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Introduction  

Ultrasonography is a widely used and indispensable method for the non-invasive 

investigation of intraabdominal organs. It depicts the normal and pathological anatomy of 

the biliopancreatic as well as of the gastrointestinal tract [(1)]. The focus of interest has most 

frequently been morphology while functional processes and disorders have usually been 

disregarded. 

However, ultrasound can offer more; it is superior to any other imaging method in visualising 

motion-sequences in a real-time mode [(2)]. In contrast to conventional imaging of anatomic 

structures and organ morphology, functional ultrasonography (f-US) aims at imaging and 

assessing organ function. For instance, (f-US) can provide information on motility, 

biomechanics, flow, perfusion, peristalsis, organ filling and emptying [(3)]. Compared to 

other imaging methods (CT, MRI, and PET) ultrasonography offers the highest temporal 

resolution combined with also very high spatial resolution. The full potential of ultrasound 

and its applications is not widely known; this led to establishing an EFSUMB task force group 

that aims to publish guidelines on gastrointestinal ultrasound (GIUS) (1). 

Due to its non-invasiveness and high repeatability, the ultrasound technique is most helpful 

for investigations of functional processes which often have a high intra-individual variability. 

As ultrasound is also free of radiation, widely available and inexpensive, it is most suitable 

for functional studies. 

In this chapter, the authors outline applications of functional ultrasound for the investigation 

of gastrointestinal and intra-abdominal organ function and discuss its practical relevance. 

Functional ultrasound of the gastrointestinal tract 

Functional ultrasound of the tongue 

The movements of the tongue during speech and the oropharyngeal phase of swallowing 

can be monitored non-invasively in real-time by placing an ultrasound probe under the 

chin.[(2)] This has been used as visual feedback in dysphagia and dysphasia rehabilitation 

following partial glossectomy for cancer [(3, 4)] and in speech and dysphagia training for 

stroke patients as well as in childhood apraxia [(5, 6)]. 
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The back of the mandible and the hyoid bone can be visualised by their acoustic shadows 

when the ultrasound probe is placed in a longitudinal axis under the chin. The submental 

ultrasonography can measure the hyoid bone displacement as a change in the distance to 

the mandible; a weak hyoid bone displacement correlates with the amount of pharyngeal 

residue [(7)] Hyoid bone displacement and larynx elevation are essential components in the 

swallowing process to protect the airways. The anterior movement of the hyoid bone 

(reduced distance to mandible) and the larynx-to-hyoid approximation initiates the larynx 

elevation and down-folding of the epiglottis. 

Submental functional ultrasonography can visualise the bolus transport of normal food in 

real time. It enables reliable measurement of the hyoid bone displacement in the pharyngeal 

phase and can evaluate changes in tongue thickness. Hyoid bone displacement of less than 

15 mm and changes in tongue thickness of less than 10 mm indicate poor swallowing 

function and risk of aspiration [(8-13)].  

Functional ultrasound of the oesophagus 

In the majority of patients, the cervical and distal oesophagus can be visualised 

ultrasonographically. This allows sonographic real-time investigations of the anatomical 

oesophageal structure as well as motility studies which might be of interest in patients with 

dysphagia, gastroesophageal reflux disease, and motility disorders, e.g. scleroderma, 

Parkinson disease and other causes of functional impairment.  

Cervical oesophagus 

The cervical oesophagus is traceable left to the trachea in almost all patients. Starting from 

the left lower pole of the thyroid, the transducer can be positioned over the oesophagus 

while swallowing facilitates the identification. Osophageal motility can be sonographically 

monitored during swallowing in real time. 
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Distal esophagus 

Sliding hiatal hernia  

The distal 4-5 cm of the oesophagus at the level of the diaphragm can usually be visualised 

from the epigastrium using the left liver lobe as an acoustic window and tilting the 

transducer cranially while the patient is asked for a deep inspiration [Figure 1].  

 

Figure 1 Using the liver (L) as acoustic window the lower part of the oesophagus 

(between yellow markers) and cardia (C) can be visualised. In the left part of 

the image is the heart (H) and at the lower right end the fundus (F) can be seen. 

 

 

 

In this transducer position with a longitudinal orientation to the aorta, the oesophagus can 

be visualised above and below the diaphragm in a longitudinal view; a hiatal hernia at the 

cardia might be seen ventral to the aorta. This sonographic investigation of the 

oesophagogastric junction can confirm or exclude the presence of a (large) sliding hiatal 

hernia. The sonographic assessment of hiatal hernias has been evaluated in children and 

seemed to be comparable or even superior to the barium swallow [(7, 8)]. If the gastro-

oesophageal junction cannot be visualised sonographically the size of the hernia is assumed 

to be > 16 - 20 mm [(9)]. 

The repeatability is an advantage of the method as well as the real time visualisation of 

ingested physiological meals. In addition to the functional evaluation, ultrasonography also 
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depicts the anatomy and morphology of the oesophagogastric junction. Disadvantages of 

the sonographic assessment of hiatal hernia include the requirements of time and video 

documentation. Due to available alternatives, the technique does not play a role in adults. 

However, particularly important is the sonographic assessment of the oesophagogastric 

junction in paediatrics; in children under the age of 5 years it is the method of choice [(10, 

11)].  

Gastrooesophageal reflux disease (GERD) 

Standard techniques for diagnosing gastro-oesophageal reflux disease are 

oesophagogastroduodenoscopy and 24h pH-metry which is mostly performed in 

combination with manometry. Videofluoroscopic imaging after ingestion of a suspension of 

barium sulfate as contrast allows for imaging of the swallowing process. The barium swallow 

might also detect refluxing of the liquid contrast from the stomach back into the 

oesophagus. Naik and Moore [(12)] introduced ultrasound to investigate gastro-oesophageal 

reflux disease. Subsequently, the method has also been expanded [(14)], also to include 

CEUS [(15)]. Ultrasound of the oesophagus has also demonstrated increased reflux in high 

volume liquid meals compared to lower volumes [(14)] and other authors conclude that 

transabdominal US could be a useful modality for diagnosing GERD [(15)]. 

Functional ultrasound of the stomach 

Ultrasonography of the human stomach allows to detect and investigate structural diseases 

of the gastric wall [(16-18)]. Furthermore, ultrasonography enables to study gastric motor 

function in humans as it provides valuable quantitative and qualitative information about 

gastric motility, both fasting and postprandial. The advantages of the sonographic methods 

are its safety, non-invasiveness, lack of radiation, and wide availability [(2)]. However, 

limited visualisation of the gastric wall due to obesity, intestinal gas and gastric resection 

present drawbacks of gastric functional ultrasound.  
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Contractile Activity 

Ultrasonography can visualize and monitor gastric contractions and propagation of waves 

both, in fasting and postprandial state [(19-24)]. Frequency and amplitude of contractions 

are easily measured quantitative parameters; the amplitude is defined as the maximal 

reduction of the antral area induced by a contraction, it can be expressed as the difference 

of the contracted and relaxed area. High resolution ultrasound using transducer frequencies 

in the range 7-15 MHz permits detailed observation of gastric wall layer involvement during 

peristalsis [Figure 2].  

 

Figure 2 The image shows a contracting gastric antrum where five wall layers can be 

observed using 4 MHz transducer frequency. 

 

 

 

As ultrasound also detects non-occlusive contractions, it is more sensitive than manometry 

in detecting antral contractions [(25)]. Acute stress reduces postprandial antral motility in 

healthy controls, but not in patients with functional dyspepsia as shown in a study inducing 

acute mental stress by a video game in which the subjects were virtually driving a car trying 

to avoid collisions on a crowded highway [(26)].  

Gastric Emptying 

Indications for the measurement of gastric emptying are symptoms of delayed food 

transport as early satiety, fullness and dyspepsia as well as therapy control studies for 
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motility affecting drugs. Medication with numerous drugs, acute hyperglycaemia, 

polyneuropathy (caused by alcoholism or diabetes mellitus), congenital and acquired 

neuromuscular diseases can cause delayed gastric emptying. 

Gastric emptying is a highly complex process with multifactorial influences. The subtle 

coordination of contraction and relaxation, propulsive and inhibitory impulses results in a 

concerted interaction of the proximal and distal stomach. Ultrasound permits evaluation of 

many aspects of gastric function: gastric emptying, antral contractility, transpyloric flow, 

gastric configuration, intragastric distribution of liquid and solid meals, gastric 

accommodation and strain measurement of the gastric wall. 

Ultrasonography has become a widely applied method to determine gastric emptying rates 

[(27-33)] with good correlation to radionuclide methods [(29, 34, 35). In the most frequently 

used protocol, a standardized section of the antrum in a sagittal section using the aorta and 

superior mesenteric vein as landmarks, is planimetrically measured before and after 

ingestion of a test meal [Figure 3]. In a recent review, it was concluded that functional 

ultrasonography brings insight into gastric emptying both in healthy individuals and in 

gastrointestinal disorders [(19)]. 

 

Figure 3 A standardised section of the gastric antrum in a sagittal section in which the 

aorta and the superior mesenteric vein are visualised simultaneously. A 

measurement of the antral area is most often performed using this ultrasound 

section. 
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3D ultrasound 

For better visualization of the total stomach and improved calculation of gastric volumes, 3D 

ultrasound imaging of the gastric compartments was developed [(36-38)]. In our lab 

(Bergen), we have utilized two different systems for acquisition of 3D ultrasound images and 

both systems have been validated in vitro and in vivo. First, we used a mechanical system, 

which demonstrated excellent accuracy and precision in vitro [(39, 40)] and good agreement 

with MRI in vivo [(41)]. Subsequently, we developed a method based on a magneto-based 

system that enabled greater flexibility during scanning and larger volumes to be captured 

[Figure 4].  

 

Figure 4 3D volume reconstruction based on ultrasound acquisition with a magneto-

based position- and orientation measurement system (POM). The 3D image is 

intersected by 3 ordinary grey scale ultrasonograms. 

 

 

 

The magnetic system also showed excellent accuracy in vitro [(42-45)] and in volume 

measurement of a fluid filled bag in the human stomach the agreement with true volumes 

was excellent [(46)]. This system of 3D acquisition was also highly correlated to scintigraphic 

measurements [(47)], also in a patient population [(48)]. Accordingly, 3D ultrasonography 

delivers high resolution, is accurate in volume estimation and is a well-suited tool to monitor 
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volume changes of the stomach. The method has also been validated and applied by other 

groups around the world [(46-48)]. 

Gastric accommodation 

Gastric accommodation is a key mechanism for the understanding of the pathophysiology in 

functional dyspepsia [(49, 50)] and may also be relevant for symptom generation in other 

disorders [(51-54)]. Several methods can be used to assess gastric accommodation [(55)]. 

The gastric accommodation process is a complex phenomenon that describes how the size of 

the gastric compartment changes in response to a meal [(56)]. It involves both intra- and 

extragastric reflexes. The extragastric reflexes comprise both receptive relaxation and 

intestino-gastric reflexes elicited by balloon distension or nutrient infusion in the duodenum 

[(57, 58)]. The intragastric reflexes embrace at least adaptive relaxation and relaxation of the 

proximal stomach induced from antral reflexes [(59-61)]. The gastric meal accommodation 

process has two components: Passive meal distension of the gastric compartments 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 second component. 

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, a clinical method 

that is widely available, has shown applicability and validity for the study of gastric 

accommodation [(2)]. The 2D method developed by Gilja et al [(59)] has been used to study 

gastric accommodation in functional dyspepsia [(62, 63)], diabetes [(64)], in patients with 

reflux oesophagitis [(64-66)], in liver cirrhosis [(67)], and in children with recurrent 

abdominal pain [(68)]. This 2D method has also been applied to study pharmacological 

intervention [(69)] and the effect of a barostat bag in the stomach [(70)]. Another advantage 

with 2D ultrasonography is its clinical applicability; it can easily be performed at the bedside 
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and can be repeated numerous times in the same subject. This opportunity has also been 

utilized by Asian groups to study accommodation using ultrasound [(16-20)]. At Haukeland 

University Hospital we have for 20 years used The Ultrasound Meal Accommodation Test (U-

MAT) for the work-up of patients with dyspepsia [Table 1].  

 

Table 1 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 regarding history, 

physical examination, blood tests, testing for H. pylori, and upper endoscopy. 

In many cases, additional examinations are also performed to rule out organic 

causes for their symptoms. The protocol presented here is the mainstream 

clinical protocol. A 500 ml liquid meal of commercial meat soup (Toro clear 

meat soup, Rieber & Søn A/S, Bergen, Norway) containing 1.8 g protein, 0.9 g 

bovine fat, and 1.1 g carbohydrate (20 kcal) is ingested over a period of 4 min 

(intentionally, as many patients needs more time). The soup is preheated and 

then cooled to 37º C to improve imaging quality by reducing the amount of air 

bubbles. Psychometric evaluation is also performed. 

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 (interdigestive 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). 
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5 min pp. Postprandial symptom evaluation. 

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

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

 

 

Our mainstream clinical protocol consists of a standard soup meal (500 ml), ultrasound 

scanning of the proximal and distal stomach using predefined scan sections [Figure 5 and 6], 

calculation of size and volumes of the gastric compartments, evaluation of symptoms and 

psychological assessment. In our experience, ultrasonography used in this context can add 

valuable clinical information to the management of these patients.  

 

Figure 5 Ultrasonogram showing a sagittal section of the proximal stomach (S) in a 

patient with dyspepsia referred for Ultrasound Meal Accommodation Test 

(UMAT). The liver (L), the pancreas (P) and the left kidney (K) are used as 

internal landmarks. The area of the proximal stomach is measured indicating 

the postprandial size, hence indirectly the degree of accommodation of the 

proximal stomach to a meal. 

 

 

 

Figure 6 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 
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postprandial proximal stomach and hence indirectly degree of accommodation. 

The left hemidiaphragm is seen as a white, curved line at the bottom of the 

image. 

 

 

 

There are few methods that are capable of measuring all parameters of gastric motility 

simultaneously. However, several authors have demonstrated that ultrasonography can be 

used in a versatile manner to evaluate many aspects of gastric function.  

Strain Rate Imaging 

A Doppler method based on strain rate imaging (SRI) and estimation of relative strain was 

developed to enable differentiation between actively contracting and passively following 

tissue. In general terms, strain means tissue deformation as a function of applied force 

(stress) [(71)]. The temporal derivative of strain, i.e., the strain rate, is a measure of the rate 

of deformation.  

Doppler SRI was evaluated in vitro using a silicone strip phantom mimicking slowly moving 

tissue [(72)]. SRI in measuring strain in the porcine antral wall in vitro gave accurate 

measurement of radial strain [(73)]. Estimation of relative strain of the muscle layer of the 

gastric wall by Doppler ultrasonography is feasible [Figure 7] and enabled detailed mapping 

of local strain distribution [(74-76)].  
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Figure 7 Strain Rate Imaging of a contracting gastric antrum where the sample volume 

(red dot) is positioned in the circular muscle layer of the antral wall. The color 

code is displayed in bar at the right image border; blue means expansion of 

tissue and yellow means compression of tissue. The right panel shows the 

curve of the strain evolving in the pre-pyloric antral wall reaching a level of 50% 

expansion. 

 

SRI is capable of distinguishing contractile activity of the longitudinal and circular muscle 

layers, even though the two layers cannot be separated visually in the 2D images [Figure 8].  

 

 

Figure 8 The figure demonstrates Strain Rate Imaging of a contracting gastric antrum 

where 2 sample volumes (dots) are located in the muscle layers of the gastric 

wall. The color code is displayed in the bar at the right image border; blue 

means expansion of tissue and yellow means compression of tissue. The right 

panel shows the curve of the strain differences between the inner circular 

(yellow line) and the outer longitudinal (green line) muscle layer evolving as 

the antrum contracts in the pre-pyloric region. 
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During balloon distension of the antrum, we found a significant inverse correlation between 

pressure and strain in the GI wall measured by SRI (r=-0.87). In patients with functional 

dyspepsia, SRI enabled distinction between subgroups showing that patients with epigastric 

pain syndrome had a totally different strain level in the antral wall compared to patients 

with postprandial distress [(77)]. However, SRI has mainly been used for research purposes. 

Functional ultrasound of pylorus and duodenum and gastroduodenal flow 

The movements of gastroduodenal contents [Figure 9a] and velocity curves of transpyloric 

flow can be synchronously visualized by duplex ultrasound, that is combination of Doppler 

measurement and B-mode scanning [(78, 79)]. By use of duplex scanning, it was revealed 

that, in the fed state, a short gush of duodenogastric reflux normally precedes the peristaltic 

closure of the pylorus [(79)]. An antral contraction can be defined as an indentation of the 

gastric wall greater than the antral wall thickness, and which is not due to respiration, 

pulsation transmitted from the aorta or heart, or to movements of adjacent intestine, and 

which was observed to propagate in space and time. An episode of gastric emptying is 

defined as flow across the pylorus with a mean velocity of more than 10 cm/sec lasting more 

than 1 sec. During maximal contractions transpyloric flow can be seen passing back and forth 

through the open pylorus [Figure 9b].  

 

Figure 9 Ultrasonogram showing the transition between the gastric and the intestinal 

compartment. The pylorus (P) is situated between the antrum (A) and the bulb 

of the duodenum (D) (i). Flow across the pylorus can easily be visualised and 

measured using Doppler methods. Flow across the pylorus is visualised using 

color Doppler and the blue color indicates that retrograde flow of duodenal 

content into the gastric antrum is present (ii). 

i 
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ii 

 

 

 

Non-peristaltic-related transpyloric emptying can be defined as transpyloric emptying of 

gastric contents, without contractions detected on ultrasound or manometry. Using this 

Doppler method, timing of postprandial dyspeptic symptoms and transpyloric passage of 

gastric contents can be studied with high temporal and spatial resolution [(80)], also after 

pharmacological intervention [(81)]. 

A method was also developed to evaluate transpyloric flow and duodenogastric reflux stroke 

volumes using a three-dimensional guided digital color Doppler imaging model [(82)]. High 

intra- and inter-individual variations of the stroke volumes of transpyloric flow episodes 

during the initial gastric emptying were found. The duodenogastric reflux episodes lasted on 

average 2.4 seconds with average volume of 8.3 ml.  
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Sonographic technique  

The ingestion of 500 ml warm (37°C) orange juice with standardised bread components or a 

meat soup will enable adequate visualisation of transpyloric flow. The idiopathic 

hypertrophic pyloric stenosis (IPHS) in infants can reliably be diagnosed using ultrasound. 

The hypertrophy of the circular antropyloric muscle is characteristic leading to recurrent 

vomiting and retardation in weight increase predominantly in male infants. A length of the 

pylorus > 17 mm and a muscle thickness > 3mm indicate pathological values. The volume of 

the pyloric muscle is an even more discriminative parameter [(7)]: 

 

V = (π * diameter² * length)/4. 

 

The pyloric muscle index (PMI) is related to the body weight of the child. 

PMI = Length * Thickness * π * (Diameter – Thickness)/ body weight 

Normal children have a PMI of 0.19, while the PMI is > 0.24 in patients with IPHS. 

 

The investigation should be performed under fasting condition in supine position using high 

frequency transducers. The marked separation of the gastric wall layers is characteristic in 

IPHS. A residual gastric volume > 10 ml determined by a nasogastric tube is typically found in 

IPHS. After intake of fluids the pyloric function is registered sonographically under 

stimulated peristalsis. About 2 - 3 hours after fluid intake the stomach should be empty in a 

normal infant, while patients with IPHS still have a residual gastric volume even after 

repeated vomiting [(7)].  

Functional ultrasound of the small bowel 

Until recently, the diagnosis of small bowel diseases relied on spare information from small 

bowel enteroclysis and small bowel follow through. In both methods, patients are exposed 

to radiation. Advanced imaging methods such as capsule endoscopy and MR enteroclysis 

now enable better imaging of the small intestine without radiation. Balloon enteroscopy 

enables investigation of the complete length of the small bowel in most cases, but it is 

cumbersome and requires sedation. Ultrasonography using high resolution transducers 

provides small bowel image data of both high temporal and spatial resolution [Figure 10]. It 
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is probably the patient-friendliest method making it a useful tool in the diagnostics of small 

intestinal diseases [(83-85)] including small bowel motility disorders. 

Our knowledge on small bowel motility is still limited due to the complexity of the 

interaction between the central and enteric nervous system, sensory and motoric functions, 

and multiple gastrointestinal hormones which all affect the intestinal smooth muscle and 

other intestinal cells resulting in peristalsis, secretion and absorption. 

 

Figure 10 This high-frequency (15 MHz) ultrasonogram shows a fluid-filled loop of 

jejunum with highly visible valvula conniventes as fingerbuds protruding into 

the lumen. 

 

 

 

Familial GUCY2C diarrhea syndrome 

Familial GUCY2C diarrhea syndrome (FGDS) is explained by an activating mutation in the 

GUCY2C gene encoding the receptor guanylate cyclase C in enterocytes. Activation leads to 

increased fluid secretion into the intestinal lumen. The condition resembles irritable bowel 

syndrome with diarrhea and some appear to develop Crohn’s disease. FGDS is characterised 

by multiple, fluid-filled small bowel loops with incomplete contractions and fluid stagnation 

in fasting state, easily observed by ultrasound [(86)].  
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Hydrosonography 

High-resolution transabdominal ultrasound for imaging the small intestine is often hampered 

by intestinal gas. Because the lumen of the small bowel frequently is collapsed, significant 

intraluminal pathology can be missed. Moreover, separation of different bowel loops can be 

difficult. Hydrosonography of the small intestine is a method where an echo-poor contrast 

liquid is used for distending the bowel and removing intestinal air, and thereby improving 

imaging [Figure 11].  

 

Figure 11 Hydrocolon sonography demonstrating retrograde flow (blue color jet) from 

the coecum (C) into the terminal ileum (I) 

 

 

 

Most often an isotonic polyethylene glycol solution is used (PEG solution, Laxabon®). Because 

the PEG solution is indigestible and non-absorbable, it gives a predictable amount of luminal 

fluid and intestinal distension. In principle, any echo-poor fluid can be used. The amount of 

PEG solution used in different studies varies between 200 and 2000 ml. Oral intake of PEG 

solution (small intestine contrast ultrasonography or SICUS) is the least invasive way of giving 

the contrast liquid, and probably the most preferred method by most patients [(87)]. 

However, in patients having trouble drinking large amounts of PEG solution, a nasojejunal 

feeding tube can be used. The tube is placed at the duodenojejunal flexure either by 

endoscopy, fluoroscopy or by ultrasound guidance. These procedures are more time 

consuming than regular transabdominal ultrasonography, and the average examination time 

vary between 30 and 40 min in different studies (range 10-90 minutes). Examination time is 
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very much dependent on the passage of contrast fluid to the terminal ileum. Sensitivities for 

diagnosing a suspected disorder in the small intestine in patients referred for a barium study 

vary as much as 64 to 100%, while generally a near 100% specificity is found [(88-91)]. In 

patients with known CD the sensitivity for detecting a lesion in the small intestine varies 

between 96 and 100% [(92, 93)]. Hydrosonography of the small intestine is safe. As opposed 

to enteroclysis and CT-studies, the method can be used for examining the small intestine in 

patients where radiation should be avoided. Particularly, it is useful in the follow up of 

patients with inflammatory bowel disease where repeated examinations often are necessary.  

Coeliac disease 

The diagnosis of coeliac disease is based on the presence of villous atrophy and increased 

intraepithelial lymphocytosis in duodenal biopsies. However, several ultrasonographic signs 

which have been reported in coeliac disease might support the diagnosis and initiate the 

confirming oesophagogastroduodenoscopy. In one study, increased intraluminal fluid 

content and presence of a moderate small bowel dilatation was described [(94-99)]. Often, 

increased peristalsis and moderate bowel wall thickness [Figure 12] is also observed [(100, 

101)].  

 



ECB2nd Edition ….  19.07.2019 11:21 20 

 

Figure 12 Adjacent to the liver a transverse section of the duodenum is shown in a 

patient with celiac disease. The luminal folds are clearly visible and the wall 

thickness (0.37-0.48 cm) is slightly increased. 

 

 

 

The typical sonographic appearance of untreated coeliac disease is the constant to and fro 

movements of luminal air and chymus within the bowels seen as whirling hoarse luminal 

echoes which resembles the laundry in a washing machine (“The washing machine 

phenomenon”). However, this is an unspecific finding and can also be observed in secretory 

diarrhoea and in other forms of enteropathies [(102, 103)]. 

Intestinal obstruction 

Intestinal obstruction and ileus can result from incarcerated hernias, adhesions, tumours, 

invaginations, volvulus, foreign bodies (but also gall stones), and inflammatory bowel 

disease. A careful ultrasound investigation combined with clinical history and physical 

examination can often help to identify the cause of the ileus. The sonographic assessment of 

bowel diameter and motility patterns of bowel segments in all four quadrants can localise 

and further characterise the obstruction, Typical sonographic findings of intestinal 

obstruction include dilated bowel loops which appear as thin-walled round cross sections. 

Patients with intestinal obstruction show alterations in peristalsis which can be visualised 

and quantified using Duplex ultrasound. Although the motility pattern is variable and, 
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therefore, unspecific in early phases of obstruction [(104, 105)], hyperperistalsis and back 

and forth peristalsis is often found in the beginning of the condition. In later stages, hypo- 

and aperistalsis, bowel atony and thickened oedematous bowel walls can be demonstrated. 

While proximal to the stenosis (”transition point”) the bowel loops are dilated and fluid 

filled, the empty bowel distal to the stenosis (“starving bowel”) has a typical sonographic 

appearance of the mesenterial layers close together. Ultrasound is also helpful to detect 

signs of peritoneal carcinomatosis which needs to be excluded when searching for the 

causes of the ileus [(98, 99, 106-110)]. 

Allergosonography 

Food hypersensitivity reactions, including GI reactions due to allergy against food items, can 

be visualised by advanced imaging and visualization modalities such as endosonography 

[(111)], transabdominal ultrasound, and MRI. In Western countries, the rate of perceived 

food hypersensitivity is around 25% in the general population [(112)]. Conversely, a diagnosis 

of "true" food allergy in adults is confirmed in only 1-4 % of the cases. Not only mucosal 

swelling, but also luminal fluid can be visualised by ultrasonography [(113)]. Sonographic 

changes were observed after challenge in 44% of patients. A positive sonographic response 

(increased wall thickness, diameter, peristalsis and/or luminal fluid) was significantly related 

to positive skin prick test (p=0.008) and positive Double-Blind Placebo-controlled Food 

Challenge (p=0.03).  

Inflammatory Bowel Disease 

Crohn’s disease (CD) is the most common reason for performing ultrasonography of the small 

intestine. The typical US findings are discontinuous and consist of wall thickening [Figure 13], 

ulcerations, infiltrations, flow alterations, and changes in stratification [(114-119)]. Increased 

wall thickness, often with fibrosis, often leads to impaired motility of the affected GI segment 

and this hypomotility can easily be visualised with real-time ultrasound [(108, 118, 119)]. 

 

Figure 13 The descending colon showing markedly thickening of the bowel wall in a 

patient with Crohn’s disease. Note the disturbed architecture of the wall 
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layering, a feature contributing to the impaired motility often observed in 

these patients. 

 

 

 

Functional ultrasound of the colon 

To examine the colon the examiner usually starts in the right iliac fossa and follows the colon 

systematically in distal direction ending with a transvesical view of the rectum. It is 

recommended to start with a transducer frequency of 3-5 MHz to obtain a good overview of 

the bowels and its surroundings, but subsequently use high-frequency linear probes (7.5-15 

MHz) for detailed imaging of the GI wall and focus on pathology [(107)]. The colon very often 

contains air that is either lying close to the anterior wall blocking further penetration or is 

mixed in with faecal content causing a gradual decay of image quality [Figure 14]. Motility of 

the colon is quite rarely observed.  
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Figure 14 A typical appearance of the colonic wall in a healthy subject showing the 

haustration between loops of gas-filled bowels. The distinct interface between 

luminal gas and the dark GI wall enables precise measurements of wall 

thickness. 

 

 

 

To improve visualisation of the colonic wall, colon hydrosonography was primarily developed 

to study polyps and inflammation but it can also be used to investigate the colonic peristalsis 

and function [(120, 121)]. 1.5 to 2 l of water at body temperature is installed through the 

rectum and a smooth muscle relaxant is given intravenously to obtain good distension of the 

colon and prevent urgency of rectal water emptying. Hydrosonography achieves excellent 

visualisation of the colonic wall, however, the cumbersome bowel preparation and the rectal 

water instillation renders it an unpractical technique which has not gained wide-spread 

clinical acceptance for colon imaging, particularly due to recent advances in radiologic colon 

imaging methods and standard ultrasonography. 

Ultrasound assessment of bowel transit  

The colon transit time contributes most (>90%; 20-72 hours) to the transit time of solids 

through the gastrointestinal tract, while oesophageal transit (30 seconds), gastric emptying 

time (10 minutes up to 3 hours), small bowel transit (2-3 hours) are relatively short. 

A water filled 10-25 mm latex balloon containing 5 mm sized metal particles is 

sonographically traceable during its gastrointestinal passage and can be followed through 
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the stomach, small bowel and colon [(122)]. However, this method has not become an 

established diagnostic tool. 

Rectal ultrasonography 

The controlled retention and rectal discharge of gas, solid and liquid stool require a fine 

regulation and muscle coordination. An insufficiency as well as a lack of relaxation of the 

internal anal sphincter muscle can result in functional disorders. Rectal endosonography (or 

rectal ultrasound) can support the diagnosis of rectal incontinence as it is able to visualise 

defects in the sphincter muscle. Rectal and perirectal inflammation (abscess, fistula, tumor) 

can also be depicted. The perianal or perineal ultrasound is particularly helpful in case of 

rectal stenosis [(109, 113, 114, 123, 124)]. 
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