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Abstract
Background  Sonography of the gastrointestinal (GI) tract is a practical, safe, inexpensive, and reproducible diagnostic tool 
for the evaluation, diagnosis, and follow-up of infectious bowel disease. The modality is rapidly gaining prominence among 
clinicians on a global scale. In the United States, however, ultrasound of the bowel remains underutilized primarily due to 
insufficient experience among radiologists and sonographers in performing sonographic bowel assessment. This lack of 
experience and knowledge results in misinterpretations, missed diagnoses, and underutilization of this modality in patients 
with acute abdomen, with the majority of GI pathology on sonography discovered incidentally.
Objectives  This article aims to demonstrate the characteristic sonographic findings associated with GI infectious processes 
as well as provide dedicated ultrasound protocols for evaluation of the GI tract.
Conclusion  This article serves a twofold purpose, raising awareness of the utility of this imaging modality within the radiol-
ogy community and also providing practical teaching points for sonographic evaluation of infectious disorders of the GI tract.

Keywords  Bowel ultrasound · Gastrointestinal infections · Enterocolitis · Bowel perforation · Bowel physiology · Bowel 
anatomy · Gastrointestinal pathology

Introduction

In today’s clinical practice, ultrasound is increasingly uti-
lized for evaluation of visceral, vascular, and musculoskel-
etal pathologies, owing to the growing awareness of the risks 
of ionizing radiation, as well as recent technical advances 

that have improved accuracy and imaging quality. Moreover, 
there has been a steady trend toward the use of more cost-
effective techniques for diagnosis and treatment of patients, 
with ultrasound leading the way in this effort. However, in 
the United States (USA) the role of ultrasound has been 
under-represented in the evaluation of small and large bowel 
disorders, with most institutions utilizing the modality only 
for certain pediatric GI conditions or for suspected appen-
dicitis. Bowel pathology on ultrasound is usually detected 
incidentally as part of a separate workup, for example during 
general abdominal or right upper quadrant (RUQ) examina-
tions or during transvaginal pelvic sonography in females.
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Ultrasound provides dynamic information regarding 
bowel distention and motility. Although there are some limi-
tations associated with the use of ultrasound in evaluation of 
bowel pathology such as small field of view, variability in 
exam quality, patient body habitus, and scattered beam from 
bowel gas compared to other imaging modalities (computed 
tomography (CT) or magnetic resonance imaging (MRI)), 
an initial attempt at establishing a diagnosis via ultrasound 
should be considered.

This article aims to describe characteristic sonographic 
findings associated with bowel infectious processes, and 
hence raise awareness among radiologists to the potential 
utilities of this imaging modality for evaluation of disorders 
of the GI tract.

Anatomy and bowel mobility

The gastrointestinal tract is divided into several main seg-
ments, each of which has specific characteristics. The stom-
ach has plicae that can become thickened when affected by 
infectious or inflammatory processes, or become distorted 
in case of ulceration or a neoplasm. The stomach is an intra-
peritoneal organ and is relatively mobile. The small bowel 
(SB) is divided into the duodenum, jejunum, and ileum. The 
duodenum is a predominantly retroperitoneal structure, with 
only its proximal portion covered with visceral pleura, mak-
ing it less mobile. The jejunum and ileum contain a dis-
tinctive fold pattern, “valvulae connivente,” that helps to 
distinguish them from the large bowel on imaging studies. 
The proximal SB has more folds, while the distal SB has 
a comparatively lesser number of folds. The jejunum and 
ileum are entirely intraperitoneal structures and are rela-
tively mobile, as they are attached via a long mesentery to 
the posterior abdominal wall. The large intestine is distin-
guished from the small intestine by the presence of “teniae 
coli,” which represent three thickened bands consisting of 
muscle, haustra, and omental appendices [1, 2].

Because the transverse colon, cecum, appendix, and sig-
moid colon are intraperitoneal structures, they have longer 
attachments to the posterior abdominal wall and are there-
fore more mobile within the abdominal cavity. The ascend-
ing and descending colon and the rectum are less mobile due 
to their extraperitoneal location and their short attachments 
to the abdominal wall. Relatively immobile segments of the 
large bowel serve as points of reference during sonographic 
evaluation of the bowel, and therefore knowledge of these 
landmarks is essential in order to correctly interpret imaging 
findings [1].

Physiology and bowel motility

When fasting, the bowel is usually in a quiescent state, and 
demonstrates minimal motility. This significantly changes in 
the post-prandial state, when the bowel demonstrates more 
active peristalsis.

Assessment of bowel motility is of great importance, as 
many pathological processes affect bowel peristalsis. Bowel 
motility is generally divided into two main categories: the 
large peristaltic anterograde and retrograde waves that are 
observed in the pre-prandial state, and the small amplitude 
anterograde waves that are observed in the post-prandial 
state. The small bowel usually demonstrates more active 
peristalsis than the large bowel, although increased bowel 
motility (or hyperperistalsis) may be seen with colitis and 
enteritis. In contrast, markedly diminished bowel peristalsis 
may be observed in the setting of appendicitis and diver-
ticulitis, resulting in “quiescent bowel” or a “sentinel loop,” 
which occurs in response to severe inflammation in order to 
minimize propagation and dissemination of disease mitigat-
ing the associated painful symptomatology [3].

Ultrasound technique

Currently in the USA clinical practice, with the exception 
of certain pediatric conditions and in those with suspected 
appendicitis, adult sonographic evaluation of gastrointesti-
nal tract is not routinely performed. As stated earlier, bowel 
pathology is often discovered incidentally while performing 
other types of ultrasound exams. The patient’s presenting 
symptoms and laboratory abnormalities can play a pivotal 
role in directing the examiner to evaluate a particular area 
of concern increasing the likelihood of establishing a diag-
nosis. Requesting that the patient point to the area of pain 
with a single digit optimizes the ability of the sonographer 
to identify the site of bowel pathology.

In 2017, the European Federation of Societies for Ultra-
sound in Medicine and Biology (EFSUMB) published 
recommendations and guidelines for evaluation of the gas-
trointestinal system using ultrasound [4]. In their recommen-
dations, the experts offered an overview of gastrointestinal 
ultrasound (GIUS) examination techniques for the assess-
ment of the bowel in patients with variable GI conditions.

Equipment and ultrasound examination modes

The selection of an optimal transducer is of great importance 
for the assessment of the bowel. Imaging should initially be 
performed using a curvilinear probe (3.5–5.0 MHz), which 
provides assessment of a large field of view and offers opti-
mal depth of penetration. Assessment of the bowel in all 
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four quadrants of the abdomen and pelvis allows for detec-
tion of asymmetry between different segments of the bowel 
wall, recognition of free fluid, assessment of inflamed peri-
enteric/peri-colonic fat, determination of excessive or absent 
normal peristalsis, and presence of lymphadenopathy [5]. 
A higher frequency probe (7–12 MHz), owing to its better 
resolution capability, is utilized for evaluation of layers of 
the bowel wall and, if an abnormality is detected, delineating 
changes of the diseased segment. Attention should be paid 
to bowel wall thickness, length of the abnormal segment, 
presence of wall hyperemia, luminal distention, intraluminal 
contents, and the presence of solid or cystic masses related 
to the intestine. Bowel wall thickness should be measured 
only with higher frequency transducers [4].

Utilization of gray scale, color/spectral Doppler, and 
power Doppler modes is recommended since they play com-
plementary roles. Color and power Doppler are utilized to 
evaluate bowel wall vascularity. Doppler parameters should 
be optimized to maximize sensitivity for the detection of 
vessels with low velocity flow in the bowel wall [4]. A more 
thorough analysis of certain bowel conditions may be per-
formed via spectral Doppler interrogation of the mesenteric 
arteries and calculation of resistive indices. Sequential sys-
tematic scanning of small bowel followed by large bowel 
should be performed, in order to avoid misinterpretations 
and pitfalls in diagnosis.

Contrast‑enhanced ultrasound

Contrast-enhanced ultrasound (CEUS) is an applica-
tion that is also used in the assessment of gastrointestinal 
pathology and is most useful for differentiation of vascu-
lar from non-vascular intestinal or peri-intestinal lesions, 
including abscesses. The difference in perfusion between 
healthy and diseased bowel can be recognized by CEUS. 
CEUS is also used to quantify vascularity in the bowel wall. 
It is performed following injection of stabilized microbub-
bles with gaseous content into the blood stream. There are 
three main ways of interpreting contrast-enhancement in 
the bowel wall: (1) pattern of enhancement, (2) contrast 
quantification of peak intensity, and (3) dynamic contrast-
enhanced ultrasound where intensity changes over time are 
analyzed [4]. An overview of the different techniques and 
non-hepatic applications of CEUS has been recently pub-
lished by EFSUMB [6–9].

GI ultrasound elastography

With the advent of elastography as another application of 
ultrasound, the field of gastrointestinal elastography has 
emerged as an alternative approach for improved tissue 
characterization. Over the last decade elastography has been 
suggested as a tool for the assessment of diseases in the GI 

tract [4, 10]. At this time the main utility of GI elastography 
lies in distinguishing benign from malignant lesions and in 
the monitoring of inflammatory bowel lesions for degree of 
inflammation or fibrosis. This application takes advantage 
of the changed elasticity, or stiffness, of soft tissues that 
results from specific pathological or physiological processes 
[11, 12]. The anatomy of the bowel, however, raises many 
challenges for strain or shear wave imaging, due to thin 
structures, non-constant boundary conditions, and intrinsic 
contractility. Pathological lesions tend to increase bowel 
wall thickness and may ease elastography imaging. Very 
few studies have addressed issues of bowel wall elastography 
to date, and both inflammatory and neoplastic lesions seem 
to increase tissue stiffness in the bowel wall [13].

It is important to note that the imaging-based differentiat-
ing features of infectious and non-infectious causes of bowel 
inflammation may not always be apparent, and the two enti-
ties commonly overlap. Usually the diagnosis relies on labo-
ratory analysis, stool cultures, and the presence of character-
istic clinical signs of an infectious process, including but not 
limited to fever, high white blood cell count, signs of perito-
nitis and sepsis, and history of prior antibiotic use (in case of 
Clostridium difficile (C. Diff) colitis). These features are less 
likely to be present in patients with inflammatory, ischemic, 
obstructive, or traumatic gastrointestinal processes. In some 
circumstances, more specific characteristic imaging features 
may be seen with different causative agents and may play a 
crucial role in establishing a correct diagnosis. For example, 
in the case of ascariasis, the roundworms are usually seen 
within the loops of small or large bowel. In cases of pan-
colitis due to C. Diff infection, the entire large bowel may 
be affected, and on ultrasound is characterized by marked 
circumferential thickening of the wall, mucosal hyperemia, 
and submucosal layer hypoechogenicity [14]. In contrast to 
Crohn’s disease, in infectious bowel diseases the wall layers 
are almost always intact and the muscularis and serosa are 
almost never affected, whereas in Crohn’s disease, depend-
ing on severity of inflammation, stratification of the wall 
may be preserved or destroyed [15]. There are usually no 
signs of mesenteric hypertrophy, bowel obstruction, abscess, 
or fistula formation seen in infectious processes (except for 
perforated appendicitis and complicated diverticulitis) [16]. 
Hyperemia may be present in both infectious and inflam-
matory bowel pathology. In general, each case should be 
assessed with a great attention to all pertinent information 
that will help to derive the correct diagnosis.

Ultrasound protocol for evaluation 
of the gastrointestinal system

A standard examination of the intestine does not need a 
specific bowel preparation. To reduce amount of food and 
air in the small bowel, a fasting period of at least 4 h is 
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recommended. Overnight fasting is recommended before 
assessing gastrointestinal motility [4]. Oral fluid contrast, 
either using water when evaluating the large bowel and 
stomach or iso-osmolar polyethylene glycol (PEG) (aka mac-
rogol) solution when evaluating small bowel, can improve 
visualization of bowel disease.

The scanning technique for evaluation of bowel may vary 
according to the clinical problem. Based on the recommen-
dations of EFSUMB, a general approach on how to perform 
the examination is described [4].

Initial assessment begins with evaluation of the small 
bowel with a low-frequency curved transducer placed in the 
mid abdomen. Scanning is performed in the transverse and 
sagittal planes through the entire mid abdomen and pelvis. 
Using orthogonal planes, the transducer should be moved 
from upper abdomen to the pelvis, and from the right to the 
left lateral margins of the abdomen (Video 1). 

The large bowel is also examined in a sequential manner 
from a site of fixed or relatively immobile bowel in order to 
ensure correct identification of bowel segments. All parts 
of the large bowel are assessed. Scanning begins in the 
right upper quadrant, where the ascending colon is attached 
to the posterior margin of the peritoneum. Gradually the 
transducer is moved inferiorly along the ascending colon. 
The right iliac fossa is scanned in a transverse plane that 
helps in identification of the cecum. Appendix is located 
3 cm inferior to the cecum. Subsequently, the transducer 
is placed to the initial starting point, and scanning is per-
formed across the abdomen to the left, evaluating the trans-
verse colon. Subsequently, the transducer is moved inferiorly 
along the descending colon to the left lower quadrant, where 
the sigmoid colon and proximal rectum can be identified. 
The rectum is assessed using a distended urinary bladder 
as an acoustic window. The anal region can be assessed by 
using either an endorectal, perianal, or in female patients via 
a transvaginal approach. In patients with suspected vascular 
injury or bowel ischemia, the mesenteric vessels, aorta, and 
branches can be interrogated with color and spectral Doppler 
ultrasound, obtaining waveforms and peak systolic velocities 
within splanchnic arteries and veins. Patency of the vessels, 
presence of any significant atherosclerosis, possible dissec-
tion, any significant stenosis/occlusion, or the presence of an 
aneurysm/pseudoaneurysm can also be assessed (Video 2). 
In general, the identification of haustrations and the location 
of the intestine help to differentiate the large bowel from the 
small bowel. Longitudinal assessment of the large bowel 
aids in identification of haustrations.

Using a high-frequency transducer, the thickness of the 
bowel wall should be measured only in the transverse plane 
of the bowel section, as images obtained obliquely may 
overestimate wall thickness [17]. The posterior bowel wall 
often is not possible to see due to air in the lumen; there-
fore, measurements should be made in the anterior wall [4]. 

Harmonic imaging should be activated when available as 
this may improve the delineation of bowel wall layers.

Graded compression technique is employed for assess-
ment of acute appendicitis, diverticulitis, epiploic append-
agitis, and other infectious/inflammatory processes. The 
probe is used to compress the abdomen while following 
the respiratory movements, enabling displacement of intra-
abdominal fat and bowel segments and, thus, improving 
visualization of deeper located structures and mesentery. 
This technique will separate air-filled freely mobile bowel 
loops from the relatively non-compressible and non-mobile 
diseased bowel (Video 3) [18].

Appearance of the normal bowel 
on ultrasound

Healthy bowel segments are generally compressible and 
demonstrate normal peristalsis, with the wall having a strati-
fied morphology. The wall consists of five concentric rings 
of alternating echogenicity, referred to as the “gut signa-
ture,” which can be seen when high-frequency transducers 
are utilized [5]. The first innermost hyperechoic layer is 
an echogenic line that represents the interface between the 
bowel lumen and the gut mucosa (referred to as mucosal 
layer). This is followed by a second hypoechoic layer that 
corresponds to muscularis mucosa, and the third layer which 
is an echogenic stripe corresponding to submucosa. The 
fourth hypoechoic layer represents muscularis propria, and 
finally the fifth outermost echogenic layer corresponds to the 
serosa (Fig. 1). Bowel wall thickness should be measured 
perpendicular to the wall from the interface between serosa 
and proper muscle to the interface between the mucosa and 
the lumen. If the colon is distended and filled with stool, 
bowel layers are very difficult to see even with high-fre-
quency transducers. Visualization of the posterior bowel 
wall may be limited due to air in the lumen [4].

In the absence of pathology, the normal stratified bowel 
wall layers are preserved and are easily demonstrated by 
sonography. A bowel wall thickness less than 2 mm (not the 
cut-off value for pathology) could be considered as normal 
when measured in the normal filled state, with the excep-
tions of the duodenal bulb and rectum. The duodenal and 
rectal walls usually measure less than 3 and 4 mm, respec-
tively [4, 19]. Bowel wall is considered thickened when 
measured greater than 4 mm. Normal bowel does not dem-
onstrate increased vascularity, and therefore the detection of 
hyperemia on color Doppler imaging should raise concern 
for bowel pathology, specifically an infectious or inflamma-
tory process. Color Doppler provides a semi-quantitative 
description of vessel density in the bowel wall, with nor-
mal bowel usually demonstrating 2 or fewer vessel signals 
per square centimeter [4]. Bowel loops are considered to be 
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dilated if the diameter of the small bowel loops is greater 
than 3 cm and the large bowel loops greater than 10 cm [20].

Stomach and small bowel

Gastritis

Acute gastritis is a general term that encompasses multiple 
causes of gastric mucosal inflammation/infection. In adults, 
the most common causative agent is Helicobacter pylori; 
however, gastritis may also be associated with use of non-
steroidal anti-inflammatory medications (NSAIDs), autoim-
mune disorders, or related to an immunosuppressive state 
(CMV, candida albicans, histoplasmosis and more) [21]. 

In young children, an allergic reaction to milk may induce 
eosinophilic gastritis [22].

Differentiation of various forms of gastritis by imaging is 
not feasible due to significant overlap of findings. A defini-
tive diagnosis may require clinical and laboratory correla-
tion, and in some cases endoscopic examination with tissue 
biopsy [21].

On sonography, gastritis is characterized by circumfer-
ential thickening of the wall and folds of the gastric antrum, 
specifically affecting the mucosal and submucosal layers 
with significantly increased mucosal layer-to-antral wall 
thickness ratio (Fig. 2) [23]. Hyperemia and extra-gastric 
fat inflammation usually are not observed.

Eosinophilic gastritis (EG) is a relatively uncommon dis-
ease. It is characterized by diffuse infiltration of any or all 
layers of bowel wall by eosinophils. On ultrasound, there 
is marked thickening of the mucosa of the antrum and/or 
pylorus, with the presence of ascites and peritoneal nodules 
(Fig. 3) [24]. Establishing the correct diagnosis plays a piv-
otal role in patient management, as the symptoms improve 
with dietary restrictions and/or steroid therapy.

Infectious duodenitis

Duodenitis may be associated with inflammatory con-
ditions such as pancreatitis and cholecystitis, or infec-
tious etiologies, with the most common pathogen being 

Fig. 1   a Schematic representation of the bowel wall anatomy in the 
axial and longitudinal views. Note 5 distinct layers of the bowel wall. 
b, c Gray scale of the small bowel in transverse and longitudinal 
planes demonstrating stratified appearance of the bowel wall on ultra-
sound consisting of five concentric rings of alternating echogenicity 
referred as the “gut signature”

Fig. 2   Eosinophilic gastritis in a 4-week-old male infant with projec-
tile vomiting. Gray scale image in the transverse plane demonstrates 
prominent pylorus which measures 12 mm in length and has a single 
wall thickness of 2 mm. Gastric contents were seen passing through 
the pylorus on real-time examination. The echogenic gastric mucosa 
in the region of the gastric antrum and pylorus appear thickened and 
measures up to 3 mm (bracket) compatible with eosinophilic gastritis 
(milk allergy). L liver
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Fig. 3   Gastritis in a 65-year-old female with vomiting and epigastric 
pain. a, b Transverse gray scale image through the pancreas demon-
strates circumferential thickening of the gastric folds and walls with 
predominant thickening of the mucosal and submucosal layers of the 

gastric antrum, measuring over 5  mm (S). c Gray scale transverse 
image obtained 3 months earlier showed normal wall thickness of the 
gastric antrum. P pancreas, L liver
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Helicobacter pylori. Less common infectious etiologies 
include giardiasis and tropical sprue. Wall thickening 
and luminal dilatation are two non-specific findings that 
can be observed with infectious duodenitis [25]. A small 
amount of peri-duodenal fluid and/or inflammation of the 
surrounding fat may also be seen on ultrasound imaging 
(Fig. 4, Video 4). Endoscopically obtained cultures usu-
ally help in establishing a definitive diagnosis.

Infectious enteritis

Infectious enteritis is defined as inflammation of the small 
intestine caused by a pathogen of bacterial, viral, or amoe-
bic origin [26]. A key diagnostic feature of this entity is the 
distribution of the inflammatory process produced by the 
offending organism. The proximal small bowel is usually 
affected by parasitic organisms such as Giardia and Stron-
gyloides species and Mycobacterium avium-intracellulare 
(MAI), whereas the ileum is most commonly affected by 
bacterial pathogens including Salmonella, Shigella, Campy-
lobacter, and Yersinia (Fig. 5). The distal ileum is prone to 
infection by tuberculosis (TB), amebiasis, and Gram posi-
tive enteric commensal bacteria in the neutropenic patient 
that results in typhlitis (Fig. 6) (Table 1). Depending on the 
causative agent, management is usually conservative with 
supportive therapy and medications aimed at the type of 
infection. The diagnosis commonly relies on imaging find-
ings, and therefore, a safe, quick, and well-tolerated imaging 
modality would be desirable. Ultrasound has been shown to 
have a comparable sensitivity in the diagnosis of enteritis 
when compared to CT and MRI [18, 27, 28]. The major 
sonographic features of enteritis include hypoechoic small 
bowel wall thickening and concomitant enlargement of mes-
enteric lymph nodes [29]. A bowel wall thickness of greater 
than or equal to 4 mm is considered abnormal; however, 
assessment of the degree of bowel wall thickening is some-
what subjective and depends on the degree of distention 
[4]. When only a limited segment of bowel is affected, it is 
recommended to compare bowel wall thickness in the dis-
eased segment to wall thickness in clearly non-diseased seg-
ments, in order to minimize overdiagnosis. The mucosa and 
submucosa are primarily affected in the early stages of the 
disease characterized by loss of demarcation between these 
two layers and disproportionate prominence of echogenic 

mucosa. Affected bowel loops are usually prominent and 
fluid-filled, and a small amount of peritoneal free fluid may 
also be present (Fig. 5). Inflammatory changes in the peri-
enteric fat can manifest as increased echogenicity, signify-
ing inflammation and edema of adjacent soft tissues [30]. 
In mild cases, bowel motility may be increased; however, 
the opposite may occur in severe forms of the disease. It 
is important to acknowledge that several other processes 
can have similar sonographic features and can therefore 
mimic enteritis on ultrasound. Differentiation from inflam-
matory bowel conditions such active Crohn’s disease may 
not be feasible as radiological findings can overlap. When 
terminal ileitis is detected, sonographic control is recom-
mended to exclude Crohn’s disease unless the patients pre-
sent with fever, implying a more likely infectious etiology, 
or skip lesions or transmural complications such as fistula 
or abscesses are also present, which clinch the diagnosis 
of Crohn’s disease. Additionally, cases of severe Crohn’s 
flare-up are usually characterized by substantial wall thick-
ening, up to 12 mm (Fig. 7) [15].   

Parasitic infection: ascariasis

Parasitic infections may not result in thickening of the bowel 
wall, but rather present with intestinal obstruction or visible 
portions of the organism within the lumen of the bowel. 
For example, Ascariasis, infection by the organism Ascaris 
lumbricoides, can be diagnosed on ultrasound by detection 
of the adult worms with well-defined echogenic walls within 
the bowel lumen. They appear as avascular hypoechoic tar-
get-like structures in short axis, and tubular in long axis. 
Commonly, there is more than 1 worm within the bowel 
lumen resulting in bowel distention. Worm movements may 
be seen during real-time imaging (Figure 8). Imaging assess-
ment of pulmonary parenchyma and visceral organs (liver/
pancreas) is essential, as there is known involvement of these 
structures at different stages of the parasitic development 
[31].

Infected Meckel’s diverticulum

Meckel’s diverticulum is a true diverticulum and is the most 
common congenital anomaly of the gastrointestinal tract. 
It is found in approximately 2–3% of the population with 



268	 Abdominal Radiology (2020) 45:261–292

1 3



269Abdominal Radiology (2020) 45:261–292	

1 3

no gender predilection and represents failure of the ompha-
lomesenteric (aka vitelline) duct regression during fetal 
development [32, 33]. In the majority of cases, a Meckel’s 
diverticulum is located within 100 cm of the ileocecal valve 
on the anti-mesenteric border of the distal ileum. Its walls 
are composed of all layers of the intestinal tract, and it usu-
ally measures 5 cm in length and 2 cm in diameter. Although 
most Meckel’s diverticula are asymptomatic, complications 
can occur in 4–40% of patients and include superinfection 
(diverticulitis) as well as intestinal obstruction and ileoileal/

Fig. 4   Duodenitis in an 84-year-old female with epigastric pain for 
1  month. a, b Transverse gray scale images of the descending por-
tion of the duodenum demonstrate markedly thickened duodenal wall 
(brackets). A small amount of free fluid is noted adjacent to posterior 
wall of the duodenum (arrow in b). c Gray scale image obtained in 
longitudinal plane demonstrates marked thickening of the descending 
and part of horizontal portions of the duodenum. Note echogenic fat 
around the duodenum compatible with inflammation (asterisk). d, e 
Contrast-enhanced CT images in the axial plane show marked thick-
ening of the first and second portions of the duodenal wall (brackets) 
and inflammatory changes in the peri-duodenal fat (arrows). Note that 
the pancreas is not involved (P)

◂

Fig. 5   Infectious enteritis in a 23-year-old-female with 1  day of 
abdominal pain, nausea/vomiting, and diarrhea. Multiple people in 
the household were suffering similar symptoms. a, b Gray scale lon-
gitudinal images of the right lower quadrant demonstrate fluid-filled 
prominent loops of small bowel (F) with mild thickening of the small 
bowel wall (bracket). Note preserved striation of the bowel wall with 

all layers relatively proportionally thickened. Affected bowel loops 
were not compressible (not shown). c Coronal contrast-enhanced 
CT image shows multiple mildly dilated fluid-filled loops of small 
bowel (F) in the deep pelvis and right lower quadrant with mesenteric 
hyperemia and inflammation. Appendix was normal (not shown)
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Fig. 6   Typhlitis in a 30-year-old female with history of relapsed 
AML presented to the emergency department with severe abdominal 
pain. a Gray scale transverse and B longitudinal ultrasound images 
demonstrate markedly thickened heterogeneous echogenicity cecal 
wall (brackets). The lumen of the cecum is dilated and contains com-
plex debris and air (L). Note marked echogenicity of the inflamed 

mesocolonic fat (asterisk). c, d Contrast-enhanced CT images of the 
abdomen and pelvis reveal focal marked thickening of the cecum 
(Ce) (arrows in c) with areas of no enhancement of the cecal mucosa 
(arrows in d). Small amount of free fluid is seen in the right paracolic 
gutter (asterisk in d)
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ileocolic intussusception with the diverticulum acting as a 
lead point. Volvulus and torsion of the diverticulum are 
additional potential complications [34]. Due to presence of 

heterotopic gastric or pancreatic mucosa in up to 60% of the 
diverticula, they can also be affected by hemorrhage from 

Table 1   Geographic distribution of various infectious agents responsible for enterocolitis, differential diagnoses, and main differentiating fea-
tures

GI tract location Pathogenic organisms Characteristic imaging findings Differential Dx

Stomach Helicobacter pylori—most 
common

CMV, candida albicans, histo-
plasmosis

Thick gastric folds, specifically affecting 
the mucosal and submucosal layers

Increased mucosal layer-to-antral wall 
thickness ratio

Rarely may see hyperemia and extra-
gastric fat inflammation

Eosinophilic gastritis

Duodenum Helicobacter pylori—most 
common,

Giardiasis,
Tropical Sprue

Wall thickening and luminal dilatation, 
non-specific ± peri-duodenal fluid

Inflammation of the surrounding fat

Reactive bowel wall thickening due to 
Pancreatitis

The proximal small bowel Giardia, Strongyloides species
Mycobacterium avium-intra-

cellulare (MAI)

Wall thickening > 4 mm
Enlargement of mesenteric lymph nodes
Early disease: loss of demarcation between 

mucosa and submucosa—echogenic
Fluid-filled loops of bowel ± peritoneal 

free fluid, Inflammatory changes in the 
peri-enteric fat → increased echogenicity

Mild disease: increased bowel motility
Severe disease: decreased bowel motility

Crohn’s disease

The distal small bowel Salmonella, Shigella, Campy-
lobacter, Anisakis,

Yersinia,

The same features as in the proximal small 
bowel

Crohn’s disease

The distal ileum Typhlitis, Tuberculosis (TB), 
Amebiasis

In typhlitis:
Marked thickening of the wall of the distal 

ileum and sometimes cecum (6–18 mm)
Severe mesenteric inflammation
Mesenteric vascular hyperemia
Loss of bowel wall striation
Transmural pattern of inflamma-

tion. ± floating echogenic septa repre-
senting sloughed necrotic mucosa. Free 
abdominal fluid.

In TB:
Skip lesions and multiple strictures, ascites

Sarcoidosis, Non-specific IBD
Drug-induced ileitis (NSAIDS, gold 

therapy, oral contraceptives, ergot-
amine, digoxin, diuretics, antihy-
pertensives, potassium chloride), 
radiation ileitis, granulomatous 
inflammations (arteritis, spondyloar-
thropathies, actinomycosis

Ascending colon Yersinia, Salmonella, Enta-
moeba Histolytica

Mild colitis—bowel wall thickening 
3–6 mm

Moderate colitis—bowel wall thickening 
6–9 mm

Severe colitis—bowel wall thicken-
ing > 9 mm

Loss of bowel wall stratification
Increased echogenicity of the peri-colonic 

fat
Lymphadenopathy

Crohn’s disease

Descending colon Shigella, Schistosomiasis The same findings as in the ascending 
colon

Immunotherapy-induced colitis
Radiation-induced colitis
Chemotherapy-induced colitis
Ischemic colitis

Sigmoid colon Herpes simplex virus,
Gonorrhea, Chlamydia

The same findings as in the ascending 
colon

Immunotherapy-induced colitis

Pancolitis Clostridium Difficile,
Herpes complex virus,
Gonorrhea, Chlamydia

Ascites is commonly present
fluid-fluid level within the bowel
seen in the setting of neutropenia or exten-

sive broad spectrum antibiotics usage

Crohn’s disease
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peptic ulceration. Foreign bodies, enteroliths, and fecaliths 
have been reported in the diverticular lumen.

On sonography, an uncomplicated Meckel’s diverticulum 
is seen as a fluid-filled blind-ending tubular or rounded struc-
ture in the right lower quadrant, resembling a thick-walled 
loop of bowel with typical “gut signature,” demonstrating 
clear communication with the small intestinal lumen. The 
echogenic mucosa can be readily recognized on gray scale 
ultrasound. When inflamed, the walls of the diverticulum 

may become very thick. Marked inflammation of the sur-
rounding fat can be detected as areas of increased echogenic-
ity. Reactive decreased motility of the bowel adjacent to an 
inflamed diverticulum can also be noted. Echogenic foci in 
the diverticular lumen may represent enteroliths, fecaliths, 
peripheral calcifications, inflammatory debris, or foci of 
air. Color Doppler ultrasound may demonstrate hyperemia 
within the walls of the diverticulum (Fig. 9) [33].

Sonographic findings of an inflamed Meckel’s divertic-
ulum may mimic those of acute appendicitis or intestinal 
duplication cyst. Duplication cysts usually have smooth 
internal walls, in contrast to the irregular walls of a Meck-
el’s diverticulum. An inflamed appendix is generally non-
compressible and can be easily traced back to its origin from 
the cecum.

Complicated cases of Meckel’s diverticulum require 
further cross-sectional imaging and are usually managed 
surgically.

Large bowel colon

Infectious colitis

Infectious colitis refers to inflammation of the colon due 
to various pathogens including bacterial, viral, fungal, or 
parasitic organisms, with some agents having preferential 
predilection to specific segments of the large bowel (Table 1) 
[35]. For example, Yersinia, Salmonella, and Entamoeba 
Histolytica commonly affect the ascending portion of the 
colon, whereas Shigella and schistosomiasis more frequently 
involve the descending colon. Herpes simplex virus, gonor-
rhea, and chlamydia usually affect sigmoid colon and rec-
tum, while pancolitis is frequently seen with C. diff infection 

Fig. 7   Active Crohn’s disease in a 20-year-old male with abdominal 
pain and 8-year history of Crohn’s Disease. Color Doppler image of 
the right lower quadrant in transverse plane demonstrates marked 
bowel wall thickening, (measuring > 10 mm), loss of normal mucosal 
striation, increased echogenicity of peri-enteric fat (asterisk), and 
hyperemia of the bowel wall with vessels extending to the mesentery, 
aka comb sign (white arrows)

Fig. 8   Ascariasis in a 5-year-old male with abdominal pain and head-
aches, recently adopted from Africa. a Gray scale images of the mid 
abdomen in transverse and B. longitudinal planes demonstrate mul-
tiple tubular (arrow in b) or round-shaped (arrows in a) structures in 
the mildly distended loops of small bowel (arrowheads) compatible 

with ascariasis. The tubular structures show outer and inner echo-
genic parallel lines compatible with enteric tube of the worm. Note 
echogenic mesentery compatible with inflammatory process (asterisk 
in a)
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[35, 36]. The symptoms of colitis are non-specific and 
commonly include fever, crampy abdominal pain, watery 
or bloody diarrhea, nausea, and vomiting. The diagnosis 
is generally made on the basis of stool analysis or colono-
scopic evaluation and biopsy. There is considerable overlap 
in imaging findings between various types of infectious coli-
tis, with all commonly presenting with wall thickening, peri-
colonic fat stranding, and free intraperitoneal/peri-colonic 
free fluid [37, 38].

On ultrasound, abnormal bowel wall thickness of greater 
than 3–4 mm is usually considered abnormal; however, no 
established cut-off value exists at this time. Note should be 
made that most of the investigations have been performed to 
identify cut-off values for bowel wall thickness in the diag-
nosis of inflammatory bowel disease, specifically Crohn’s 
disease, with latest meta-analysis showing that a cut-off 
value of 3 mm had a sensitivity and specificity of 89 % and 
96 %, respectively, while other cut-off values (4 mm or more) 
yielded a sensitivity of 87 % and a specificity of 98 % [15]. 
Although bowel wall stratification is usually preserved in 
infectious colitis, in some cases loss of bowel wall stratifica-
tion may be observed, and has been described as visualiza-
tion of less than 5 bowel wall layers or lack of distinction 
between any layers [17]. Increased echogenicity of the peri-
colonic fat surrounding the affected bowel loops represents 
inflammatory changes. In any type of colitis, prominent 
lymph nodes may be detected in the mesentery, porta hepa-
tis, and along the ileocecal lymph node chains [16]. Depend-
ing on the causative agent, color Doppler ultrasound may 
depict mucosal or transmural bowel wall hyperemia, which 

is characterized by increased vascularity of the wall of the 
affected bowel loop compared to a normal segment (Fig. 10, 
11) [39].

The normal colon is often easily compressible. In infec-
tious colitis, compressibility of the colon diminishes, and 
in severe cases becomes fully non-compressible. Infectious 
colitis should be differentiated from other bowel pathologies 
with overlapping imaging findings. These include appendi-
citis, intussusception, Crohn’s disease, ulcerative colitis, and 
immune therapy, chemo or radiation-induced colitis. Knowl-
edge of the clinical history is paramount in differentiating 
these entities. A few more specific findings such as presence 
of ascites and fluid-fluid levels within the bowel are com-
monly seen with diffuse colitis/pancolitis associated with 
infectious processes such as Clostridium difficile (C. Diff) or 
in chemotherapy-induced colitis, which aid in differentiating 
these entities from Crohn’s disease where ascites is rarely 
seen. In ischemic colitis, the characteristic clinical presen-
tation includes bloody bowel movements, abdominal pain, 
and leukocytosis, as well as involvement of bowel watershed 
areas with sparing of the rectum [40]. A definitive diagnosis 
of infectious colitis usually requires stool cultures, serology 
titers, or tests for specific toxins [41]. Colitis is usually man-
aged conservatively with supportive therapy and pathogen-
specific medications (Table 1).

Typhlitis

Neutropenic enterocolitis is a severe complication of inten-
sive chemotherapy, which is most commonly associated 

Fig. 9   Infected hemorrhagic Meckel’s diverticulum in a 12-month-
old female with decreased oral intake, emesis, fever, and abdominal 
pain. a Gray scale and b Color Doppler images of the mid/lower 
abdomen obtained in transverse plane demonstrate a blind-ending 
loop of bowel (MD) that is connected to the remaining bowel (arrows 

in a). “Gut signature” is noted, differentiating it from a duplication 
cyst (arrowhead in a). Significant hyperemia of the surrounding soft 
tissues is present on color Doppler (b). Complex fluid is seen within 
the lumen of the Meckel’s diverticulum compatible with hemorrhagic 
necrosis (confirmed on pathology evaluation)
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with the treatment regimens of acute leukemia. This type of 
colitis also clinically presents with fever, abdominal pain, 
and diarrhea. The symptoms are due to mucosal injury from 
the chemotherapeutic agents in addition to secondary bac-
terial superinfection, leading to necrosis of the mucosa of 
the bowel wall. The degree of the disease is variable rang-
ing from mucosal inflammation to transmural necrosis [42]. 
Typhlitis represents a localized form of neutropenic entero-
colitis in immunocompromised patients, with inflammation 
of predominately the cecum and often terminal ileum as well 
as the right colon [35, 43]. Commonly, typhlitis is associated 

with gram positive gut flora, including C. diff. There is a 
high mortality rate (up to 50%) associated with this disease 
owing to high rates of necrosis, rupture, and peritonitis. US 
findings of neutropenic enterocolitis/typhlitis include dif-
fuse or localized small and/or large bowel wall thickening 
that is commonly greater than 10 mm (ranging from 6 to 
18 mm), with either marked thickening of the mucosa and 
submucosa or loss of bowel wall striation and a transmural 
pattern of inflammation (Fig. 6, Video 5) [14]. The lumen of 
the bowel may contain floating echogenic septa representing 
sloughed necrotic mucosa. Other common findings include 

Fig. 10   Colitis of ascending colon in a 32-year-old male with right 
upper quadrant pain for 2 days. a, b Gray scale images of the RUQ 
obtained in transverse and longitudinal planes show partially imaged 
loops of transverse and ascending colon (c) that demonstrate marked 
thickening of the colonic wall, specifically submucosal layer (S and 

bracket). L liver, GB gallbladder, RK right kidney. c Coronal CECT 
image shows marked edema and thickening of the hepatic flexure 
adjacent to the gallbladder (GB) that corresponds to the ultrasound. 
Left colon is unremarkable
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hypervascularity of the thickened bowel wall and free 
abdominal fluid. The mortality rate is significantly higher 
in patients with bowel wall thickening > 10 mm. In patients 
who are able to recover from this complication, a significant 
reduction in bowel wall thickening will be observed. There-
fore, US can be used as a surveillance imaging tool for con-
tinuous assessment and follow-up until patient recovery [44, 
45] (Table 1). CT can be employed for better identification 
of extend of the disease and its severity and when associated 
complications are suspected.

Appendicitis

Acute appendicitis is the most common cause of acute 
abdominal pain with approximately 280,000 appendectomies 
performed annually in the United States [46]. The pathogen-
esis of appendicitis is multifactorial with a combination of 
ischemic mucosal damage and bacterial overgrowth, as well 
as some degree of luminal obstruction. Escherichia Coli (E. 
coli) is the most common causative bacterium in appendici-
tis [47]. Delay in diagnosis can lead to significant morbidity 
from appendiceal rupture, abscess formation, peritonitis, and 
septic shock, and therefore, rapid and accurate diagnosis is 
required. Clinical symptoms are frequently non-specific and 
may overlap with other etiologies of abdominal pain [48, 
49]. Advanced imaging with either CT or US is commonly 
utilized for diagnosis of appendicitis. Due to potential del-
eterious effects of radiation, ultrasound should be consid-
ered as the first-line imaging modality for its diagnosis [50]. 
In the hands of well-trained operators and with adequate 
equipment, the sensitivity and specificity of ultrasound for 
detecting acute appendicitis are similar to CT and MRI with 
accuracy of ultrasound reaching values above 90% [51]. 

Therefore, the use of ultrasound imaging should be routine 
in every patient with suspected appendicitis. Complimentary 
CT or MRI should be limited to inconclusive findings and 
difficult conditions, e.g., in very obese patients or in preg-
nant women (MRI) [51].

Several sonographic imaging techniques are employed for 
evaluation of appendicitis, including graded compression 
with a linear transducer, resulting in decreased depth of the 
abdominal cavity by gradual application of anterior com-
pression in the right lower quadrant. This technique results 
in displacement and compression of the bowel, minimizing 
artifacts produced by bowel gas, allowing better visualiza-
tion of the inflamed and non-compressible appendix [18]. 
Additional techniques include posterior manual compression 
and left lateral oblique decubitus positioning that are most 
helpful for identification of a retrocecal appendix, while 
using a low-frequency convex transducer [52]. In a female 
patient, endovaginal sonography is helpful to localize an 
appendix projecting deep in the pelvis. The quality of the 
exam significantly increases when a combination of these 
techniques is utilized, especially if conventional graded com-
pression fails to identify the appendix. Although visualiza-
tion of a normal appendix as a compressible, tubular, blind-
ending structure filled with fluid, gas, or feces can reliably 
exclude acute appendicitis, detection of normal appendix 
may be difficult to achieve, thus resulting in inconclusive 
findings. One of the most common pitfalls in the diagnosis 
of acute appendicitis is mistaking the terminal ileum for the 
appendix. Identification of the cecum and the appendiceal 
origin are paramount in confirmation of the appendiceal 
location and correct interpretation (Video 6) [53]. Ana-
tomical variations of the location of the appendix require a 

Fig. 11   Infectious colitis in a 35-year-old female with 2 days of diar-
rhea and RLQ abdominal pain who recently returned from vacation 
in the Dominican Republic. She had prior negative work up for IBD. 
a Longitudinal and b transverse color Doppler images of the right 
lower quadrant demonstrate marked thickening of the echogenic 

submucosal layer of the ascending colon wall (bracket in a). Bowel 
wall hyperemia is appreciated on Color Doppler imaging. Note echo-
genic mesocolic fat (asterisk in a and b) and multiple prominent ile-
ocolic reactive lymph nodes (L in b). Note loss of haustrations (a). 
Decreased peristalsis was observed on real-time imaging
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systematic examination technique for correct identification 
of the appendix.

Characteristic sonographic findings supportive of appen-
dicitis include a dilated non-compressible rounded or tubular 
appendix more than 6 mm in diameter, presence of an appen-
dicolith seen as an echogenic shadowing focus especially at 
the base of the appendix, echogenic prominent peri-cecal 

and peri-appendiceal fat, peri-appendiceal fluid collection, 
and increased flow in the appendiceal wall on color Dop-
pler US (Fig. 12). Thickening of the lamina propria and the 
submucosal layer can be seen with lymphoid hyperplasia, 
in which case clinical management may be medical rather 
than surgical [54]. The appendiceal diameter should be 
measured during compression in order to minimize false 

Fig. 12   Non-complicated appendicitis in a 12-year-old male who 
presented to the emergency department with periumbilical abdomi-
nal pain lasting for 9  h. a Longitudinal and b transverse gray scale 
ultrasound images demonstrate dilated appendix (appy, arrows in 
a) (measuring 9.4  mm) filled with heterogeneous complex material 

and a fecalith in the distal appendix (yellow arrow). The appendix 
(arrows) was not compressible on manual compression (comp in b). c 
Color Doppler image in longitudinal plane shows marked hyperemia 
of the appendiceal wall (arrows). No free fluid, adjacent fluid collec-
tions, or lymphadenopathy was present on real-time images
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positive results. In appendiceal perforation, the diameter 
of the appendix may be normal due to release of pus into 
the peri-appendiceal space with a simple or complex fluid 
collection seen adjacent to the appendix (Fig. 13 Video 7). 
Findings of irregularity, disruption, or discontinuity of the 
appendiceal mucosa are suggestive of wall necrosis as seen 
in gangrenous appendicitis, which may also be seen in asso-
ciation with perforation (Fig. 14). When the appendix is not 
visualized in a symptomatic patient, the results are consid-
ered equivocal and further imaging with CT is advised [50].

Clinically, the most common differential diagnosis 
is mesenteric adenitis, in which a normal appendix and 
enlarged mesenteric lymph nodes are observed. Other dif-
ferential considerations for acute right lower quadrant pain 
include inflammatory bowel disease which may also affect 
the appendix, pelvic inflammatory disease (PID), right-sided 
diverticulitis, Meckel’s diverticulitis, acute epiploic append-
agitis, and omental infarction.

Mesenteric adenitis

Mesenteric adenitis is a self-limiting inflammatory process 
that affects the mesenteric lymph nodes in the right lower 
quadrant [55]. Two distinct groups are recognized: pri-
mary and secondary mesenteric adenitis. Based on imaging 

findings, primary mesenteric adenitis is defined as right-
sided mesenteric lymphadenopathy without an identifiable 
acute inflammatory process or with only mild (< 5 mm) wall 
thickening of the terminal ileum [55]. The cause of primary 
mesenteric adenitis in most cases is related to underlying 
infectious terminal ileitis, involving infectious agents includ-
ing Yersinia enterocolitica, Helicobacter jejuni, Campylo-
bacter jejuni, Salmonella spp., and Shigella spp. [2–8]. Sec-
ondary mesenteric adenitis is defined as lymphadenopathy 
associated with a detectable intra-abdominal inflammatory 
process. This condition is predominantly seen in children 
and is thought to be caused by either viral or bacterial infec-
tious spread from the intestinal lymphatic tissues. Clinically, 
mesenteric adenitis may mimic appendicitis as patients often 
present with right lower quadrant abdominal pain, fever, and 
leukocytosis. In the setting of a normal appearing appendix, 
the primary sonographic finding of mesenteric adenitis is the 
presence of a cluster of three or more lymph nodes measur-
ing 5 mm or greater each in the mesentery of the right lower 
quadrant [18, 55]. The lymph nodes can be either elongated 
or round and are usually adjacent to the cecum or situated 
along the mesentery. An associated small amount of free 
fluid as well as hyperemia of the mesentery may also be 
present. If identified, the appendix will be normal in appear-
ance (Fig. 15) [56].

Fig. 13   Acute appendicitis complicated by perforation and abscess 
formation in a 7-year-old male who presented with 2 weeks of right 
lower quadrant abdominal pain. a Gray scale and b color Doppler 
images in longitudinal plane obtained in the right lower quadrant 
show collapsed inflamed appendix (Appx) with thick hyperemic 

wall. Note focal discontinuity of the mucosal layer in the body of the 
appendix (arrows in a) compatible with perforation. Complex avascu-
lar fluid collection (C) surrounds the perforated appendix compatible 
with an abscess. Surrounding mesocolonic fat is echogenic (asterisk 
in a) and shows hyperemia around the abscess (arrowheads in b)
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Infected mucocele

A mucocele represents dilatation of an obstructed appen-
diceal lumen that is filled with mucoid material. It is a rare 
disease found in only 0.3% of all appendectomies [57–59]. 
Females and those over 50 years of age are more commonly 

affected. Mucoceles can range in size. An appendicular 
diameter of 15 mm or more has been determined as a thresh-
old for diagnosis of mucocele with a sensitivity of 83% and 
a specificity of 92% [60]. Four histologic types exist: reten-
tion mucinous cyst, mucosal hyperplasia, mucinous cystade-
noma, and mucinous cystadenocarcinoma [61]. In mucinous 

Fig. 14   Acute appendicitis with mucosal necrosis and microperfo-
ration in a 14-year-old female with 3-day history of abdominal pain 
localizing to right lower quadrant with vomiting and fever. a Longi-
tudinal gray scale image of the right lower quadrant shows a blind-
ending loop of bowel filled with fluid compatible with an inflamed 

appendix (a). Note mucosal discontinuity of the appendix compatible 
with focal ulceration and perforation (arrows). b, c Longitudinal gray 
scale image with and without compression show that the appendix 
lumen is not collapsed with compression due to very viscous material 
within the appendix minimizing leak in the surrounding soft tissues
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cystadenomas, the luminal dilatation can reach up to 6 cm. 
Malignant transformation may be seen in up to 36% of cases. 
Association with more remote neoplasms such as colon or 
ovarian cancer has also been reported [62].

Clinically, up to 64% of patients present with right lower 
quadrant abdominal tenderness and a mass on physical pal-
pation [63], while others remain asymptomatic. Symptoms 
are usually related to superimposed infection or intussuscep-
tion with an inverted mucocele as a lead point.

On ultrasound, mucoceles appear as a right lower quad-
rant or midline abdominal fluid collection with internal 
echoes and a thin wall. The wall of the mucocele may be 
thickened if it is inflamed or has undergone malignant trans-
formation [64, 65]. The onion skin sign, defined as echo-
genic layers or a layered appearance of the internal contents 
of the mass, has been described as specific for appendicular 
mucocele [66]. Polypoid projections representing epithelial 
proliferation, absent peristalsis, peripheral or rim calcifica-
tion, or thin septations may also be present. Intraluminal gas 
bubbles or an air-fluid level within an appendix mucocele 

suggests the presence of infection, which needs to be dif-
ferentiated from an appendicular abscess (Fig. 16, Video 
8). Due to the loculated nature of the fluid collection, no 
appreciable changes in its configuration should be detected 
with alterations in patient positioning.

Complications associated with spillage of mucinous 
contents from the mucocele into the peritoneal cavity may 
result in pseudomyxoma peritonei. Mucoceles are managed 
surgically.

Colonic diverticulitis

Acute diverticulitis is caused by inflammation of colonic 
diverticula. In the United States, diverticular disease is the 
third most common gastrointestinal illness that requires 
hospitalization, with approximately 312,000 hospital admis-
sions annually and an estimated annual cost of nearly 2.6 
billion dollars [67–69]. Deficiency in dietary fiber has long 
been implicated as a causative factor.

Fig. 15   Mesenteric adenitis in a 5-year-old male who  presents to 
the Emergency room with fever and generalized abdominal pain with-
out any other significant medical history. a, b Gray scale images in 
transverse plane show a cluster of prominent (> 5 mm) lymph nodes 

(LN) in the right lower quadrant. c Color Doppler ultrasound shows 
blood flow at the level of the hyperechoic lymph node hilum (arrow). 
Appendix was normal on the same day examination (not shown)
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Fig. 16   Infected mucocele in a 87-year-old male with 2-day history 
of abdominal pain, fever, and elevated WBC. a Gray scale image of 
the right lower quadrant in longitudinal plane shows an elongated 
complex air and fluid containing structure (M) with rim calcification 
(arrow) which is continuous with the cecum (C). No normal appen-
dix is seen. The structure did not show significant hyperemia (not 
shown), but there was increased echogenicity of the peri-cecal fat 

(asterisk) and small amount of free fluid (FF) compatible with inflam-
mation. b Coronal CECT image obtained 2  years earlier shows an 
uncomplicated mucocele (M). c Coronal CECT image obtained the 
same day as ultrasound shows air within a mucocele and marked sur-
rounding inflammatory changes (arrows) compatible with an infected 
appendiceal mucocele (M)
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Traditionally, diverticular disease was thought to primar-
ily affect the elderly; however, there has been increasing 
incidence of this disease among individuals younger than 
40 years of age. It is suggested that over 50% of patients 
over 60 years of age have diverticulosis and approximately 
10–25% of them will develop complications such as diver-
ticulitis with a fivefold increase in the risk of complications 
such as fistula formation [70].

Acute diverticulitis is associated with a wide spectrum 
of clinical presentations, ranging from mild inflammation 
to potentially life-threatening complications such as abscess 
formation, bowel wall macro-perforation, fistula formation, 
and hemorrhage. In approximately one-third of patients, the 
disease is recurrent following an initial episode of uncompli-
cated diverticulitis. Uncomplicated diverticulitis is usually 
managed conservatively with a 10-day course of oral antibi-
otic therapy, with repeated episodes culminating considera-
tion of surgical management [71].

Although CT imaging is the mainstay modality in the 
evaluation of diverticular disease in the United States, recent 
literature has emphasized the comparability of ultrasound 
to CT for establishing this diagnosis [67]. The reported sen-
sitivity and specificity for US is 92% and 90%, and for CT 
94% and 99%, respectively, with both modalities demonstrat-
ing similar accuracies [72]. The need for CT imaging in the 
clinical setting of complicated diverticulitis is indisputable; 
however, if mild or uncomplicated diverticulitis is suspected, 
then ultrasound should be offered first as an alternate modal-
ity. This strategy must be followed by CT whenever US is 
inconclusive or unreliable [51, 73].

Characteristically, intact diverticula on ultrasound are 
seen as small outpouchings of colonic mucosa, often filled 
with air producing substantial posterior shadowing (Fig. 17). 
Mild forms of uncomplicated diverticulitis can be diagnosed 
if the following sonographic features are observed: 1. Pres-
ervation of the “gut signature” of an unaffected large bowel; 
2. Thickening of the bowel wall up to 4–5 mm in the affected 
colonic segment, resulting in a “pseudokidney sign” or “tar-
get” sign” which refers to the hypoechoic thickened colonic 
wall surrounding a hyperechoic lumen and mucosa; 3. An 
inflamed diverticulum is usually fluid-filled with minimal 
or no air remaining in its lumen, and is emanating from the 
thickened colonic wall, which refers to the “dome sign”; 4. 
Hyperechoic inflammatory peri-colonic fat (“pericolitis”) 

Fig. 17   a Colonic diverticulosis in a 60-year-old male presenting 
for screening of the abdominal aorta. There are innumerable curvi-
linear echogenic structures in the non-dependent colonic wall with 
dirty posterior acoustic shadowing compatible with air-filled diver-
ticula of the sigmoid colon (arrows). Note normal hypoechogenicity 
of the mesocolonic fat (asterisk). b Magnified coronal image of the 
left colon shows multiple air-filled diverticula without any evidence 
of diverticulitis (arrows)
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surrounding the affected diverticulum signifies active inflam-
mation of the surrounding mesocolon; 5. Focal hyperemia of 
the affected segment of bowel (Fig. 18,) [74, 75]. The point 
of maximal tenderness is frequently at the site of the affected 
diverticulum. In complicated cases of acute diverticulitis, 
where there is bowel wall macro-perforation and abscess 
formation, fluid collections can be seen in the vicinity of the 
infected diverticulum (Fig. 19, Video 9). The detection of 

peritoneal extraluminal air may be difficult on ultrasound, 
particularly if the amount of extraluminal air is relatively 
insignificant or located deep in the pelvis. Decreased motil-
ity (hypoperistalsis) of adjacent bowel loops represents an 
important marker for the presence of an ongoing infectious 
process. In female patients, a transvaginal approach may 
be particularly helpful to diagnose sigmoid or deep pelvic 
diverticulitis. Differential diagnosis may include other forms 

Fig. 18   Acute diverticulitis in a 55-year-old female with severe left 
lower quadrant abdominal pain. Ovarian torsion was clinically sus-
pected. a Gray scale and b color Doppler transverse images via 
transvaginal approach demonstrate inflamed sigmoid diverticulum in 
the left adnexal region (arrows). The diverticulum shows thick wall 
(brace in a) and lumen almost entirely filled with fluid and only mini-

mal air content (b). Marked echogenicity of the adjacent mesocolonic 
fat (asterisk) compatible with ongoing inflammation. No fluid col-
lections were seen in the surrounding soft tissues. c Coronal CECT 
image shows inflamed diverticulum of the sigmoid colon (arrow) in 
the left adnexa. S sigmoid colon
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of infectious or inflammatory colitis; however, in such cases 
a large portion of the bowel wall will be affected.

Diverticulitis complicated by fistula formation may also 
be recognized on ultrasound when a hypoechoic fistulous 
tract filled with air is found originating from the site of 
infection to communicate with an adjacent visceral structure 
(Fig. 20, Video 10).

Mimics of diverticulitis

Intraperitoneal focal fat infarction‑epiploic appendagitis 
and omental infarction

Epiploic appendagitis is a rare self-limiting inflammatory/
ischemic process involving the appendix epiploica of the 

Fig. 19   Acute diverticulitis with perforation and abscess forma-
tion in a 74-year-old female who presents to the emergency depart-
ment with vague right pelvic pain. a Gray scale and b Color Dop-
pler ultrasound images obtained in sagittal plane and c color Doppler 
ultrasound image in oblique/transverse plane through a transvaginal 
approach demonstrate a complex fluid collection (yellow dash lines 
in a–c) with echogenic foci within it representing gas. These findings 
are compatible with an abscess. Peripheral hyperemia is noted around 

the collection (b, c). The collection extends from the thickened sig-
moid bowel wall (SIG, arrowheads). The right fallopian tube (R FT in 
c) is thickened and inflamed. D. Coronal CECT of the abdomen and 
pelvis obtained shows a large complex fluid collection with air in the 
right adnexa (arrows) extending from the adjacent sigmoid colon (not 
shown). The right adnexa is very poorly defined with free fluid within 
(asterisk). The right fallopian tube is very inflamed (not shown)
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colon caused by either a torsion of the epiploic appendage 
or venous occlusion. This condition affects patients in their 
2nd to 5th decades with a predilection for women and obese 
individuals, presumably due to larger appendages [76]. This 
entity has a benign self-limiting course.

Clinically, patients present with abdominal pain and pos-
sible guarding, symptoms that mimic those of diverticulitis 
as well as acute appendicitis. The most commonly affected 
colonic segments are the sigmoid, descending, and ascend-
ing colon, with symptoms of abdominal pain usually more 
focal and on the left.

Ultrasound performed in the area of maximal tenderness 
may reveal a rounded, non-compressible, hyperechoic mass 
without internal vascularity, surrounded by a subtle hypo-
echoic halo (Fig. 21) [77]. The lesion is firmly attached to 
the anterior abdominal wall, a feature that can easily be vis-
ible on sonography during deep patient respiration. The size 
of the fatty central core ranges from 1.5 cm to over 5 cm. 
Occasionally a very small hypoechoic center, representing 
a thrombosed vein, may be identified. The adjacent colonic 
wall is usually not affected [76, 78]. Depending on its size, 

acute appendagitis-related changes may exert local mass 
effect on adjacent structures. Ascites is not a finding associ-
ated with this pathology, which helps differentiate it from 
other gastrointestinal processes. Serial follow-up ultrasound 
evaluations can be performed in order to observe response 
to conservative therapy.

In omental infarction, the hyperechoic mass is greater in 
size and located medial to the colon, as opposed to epiploic 
appendagitis where the mass is located laterally or anteri-
orly. In addition, the previously described hypoechoic halo 
is absent in omental infarcts. The management and differen-
tial considerations are otherwise similar to those of epiploic 
appendagitis.

Proctitis

Proctitis is a condition in which the lining tissue of the inner 
rectum becomes inflamed. It is confined to the distal 15 cm 
of the large bowel. The causes usually are either inflamma-
tory, related to inflammatory bowel disease such as Crohn’s 

Fig. 20   Colovesical fistula from a complicated diverticulitis in a 
67-year-old male who was found in a trash container, brought to 
the ER, and complained of abdominal pain. a Gray scale transverse 
image through the pelvis showed large amount of air in the urinary 
bladder (b) and an echogenic tract (arrows) from the bladder to the 

adjacent bowel loop compatible with colovesical fistula. b Axial con-
trast-enhanced CT through the pelvis shows air in the colovesical fis-
tula tract (arrow) that provides communication between the urinary 
bladder (B) and the sigmoid colon (S). Note large amount of air in the 
urinary bladder (B)
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disease or Ulcerative colitis, trauma related, or infectious 
in etiology. Among infectious causes Salmonella, Shigella, 
C. Diff, and sexually transmitted infectious (gonorrhea, 
chlamydia, herpesvirus) are the most common causative 
agents [79]. Symptoms of proctitis include tenesmus, which 

refers to frequent urge to have a bowel movement, pain in 
the rectum, anus, and abdominal region, rectal bleeding 
(hematochezia), development of ulcers, passing of mucus 
or discharge from the rectum, very loose stools, and watery 
diarrhea. Transperineal, and in female patients transvaginal 

Fig. 21   Epiploic appendagitis in a 18-year-old female with right 
lower quadrant (RLQ) pain. a Gray scale and b Color Doppler trans-
verse images of the right lower quadrant demonstrate a focal area 
of echogenic fat (asterisk) with surrounding hypoechoic halo (black 
arrows), inseparable from the adjacent bowel. Central hypoechogenic-
ity represents venous congestion (arrow head in a and b). Patient had 

point tenderness at this level during real-time scanning. c Contrast-
enhanced CT abdomen and pelvis in axial plane shows an area of 
hypodensity with hyperdense rim on the anti-mesenteric side of the 
right colon (black arrows). Note inflammatory changes in the sur-
rounding soft tissues (arrow head)
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ultrasound, can be utilized for evaluation of suspected proc-
titis. On ultrasound, proctitis may be diagnosed on the basis 
of diffuse rectal wall thickening, edema, and hyperemia. 
Other segments of the bowel are not involved [80].

Perianal fistula and abscess

Perianal abscess and fistula are thought to arise from infec-
tion in small intersphincteric anal glands [81]. In those with 
no history of Crohn’s disease, the causative mechanism 
involves cryptoglandular (aka intersphincteric) anal gland 
obstruction resulting in perianal inflammatory disease, with 
abscess representing the acute manifestation and fistula as a 
chronic condition [82, 83]. The obstruction could be a result 
of fecal material, foreign bodies, or trauma, with subsequent 
stasis and infection (primary perianal inflammatory process) 
or could be due to infection with TB, fungal, or viral infec-
tion [81]. The infection can spread either to the skin at the 
anal margin (caudal spread), or to the rectal wall (cranial 
spread), or can be spread to the ischioanal space by lateral 
extension of the infection through the external anal sphincter 
(lateral spread) [84].

Endorectal, endoanal, and perianal ultrasound (ERUS, 
EAUS, PNUS) as well as transvaginal sonography (TVUS) 
are useful techniques for evaluation of perianal inflammatory 
disease, with specific emphasis on the course of fistulous and 
sinus tracts (Figure 22). While performing these examina-
tions, it is important to document presence or absence of 

fluid collections (likely representing abscesses), number and 
the relationship of fistulous and sinus tracts to the internal 
and external sphincter. By convention, similarly to MRI 
techniques for evaluation of perianal fistulas, the openings 
of any fistulous tract in the rectum, anal canal, vagina, or 
perineal skin is described with the reference to anal clock 
[85, 86]. An internal opening is defined as an opening into 
the rectum or anus, whereas an external opening is defined 
as those on the perineum at physical examination [81]. By 
definition, a fistula is an abnormal communication between 
any two epithelial lined surfaces; therefore, any tract which 
is blind-ending and does not have both an external and inter-
nal opening is considered to be a sinus tract. Parks clas-
sification of fistulas is used for reporting the fistulas, their 
complexity, presence or absence of secondary fistula tracts, 
and abscesses [87, 88]. On perianal ultrasound, both trans-
verse and sagittal planes are utilized. A fistula track is usu-
ally hypoechoic and contains a small amount of fluid and 
sometimes air. Hyperemia of the fistulous track wall may 
signify acute active inflammation (Fig. 22, Video 11). Most 
fistula tracts have an irregular shape with a blind end or 
with connection to other organs such as the uterus, urinary 
bladder, skin, or bowel. Examination of the fistula track by 
PNUS, especially the detection of the internal opening, can 
be better performed by the injection of contrast agents using 
a blunt cannula. Several studies have showed that perianal 
ultrasound has a high sensitivity and specificity in detecting 
perianal disease, comparable to those of MRI and ERUS/

Fig. 22   Perianal fistula in a 43-year-old male with tenderness and 
erythema of the perineum. a Longitudinal color Doppler image 
of the left perineum obtained via perineal approach demonstrates a 
hypoechoic complex tubular structure (arrow heads) representing a 
fistula track. The track is extending from the subcutaneous tissues of 
the perineum to the anal canal (not shown). Note marked stranding 

along the track (arrows), and substantial hyperemia of the fistula wall 
(arrows). Inflammation of the surrounding fat is also noted (asterisk). 
b T2* MRI image obtained in axial plane demonstrates a hyperin-
tense fistulous track extending to the anus (Anus) with trace amount 
of fluid within the track (arrows)
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EAUS. However, complex fistulas involving the external 
anal sphincter (EAS), levator and/or obturator muscles can-
not be evaluated by PNUS alone. Endorectal and endoa-
nal US and MRI examination should also be performed. 
Additionally, acute inflammation of the fistula tract can be 

differentiated from sclerosing (chronic, non-acute) fistulas 
using sono-elastography, in which acute inflammation of the 
fistula will be seen as less stiff than the fibrotic tissue of a 
sclerosing fistula [51]. Fluid collections along the walls of 
the tract are compatible with small abscesses (Figs. 23, 24, 

Fig. 23   Large abscess in the right inner thigh/perineum with asso-
ciated fistula track extending to the anus in a 43-year-old male pre-
senting with pain in the perineum. a, b Gray scale and color Doppler 
images obtained in sagittal plane via transperineal approach dem-
onstrate a complex fluid collection compatible with an abscess (a). 
Marked peripheral hyperemia is noted in the soft tissues adjacent to 

the abscess (arrows in b). Note inflammation of fat tissues adjacent 
to the abscess (asterisk in a, b). c Contrast-enhanced CT obtained 
in coronal plane demonstrates a fluid collection with peripherally 
enhancing rim compatible with an abscess (a in c). The abscess com-
municates with the adjacent anus (arrows). Fat stranding is noted in 
the ilioischial fossa (white asterisk in c)
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Video 12). Based on Parks classification, 4 types of fistulas 
are recognized: transsphincteric and intersphincteric which 
are most common, suprasphincteric, and extrasphincteric. 
PNUS showed to have high sensitivity in classifying fistulas 
(92.8%) [89]. Superficial fistulas that do not communicate 
with underlying rectum or anus are not part of Parks classifi-
cation and are usually associated with Crohn’s disease. Man-
agement of the perianal fistulas and associated abscesses is 
based on the type of the fistula.

Conclusion

Ultrasound imaging that employs gray scale, duplex 
Doppler, CEUS, elastography, and real-time imaging are 
extremely useful and cost-effective non-invasive methods 
for evaluation of patients with infectious diseases of the 
bowel. Ultrasound imaging is fully capable of diagnos-
ing such conditions and guiding patient management, and 
additionally plays a crucial role in disease surveillance and 

Fig. 24   Perianal abscess in an 11-year-old male who presented to the 
emergency department after foreign body removal. a, b Gray scale 
and color Doppler images obtained in the oblique plane via transper-
ineal approach demonstrate complex fluid collection compatible with 

an abscess (Ab) with peripheral hyperemia extending via the fistulous 
track (arrows) to the anus wall (b). c Magnified color Doppler image 
through the abscess demonstrates complex debris within the abscess 
(Ab)
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assessment of treatment response. With the widespread 
use of ultrasound as well as improved recognition of the 
pertinent findings of bowel pathology, we are hopeful that 
the utilization of this application for assessment of infec-
tious conditions of the bowel will increase dramatically.
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