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ABSTRACT

Abdominal ultrasonography and intestinal ultrasonography are
widely used as first diagnostic tools for investigating patients
with abdominal symptoms, mainly for excluding organic dis-
eases. However, gastrointestinal ultrasound (GIUS), as a re-
al-time diagnosticimaging method, can also provide informa-
tion on motility, flow, perfusion, peristalsis, and organ filling
and emptying, with high temporal and spatial resolution.
Thanks to its noninvasiveness and high repeatability, GIUS can
investigate functional gastrointestinal processes and function-
al gastrointestinal diseases (FGID) by studying their behavior
over time and their response to therapy and providing insight
into their pathophysiologic mechanisms. The European Feder-
ation of Societies for Ultrasound in Medicine and Biology (EF-
SUMB) has established a Task Force Group consisting of GIUS
experts, which developed clinical recommendations and guide-
lines on the role of GIUS in several acute and chronic gastroin-
testinal diseases. This review is dedicated to the role of GIUS in
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assisting the diagnosis of FGID and particularly in investigating
patients with symptoms of functional disorders, such as dys-
phagia, reflux disorders, dyspepsia, abdominal pain, bloating,
and altered bowel habits. The available scientific evidence of
GIUS in detecting, assessing, and investigating FGID are report-

ed here, while highlighting sonographic findings and its use-
fulness in a clinical setting, defining the actual and potential
role of GIUS in the management of patients, and providing
information regarding future applications and research.

Introduction

Functional gastrointestinal disorders (FGID) include several disor-
dersinvolving visceral sensitivity, secretion and/or motility distur-
bances of various segments of the whole gastrointestinal tract.

These disorders are very common, overall affecting more than
a quarter of the general population worldwide, and they represent
a major medical, social, and economic burden.

Despite the fact that the diagnosis of these disorders relies
mainly on clinical data, biochemical, endoscopic, and imaging in-
vestigations are often requested to exclude organic diseases.

Abdominal ultrasonography is one of the most widely used di-
agnostic tools for the preliminary investigation of abdominal symp-
toms. Itis likely the easier, quicker, and cheaper noninvasive means
to assess the normal and pathological biliopancreatic and gastro-
intestinal tract. In addition, ultrasound (US) can provide informa-
tion on motility, flow, perfusion, peristalsis, and organ filling and
emptying with high temporal and spatial resolution [1].

Due to its noninvasiveness and high repeatability, US scanning
is useful for investigating functional processes that often have a
high intraindividual variability and are sensitive to surrounding
stress factors. It is therefore well suited to studying the variation
with time and during therapy of the gastrointestinal tract.

Accordingly, gastrointestinal ultrasound (GIUS) may be a valu-
able tool in the diagnosis and management of FGID and could be
of value to investigate their pathophysiologic mechanisms.

Under the auspices of the European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB), a task force group
(TGF) was dedicated to investigating the role of GIUS. The creation
of the TGF and the modified Delphi procedure that, relying on the
data of the literature, led to the development of clinical recommen-
dations and guidelines regarding GIUS for different specific clinical
settings have been reported elsewhere [2-7]. This paper, the last
of this consortium, authored by members of the TFG with scientif-
ic and clinical experience in the field of FGID who agreed to coop-
erate on the document, gives an overview of the role of GIUS for
assessing FGID and some Gl diseases with functional impairment.

Relying on the data in the literature (Supplementary file 1),
statements on the usefulness of GIUS in FGID have been proposed
with their Level of Evidence (LoE) and Grade of Recommendation
(GoR) according to the Oxford Centre for Evidence-Based Medicine
2011. Levels of Evidence and their agreement/disagreement level
have been scored on a five-point Likert scale as follows: A +: agree;
A-: rather agree; |: indecisive; D-: rather disagree; D +: disagree.
The statements in the manuscript were voted on by the whole TFG.

The goal of the review is to show and discuss the scientific evi-
dence regarding GIUS for detecting, assessing, and investigating
functional disorders of the gastrointestinal tract, while highlight-

ing their sonographic findings and the usefulness of the method in
a clinical setting.

Functional Diseases of the Esophagus

Functional disorders of the esophagus include several conditions
presenting with symptoms like dysphagia, globus, chest pain,
heartburn that involve the tongue and oropharynx, cervical and
distal esophagus.

Ultrasound of the oropharynx and cervical esophagus can be
useful in patients with dysphagia and pharyngeal globus. Dyspha-
giais a common symptom (up to 13 % of the population aged > 65
years and > 50% of patients after a stroke and in residential care)
[8], caused by structural or functional abnormalities of the tongue,
oropharynx, or cervical esophagus (including swallowing disor-
ders), or the distal esophagus, at the esophagogastric junction.
These anatomical segments can be assessed by GIUS. In particular,
the cervical esophagus is detectable to the left of the trachea, start-
ing from the left lower pole of the thyroid. It shows a tubular struc-
ture with wall thickening < 3 mm and the typical layer structure.
In addition, GIUS can assess esophageal peristalsis after swallow-
ing. The distal 4-5 cm of the esophagus and esophagogastric junc-
tion, at the level of the diaphragm, can usually be visualized from
the epigastrium using the left liver lobe as an acoustic window and
tilting the transducer cranially while the patient is asked to perform
a deep inspiration breath hold. In this transducer position, with a
longitudinal orientation, the esophagus and cardia can be visual-
ized ventral to the aorta, below the diaphragm.

Swallowing disorders

In patients with dysphagia, GIUS may assess the integrity and move-
ments of the tongue and muscles during the oropharyngeal phase
of swallowing. This has been used as visual feedback in dysphagia
rehabilitation following partial glossectomy for cancer and stroke
[9]. By placing the probe in a longitudinal axis under the chin, US
allows real-time observation of the swallowing process including
food propulsion by measuring the distance between the shades
created from the mandible and the hyoid bone at rest and during
swallowing (> Fig. 1). The difference in the distance, defined as
hyoid bone displacement, correlates inversely with the amount of
pharyngeal residue, and a hyoid bone displacement <13.5 mm has
been observed as an accurate cut-off for detecting penetration or
aspiration (sensitivity 83.9 %, specificity 81.0 %) [10]. The anterior
movement of the hyoid bone (reduced distance to the mandibula)
and the larynx-to-hyoid approximation are therefore important pa-
rameters to describe the initiation of the larynx elevation and the
down-folding of the epiglottis for the airway protection.
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> Fig. 1 Hyoid bone displacement during swallowing. Distance
between the mandible (white arrow) and the hyoid bone (black
arrow) at rest (left panel) and during swallowing (right panel). Aster-
isk: suprahyoid muscle.

Statement 1

GIUS can be used to investigate swallowing disorders and to assist
as visual feedback in dysphagia rehabilitation [LoE 4; GoR: C]
Consensus level of agreement: A+ 7/11, A-4/11 (1 abstention)

Zenker’s diverticulum

Sonography of the cervical esophagus may reveal some dyspha-
gia-correlated diseases such as Zenker’s diverticulum. Zenker’s di-
verticulum appears as a pharyngeal pouch-shaped lesion in the
posterior part of the pharyngo-esophageal junction [11]. In the
majority of cases, a mass with heterogeneous internal echoes is
seen posteriorly, but separate from the left thyroid lobe. The mass
is surrounded by a multi-layered wall and abuts the esophagus. The
internal air echoes can mimic calcifications (> Fig. 2). When a sus-
pected lesion is detected, the patient is asked to swallow water, or
a US contrast agent, which changes the shape and internal echoes
of the mass [12].

Scleroderma

In a portion of patients with scleroderma, GIUS can detect signifi-
cant thickening of the walls with enlargement of the submucosa
and proper muscle layers, and retention of a liquid bolus after swal-
lowing, especially in patients with hypomotility of the cervical es-
ophagus and dysphagia, in whom incomplete or feeble peristalsis
is also detectable [13, 14].

Globus

Globus is a persistent or intermittent, non-painful sensation of a
lump or foreign body in the throat experienced between meals.
The clinical history and physical examination guide the diagnosis,
but concerns about malignancy usually lead to unnecessary inves-
tigations. It has been shown that patients with globus have a sig-
nificantly higher prevalence of thyroid nodules, especially if larger
than 3 cm and located anterior to the trachea in an otherwise nor-
mal gland [15]. However, data from the Finnish Cancer Registry re-
vealed that neck US showed no additional benefit of evaluating the
globus etiology [16] and the Canadian Head and Neck Surgical On-

Thyroid

Nodule

e
T+4‘: L

> Fig. 2 Ultrasonogram showing a sagittal section of the neck with
the thyroid gland including a nodule in the front. Behind the thyroid,
the esophageal tube leads to a Zenker's diverticulum demarcated
between two plusses. The diverticulum is filled with air and debris.

cology Choosing Wisely Campaign does not recommend neck US
to investigate globus sensation [17].

Achalasia and non-cardiac chest pain

Non-cardiac chest pain (NCCP) is a recurrent, angina-like, retros-
ternal chest pain of non-cardiac origin, mainly caused by Gastro-
esophageal reflux disease (GERD) and esophageal dysmotility.
Transabdominal GIUS does not play a significant diagnostic role in
this clinical context. However, it has been reported to be of some
help in detecting achalasia, which is suspected when regular thick-
ening of the muscularis propria of the esophageal wall, narrowing
at the esophago-gastric junction, and dilatation of the distal eso-
phagus with fluid retention are found [18] (> Fig. 3).

Gastroesophageal reflux disease (GERD)

The sonographic assessment of GERD relies on the evaluation of
the esophagogastric junction and its real-time function. GIUS has
been proposed as a noninvasive diagnostic tool in infants and chil-
dren with suspected GERD, with several different diagnostic crite-
ria, mainly the number of reflux episodes after the ingestion of a
meal in a defined period of time, which may vary according to the
severity of the disease (e.g., > 6 reflux episodes in 10 min, for se-
vere GERD) [19, 20]. A comprehensive literature review, including
11 studies, showed that GIUS has an overall high sensitivity (87 %)
and moderate specificity (63 %) in detecting GERD using 24-h pH
monitoring as gold standard, with increased sensitivity using color
Doppler sonography [20]. On the contrary, the role of GIUS in adults
is very limited. However, GIUS may detect hiatal hernia at the level
of distal esophagus and esophagogastric junction (see above). Data
from the literature show that patients with hiatal hernia have eso-
phageal hiatal diameters measured via GIUS that are significantly
greater than controls and that the diameter at the junction >16 mm
may have a positive predictive value of >97 % for detecting hiatal
hernia [21].

Statement 2

Ultrasound may be a supportive diagnostic method in the assess-
ment of functional disorders of the esophagus and cannot replace
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> Fig. 3 Asagittal section of the liver (L), esophagus (E), and cardia
(C) of the stomach. The esophagus is markedly dilated and filled with
food remnants and fluid, as typically seen in achalasia.

endoscopy, pH-impedance, and high-resolution manometry [LoE
4; GoR: C].
Consensus level of agreement: A+ 9/12, A-3/12

Statement 3

Specific morphologic and functional sonographic findings may sug-

gest the diagnosis of esophageal diseases when ultrasound is re-

quested in patients with esophageal symptoms [LoE 5; GoR: C]
Consensus level of agreement: A+ 6/12, A-6/12

Dyspepsia and Other Functional
Gastroduodenal Disorders

Dyspepsia is acommon disorder, affecting up to 20 % of the gener-
al population. Itincludes 2 main categories: organic and function-
al dyspepsia (FD). Organic dyspepsia is mainly due to peptic ulcer,
gastric cancer, pancreatic or biliary disorders. Functional dyspep-
sia is caused by various pathophysiological mechanisms such as
delayed gastric emptying, altered antroduodenal-jejunal motility
and gastric electrical rhythm, impaired gastric accommodation of
a meal, hypersensitivity to gastric distension, and altered duode-
nal sensitivity to lipids or acids.

The diagnostic evaluation of FD may include specific second-lev-
el testing, including gastric emptying testing and examinations
aimed at assessing gastric accommodation and antroduodenal mo-
tility.

Ultrasound can be used to evaluate many parameters of gastric
function such as: antral contractility, gastric emptying, transpyloric
flow, gastric accommodation, and intragastric distribution (vol-
umes) of meals. The visualization and assessment of these is now
supported by advanced methods such as 3D ultrasound and strain
rate imaging [22, 23].

Contractility of the distal stomach

Gastric contractility and propagation of motor events can be visu-
alized and measured by US (> Fig. 4, » Video 1) [24]. Ultrasound
enables calculation of the frequency and amplitude of contractions,

Stomach

»Fig.4 Posterior to the left lobe of the liver (L), the fluid-filled stom-
ach can be observed with some air bubbles in the lumen (A: antrum).
In the middle of the antrum, a contraction (C) is making a bilateral
indentation in the gastric wall, thus propelling the gastric contents
towards the pylorus (p).

»Video 1Horizsontal scan of the distal stomach containing a meal of
soup meal in a patient with dyspepsia using the left lobe of the liver as
an acoustic window. The first contraction to the left in the video (distal
antrum) shows a lumen-occlusive contraction. The second wave of
contractions demonstrates a non-lumen- occlusive contraction of the
antrum, which would not be recorded by manometry.

with the latter being defined as the maximal reduction of antral
areainduced by a contraction, expressed as a fraction of the relaxed
area. Two studies that investigated the relationship between ultra-
sonographic patterns of antral contraction, manometric pressure
waves, and transpyloric fluid transport during antral phase Il in
healthy subjects showed that GIUS is more sensitive than manom-
etry in detecting antral contractions, particularly non-occlusive
contractions [25-27]. Acute mental stress reduces the amplitudes
of antral contractions in healthy persons [28], while antral dysmo-
tility, namely a wide range of antral excursion (the difference be-
tween circumference of the relaxed and contracted antrum), was
found in patients with FD [29]. To further characterize antral con-
tractility, ultrasound Doppler strain rate imaging was used with
high accuracy with respect to assessing strain measurements in
vitro [30]. In patients with epigastric pain syndrome of FD, higher
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strain levels were detected in the antrum compared to patients
with postprandial distress syndrome [31].

Statement 4

Ultrasound can be used to study contractions of the stomach and
can be applied to assess gastric dysmotility in patients with dys-
pepsia [LoE 3; GoR4].

Consensus level of agreement: A+ 9/12, A-2/12,11/12

Gastric emptying

Ultrasonography has been widely used to assess gastric emptying
rates [32], mainly using serial measurements of the antrum areain
a sagittal section, using the aorta and superior mesenteric vein as
landmarks, measured before and after ingestion of a test meal
(» Fig. 5). This technique showed good correlation to radionuclide
estimates of emptying rates [33] both for liquid and solid meals.
The estimate of gastric emptying by GIUS has been found to be de-
layed in 30 % of patients with FD [34] and in diabetic gastroparesis
[35]. Furthermore, GIUS assessment of gastric emptying has been
successfully used to monitor pharmacological interventions to
modify gastric emptying and to evaluate specific clinical conditions
associated with delayed gastric emptying such as cirrhosis, GERD,
cystic fibrosis, and systemic scleroderma.

Statement 5

Gastric emptying can be measured by ultrasonography and shows
good correlation to scintigraphy. [LoE 3, GoR 4]
Consensus level of agreement: A+ 9/12, A-3/12

Statement 6

Ultrasound can be used to assess gastricemptying in patients with
FD, gastroparesis, and other conditions in which delayed gastric
emptying is suspected. [LoE 3, GoR 4]

Consensus level of agreement: A+ 11/12, A-1/12

> Fig. 5 Transverse scan of the distal stomach in a patient with
dyspepsia and retention of semi-solid food (SSF) shown in the right
part of the gastric lumen. The stomach is predominantly filled with
fluid (F) shown in the left part of the gastric lumen. Posterior to the
stomach, one can observe food- and fluid-filled loops of the small
intestine (SI).

Transpyloric flow

The flow of gastroduodenal contents across the pylorus can be visu-
alized by GIUS using color and spectral Doppler methods, even 3D-US,
with high temporal and spatial resolution (> Fig. 6, > Video 2) [36].
Typically, an episode of flow across the pylorus has a mean velocity
>10 cm/s lasting more than 1 second and can also happen during
non-occluding peristalsis-related activity. It is associated with gastric
tone of the proximal stomach and pyloric tone. Despite the fact that
US evaluation of transpyloric flow is far from the routine application
in clinical practice, it can provide insight into the physiology of the
stomach and the pathophysiology of functional dyspepsia and can
monitor pharmacological intervention for research purposes.

Statement 7

Ultrasound with and without Doppler methods can be used to visu-

alize and calculate transpyloric flow in expert hands. [LoE 4; GoR 4]
Consensus level of agreement: A+ 9/12, A-3/12

» Fig. 6 Ultrasound image of transpyloric flow demonstrating the
antrum (A, to the right), the pylorus (p, in the middle), and the
triangular duodenal bulb (B, to the left). The liver (L) is shown to the
far left and the pancreas posterior to the gastroduodenal segment.

> Video 2 Ultrasound image of transpyloric flow showing the an-
trum (to the right), the pylorus (in the middle), and the duodenal
bulb (to the left in the video). The bright content of the antrum is
propelled through the pylorus as a jet into the duodenum while the
antral smooth muscles are contracting, giving rise to a thickened
muscularis propria of the prepyloric segment.
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Accommodation of the proximal stomach

Gastric accommodation is a key reflex to temporarily store ingest-
ed food and to control its release into the distal stomach and the
small intestine. It consists of a reduction in gastric tone and an in-
crease in compliance in response to food intake. This allows for in-
creased volume of the proximal stomach without a corresponding
rise in intragastric pressure. This process involves both intra- and
extragastric reflexes and has two components: passive meal dis-
tension of the gastric compartments and active muscle relaxation
of the gastric wall. The first component is best measured with im-
aging methods like US, whereas the latter is best assessed by a
barostat, which is positioned inside the stomach via a pharyngeal
route [37]. The sonographic method to evaluate gastricaccommo-
dation relies on measurements of a sagittal area and an oblique
frontal diameter of the fundus as well as the antral area before and
after a standard meal (> Fig. 7). The US assessment of proximal
gastric size to estimate accommodation of meals has been shown
to be accurate compared to the gold standard and useful to assess
impaired gastricaccommodation in patients with FD [38]. Impaired
gastric accommodation after a standard meal has been shown in
various studies between 30-60% of patients with FD [39].

Clinical applications of 2D US methods for estimating the size
of the proximal stomach [40] have been used to study gastric ac-
commodation in diabetes mellitus, reflux esophagitis, and recur-
rent abdominal pain in children, and to assess pharmacological
interventions (Suppl 1).

Statement 8

Ultrasound can be used to noninvasively evaluate gastric accom-
modation of liquid meals. [LoE 3, GoR 4]
Consensus level of agreement: A+ 8/11, A-3/11 (1 abstention)

Gastric volumes and 3D ultrasound

To improve volume estimation of intragastric contents and volumes
of the gastric compartments, a method based on mechanical tilting
acquisition of three-dimensional (3D) ultrasonography was devel-
oped, its accuracy and reliability were verified, and it was then ap-
plied in patients with FD [41]. Subsequently, the acquisition of 3D
images was improved by using a magnetometer-based position and

> Fig. 7 A standardized section of the fluid-filled proximal stomach
with tracing of an area indicating the size of gastric accommodation.
The liver is shown to the left and the left kidney to the right in the
image.

orientation measurement device to allow the estimation of a large
organ volume like the fluid-filled stomach (> Fig. 8) [41]. These
methods and others based on commercially available 3D probes with
built-in tilting capacity and automated volume acquisition were used
to study gastric volumes and intragastric distribution of meals [42].
3D ultrasound in general is often performed with the transducer held
stationary in a single position using a motorized probe device for ac-
quisition. However, this method does not usually allow visualization
of the total gastric volume. Accordingly, a magnetic scanning con-
cept was developed to enable 3D scanning of the whole gastric com-
partmentin one sweep starting at the proximal end and moving the
probe towards the pyloric region [42].

Statement 9

3D ultrasound can be used to accurately estimate intragastric vol-
umes and intragastric distribution of meals [LoE 3, GoR 4].
Consensus level of agreement: A+ 6/11, A-5/12 (1 abstention)

Ultrasound meal accommodation test

Ultrasonography can estimate most parameters of gastric motility
including gastric configuration and strain of the gastric wall [43,
30, 44 ] and is well suited to study the effect of a standardized meal
on gastric function and symptoms in patients with dyspepsia. One
approach is to use a low-caloric soup meal (20 kcal) in a standard
volume (500 ml) consumed in a specified time (4 min) in combina-
tion with US scanning of the proximal and distal stomach before
and after the meal with symptom registration (> Table 1).

Statement 10

A standardized ultrasound meal accommodation test can charac-

terize motility disturbances in patients with FD [LoE 4; GoR 4]
Consensus level of agreement: A+ 10/11, A-1/11 (1 abstention)

> Fig. 8 3D image reconstruction of the fluid-filled stomach based
on ultrasound acquisition with a magneto-based position and orien-
tation measurement system (POM) using GE Logiq 9. The 3D image
is shown inside the frames of the three orthogonal planes used for
orientation.
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> Table 1 Example of an ultrasound meal accommodation test. An ultrasound meal accommodation test (UMAT) can be used in the clinical workup of
patients with various types of dyspepsia. Prior to UMAT, patients should go through workup with careful history taking, physical examination, blood
tests, testing for H. pylori, and upper endoscopy. A standardized liquid meal of 300-500 ml should be used and ingested during a predefined time peri-
od (3-5 min). 500 ml of a commercial meat soup containing low fat (20 kcal) was ingested over a period of 4 min. The soup was preheated and then
cooled to 37° C to improve imaging quality by reducing the amount of air bubbles in the soup.

Ordinary ultrasound examination of the liver, gallbladder, biliary tract, spleen, pancreas, kidneys, and large vessels to rule out

Time Period Protocol
Fasting
organic diseases
Antecibal Evaluation of symptoms, e.g., by Visual Analogue Scale (VAS)
Antecibal

Evaluation of fasting antrum motility
Meal ingestion

1 min postcibal

stomach (AA))
2 min postcibal Postcibal symptom evaluation (VAS)
10 min postcibal
20 min postcibal

21 min postcibal Postcibal symptom evaluation (VAS)

Ultrasound measurements of the distal stomach (antrum area, AA) and evaluation of possible gastric content (gastroparesis?).

300-500 ml of the meal should be ingested during a standard time frame at a constant speed

Ultrasound measurements of the proximal stomach (e.g., sagittal area (SA) and oblique frontal diameter (OFD) and the distal

Ultrasound measurements of the proximal stomach (SA, OFD) and the distal stomach (AA). Evaluation of postcibal antrum motility

Ultrasound measurements of the proximal stomach (SA, OFD) and the distal stomach (AA)

If there are signs of delayed gastric emptying after 20 min, further ultrasound examinations can be continued, e.g., 30 and 40 min postcibal.
Psychometric evaluation (questionnaires) can be added and performed on demand. Finally, the doctor concludes the UMAT session by informing the

patient of the test results and providing advice regarding therapeutic options.

Functional Abnormalities of the Small Bowel
and Colon

Irritable bowel syndrome (IBS)

Along with colonoscopy, abdominal US is the most frequently per-
formed examination in patients with abdominal complaints and is
requested in more than 50 % of IBS patients, irrespective of the kind
of IBS [45, 46].

Despite not being included in most IBS management guidelines,
abdominal US is highly requested because it is noninvasive, cheap,
widely available, and useful to rule out organic diseases. Considering
that abdominal US usually does not include assessment of the bowel,
the requests for US could increase in the future if GIUS were to be-
come part of or be added to general abdominal US, in particular if
coupled with biochemical tests, for excluding IBD [47]. To date, GIUS
is used in patients with abdominal symptoms primarily to discrimi-
nate IBS from organic diseases, especially in patients with abdominal
pain and diarrhea because it can reveal thickening of bowel walls, en-
larged mesenteric lymph nodes, dilation of the small bowel, or find-
ings suggestive of IBD and Crohn’s disease (> Fig. 9) as well as other
less common conditions [4, 7,48]. Unfortunately, GIUS like otherim-
aging techniques [49] does not provide specific features of IBS. Al-
though increased thickness of the muscularis propria of the sigmoid
colon has been reported in women with IBS [50], GIUS can mainly
provide and corroborate an exclusion diagnosis of IBS.

Small intestine bacterial overgrowth

Small intestine bacterial overgrowth (SIBO) is a form of intestinal
dysbiosis associated with intestinal motility disorders. The most

common symptoms are diarrhea, flatulence, abdominal pain, and
bloating. To date, the role of GIUS has never been investigated in
this context. However, a retrospective study showed that SIBO was
correlated with an increased amount of fluid in the small bowel,
thickened jejunal and small-bowel folds, an increased amount of
gas in the intestine, and increased peristalsis in more than 84 % of
patients [51].

Familial GUCY2C diarrhea syndrome

Familial GUCY2C diarrhea syndrome is a rare, autosomal dominant
inherited disease characterized by chronic diarrhea without signifi-
cant abdominal pain, sometimes associated with Crohn's disease and
small bowel obstruction and pseudo-obstruction. GIUS may show
increased fluid in the bowel with turbulent intraluminal and back and
forth flow of contents without propulsive movements, and a high
proportion of non-occlusive contractions (> Fig. 10) [52].

Statement 11

Specific GIUS features of IBS are not established, but the use of GIUS

in patients with symptoms mimicking IBS can be of value to dis-

criminate this entity from organic diseases [LoE 4, GoR 4].
Consensus level of agreement: A+ 11/12, A-1/12

Symptomatic uncomplicated diverticular disease of
the colon (SUDD)

SUDD is a clinical entity including colonic diverticulosis associated
with persistent abdominal pain, bloating, and changes in bowel
habits but not associated with overt inflammation. Currently there
is not a universal gold standard in the diagnosis of this condition.
Colonoscopy and CT colonography play a pivotal role in detecting
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> Fig.9 a Ultrasonogram showing a segment of the descending
colon with visible haustrations. The wall thickening and peri-intesti-
nal fatty tissue reaction (hyperechogenic appearance) suggest in-
flammatory bowel disease. b The detection of thickening of the
jejunal wall (panel b) in the same patient was suggestive of Crohn's
disease.

organic lesions of the colon but are not recommended as preferred
techniques for investigating patients with suspected or known
functional disease like SUDD.

Despite the fact that there are no standardized diagnostic cri-
teria for SUDD, some guidelines recommended GIUS as a first-line
examination in patients with suspected acute diverticulitis. GIUS
has also been used for monitoring patients with acute diverticuli-
tis. It can detect diverticula of the sigmoid colon as protuberances
of the colonic wall, containing gaseous or solid artifacts, sometimes
associated with acoustic shadowing due to the presence of a feco-
lith within the diverticular lumen (> Fig. 11) with high sensitivity
(85 %) and specificity (93 %) [53]. The noninflamed diverticular wall
is usually undetectable by IUS, but some changes of the colonic
wall (e.g., hypertrophy of the muscularis propria) [53], can be de-

»> Fig. 10 Bowel scanning with 9 MHz linear array in small intestinal
segments of a patient with GUCY2C syndrome. Familial GUCY2C
diarrhea syndrome (FGDS) is a rare inherited disorder with clinical
characteristics of irritable bowel syndrome (IBS-D) but also with
increased risk of Crohn’s disease. Typical findings are an increased
number of fluid-filled loops, many of which are pathologically dilat-
ed, and dysmotility. This image shows a dilated small intestine (3.4
cm) and a magnetic positioning navigation system (dots and boxes)
on a GE Logiq E9 was used to count the fluid-filled loops.

tected and be potentially useful in the management of patients
with SUDD.

Statement 12

GIUS may detect diverticula of the sigmoid colon and support the
diagnosis of symptomatic uncomplicated diverticular disease of
the colon. [LoE 3; GoR 4]

Consensus level of agreement: A+ 10/12, A- 2/12

Chronic constipation

Constipation is one of the most common digestive problems af-
fecting people of all ages. In chronic constipation due to fecal im-
paction, GIUS can detect hard stools within the colon as an intra-
luminal hypoechoic mass with posterior shadowing of varying di-
ameter depending on the site and amount of fecal collection [54].
In children, the detection of hard stools in the rectum with an en-
larged rectal diameter has been used as a predictor of constipation
and fecal impaction. In particular, a rectopelvic ratio (the width of
the rectum/the distance between the iliac spines) greater than
0.189 allowed the detection of megarectum with fecal impaction
with a sensitivity of 88.3 % [55]. In healthy adults, fecal retention
of the rectum can also be detected by pocketsize US as a rectal
area > 4.0 cm in diameter (> Fig. 12) [56].

GIUS has also been proposed to assess the severity of constipa-
tion by means of specific scores. One of these, developed in the
pediatric population, takes into account the height of the stool and
its effect on the bladder with a good correlation with symptoms
[57]. Another score [58], proposed for adult patients, assessed the
fecal loading and its consistency using CT as the reference stand-
ard. Other scores that are rather complex and not yet validated have
been proposed to assess bowel frequency and stool consistency in
adults. These scores, based on the transverse diameters of the co-
lonic segments the acoustic shadowing of the contents and haus-
trations appearance [58], showed a good correlation with CT find-
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> Fig. 11 In the left panel, a diverticulum (arrows) originating in the
left colon is seen with air inside and a small vessel at the periphery. In
the right panel, the corresponding endoscopic image is shown with a
fecalith entrapped in the diverticulum.

» Fig. 12 This ultrasonogram demonstrates a fecal mass (FM) with a
hyperechogenic surface positioned in the rectum posterior to a
well-filled urinary bladder (UB) in a patient with obstipation.

ings of stool and/or gas distribution and with the colonic transit
time evaluated by radiopaque markers.

Statement 13

GIUS can be used to detect fecal load in chronic constipation and
specifically rectal fecal impaction, particularly in children [LoE 3,
GoR 4]

Consensus level of agreement: A+ 10/12, A- 2/12

Discussion and Conclusion

The data from the literature show that GIUS may be helpful in pa-
tients presenting with symptoms suspicious for FGID for the differ-
entiation from organic diseases and may suggest the underlying
pathophysiological mechanisms. This is particularly valid in chil-
dren and young patients as well as in very old and institutionalized
patients where diagnostic examinations are sometimes difficult to
perform. In light of the fact that GIUS is widely available, can be

quickly applied, is noninvasive, and is cost-effective, it may help to
speed up and accurately address the diagnostic workup.

In the absence of organic lesions and knowing some of the func-
tional sonographic features, which involve the motility of the wall
and the contents and diameter of the Gl lumen, GIUS can help to
corroborate the diagnosis of a functional disease. Furthermore, the
high temporal and spatial resolution of GIUS make it an optimal
tool for patient follow-up and for monitoring the disease and treat-
ment response.

However, the lack of standard sonographic criteria for FGID and
the paucity of clinical studies are limitations regarding the use of
GIUSin routine clinical practice. For some clinical conditions shown
in this review, the level of usefulness of GIUS is still uncertain, as
pointed out by the low level of evidence of the statements. How-
ever, we believe that the studies on these topics, even though many
of them are explorative studies, deserve to be mentioned for the
sake of comprehensiveness, to provide information for inexperi-
enced sonographers, and to provide information for those who
wish to further investigate these topics with advanced and tailored
techniques. In fact, further studies are welcome to identify more
pathophysiological sonographic features of specific FGID and to
show the effectiveness in clinical trials and practice.
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