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Abstract

Purpose There is a growing interest in the use of bedside
ultrasonography to assess gastric content and volume. It
has been suggested that the gastric antrum in particular
can be assessed reliably by sonography. The aim of this
observational study was to provide a qualitative
description of the sonographic characteristics of the
gastric antrum when the stomach is empty and following
the ingestion of clear fluid, milk, and solid content.
Clinical features Six healthy volunteers were examined
on four different occasions (24 scanning sessions):
following a period of eight hours of fast and following
ingestion of 200 mL of apple juice, 200 mL of 2% milk,
and a standard solid meal (sandwich and apple juice).
Examinations were performed following a standardized
scanning protocol by two clinical anesthesiologists with
previous experience in gastric sonography. For each type
of gastric content, the sonographic characteristics of the
antrum and its content are described and illustrated with
figures.

Conclusions Bedside sonography can determine the
nature of gastric content (nil, clear fluid, thick fluid/solid).
This qualitative information by itself may be useful to
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assess risk of aspiration, particularly in situations when
prandial status is unknown or uncertain.

Résumé

Objectif L’utilisation de [’échographie au chevet du
patient pour evaluer le volume et le contenu gastrique
suscitent un interét croissant. Certains auteurs ont suggere
que l'antre gastrique, en particulier, peut étre evalue de
facon fiable par echographie. Le but de cette etude
observationnelle est de fournir une description qualitative
des caracteristiques echographiques de 1’antre gastrique
d’un estomac vide et apres ingestion d’un liquide limpide,
de lait et d’un contenu solide.

Caractéristiques cliniques Six volontaires en bonne
sante’ ont ete examines d quatre occasions differentes
(24 seances d’echographie): apres un jeiine de huit heures,
apres ’ingestion de 200 mL de jus de pomme, de 200 mL de
laita2 % et apres un repas consistant standard (sandwich et
jus de pomme). Les eéchographies ont ete realisees selon un
protocole d’examen standardise par deux anesthesiologistes
cliniques ayant une experience acquise en echographie
gastrique. Les caracteristiques echographiques de I’antre et
de son contenu sont decrites et illustrees par des figures pour
chaque type de contenu gastrique.

Conclusions L’echographie au chevet du patient peut
determiner la nature du contenu gastrique (absence, liquide
limpide, liquide epais/contenu solide). Cette information
qualitative peut, en soi, étre utile pour l'e¢valuation du
risque d’aspiration bronchique, en particulier dans les cas
ou on ne sait pas avec certitude si I’estomac est vide.

Pulmonary aspiration of gastric content is a major anes-
thetic-related complication which may result in significant
morbidity and mortality.'™ The volume, nature (fluid vs
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particulate or solid matter), and acidity of the aspirate are
thought to be associated with patient outcomes.™® Current
prevention strategies rely mostly on recommended fasting
periods.” However, several underlying medical conditions
can predispose patients to significant gastric content at the
time of anesthetic induction despite appropriate fasting
intervals.®” Clinical assessment of aspiration risk is cur-
rently limited due to the lack of a noninvasive validated
diagnostic tool to evaluate gastric content. There is a
growing interest in the use of bedside ultrasound as a
noninvasive portable tool to assess gastric content and
volume at the bedside.'”'> We have previously reported
that ultrasonography can provide both qualitative and
quantitative information about gastric content which could
be useful to the clinician in determining aspiration risk at
the bedside.'> Several authors have suggested that the
gastric antrum is particularly amenable to sonographic
examination since it has a reliable location and can be
identified readily using standard internal anatomical
landmarks.*'*"'*

The purpose of this qualitative study was to provide a
systematic description of the sonographic appearance of
the gastric antrum in the “empty” (fasted) state, and
following ingestion of clear fluids, milk, and a solid
meal.

Methods

Following institutional Research Ethics Board approval and
written informed consent, six healthy volunteers [age 34 (7)
yr, height 166 (10) cm, weight 77 (8) kg, body mass index 27
(2.3) kg-cm_z] each underwent four focused gastric sono-
graphic examinations (24 scanning sessions in total). The
small number of subjects was a convenience sample size.
Based on our previous experience of gastric sonography, it is
our view that qualitative findings are consistent among
subjects for a given type of content, and thus six subjects
would be representative of the general healthy population for
the purpose of this descriptive study. Inclusion criteria were
subjects aged 18-80 yr, height > 150 cm, weight 50-110 kg,
and body mass index < 40 kg-cm 2. Exclusion criteria
included a history of upper gastrointestinal disorders,
including gastroesophageal reflux disease, hiatus hernia,
gastroesophageal cancer, or upper gastrointestinal surgery.
A small stipend was provided to study subjects to cover
travelling and parking expenses. Subjects were examined at
the Toronto Western Hospital, Toronto, ON, during April to
June 2011. Examinations were performed with the subjects
placed in the right lateral decubitus position, and particular
attention was given to the gastric antrum. This patient posi-
tion was chosen for its greater sensitivity to detect small

amounts of fluid compared with supine examinations, as
fluid and semi-fluid gastric content moves towards the more
dependent antrum.'"'*'>'® Additionally, in the right lateral
position, air content is displaced away from the antrum
towards the more proximal body and fundus. This optimizes
scanning conditions by limiting sound attenuation due to
intraluminal air.

Each volunteer was scanned on four different occa-
sions: a) “empty stomach”, after fasting for all intake for
eight hours; b) five minutes after ingestion of 200 mL of
apple juice; c) five minutes after ingesting 200 mL of 2%
milk; and d) following a solid meal (sandwich and apple
juice) at two time intervals (at 5 min and 90 min). Empty
stomachs in healthy individuals often have a small base-
line volume of gastric secretions (up to 1.6 mL-kg™")."”
Subjects were asked to ingest 200 mL of clear fluid and
milk, as this volume was chosen to be higher than the
upper limit of a normal baseline fasting volume. A two-
dimensional ultrasound assessment was performed using
either a portable General Electric Logiq e unit (GE
Healthcare, Mississauga, ON, Canada) or a Philips CX50
unit (Philips Healthcare, Andover, MA, USA) with a
low-frequency (2-5 MHz) curved array transducer or a
high-frequency (8-13 MHz) linear array transducer, as
appropriate. The scanning protocol was adapted from
previous studies by our group and performed in collabo-
ration with a certified sonographer and a radiologist who
specializes in abdominal ultrasound.'*!” Examinations
were performed and interpreted by two co-authors, both
clinical anesthesiologists with a previous experience of 50
and 200 gastric examinations, respectively. The body,
antrum, and pylorus were identified sequentially starting
at the left subcostal margin and moving in a fan-like
manner from the left towards the right subcostal area
(Fig. 1). For reasons mentioned previously, the focus of
this article is on the descriptions and images of the
antrum™®®; therefore, a quantitative assessment of gastric
volume was not performed since it is outside the scope of
this descriptive study. Sonographic methods to determine
gastric volume are described elsewhere.'*'"'®

Results

In all 24 examinations, the gastric antrum was located
successfully in the epigastric area, slightly to the right of
the abdominal midline between the left lobe of the liver
anteriorly and the body of the pancreas posteriorly
(Figs 2A, 2B). The abdominal aorta and/or the inferior
vena cava, superior mesenteric artery, and splenic vein
were used as additional useful landmarks (Figs 2A, 2B).”
The gastric antrum and its contents were examined
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Fig. 1 Sagittal/parasagittal
scanning plane for gastric
assessment

preferentially in a sagittal scanning plane, while an axial
plane was used to locate the antropyloric duodenal transi-
tion (Figs 3, 4A, 4B). The pylorus has a thicker muscular

wall than the antrum. Peristaltic contractions were often
appreciated both in the antrum and pylorus, particularly in
the non-empty states. All images were obtained between
peristaltic contractions.

The empty antrum

The “empty” antrum appeared collapsed and “flat” with
the anterior and posterior walls very close to each other or
round to ovoid in shape resembling a “bull’s eye” target
(Fig. 5). In the “empty” state, the walls of the stomach
appeared relatively thick (Figs 6A, 6B). A high-frequency
linear probe gave detailed definition of the five distinctive
gastric wall layers described previously (Fig. 7). The five
layers, from inner to outer gastric wall surface, include: 1)
mucosal/lumen interface (thin echogenic line), 2) muscu-
laris mucosae (hypoechoic), 3) submucosa (hyperechoic),
4) muscularis propria (hypoechoic, usually the thickest
gastric wall layer), and 5) serosa (thin, hyperechoic).

Clear fluid

Following ingestion of 200 mL of apple juice, the antrum
appeared distended with a round shape, thin gastric walls,
and hypoechoic fluid content (Figs 8A, 8B). Immediately
following fluid ingestion, multiple gas “bubbles” appeared
as punctuate hyperechoic areas within the hypoechoic fluid,
mimicking a “starry night” appearance (Fig. 8A). With the
subjects in the right lateral decubitus position, the antral
content became homogeneously hypoechoic within a few

Fig. 2 A Sagittal sonogram of the gastric antrum. A = antrum; L = liver; P = pancreas; SMA = superior mesenteric artery; Ao = aorta.
B Schematic representation of sagittal sonoanatomy. A = antrum; L = liver; P = pancreas; SMA = superior mesenteric artery; Ao = aorta
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Fig. 3 Axial scanning plane for gastric assessment

minutes of ingestion in all subjects as the gas bubbles
presumably moved proximally towards the body and the
fundus.

Fig. 4 A Axial ultrasound image of the gastric antrum. A = antrum;

P = pancreas; D = duodenum; Py = pylorus; IVC = inferior vena

cava; Ao = aorta. B Schematic representation of axial sonoanatomy.

Fig. 5 Sagittal sonogram of the empty antrum resembling a “bull’s
eye” target (arrowheads). L = liver; P = pancreas; Ao = aorta

Milk

Following ingestion of 200 mL of 2% milk, the antrum
appeared round and distended. Its content, however, dif-
fered substantially from clear fluid, appearing with
increased echogenicity in all subjects (Fig. 9).

Solid content
Immediately following ingestion of the solid meal, a

hyperechoic linear area was seen in four subjects along the
mucosa of the anterior wall of the antrum. Several “ring-

D = duodenum;
IVC = inferior vena cava; Ao = aorta

A = antrum; P = pancreas; Py = pylorus;
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Fig. 6 A Sagittal sonogram of the empty antrum with a flat
appearance. A = antrum; L = liver; P = pancreas; SMA = superior
mesenteric artery; Ao = aorta. B Axial sonogram of the empty

Fig. 7 Axial sonogram of the empty antrum using a linear high-
frequency transducer, allowing identification of five gastric wall
layers. A = antrum; Py = pylorus; P = pancreas; SMA = superior
mesenteric artery

down” artifacts along the mucosal-air interface gave the
antrum a “frosted glass” appearance, impairing visualiza-
tion of deeper structures (Fig. 10A). After 90 min, the solid
gastric content acquired a more homogeneous character,
appearing of intermediate echogenicity and allowing
visualization of more posterior structures (Figs 10B and
10C), presumably as food bolus was mixed with gastric
juices and the air was displaced. The appearance of solid
gastric content was similar in all six subjects after 90 min.

@ Springer

antrum. A = antrum; Py = pylorus; D = duodenum; P = pancreas;
SMA = superior mesenteric artery; Ao = aorta

Discussion

We have systematically described the sonographic char-
acteristics of the gastric antrum in the fasting state and
following ingestion of different types of contents (clear
fluid, milk, and solid) in healthy human volunteers.

To date, the clinical applications of gastric sonography
have been limited. Ultrasound has been used to evaluate
gastric wall lesions'”?” and changes in gastric volume
during accommodation and emptying of the stomach.?'~**
Sequential sonographic evaluation of the gastric antrum
can be used to study time for gastric emptying, and it
correlates well with scintigraphic evaluation, the current
gold standard. >’

In anesthesiology and acute care medicine, there is a
growing interest in bedside evaluation of gastric “fullness”
to assess pulmonary aspiration risk. Patients with a com-
promised level of consciousness, either due to acute illness
or medically induced by the administration of sedatives or
anesthetics, have limited ability to protect their upper air-
way and lungs from aspiration of gastrointestinal contents;
therefore, they are at risk of pulmonary aspiration syn-
drome in the presence of gastric content.'* Severe
aspiration pneumonia requiring mechanical ventilatory
support ensues in up to one-third of patients with a mor-
tality of 5%, representing up to 9% of all anesthesia-related
deaths.?®* The severity of the resulting respiratory com-
promise is thought to be related to both the volume and
nature of the aspirate, with particulate matter carrying the
highest risk.”’' Real-time ultrasonography is a very
attractive bedside imaging tool. It is increasingly available
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Fig. 8 A Sagittal sonogram of the gastric antrum immediately
following ingestion of 200 mL of clear fluid (“starry night”
appearance) A = antrum; L = liver; P = pancreas. B Axial

Fig. 9 Sagittal sonogram of the antrum five minutes after ingestion
of 200 mL of milk. A = antrum; L = liver; Ao = aorta

in acute care environments, and it is portable and non-
invasive.

Currently, clinical decisions regarding surgical timing
and airway management choices are based on the
assumption that a particular patient has either an “empty
stomach” or a “full stomach” according to the time
elapsed since the last meal. However, gastric emptying
times vary significantly depending on pre-existing condi-
tions, and fasting guidelines do not guarantee an “empty
stomach” in patients with underlying gastric dysmotility of
any etiology. Furthermore, patients presenting for urgent

sonogram of the antrum five minutes after ingestion of 200 mL of
fluid. A = antrum; D = duodenum; Py = pylorus; P = pancreas;
Ao= aorta; IVC = inferior vena cava

surgical procedures are usually not fasted, or they may
have significant gastric content despite long periods of
fasting. Whenever prandial status is unclear or unknown, a
focused gastric sonogram performed at the bedside may be
very helpful to assess aspiration risk more effectively. In
such cases, if a gastric sonogram confirms thick fluid or
solid content, this is unequivocally a high-risk situation for
aspiration regardless of the exact volume. On the other
hand, if a gastric sonogram reveals an empty stomach, this
is clearly a low-risk situation for aspiration. The sono-
graphic diagnosis of “empty stomach” is a qualitative one,
and no volume assessment is required. Finally, if gastric
sonography shows clear fluid content, then a guantitative
volume assessment (as previously described by Perlas or
Bouvet) can help differentiate a low-volume status (similar
to baseline physiologic gastric content) vs a high-volume
status (higher than baseline gastric volume).'*!”"!8

One limitation to sonographic gastric examination is that
it is often difficult to image the entire organ, with the
fundus being the most challenging section.'? Consequently,
gastric sonography is usually limited to the body, antrum,
and pyloric regions. In addition, some patient factors may
potentially increase technical difficulty, including marked
obesity, pregnancy, previous abdominal surgery, atypical
anatomy, or air insufflation of the stomach.

Additional research is needed for further delineation of
the role of a qualitative gastric sonographic examination in
determining aspiration risk, as well as how best to combine
both qualitative and quantitative information to prevent
pulmonary aspiration and its impact on patient morbidity
and mortality.
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Fig. 10 A Sagittal sonogram of the gastric antrum (“frosted glass”
appearance) five minutes after ingestion of a solid meal. A = antrum;
L = Liver; SMA = superior mesenteric artery; Ao = aorta. B Sagit-
tal sonogram of the gastric antrum with hyperechoic content 90 min
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