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INTRODUCTION

SUMMARY

Objective: Pulmonary aspiration of the gastric contents is one of the most feared
complications in anesthesia. Its prevention depends on preoperative fasting as
well as identification of risky patients. A reliable diagnostic tool to assess gastric
volume is currently lacking. The aim of this study performed on volunteers was
to evaluate the feasibility of ultrasonography to identify qualitative and quantitative
gastric content.

Method: A standardized gastric scanning protocol was applied on 67 healthy
volunteers to assess the gastric antrum in four different situations: fasting, after
ingesting clear fluid, milk and a solid meal. A qualitative and quantitative assessment
of the gastric content in the antrum was performed by a blinded sonographer. The
antrum was considered either as empty, or containing clear or thick fluid, or solids.
Total gastric volume was predicted based on a cross-sectional area of the antrum.
A p-value less than 0.05 was considered statistically significant.

Results: For each type of gastric content, the sonographic characteristics of the
antrum and its content were described and illustrated. Sonographic qualitative
assessment allowed to distinguish between an empty stomach and one with
different kinds of meal. The predicted gastric volume was significantly larger
after the consumption of any food source compared to fasting.

Conclusion: Bedside sonography can determine the nature of gastric content. It is
also possible to estimate the difference between an empty gastric antrum and one
that has some food in it. Such information may be useful to estimate the risk of
aspiration, particularly in situations when prandial status is unknown or uncertain.

Keywords: gastric content, antral area, pulmonary aspiration, preoperative
fasting, ultrasonography.

this circumstance, gastrointestinal motility may be influ-

Since Mendelson’s description of gastric aspiration syn-
drome' in anesthetized parturient women in 1946, gastric
content has become a constant concern among anesthe-
siologists, leading to the development of preoperative
fasting guidelines.>® However, certain clinical conditions
may predispose elective patients to present significant
gastric content at the time of induction of anesthesia,
even if the fasting time is appropriate.** This problem is
even greater when dealing with emergency surgeries. In

enced by stress, the presence of pain and anxiety and the
use of opioids, making it difficult to predict the gastric
condition. Patients who have a “full stomach” are at risk
of aspiration during sedation or general anesthesia due
to reduction of the tonus of the lower esophageal sphinc-
ter and also protective airway reflexes.®” Certain factors
have been associated with the severity of the evolution of
patients suffering from pulmonary aspiration, including
the volume, nature and the pH of the aspirated material 5!
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The preoperative assessment of the risk of pulmonary
aspiration is essentially based on the patient’s history,
and clinical management typically follows the fasting
recommendations of the current guidelines.>?

Unfortunately, a final assessment of the nature and
volume of the gastric content at bedside at any time is
not easy, thus being inaccessible for anesthesiologists.
Scintigraphy has been considered the gold standard for
this assessment for many years.'>!* However, due to the
cost, radiation exposure and the need for specific equip-
ment, this technique has only been useful for research
proposals. Gastric ultrasonography (USG) is the first
non-invasive imaging examination that has been vali-
dated for this purpose, because it can provide information
about the nature and volume of the gastric content at
bedside.!*!” These facts have contributed to its use as a
replacement technique, given that it is inexpensive and
can be performed at bedside. USG versatility has enabled
its use during the perioperative period for the assessment
of the gastric content, a parameter of great importance
especially in emergency situations, with the objective of
providing more rational management and reducing the
risk of aspiration.

Recent studies have shown sufficient evidence of its
accuracy and reproducibility.’*!” Obviously, ultrasound
examination does not provide a complete assessment of
gastric function and status (e.g. pH), but it can provide
important and useful information such as the volume
and nature of the content (clear liquid, solid or none).***?

Considering that USG is an examination rarely used
for this purpose in our country, the objectives of this study
were: 1) to describe the appearance of the stomach while
empty and after ingestion of fixed volumes of different
types of food; 2) to describe the interpretation of the ra-
diological image undertaken by the examiner in relation
to the type of food ingested; and 3) to evaluate the useful-
ness of the gastric USG in quantifying the gastric content
following the ingestion of different foods and thereby use
it as a tool for assessing the risk of gastric aspiration.

MeTHOD

After approval by the Research Ethics Committee (CEP)
of the Federal University of the Tridngulo Mineiro (UFTM)
under number 1.448.546 and obtaining the informed
consent of the participants, this cross-sectional and pro-
spective study was conducted on 30 healthy volunteers.
The inclusion criteria were: being aged between 20 and
60 years, physical status classification according to the
American Society of Anesthesiologists (ASA) I or II, body
mass index (BMI) of less than 30 kg/m? and the ability

to understand the study protocol and informed consent.
The exclusion criteria were considered as any condition
that could interfere with the gastric emptying time, such
as pregnancy, diabetes, or the presence of diseases of the
gastrointestinal tract.

The volunteers were told to undergo a minimum
nighttime fasting period of 8 hours, after which they
would be examined randomly in several different situa-
tions, designated as the following groups: a) fasting (fast-
ing group); b) 5 minutes after ingestion of 250 mL of clear
fluid (isotonic solution) (isotonic group); c) 10 minutes
after ingestion of 250 mL of non-clear liquid (milk group)
(group L); or d) 10 minutes after ingestion of a solid meal
(ham and cheese sandwich) (sandwich group). We estab-
lished the volume of 250 mL of isotonic liquid and milk
because this amount is greater than the upper limit of
gastric volume of normal baseline fasting.?°

Ultrasound assessment of the gastric content was
conducted by an experienced professional at the Radiol-
ogy Service of UFTM who was unaware of the quality or
quantity of the ingested material. The tests were carried
out using a technique described beforehand,'*!* using a
convex probe (2-5 MHz). The volunteers were examined
in supine position, followed by right lateral decubitus
position (RLDP). The transducer was placed on the sagit-
tal plane in the epigastric region and the antrum and the
gastric body were then scanned by moving the transduc-
er from right to left, with the purpose of obtaining a
general qualitative view of the cavity and the gastric con-
tent. A better view of the antrum is obtained on the para-
sagittal plane just to the right of the midline, with the
left lobe of the liver anteriorly and the pancreas posteri-
orly as a reference point. The inferior vena cava is situ-
ated behind the pancreas. The gastric antral wall is char-
acterized by multiple layers, and its visibility was assessed
in a binary way (visible or not) in both positions, supine
and RLDP. At visualization of the antrum, the stomach
was considered empty if the anterior and posterior walls
appeared juxtaposed. The antrum was regarded as con-
taining liquid if it showed distended walls as well as en-
docavity with hypoechoic or anechoic content.’**** The
images obtained after intake of milk and solid foods
differ, depending on the time between ingestion and the
ultrasound examination. The presence of milk, as well as
thick fluids, increases the echogenicity.?® After a solid
meal there is a substantial amount of air mixed with the
bolus created by the processes of chewing and swallowing.
The mixture of air and solid creates the image of multiple
artifacts in the anterior gastric wall, which typically blurs
the posterior wall of the antrum."*?° Due to the presence
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of air or gas bubbles an image with multiple points of
echoes appears. After some time, the air moves from the
stomach and the solid content can be better viewed as a
mixture of echogenicity similar to “frosted glass.” Peri-
staltic contractions are often observed in both the antrum
and pylorus, particularly when there is content present.
All images were obtained between peristaltic contractions.

Both qualitative and quantitative information of
the gastric content were obtained. The qualitative as-
sessment of the stomach was described initially, after
identification of the gastric antrum. Four ultrasound
images were considered, given that the examiner con-
ducted the tests without knowing the nature of the in-
gested material. Therefore, the result described was based
on the echogenicity of the image obtained. The exam-
iner described the stomach in the following ways: 1)
empty; 2) presence of liquid content when the image was
hypoechoic; 3) solid content if hyperechoic and homo-
geneous, which corresponds to the ingestion of milk;
and 4) gaseous image, due to the presence of hyperecho-
ic points, which denotes the presence of gas and hence
refers to the ingestion of solids (sandwich).

We used the measurement of the antral cross-section-
al area (CSA) for a quantitative analysis, utilizing the
technique described by Bolondi,?” and later by Perlas et
al.'*1¢ evaluating the outer wall of the stomach. This was
done in RLDP using two perpendicular diameters of the
antrum, from serosa to serosa, the longitudinal or cra-
niocaudal (CC) and the anteroposterior (AP) diameter,
using the ellipse formula developed by Bolondi et al.,*
where CSA = (CC x AP x 7t)/4. Where the value of 1 = 3.14.

After calculating the CSA, the total volume of the
stomach (“anticipated volume”) was estimated in each
volunteer using a mathematical model previously tested
and validated by other authors?® where:

Stomach volume (mL) =
27 +14.6 x CSA (cm?) - 1.28 x age (in years)

The ratio between the predicted volume and the
weight of the volunteers was subsequently calculated by
simple division.

To demonstrate the results a descriptive analysis of
the demographic data (age, weight, height, and BMI),
gender and ASA classification were used. The data were
summarized using the mean and standard deviation.

The assessment of the different groups by the exam-
iner was undertaken solely with the analysis and inter-
pretation of the image in relation to the food ingested,
with the result either right or wrong. The statistical anal-

ysis was conducted using Chi-square (y2) test with a sig-
nificance level of 5%.

To compare the quantitative assessment of the gastric
variables of the antral area, the predicted gastric volume
and volume over the weight of the volunteers, we used
the ANOVA test, with a significance level of 5%.

ResuLts

Sixty-seven stomach ultrasound tests were performed on
30 volunteers. There were 19 fasting examinations and
16 examinations after the intake of each type of food:
isotonic solution, milk and sandwich. Not all volunteers
did the tests in the four situations. In all tests the stomach
was located successfully. The data relating to the volun-
teers can be seen in Table 1.

Fourteen of the 19 tests on fasting volunteers (73.68%)
were considered empty by the examiner. In this case, the
antrum appears flat with the anterior and posterior walls
juxtaposed. On the sagittal plane, it is round to oval and
has been compared to a “target” or an image of a “bull’s
eye” (Figure 1A). On an axial plane, the empty antrum
has the appearance of a “glove finger.”!*5202124 The oth-
er four (26.31%) volunteers presented images correspond-
ing to the presence of liquid content in the stomach but
with an estimated volume of less than 1.5 mL/kg.

The gastric content of the 16 volunteers who ingested
isotonic solution was considered liquid in 13 (81.25%)
volunteers and solid in three (18.72%) of them. With the
presence of liquid in the stomach, the antrum appears with
a distended rounded shape, fine walls and hypoechoic
content (Figure 1B). Immediately after the intake of fluids,
multiple gas bubbles may appear as hyperechoic points
within the hypoechoic fluid, giving the appearance of a
“starry night” of varying intensity. This appearance may
lead to a different interpretation of the gastric content, as
occurred in the three cases that were considered solid.

After the ingestion of 250 mL of milk, the examiner
considered the gastric content as solid in 13 (81.25%)
volunteers, as liquid in two (12.50%), and empty in one
(6.25%). With the intake of milk, the gastric antrum ap-
pears round and distended. Its contents, however, differ
substantially from clear liquid, appearing with increased
echogenicity (Figure 1C). Hypoechoic content with mul-
tiple hyperechoic points changed the interpretation in
two cases, which were reported to be liquid content, and
a case where the antrum appeared empty, with a gastric
volume calculated as only 15 mL.

After ingestion of solid content, the examiner found
gaseous content in 15 (93.75%) volunteers and solid content
in one (6.25%). The ingestion of solid food leads to the ap-
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pearance of an image that resembles “frosted glass” (Figure
1D). This is due to the mixture of air with food during the
processes of chewing and swallowing. In some circumstanc-
es this may limit the view of some of the walls of the stomach,
and make it difficult to assess the volume of the organ. The
assessment of one case as solid was caused by an absence of
air. The description of gaseous content for the ingestion of
sandwiches was considered correct since the analysis was only
undertaken on the image, ignoring the ingested material.

When analyzing the examiner’s ability to discover the
nature of the material present in the stomach there was
no difference among the four groups (p>0.05).

The result of the quantitative assessment of the gastric
content, after eating different foods, can be seen in Table 1.
There was a significant difference between the data obtained
from the fasting volunteers and those who ingested iso-
tonic drinks, milk or a sandwich (p<0.05). The gastric vol-
umes were significantly greater with the intake of any of
these substances and exceed the limit considered safe for the
risk of gastric aspiration of 1.5 mL/kg (Figure 2).

Discussion

The results show that the gastric antrum has a different
appearance on ultrasound in the various situations stud-
ied, namely after fasting (while empty), after ingestion of
clear liquid, milk and solid food. In addition, the gastric
antrum expands from the baseline (empty state), with the
entry of the volumes ingested, allowing it to be considered
as “full,” and thus differing from the empty state. Fur-
thermore, based on the image of the antrum it was pos-
sible to calculate the cross-sectional area, allowing us to
determine the total gastric volume, which proved to be
compatible with the amount of food ingested.

One of the main complications faced by anesthesi-
ologists in elective procedures and especially in emergen-
cies, involving instrumentation of the upper airways, is
pulmonary aspiration. In the United States, there are
reports of an incidence of aspiration of 1:14,500 patients
undergoing elective surgery, with a significant increase
during tracheal intubation in emergency situations.?* The
mortality rate is around 30 to 70%, an event that is di-
rectly proportional to the volume, nature (liquid versus
particulate or solid matter), and acidity of the aspirated
material.#!° Severe pulmonary aspiration requires ventila-
tory support in more than a third of patients, reaching a
mortality rate of 5%, representing more than 9% of all
deaths related to anesthesia.?****” Current strategies to
prevent aspiration depend mainly on the recommended
fasting periods.>* However, various medical conditions
may predispose patients to present a high gastric content
during anesthetic induction, regardless of the fasting
time.>?® This occurs, for example, in patients with slow
gastric emptying such as patients with diabetes mellitus.*’
On the other hand, patients who undergo emergency
surgery often have significant gastric content, even if they
are within the fasting time considered as being safe.

After the initial descriptions of gastric aspiration lead-
ing to severe pneumonias, a large number of studies have
aimed to determine the minimum gastric volume respon-
sible for pulmonary parenchymal lesions. Although there
is no strict “threshold volume” above which there is an
increased risk of aspiration, gastric fluid volumes up to 1.5
mL/kg (around 100 mL for an average adult) are common
in fasting patients and are considered safe.**** In our study,
the ultrasound assessment of the gastric volume of volun-
teers with a fasting period of over 8 hours led the exam-

TABLE 1 Volunteer data and results of the USG assessment according to the group.

Fasting group Isotonic group Milk group Sandwich group
Age (years) 33.10 £ 9.94 30.50 + 8.21 33.12 £8.37 31.56 £ 8.51
Weight (kg) 68.42 +11.73 68.18 £12.00 70.86 + 11.32 70.16 £ 11.68
BMI (kg/m?) 24.02+2.76 23.88 +2.66 24.22 +2.81 24.39 £3.55
ASA ASA1: 16 ASA 1: 14 ASA 1: 11 ASA1: 15

ASA 2:3 ASA 2:2 ASA 2:5 ASA 2: 1
Gender Male: 7 Male: 6 Male: 5 Male: 5

Female: 12 Female: 10 Female: 11 Female: 11
Area (cm?) 4.89 +1.81% 15.28 £ 5.32 16.41 +6.71 10.89 + 3.62

Volume (mL) 56.08 + 25.96*

211.19 £ 78.26

224.21 £98.12 145.62 + 56.02

Volume/Weight (mL/kg) 0.82+0.37*

316+ 1.33

3.28 £ 1.81 2.08+0.73

There was no difference in the demographic data of the volunteers in the four situations studied (p>0.05). There was a significant difference between the fasting group and the remaining regarding

data obtained on USG (*p<0.05).

ASA: physical status classification according to the American Society of Anesthesiologists; BMI: body mass index; USG: ultrasonography.
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iner to consider the stomach as being empty in 73.68% of
the reports, with the presence of liquid content observed
in 26.3%. This is certainly a result of normal gastric secre-
tion because the volumes were below the limits considered
at risk for aspiration (less than 1.5 mL/kg). Meanwhile, for
the other groups that ingested isotonic solution, milk or
a solid meal, the antrum was only considered empty in one
case (2%) and presented an estimated volume of 0.4 mL/
kg, although that was a volunteer who ingested milk. All
of the others presented increased content within the stom-
ach and thus were considered as a “full stomach.” The
presence of particulate matter was found in volunteers who
ingested milk and solid meals.

In anesthesiology and emergency medicine, there is
a great interest in assessing the state of gastric “fullness”
at the bedside in order to assess the risk of pulmonary
aspiration. Clinical decisions relating to the time of sur-

gery and the choice of airway approach are based on the
assumption that the patient has an “empty stomach” or
“full stomach,” according to the time elapsed since the
last meal. However, the gastric emptying time varies sig-
nificantly depending on pre-existing conditions, and
fasting guidelines do not always guarantee an “empty
stomach” in patients with gastric motility changes of any
etiology.? Furthermore, patients who undergo emer-
gency surgeries normally have not fasted, or they may
have a significant gastric content despite long periods
without eating. Therefore, when the gastric “status” is
unclear or unknown, an ultrasound examination per-
formed at bedside can be very useful in assessing the risk
of aspiration. In these cases, if the examination confirms
the presence of a thick liquid or solid content, this is
clearly a situation of high risk for aspiration, regardless
of the exact volume. On the other hand, if the ultrasound

FIGURE 1 A. Ultrasonography image of the gastric antrum with an empty stomach. The antrum appears small and empty, with a “bull’s eye”

appearance. B. Ultrasonography image of the gastric antrum after ingestion of a clear fluid. Note that the antrum appears distended with hypoechoic

or anechoic content. Small gas bubbles giving the appearance of a “starry night.” C. Ultrasonography image of the gastric antrum after ingestion of

milk. The antrum appears round and distended. There is increased echogenicity, with an image that resembles coagulated content. D. Ultrasonogra-

phy image of the gastric antrum 10 minutes after ingestion of solid food (a sandwich). Image that resembles “frosted glass.”

A: gastric antrum; LLL: left lobe of the liver; P: pancreas; SMA: superior mesenteric artery; Ao: Aorta.
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FIGURE 2 The volume/weight ratio was significantly lower in the fasting group compared to the three remaining groups (p<0.05), which

exceed the limit considered safe for risk for pulmonary aspiration of 1.5 mL/kg.

examination reveals an empty stomach, this is clearly a
situation of low risk for aspiration. The presence of an
empty stomach is a qualitative measurement, and does
not require an assessment of the volume. However, if’
qualitative analysis identifies the presence of a liquid
content, the quantitative assessment of the volume may
help differentiate between a state of low volume (similar
to the physiological baseline gastric content) and a state
of greater volume and, therefore, greater risk.'>*!

In recent years the use of USG by anesthesiologists
has been a perioperative resource that has improved sev-
eral approaches, such as peripheral and spinal nerve locks,
and facilitated venous and arterial punctures, cardiac
procedures and many others. A growing body of evidence
shows the benefits of the change in practice.** The recent
interest in the assessment of the stomach in order to
evaluate the volume qualitatively and quantitatively before
anesthesia plays a very important role in guiding decision-

-making. Determining the presence of an increased volume
in the stomach helps to establish the risk of perioperative
aspiration and thus serves as a guide in choosing the best
preventive strategy. Up to now, the clinical applications
of USG have been limited, although for more than two
decades gastroenterologists have used this technique to
35,36

access gastric motility and emptying®>?® and for the diag-

nosis of lesions of the stomach wall, such as cancer.’”-¥

Some authors have used USG to differentiate the nature
of the gastric content.* Bolondi** undertook the imaging
of the gastric antrum in a transversal view and calculated
its area. Based on this study, sequential measurements of’
the area of the antrum after the ingestion of standard
meals were used to assess the gastric emptying time, with
a good correlation with the scintigraphy.?>**? An obser-
vational study of 183 patients for elective or emergency
surgery measured the gastric antrum area immediately
before the induction of anesthesia. After tracheal intuba-
tion, a multi-hole 18 F probe was inserted into the stom-
ach and its contents aspirated. There was a significantly
positive correlation between the area of the antrum and
the gastric volume aspirated.'”

The USG technique is based on the insonation of
several projections of the stomach, which facilitates the
calculation of the transversal area of the gastric antrum
and, as such, makes it possible to obtain different mea-
surements that allow the correct assessment and charac-
teristics of the gastric content.” Several studies suggest
that the gastric antrum is the region of the stomach that
is the most amenable to ultrasound examination,!*1820
and is identified in 98 to 100% of cases.'>'”?! By calculat-
ing the cross-sectional area of the antrum based on USG
image, several mathematical models have been developed
to determine the gastric volume.'*'” Furthermore, this
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method of assessing the gastric volume has proven to be
reproducible and has little variability either when assessed
by a single or multiple evaluators.* The results were also
shown to be equivalent with another assessment method
that takes a dimensional measurement using the device’s
software, and this is not based on the assumption that
the gastric antrum is a perfect ellipse.!*?>%% The method
can predict volumes of 0 to S00 mL and is applicable to
adult patients with a BMI less than 40 kg/cm?. It has
sensitivity and specificity of 100%, and is considered the
gold standard for non-invasive assessment of the stomach.
The margin of error in the measurements is only + 6 mL.'¢

It may currently be premature to anticipate how this
new technology could affect the daily practice of anes-
thesiologists, although we believe it to be a promising
clinical skill to be developed. More research needs to be
conducted in relation to the sensitivity and specificity
of the method, although it has been proven as a valid
technique.!®"”

There are several limitations in this study. First, it
was conducted on healthy adult volunteers. As such, the
results should not be extrapolated to other patient pop-
ulations, such as children, the obese, or patients with
specific diseases. Secondly, limited quantities of liquids
and solid meals were ingested, meaning that larger vol-
umes could render different images than the ones ob-
tained. Finally, the tests were performed by a single ex-
aminer, a radiologist, using a high-definition device,
making it difficult to extrapolate USG as a tool for use
in anesthesiology at any time.

CoNcLUSION

Our data suggest that USG can offer qualitative and quan-
titative information of the gastric content that can help in
assessing the stomach for the risk for pulmonary aspiration.
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Resumo

Avaliacio qualitativa e quantitativa do contetido géstrico
através da ultrassonografia

Objetivo: A aspiragio pulmonar do contetido géstrico é
uma das complicacdes mais temidas em anestesia. A sua
prevencido depende do jejum pré-operatério e da identi-
ficacdo dos pacientes de risco. Nio ha um método diag-
ndstico que possa acessar o contetido gastrico a qualquer
momento. O objetivo deste estudo realizado em volun-

tarios foi fazer uma avaliacio qualitativa e quantitativa
do contetido gastrico utilizando a ultrassonografia.
Método: O estudo foi realizado em 67 voluntarios utili-
zando uma técnica ja descrita de avaliagio do antro gés-
trico, em quatro diferentes situa¢des: jejum, apds a inges-
tdo de liquido claro, leite ou refeicio sélida. Foi feita uma
avaliacio qualitativa e quantitativa do contetido géstrico
por um radiologista que desconhecia o estado gastrico
do voluntério. O antro foi considerado vazio, contendo
liquido claro ou espesso, ou sélido. O volume total do
estdbmago foi calculado com base na 4rea seccional do
antro. Um valor de p<0,05 foi considerado estatistica-
mente significativo.

Resultados: Para cada tipo de contetido géstrico, as ca-
racteristicas ultrassonograficas do antro e de seu contet-
do foram descritas e ilustradas. A avalia¢io qualitativa
pode distinguir um estémago vazio de outros com dife-
rentes contetdos. O volume gastrico calculado foi signi-
ficativamente maior apds a ingestdo de qualquer alimen-
to em comparagio com o jejum.

Conclusio: A ultrassonografia a beira do leito pode de-
terminar a natureza do contetido gastrico. Também foi
possivel diferenciar um antro vazio daquele com algum
volume. Essas informacdes podem ser tteis na determi-
nacio do risco de aspirac¢do gastrica, principalmente se a
condi¢do gastrica é desconhecida ou incerta.

Palavras-chave: contetido géstrico, drea antral, aspiracio
pulmonar, jejum pré-operatério, ultrassonografia.
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