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Gastric motility abnormalities are common in patients with disorders of gut-brain interaction such as functional
dyspepsia and gastroparesis. Accurate assessment of the gastric motility in these common disorders can help
understand the underlying pathophysiology and guide effective treatment. A variety of clinically applicable
diagnostic methods have been developed to objectively evaluate for presence of gastric dysmotility, including tests
of gastric accommodation, antroduodenal motility, gastric emptying, and gastric myoelectrical activity. The
advances in clinically available diagnostic methods for evaluation of gastric motility are discussed and the

advantages and disadvantages of each test are described.

functional dyspepsia gastroparesis gastric motility antroduodenal contraction

gastric emptying gastric slow waves electrogastrography

| 1. Assessment of Gastric Accommodation

The gastric barostat is a device that currently represents a gold standard for assessment of gastric
accommodation. It consists of a polyethylene balloon with a volume of up to 1.0-1.2 L, connected to the barostat
device through a double-lumen polyvinyl tube (Figure 1) . The principle of barostat is that it provides a constant
pressure in the balloon via a build-in computerized pneumatic pump. The finely folded adherent balloon is perorally
introduced into the stomach via the esophagus, attached with adhesive tape on the participant’s chin, and
positioned to record volume change at a constant pressure in the proximal stomach. By maintaining a constant
pressure inside the balloon and observing changes in balloon volume that correlate to changes in gastric volume,
the gastric volumes can be measured. The balloon pressure can be modified in a progressive or random manner

which allows for evaluation of the gastric sensation.
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Figure 1. A barostat device used to assess gastric accommodation.

Satiation drinking test is a noninvasive tool developed to induce gastric distension and indirectly measure the
postprandial sensorimotor functions, including gastric accommodation [, In this test, individuals drink a liquid of
known composition and/or caloric content at a certain rate over pre-determined time-period. When maximum
satiety is reached, the volume of ingested liquid is recorded to estimate the gastric accommodation and sensation
Bl A variety of satiation drinking test protocols have been reported, utilizing either water or specific nutrient
solutions Bl. Drinking test protocols also differ in rapidity of the liquid intake and tested individual’'s awareness of

the quantity of ingestion.

Single photon emission computed tomography (SPECT) is a non-invasive approach based on the gastric mucosa
property to selectively uptake and excrete 9°™Tc- pertechnetate. Radiolabeled 9°™Tc is administered intravenously
and accumulates in the gastric mucosa, allowing visualization of the entire stomach wall with a SPECT gamma
camera 4. Three dimensional stomach images are produced by computerized data processing and can be used to
calculate stomach volume. The gastric accommodation response after a meal can be estimated by measuring the
fundic and total stomach volumes during both fasting and postprandial periods. It has been demonstrated that

postprandial volume changes measured by SPECT correspond with barostat volume measurements 2,
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Transabdominal ultrasonography is another non-invasive method with demonstrated utility and validity for the
investigation of gastric accommodation, gastric emptying and gastroduodenal flow 8. A conventional ultrasound
probe is used to visualize the stomach and can indirectly estimate gastric volumes by measuring the gastric
diameter and area . Serial measurements of variations in the area of antral cross-section can serve as an

indicator to estimate gastric emptying. Duplex sonography can be used to visualize luminal contents movement [&l.

| 2. Assessment of Antroduodenal Motility

Antroduodenal manometry (ADM) is a method allowing simultaneous assessment of gastric and duodenal motility
by measuring the frequency and characteristics of contraction patterns 2. In this method, a water-perfused or
solid-state (high-resolution) manometric catheter is typically positioned transnasally through the pylorus into
duodenum. Consequently, evaluation of the number and amplitude of gastric contractions in both fasting and
postprandial states is possible 19, However, given its invasive nature, ADM is typically applied in selected patients
with marked symptoms and presumed severely impaired gastrointestinal function, in whom understanding the

pathogenesis of the motility disorder is necessary to guide better treatment (111,

Dynamic magnetic resonance imaging (MRI) is a noninvasive technique that uses body-surface mapping and
assessment of contractions to simultaneously analyze gastric motility, anatomy and emptying with high spatial and
temporal resolution 2. Gastric MRI requires consumption of a test meal containing paramagnetic ions, such as
manganese and gadolinium, to allow adequate reconstruction of stomach images [22l. Using both liquid and solid
meals, gastric MRI has been validated to accurately investigate the gastric volume content and emptying rate 141,
An MRI acquisition protocol and image processing pipeline were proposed in a recent study to assess gastric wall
motion and emptying in healthy adults 31, This methodology enables direct visualization of peristaltic waves along

the gastric wall and can provide personalized profiles of gastric contractions and emptying.

| 3. Assessment of Gastric Emptying

Gastric emptying scintigraphy is a conventional method to measure the rate of gastric emptying that is considered
gold standard. A standardized meal of liquid egg whites (approximately 240 kcal, 2% fat) is mixed with °°™Tc sulfur
colloid and cooked until it has a texture of firm omlet €. After ingestion of the meal, gastric area is scanned with
an antero-posterior y-camera over 4 hours. (unless over 90% of the solid meal has already emptied at 3 hours) 26!,
The normal values of gastric emptying have been established and internationally validated with gastric solid meal
retention of >10% at 4 hours post-ingestion considered a delayed gastric emptying 4. This methodology was
proven reproducible when applied in patients with upper gastrointestinal symptoms 8. Although the relationship
between gastric emptying rate and gastrointestinal symptoms has been controversial 22 studies using
scintigraphy with a solid meal and collecting data for at least 3 hours, post-ingestion, showed positive correlation
between gastric emptying rate and severity of nausea, vomiting, abdominal pain, and early satiety/fullness 12,
Consequently, the current American College of Gastroenterology (ACG) clinical guideline for gastroparesis

recommends gastric emptying scintigraphy, measuring solid meal emptying over a period of at least 3 hours, as a
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first-line test to establish the diagnosis of gastroparesis in patients with clinical presentations suggestive of

gastroparesis 22,

The stable isotope breath test methodology uses a standardized solid meal containing-Spirulina platensis (edible
blue-green microalgae) tagged with a non-radioactive carbon isotope 13C Il After ingestion, metabolites of
spirulina are absorbed in the small intestine and metabolized by the liver, resulting in 13C excretion in the lungs.
Isotope ratio mass spectrometry is used to determine the rise of 13C over baseline in exhaled breath samples,
which correlates with the rate of gastric emptying and allows indirect calculation of the gastric emptying time 211,
Studies of the liquid- and solid-phase gastric emptying have used labeled acetate and octanoate, respectively 22,
13C_glycine was also selected as a marker of the liquid phase because it is rapidly absorbed and transformed into
13CO, after reaching the small intestine (23], The current ACG clinical guideline considers gastric emptying breath
test a reliable method to assess gastric emptying in patients with suspected gastroparesis 29. The 13C spirulina
breath test has also been approved by the US Food and Drug Administration (FDA) 1. However, in practical
terms, this test is still not widely available to many providers in the US. The 3C breath test performed
simultaneously with scintigraphy was shown to be reproducible and correlate well with gastric emptying

scintigraphy in both healthy volunteers and symptomatic patients with suspected gastric emptying delay 221,

The wireless motility capsule (WMC) has been developed as a non-invasive test, alternative to scintigraphy, to
measure gastric emptying as well as small and large intestines transit time L1l The test (SmartPill GI Monitoring
System) has been approved to assess gastric emptying by the US Food and Drug Administration. It is an indirect
test where a swallowed capsule records and transmits to an external recorder the luminal pH, pressure, and
temperature. The gastric emptying time is derived by a rise of pH from the acidic low gastric baseline to values
above 4 in the duodenum 24, |t has been shown that the capsule, when ingested with a meal, is emptied from the
stomach separately from the meal through reactivation of the interdigestive migrating motor complex 22, The
gastric emptying time observed by the WMC was found to significantly correlate (r=0.73) with the gastric emptying
at 4 hours derived by scintigraphy in both healthy and gastroparetic individuals 24, The WMC gastric emptying cut-
off time of 300-minutes had sensitivity of 65% and specificity of 87% in comparison with scintigraphy at 4 hour 241,
In a recent study, WMC reported delayed gastric emptying in twice as many patients with diabetes, when
compared to the evaluation with gastric emptying scintigraphy 28, but the clinical relevance of higher sensitivity for
WMC to detect delayed gastric emptying is not clear. WMC distinguished gastroparesis from healthy subjects
based on the motility profiles of stomach and small bowel [ZZ. However, no correlation was observed between

detection of gastric emptying delay on WMC and the overall gastroparesis symptoms 28],

| 4. Assessment of Gastric Myoelectrical Activity

Transcutaneous electrogastrography is a non-invasive technique utilizing skin electrodes placed on the abdomen
to capture gastric myoelectrical activity. Typically, the test is performed in a quiet room while studied individual is in
a supine position. To achieve reliable results, the gastric myoelectrical activity should be recorded for at least 15
minutes in fasting state and 30 minutes in postprandial state. These recordings generate the electrogastrogram

(EGG). The test meal should contain at least 250 kcal (preferably > 400 kcal), with a maximum fat content of 35%
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(291 The EGG has been validated to reflect the slow electrical gastric rhythm, termed slow waves 3% that determine

the propagation and maximum frequency of gastric contractions.

High-resolution electrograstrography (HR-EGG) has emerged as a novel, non-invasive, methodology offering
improved capture of the gastric myoelectrical activity, such as propagation of slow waves and spatial abnormalities
of gastric slow waves. In HR-EGG, an array of densely spaced cutaneous electrodes is placed on the abdomen
over the stomach Bl to record multichannel EGG signals with a spatial resolution. In one recent study, the HR-
EGG revealed spatial slow wave abnormalities in 44% of patients with upper GI symptoms and there was
correlation of aberrant slow wave propagation direction with gastroparesis symptoms and abdominal pain 22,
However, more studies are needed to overcome technical challenges (e.g. sufficiently high-density grid of
electrodes to account for gastric anatomical variability and allow appropriate skin contact) and to establish the
clinical role of HR-EGG in diagnosing gastric motility disorders and assessing the electrophysiology of the

stomach.

Body surface gastric mapping (BSGM) represents a further refinement of the technology to optimally capture the
gastric myoelectrical activity in non-invasive manner. In BSGM, a comprehensive spatial analysis of gastric
potentials, obtained via dense grid of cutaneous electrodes, is generated to derive detailed maps of gastric
patterns. This methodology may enhance the current clinical utility of EGG by allowing more comprehensive gastric

slow wave analysis and better characterization of gastric dysrhythmias 231,
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