASA: American Society of Anesthesiology, ENT: Ear, nose, and 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, and the
median gastric volume was 13.41 (7.68-20.79) mL (Table 2). The median fasting time was
9 h for the solid /thick liquids and 4 h for the clear liquids. The last solid food intake was
prolonged to 12 h (Table 2).

Table 2. Demographic data, last clear/thick liquid and solid intake time, antral RLD CSA, and gastric
volume of the patients.

Median Range
(Interquartile Range) (Min-Max)
Age (month) 72.00 (47.00-135.00) 24-212
Height (cm) 116.00 (103.00-147.00) 1.32-180
Weight (kg) 22.00 (16.50-41.00) 12-76
BMI (kg/m?) 17.46 (15.80-19.09) 12.75-23.89
Last solid intake time (h) 9.00 (8.00-9.00) 6-12
Last thick liquid intake time (h) 9.00 (8.00-9.00) 4-12
Last clear liquid intake time (h) 4.00 (3.00-6.00) 2-10
Antral RLD CSA (cm?) 2.36 (1.44-4.20) 0.48-6.34
Gastric volume (mL/kg) 0.46 (0.33-0.72) 0.1-1.29
Gastric volume (mL) 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 correlation between the qualitative grading of the antrum from 0 to 2 and the
antral CSA measured in the RLD position, alongside the associated gastric fluid volume, is
outlined in Table 3. Notably, children with a grade 1 and grade 2 antrum demonstrated a
significantly greater per-unit weight gastric fluid volume than those with a grade 0 antrum
(Table 3).
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Table 3. Antral RLD CSA and gastric volume calculation of the antrum.
Grade 0 Grade 1 Grade 2 a
(n = 55) (n =37) (n=5) P
Antral RLD CSA (cm?) median (IQR) 1.49 (0.94-2.08) 4.29 (3.66—4.73) 5.96 (4.59-6.02) <0.001
Antral RLD CSA (cm?) mean (95% CI) 1.58 (1.39-1.77) 4.25 (3.94-4.57) 5.44 (4.27-6.60)
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.

Table 4 illustrates the distribution of children with calculated gastric fluid volumes
exceeding 0.8, 1, 1.25, and 1.5 mL/kg, broken down by antrum grading. For a child with a
grade 0 antrum and gastric fluid volume exceeding 0.8 mL/kg, the gastric fluid volume was
still less than 1 mL/kg. Only one child had a gastric fluid volume exceeding 1.25 mL/kg
(Table 4). This particular child, classified as ASA I, was slated for laparoscopic inguinal
hernia surgery, with a 10 h fasting period for solid food and 2 h for clear liquids before
ultrasound measurement. The prevalence of a “high risk stomach” in the study group
was 1% (95% CI: 0.1-4.7%). The occurrence rates of gastric fluid volumes exceeding 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%,
respectively (Table 4).

Table 4. The proportion of children with a calculated gastric fluid volume exceeding 0.8, 1, 1.25, and
1.5 mL/kg according to the grading of the antrum (1 [%]).

Grade 0 Grade 1 Grade 2 a
(n = 55) (n=37) (n=>5)
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%) 1 (2.7%) 0 (0.0%) 0.433
0

Gastric volume > 1.5 mL/kg 0 (0.0%) 0 (0.0%)

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

(0.0%) *

Among patients with a grade 0 antrum, a moderate positive correlation (Rho: 0.542,
p < 0.001) was observed between the antral CSA in the RLD position and body mass index
(BMI), as well as a strong positive correlation between the antral RLD CSA and age (Rho:
0.796, p < 0.001) (Table 5). For patients with a grade 1 antrum, there was a strong positive
correlation between the antral RLD CSA and age (Rho: 0.622, p < 0.001) (Table 5). No case
of regurgitation or pulmonary aspiration was noted.

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, 97 children were assessed using ultrasound, and we discovered a grade
2 antrum in 5.2% of these participants in whom we were not sure of their fasting time and
thought that their communication was incomplete. Only one child had a gastric volume
greater than 1.25 mL/kg, indicating a “high-risk stomach” associated with an increased
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likelihood of pulmonary aspiration of gastric content. This means a mere 1% of children
set for elective surgery exhibited gastric fluid volumes above 1.25 mL/kg, within a 95%
confidence interval of 0.1-4.7% [20]. Ultimately, this is a very low percentage, but when
pulmonary aspiration develops it can have serious consequences.

Previously conducted research found the mean gastric fluid volume to match the vol-
umes aspirated blindly in children ready for elective surgery and the volumes determined
in healthy volunteers through magnetic resonance imaging [33,36,37]. Another study that
used a three-position blind aspiration method found the average gastric fluid volume to
be 0.4 £ 0.45 mL/kg, with 95% of those children having volumes below 1.25 mL/kg [23].
On the other hand, 46% of children in emergency surgery had a higher volume of gastric
contents assessed by nasogastric aspiration [33]. In our research, the proportion of children
with a gastric fluid volume above 1.25 mL/kg, ranging from 0.1-4.7%, was lower compared
to those exceeding 0.8 and 1 mL/kg. These findings reinforce the idea that surpassing
1.25 mL/kg of gastric fluid volume is rare in children who have fasted before elective
surgery and may serve as a significant threshold to differentiate normal from increased
gastric fluid volume, consistent with earlier studies [24,33].

Fortunately, the complexity of this complication extends beyond mere gastric content
volume; the occurrence of pulmonary aspiration of gastric contents in children is notably
below 1% and even less than 0.5% in certain instances [2,3]. Other elements, such as gastric
inflation due to air insufflation during anesthesia induction, complications in managing the
airway, and contractions or coughing linked to improper anesthesia techniques, also play
roles in the development of pulmonary aspiration of gastric contents [4]. However, some
investigations suggest that aspiration risk may rise independently of these factors [2,3].

In our study, the “high-risk stomach” classification (>1.25 mL/kg) applied to just one
child, a six-year-old girl with a BMI of 13.22 kg/m?, prepared for ASA I and laparoscopic
inguinal hernia surgery. She observed a 10 h fasting period for solid food and 2 h for clear
liquids before the ultrasound evaluation. Even in the absence of apparent risk factors, her
gastric volume was classified as “high-risk”. The literature points to an incremental growth
in overall gastric volume with a constant RLD CSA as age progresses [24]. For example, a
four-year-old child weighing 17 kg with an RLD CSA of 4 cm? would have an estimated
total gastric volume of 12 mL (0.7 mL/kg~!), while a 10-year-old child weighing 29 kg
would have an estimated 21 mL [24]. Our study revealed a moderate positive correlation
between the antral CSA and BMI for a grade 0 antrum and a strong positive correlation
with age. Additionally, we identified a strong positive connection between the antral
CSA and age for those with a grade 1 antrum. In alignment with different mathematical
approaches [24,26,27,38], we chose to measure the antral CSA in the RLD position to hasten
measurement completion, considering previous studies performed measurements in both
the supine and RLD positions.

To focus on the elective pediatric population, where preoperative ultrasound examina-
tion of gastric contents could prove most valuable, additional studies should be performed
to identify the risk factors that contribute to elevated gastric content volume. In our study,
we found that 5.2% of children had a grade 2 antrum. This is similar to the findings
of Desranges et al. and Spencer et al., who reported the incidence of a grade 2 antrum
as 9.1% and 9%, respectively, in children scheduled for elective upper gastrointestinal
endoscopy [24,31]. This higher rate can be attributed to the inclusion of children with
gastrointestinal conditions such as inflammatory bowel disease or gastroesophageal reflux
in the latter study [24]. Although our findings suggest that the use of the 0-2 qualitative
rating scale may not be precise enough to differentiate between a “high risk stomach” and
an “empty stomach” in children, they support the incidence of elective patients with a
grade 2 antrum ranging between 3% and 5% [13,18]. The rate of risky stomachs identified
in our study was consistent with that reported in the existing literature.

Furthermore, our study recorded fasting periods that were significantly longer than
those recommended by current guidelines, which is common in most clinical
practices [24,39,40]. This extended fasting could be attributed to slow changes in practice
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or scheduling constraints that prevent early morning procedures. Recent recommenda-
tions from various pediatric anesthesia societies suggest shorter fasting periods where
feasible [41-43]. Current fasting time protocols have shown a good safety record in terms of
low aspiration and regurgitation rates but often lead to excessive fasting durations, causing
thirst and discomfort [40]. Moreover, several studies have demonstrated that the 2 h clear
liquid fasting rule often results in real-world fasting times ranging from 6 to 13 h [44,45].
In our study, the median clear liquid fasting duration was 4 h and the median solid food
fasting time was 9 h. Contrary to expectations, extending the fasting period does not reduce
gastric fluid volume; instead, prolonged thirst and fasting can lead to significant preop-
erative agitation, perioperative hypotension, and ketone body accumulation [40,46—48].
Regardless of the fasting protocol or actual fasting duration, it should be noted that the risk
of regurgitation or aspiration is associated with any sedation/general anesthetic procedure.

In recent studies, the effectiveness of imaging complete cross-sections via ultrasonog-
raphy has been shown to be reduced when the stomach is filled with solid food [11].
While high correlation coefficients have been noted in various mathematical models to
predict gastric volumes, with adjusted R? values ranging from 0.60 to 0.73, these models
have been found to be less reliable in cases of organic dyspepsia and gastroparesis [49].
This has spurred the development of computational simulations and modeling of gastric
flow, offering valuable insights through integrative and quantitative in silico studies that
may be challenging to perform experimentally [50-52]. Recent advancements in software
technology have spurred the evolution of finite element-based computational simulation,
making traditional mathematical formulas less sought-after. This computational simulation
approach has emerged as an economical, timely, and more accessible method for investi-
gating various intricate conditions that necessitate extensive resources and multifarious
parameters [53]. Although the numerical simulation of the digestive system remains a
nascent field, its potential for providing an enhanced understanding of gastrointestinal
physiology and associated digestive ailments is being increasingly recognized. It holds
promise as a robust methodology that could inform the development of novel diagnos-
tic procedures and therapeutic interventions [53]. The prospects of creating a coupled
multiphysics model of the human stomach would facilitate intricate in silico investiga-
tions into the digestion process, both in normal and pathological conditions [54]. These
promising avenues are projected to stimulate rapid growth in research efforts over the
forthcoming years, specifically focusing on the mathematical and computational modeling
of gastric function [54].

Limitations

Our study was conducted at a single center, limiting its generalizability and necessitat-
ing an expanded sample size. The volume of gastric content was not measured directly
but rather estimated using ultrasound. Given the elective nature of the surgeries involved,
invasive approaches, such as the use of gastric tubes for pre-anesthetic gastric content
measurement in children, are unfeasible. Furthermore, blind aspiration may not extract all
the gastric contents, potentially leading to inaccurate measurements. Other non-invasive
gastric volume measurement techniques, such as gastric tomodensitometry or magnetic
resonance, are unsuitable for elective surgeries because of practical and ethical consid-
erations. However, these methods are not definitive for determining the volume of the
gastric content. An additional factor to consider is that all ultrasound assessments in this
study were performed by a single examiner. Nonetheless, a substantial body of prior
research [13,18,20,23,24,26,27] attests to the accuracy of ultrasound and antral CSA mea-
surements in assessing gastric volume and content in healthy individuals and surgical
patients, both adult and pediatric, with high intra- and inter-rater reliability [55].
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5. Conclusions

The risk of pulmonary aspiration from a “high risk stomach”, one of the most severe
and debilitating complications of general anesthesia, should never be underestimated, even
in elective pediatric surgeries. This is especially true when there is uncertainty about the
child’s last fasting period or when there is a lack of thorough understanding of the patient
or their parents. Furthermore, we found that 1% (95% CI: 0.1-4.7%) of children scheduled
for elective surgery had a “high risk stomach”, indicating an increased risk of gastric
content regurgitation and pulmonary aspiration. Although the incidence of aspiration in
children is very low, it is significant for clinical practice. Ultrasound evaluation of gastric
content is easy to perform, non-invasive, and a feasible bedside tool. Bedside imaging and
interpretation should become essential parts of the best practice guidelines. As proposed,
such a classification is designed to support medical decision-making and help plan and/or
modify general anesthesia procedures. Future large-scale, multicenter studies of children
undergoing elective surgery are needed to better define the target population.
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