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Abstract

Gastric accommodation is important for the under-
standing of the pathophysiology in functional dyspepsia
and is also relevant for symptom generation in other
disorders. The term gastric accommodation has at least
three different meanings: The accommodation process,
the accommodation reffex, and the accommodation
response. The gastric accommodation process is a
complex phenomenon that describes how the size of
the gastric compartment changes in response to a
meal. The electronic barostat is considered the gold
standard in assessing gastric accommodation. Imaging
methods, including MRI, SPECT, and ultrasonography
may also be used, particularly in patients who are stress-
responsive, e.g. functional dyspepsia patients, as a non-
invasive and less stress-inducing method is favourable.
Ultrasonography satisfies these criteria as it does not
by itself distort the physiological response in stress-
responsive individuals.
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INTRODUCTION

Gastric accommodation has become a key mechanism for

the understanding of the pathophysiology in functional
dyspepsia“’zl and may also be relevant for symptom
generation in other disorders™ . Several methods can be
used to assess gastric accommodation”. The electronic
barostat is considered to be the gold standard method
for measuring proximal gastric accommodation™”. By
applying the barostat, gastric tone is estimated by recording
variations in the volume of air within an intragastric bag
that is maintained at a constant pressure by the instrument.
Accommodation of the proximal stomach is supposed
to be reflected in changes of gastric tone. However, the
method is invasive, bothersome and affects normal gastric
motility"”. The bag may also alter intragastric distribution
and emptying of the meal the direct stimulus imposed
by the bag itself on the stomach wall results in increased
antral distension"". Therefore, non-invasive methods as
MRI, SPECT, and ultrasonography are warranted for the
study of gastric accommodation.

MRI is a safe and accurate technique to image the
entire stomach with detail”. After ingestion of a test
meal labelled with gadolinium as an MRI marker, images
of the gastric region are acquired, typically using a Spin
Echo T1-weighted sequence. The MRI technique permits
three-dimensional reconstruction of the stomach, enabling
total gastric volume measurements during fasting and
postprandially. The ratio of these measurements is used
to quantify the accommodation response. Single Photon
Emission Computed Tomography (SPECT) uses e
uptake into the gastric mucosa for visualisation and volume
estimation of the gastric compartmentm. Comparison
of SPECT data with barostat measurements showed that
SPECT is able to detect changes in intragastric volume
but unable to detect changes in gastric tone and hence
accommodation'!

GASTRIC ACCOMMODATION

Conceptually, the process of gastric accommodation has
been explored for over 100 years, evaluating relaxation
of the proximal stomach”. Receptive relaxation has
been defined as a vagal reflex, which dilates the corpus-
fundus region of the stomach in response to swallowing,
[o-1s] Adaptive
relaxation is a intrinsic vagovagal reflex that enables

oesophageal stimulation, or vomitation

the stomach to increase its volume markedly without a
20 Adaptive relaxation
enables the stomach to maintain a low balanced pressure

corresponding increase in pressure

and to continuously adapt its volume to its content.
However, the term gastric accommodation is too
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complex to embrace in one definition, mainly because it is
utilized in at least three different meanings in the literature:
The accommodation process, the accommodation reflex,
and the accommodation response. In addition, the term is
often used in an everyday language expressing that “the
stomach accommodates a meal”. Similatly, it was also used
by Paton and Vane in 1963 to describe gastric “expansion
to accommodate the fluid”?", The gastric accommodation
process is a complex phenomenon that desctibes how the
size of the gastric compartment changes in response to
a meal™. Tt involves both intra- and extragastric reflexes.
The extragastric reflexes comprises both receptive
relaxation and intestino-gastric reflexes elicited by balloon
distension or nutrient infusion in the duodenum®*”. The
intragastric reflexes embrace at least adaptive relaxation
and relaxation of the proximal stomach induced from
antral reflexes™ ™,

Kelly”” described the accommodation reflex when he
demonstrated how intragastric pressure was regulated by
gastric “accommodation to distension”. The accommoda-
tion reflex is elicited when continuous volume expansion
of the proximal stomach reaches a certain level, thus in-
ducing relaxation of smooth muscles of the gastric wall in
order to prevent further increase in pressure. This physi-
ological phenomenon is a reflex arc consisting of a mech-
anoreceptor in the gastrointestinal wall, a neuro-muscular
pathway through ENS with a reflex centre, and a well-
defined response in the effective organ. The reflex is prob-
ably vagally mediated but local axon reflexes may also be
involved®. The term accommodation response is the effect
of the r¢flex or the result of the process and this is a precise
notion for what we intend to measure with different meth-
ods.

IMAGING METHODS

A crucial question is whether imaging methods, as MRI,
SPECT or ultrasonography, actually can be compared to
the measurements made by the barostat. In our opinion,
imaging methods and the invasive barostat method do not
measure the same aspects of the gastric accommodation
process. Thanks to its close contact with the gastric wall
the barostat bag adjusts to changes in proximal gastric
pressure by changing the intrabag volume. Thus, changes
in volume are believed to reflect changes in muscle tone of
the wall. However, the quantitative change in volume seen
during barostat examinations is only valid during barostat
studies using exactly the same equipment and positioning
technique. Imaging methods, however, visualize directly the
size of the gastric compartments, thus giving an indirect
measure of relaxation and contraction. The volume change
seen using imaging can thus be explained by additional
secretion, air retention or most probable changes in gastric
emptying.

The gastric meal accommodation process has two com-
ponents: Passive meal distension of the gastric compart-
ments and active muscle relaxation of the gastric wall. The
first component is best measured with imaging methods
whereas the barostat is best suited for studying the sec-
ond component. Imaging methods at this stage, do not
distinguish between enlargements of the stomach due to
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reflex relaxation or due to meal-induced distension; it just
measures the totally accommodated volume. Accordingly,
it may not be adequate to compare imaging methods to the
barostat for validation of gastric accommodation. Gastric
accommodation depends on neuromuscular factors and
hence it is also a matter of evaluation of the mechani-
cal properties of the stomach. In this sense the barostat
merely detects the existence of change in wall tone, but
cannot as the imaging methods, provide data on the dis-
tribution of the volume and the normal behaviour of the
gastric wall. In biomechanics, it is essential to understand
the geometry of the organ and the forces and deforma-
tion in different directions in order to better understand
the active-passive muscle function and mechano-sensation
in health and in diseases such as the functional disorders.
This warrants 2D and 3D image analysis of the gastric
compartments.

The different imaging methods exhibit different spatial
and temporal image resolution, and these factors strongly
influence accuracy in volume calculation. MRI and in
particular SPECT imaging have poor spatial and temporal
resolution compared to ultrasonography. Ultrasonography
can provide temporal resolution above 100 fps, if
necessaty, and a spatial resolution on sub-millimetre level.
Also, the “stress-factor” of the imaging methods should
be considered in this context because dyspeptic patients
in general and vagal reflexes in particular are very sensitive
to psychological stress. Everyone who has been inside a
narrow, noisy MR scanner knows how frightening this can
be. Naturally, the stress-factor is also substantially involved
in studies using the barostat. Simply because functional
disorders are so strongly associated to psychological
factors, the examination should be performed in a quiet
and relaxing atmosphere with a minimum of distress.
Ultrasonography satisfies these criteria as it is non-invasive
and does not by itself distort the physiological response
in stress-responsive individuals. Moreover, due to gravity
playing a central role in the propulsion of gastric content,
the study of meal accommodation should preferably be
performed in a “natural position” such as sitting in a chair.
Therefore, methods that enable patients to be seated have
an advantage over methods requiring patients to be in
supine position during the examination.

Ultrasonography

Ultrasonography, a clinical method that is widely available,
has shown applicability and validity for the study of gastric
accommodation®™. The 2D method developed by Gilja
et al”” has been used to study gastric accommodation in
functional d}fspepsia[l’30], diabetes™, in patients with reflux
oesophagitis[s], in liver cirrhosis”", and in children with
recurrent abdominal pain'”, This 2D method has also been
applied to study pharmacological intervention™ and the
effect of a barostat bag in the stomach"". Another advan-
tage with 2D ultrasonography is its clinical applicability; it
can casily be performed bedside and repeated numerous
times in the same subject. At Haukeland University Hos-
pital we have for 20 years used The Ultrasound Meal Ac-
commodation Test (U-MAT) for the work-up of patients
with dyspepsia (Table 1). Our mainstream clinical protocol
consists of a standard soup meal (500 mL), ultrasound
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Time Protocol

Fasting Ordinary ultrasound examination of the liver,
gallbladder, biliary tract, spleen, pancreas, kidneys, and

large vessels.

Fasting Evaluation of symptoms by VAS.

Fasting Assessment of motility pattern (phase 1-3) by observing
the pattern of contractility in the antrum.

Fasting Measurement of area of the distal stomach (AA).

Fasting Visualisation of the proximal stomach to explore

whether it has content.

Meal ingestion 500 mL of preheated meat soup is ingested in 4 min at a
constant speed.

2 min pp. Measurement of the sagittal area (SA), the oblique
frontal diameter (OFD), and the antral area (AA).

5 min pp. Postprandial symptom evaluation.

10 min pp. SA, OFD, and AA measurement.

20 min pp. SA, OFD, and AA measurement.

30 min pp. SA, OFD, and AA measurement.

The ultrasound meal accommodation test (UMAT) was developed at
Haukeland University Hospital on the basis of close interaction between
scientific and clinical work in patients with dyspepsia. Before entering the
protocol, the patients have been carefully worked-up with history, physical
examination, blood tests, testing for H pylori, and upper endoscopy. In
some cases, additional examinations are performed to rule out organic
causes for their symptoms. The protocol presented here is the mainstream
clinical protocol. In scientific studies other elements are often added. A 500
mL liquid meal of commercial meat soup (Toro X clear meat soup, Rieber
& Sen A/S, Bergen, Norway) containing 1.8 g protein, 0.9 g bovine fat, and
1.1 g carbohydrate (83.68 k]) is ingested over a period of 4 min. The soup is
preheated and then cooled to 37 C to improve imaging quality by reducing
the amount of air bubbles. Psychometric evaluation is also performed.

scanning of the proximal and distal stomach using pre-
defined scan sections (Figure 1), calculation of size and
volumes of the gastric compartments, evaluation of symp-
toms and psychological assessment. In our experience,
ultrasonography used in this context adds valuable clinical
information to the management of these patients.

There are few methods that are capable of measuring
all parameters of gastric motility simultaneously. However,
many authors have demonstrated that ultrasonography can
be used to study not only gastric accommodation, but also
gastric emptying™ ™, gastric configuration™ ), intragastric
distribution™, antral motility™* and distensibility™™*",
transpyloric flow'™**" and strain of the gastric wall*>***?,
Of the present available methods, we would argue that
ultrasonography is the method that has been shown to
estimate most parameters of gastric motility, many of
these also simultaneously. Furthermore, we claim that
ultrasonography has the strongest potential as a clinical
tool compared to MRI, SPECT, and scintigraphy, and
particularly in patients with functional disorders.

3D ultrasound

For better visualization of the total stomach and improved
calculation of gastric volumes, 3D ultrasound imaging
of the gastric compartments was developed™ > Tt
is important that validation of an imaging method to
study gastric accommodation also include evaluation
of its accuracy and precision in volume estimation.

1L 10.72cm
<-d 10.25cm
L 0.00cm

Figure 1 Ultrasonogram showing an oblique frontal section of the proximal
stomach in a patient with dyspepsia referred for Ultrasound Meal Accommodation
Test (UMAT). The transversal diameter is measured indicating the size of the
postprandial proximal stomach and hence indirectly degree of accommodation.
Interestingly, one can also observe a gastric contraction (white arrow) in the
posterior angular part and progressing towards the antrum.

Figure 2 3D image
reconstruction based on
ultrasound acquisition
with a magneto-based
position- and orientation
measurement system
(POM) using GE Logiq
9. The 3D image is
overlayed the ordinary
gray scale values of
ultrasonograms.

In our lab, we have utilized two different systems for
acquisition of 3D ultrasound images and both systems
have been validated 7 vitro and in vivo. First, we developed
a mechanical system with the advantage of an accurate
motorized movement of the ultrasound transducer in a
tilting fashion. This 3D system demonstrated excellent
accuracy and precision 7 vitrd®>" and good agreement
with MRI 7n vive™. Subsequently, we applied a magneto-
based system (Bird sensor, Ascension Technology Corp.,
Burlington, VT, USA) that enabled greater flexibility
during scanning and larger volumes like the total gastric
compartment to be captured (Figure 2). The Bird system
also showed excellent accuracy 7 vitrd™”*" and in volume
measurement of a thin-walled fluid filled bag in the human
stomach the agreement with true volumes was excellent®.
Accordingly, 3D ultrasonography delivers high resolution,
is accurate in volume estimation and is a well-suited tool
to monitor volume changes of the stomach during the
process of accommodation. However, we acknowledge its
limitations: impairment of image quality with air in the GI
tract, mainly for use with liquid meals, and scanning of
very obese subjects (fortunately dyspeptics are not often
obese).
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Abnormalities of gastric accommodation are a sig-

nificant finding in several patients groups, not only in
patients with functional disorders. Comprehension of
gastric geometry, the forces and deformation during meal
accommodation, and the active-passive muscle function is
important in functional diseases'™. Of the present avail-
able methods, we would argue that ultrasonography is the
method that has been shown to estimate most parameters
of gastric motility, many of these also simultaneously™’.
Furthermore, we suggest that ultrasonography has the
strongest potential as a clinical tool, particularly in patients
with functional disorders.
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