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Abstract

The study of the gastrointestinal tract by imaging, particularly using ultrasound, is a required instrument for diagnosis of acute
and chronic gastrointestinal pathologies in pediatric age. Actually, ultrasound plays an increasing role in the evaluation of
gastrointestinal tract in neonatal and pediatric patients because of their small body habitus and the presence of less fat tissue
in the abdominal wall and peritoneal cavity. Ultrasound has certain advantages, thanks to the new wide-spectrum frequency
probes able to assess a detailed study of the morphological aspects and functional characteristics of bowel loops, adding a
new dimension to the imaging of this body system. In this paper, we review anatomy, ultrasound technique and sonographic
findings of bowel pathology frequently encountered in neonatal and pediatric emergency setting.
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Sommario

Lo studio ecografico dell’apparato gastrointestinale recentemente ¢ diventato uno strumento indispensabile per la diagnosi
di patologie gastrointestinali ad insorgenza acuta o con decorso cronico in eta pediatrica. L’ecografia ha un ruolo crescente
nello studio del tratto gastrointestinale e specie in ambito pediatrico e neonatale grazie al habitus dei piccoli pazienti ed alla
scarsa presenza di adipe interposto. I trasduttori multi-frequenza di ultima generazione forniscono immagini dettagliate, di
alta qualita, per lo studio morfologico e funzionale delle anse intestinali, configurando una nuova dimensione degli ultras-
uoni nella diagnostica per immagini dell’apparato gastro-intestinale. In questo articolo descriviamo la tecnica di esame e gli
aspetti ecografici caratteristici delle pill comuni patologie ad insorgenza acuta del tratto gastrointestinale in epoca neonatale
e pediatrica.

Introduction

Traditionally, pediatric abdomen examination focuses

exclusively on parenchymal organs, putting less stress on

54 Marco Di Serafino the gastrointestinal tract [1]. Actually, ultrasound (US) has
marcodiserafino@hotmail.it become an important diagnostic imaging modality in the
evaluation of the gastrointestinal (GI) tract of children add-
ing a new dimension to the imaging of this body system.
US observes gastrointestinal dynamics without exposure to
ionizing radiation and allows detailed visualization of the
mural layers of the bowel wall [2]. New US technologies and
methods are able to perform a detailed examination of each
section of the digestive system in pediatric age because of
their smaller body size and less impaired by gas content and
adipose tissues. However, US is most suitable for portions
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of the GI tract that are not surrounded by or filled with large
amount of gas [2].

Complete examination requires experience, time and ded-
ication to carry out a detailed analysis of as many intestinal
loops as possible, minding their morphological aspects as
well as their functional characteristics [3].

Ultrasonographic aspects and technique

New-generation ultrasonography equipment involves the use
of wide-spectrum frequency probes that provide high-quality
representation of the examined bowel.

The study of the gastrointestinal tract requires the use of
any of the available probes such as convex, micro-convex
and linear too, depending on patient’s age and constitution.
Specific preparation with water, laxatives, polyethylene gly-
col solution or anti-meteoric agents is not required; however,
in few cases such as in the study of the gallbladder or of
the biliary tree, a fasting state of about 3 h in new-born and
5 h in children is recommended, as well as in patients sus-
pected of being affected by hypertrophic pyloric stenosis, a
full meal is required to be avoided.

The study of middle abdominal quadrants is not uni-
formly regulated. However, it is suggested to start the
examination with lower-frequency probes, possibly micro-
convex to obtain a wider panorama; afterwards, it is possible
to switch to high-frequency probes for a detailed analysis
of the bowel wall [4]. The examination is delivered on the
patient lying supine. Graduated compression, a technique
introduced by Puylaert et al. in 1986 [5], is used to improve
the visualization of intestinal loop: at first gently, then
increasingly firmer pressure is applied from the right iliac
fossa through longitudinal, cranial-caudal and caudal—cra-
nial parallel scans covering the whole abdominal area [6].
The intestinal wall structure is substantially the same along
the whole intestinal tract. The intestinal wall normally shows

5 alternating hyper- and hypo-echoic layers: serosa, mus-
cularis, sub-mucosa, mucosa and mucosa-luminal content
interface (Fig. 1) [7].

Such appearance is constant through the whole canal.
An alteration of the normal stratification of the walls could
potentially indicate a pathological condition [7].

The intestinal wall should be measured under mild com-
pression from just above an air—mucosal interface to the
outside of the outer muscularis layer border, including the
whole bowel wall. Under these standardized conditions, the
stomach wall thickness measures 3—6 mm, terminal ileum
1-3 mm and colon 0.5-2 mm [7].

Hypertrophic pyloric stenosis

Hypertrophic pyloric stenosis (HPS) is an infantile pathol-
ogy of unknown etiology. Its incidence varies from 1/300 to
1/1000 live births and is more common among males than
females (M/F=4/1) [8]. It is characterized by the thickening
of the circular muscular layer of the pyloric sphincter [9].
Clinical suspects are based on symptomatology and possible
presence of a roundish, palpable mass around the epigastric
area, commonly known as ‘pyloric olive’ due to its shape.

Vomit, usually defined “explosive” by parents, is the main
and worsening symptom, which appears around the III and
VI week after birth causing a blockage of impairment of
growth curve, constipation and metabolic alkalosis [10].

Currently, the diagnosis of HPS can be performed with
US only [11]. The examination is normally delivered with
the patient lying supine or in lateral right decubitus through
a linear, high-frequency probe. Scans are run from the sub-
xiphoid area in right para-median location. To confirm any
presence of stenosis, it is necessary to measure the length of
the canal and the thickness of the muscular tunic that must
be both identified.

Diagnostic criteria (Fig. 2):

Fig.1 a Bowel wall layers. b Magnification detail of the wall: (1)
Hyper-echoic serous. (2) Hypo-echoic muscular. (3) Hyper-echoic
sub-mucous. (4) Hypo-echoic mucous. (5) Hyper-echoic lumen: the
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Fig.2 Longitudinal scan shows pyloric muscular wall thickening
(arrow). Elongated canal is nearly 2 cm in length (calliper)

Fig.3 Longitudinal scan shows markedly thickened pyloric muscular
wall (arrow) with indentation of the pyloric mucosa (arrowhead) into
the fluid-filled antrum (cervix sign)

e Pyloric canal is 18 mm or longer.
o Muscular walls thickness is 4 mm or over.

Other findings are a slightly curved pyloric canal and a
“binary” look of the pyloric mucosa that appears thickened
and protuberant in the gastric antrum: the so-called cervix
sign (Fig. 3). Extremely useful in the early diagnosis of the
pathology is the evaluation of any blockage during the effu-
sion of the gastric content into the duodenum [12].

Malrotation and volvulus

Intestinal malrotation occurs in between 1 in 200 and 1 in
500 live births [13, 14]. However, most patients with malro-
tation are asymptomatic. Symptomatic malrotation occurs in
only 1 in 6000 live births in the first year of life with bilious
emesis, episodic pain or symptoms of malabsorption [13,
14]. Rotation and fixation defects of the intestines are the
consequence of an abnormal rotating process in the primi-
tive intestines during intra-uterine age. The complex, anti-
clockwise rotation of 270° around the superior mesenteric
artery (SMA) axis can sometime fail to function properly
subsequently leading to “malrotation” [13]. This sometime
symptomatic disruption can cause “midgut volvulus”, a real
emergency requiring prompt chirurgical intervention [15].
Sonographic examination can raise suspects of malrota-
tion when evidence of alterations in the positioning between
the SMA and the superior mesenteric vein (SMV) is found
(Fig. 4). Patients are examined whilst lying supine [16, 17].
SMA is identified at its point of origin on the abdominal
aorta, while SMV is recognized at its crossing in the por-
tal trunk. On a transversal scan in normal rotating condi-
tions, SMV will be found on the right side of the SMA.

Fig.4 Transversal scan on epigastric area. a Normal superior mesenteric vein (V) lies to the right of the superior mesenteric artery (A). b Intes-
tinal malrotation and midgut volvulus: the vein (V) lies to the left of the artery (A)
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Unfortunately, even a normal relation between the vessels
cannot completely exclude the presence of such pathology
[18-20].

Complication of intestinal malrotation is medial intesti-
nal volvulus due to a very high mobility of the bowel in the
abdominal cavity with an easily rotation around the SMA
axis [19-21]. A pathognomonic sign of the disease is the
so-called “Whirlpool Sign”, a spiraling of the SMV around
the SMA axis (Fig. 5).

Appendicitis

Acute appendicitis is the most common cause of abdominal
pain that often requires chirurgical intervention in pediatric
age [2, 22]. Acute insurgence of pain in the right iliac fossa
with abdominal “defence”, light fever, nausea, vomit and
increased phlogosis markers are the most common clinical
findings.

US is useful in children with ambiguous clinical signs and
often can help to suggest or confirm an alternative diagnosis
when appendicitis is not found [2, 22].

Furthermore, the “atypical” localization of the appendix
can sometimes provoke non-specific and ‘elusive’ signs and
symptoms, causing confusions in the clinical picture [23].

The examination has to be performed on the patient lying
supine. The advantages of a full bladder have not been uni-
vocally established in literature [24, 25]. We prefer to exam-
ine the abdominal quadrants involved on an empty bladder.

The employed technique is a gradual compression.
Important points of reference are the ileopsoas muscle and
the iliac vessels. The appendix runs through the front of

such muscle, “crossing” the artery and the iliac vein, almost
resting on them.

The visualization of the appendix in normal conditions
is not always easy or possible to obtain. Much easier is to
display a pathological appendix, frequently combined with
indirect signs [26, 27].

Diagnostic criteria of acute appendix are (Figs. 6, 7) [2,
26]:

(1) Increased diameter: the normal appendix usually meas-
ures < 6 mm in diameter. Larger diameters are usually
considered pathological; in fact the presence of fecal
material in the appendicular lumen can increase its size
regardless of any inflammatory phenomena.

(2) Incompressibility: appendix does not appear reduced
under compression-probe visualization.

(3) Adipose hyper-echogenicity sign (AHS): it is the result
of the spreading of the inflammatory process over the
appendicular walls, with a progressive involvement of
the surrounding peritoneal adipose cellular tissue. AHS
can easily be found in the peri-appendicular fat, often
among the lymph nodes. It is an useful sign, especially
in minimally enlarged appendices.

The appendix is also hyper-vascular at color Doppler
study in acute non-perforated setting [26, 28, 29]. Fecaliths
can often be identified, as echogenic foci with posterior
acoustic shadowing [26, 29]. Tracing the entire appendix is
important to prevent false-negative diagnoses. Inflammatory
changes may be limited to the tip of the appendix, which is
seen as a tubular structure ending in a blind pouch [28]. If
inflammation is advanced and suppurate appendicitis has

Fig.5 Transversal scans of the middle abdomen. a B-mode shows a volvulus on the superior mesenteric axis (arrow). b Color Doppler shows a
clockwise whirlpool of the superior mesenteric vein (arrowhead) around a volvulus on the mesentery artery axis (arrow)
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Fig.6 Appendicitis on transverse scans of the right lower quadrant. a, b Thickened appendix at the base and middle of viscera. ¢ Hyperemia of
the appendicular wall at color Doppler. d Fluid-filled tip appendix with echogenic fecaliths inside (arrow)

Fig. 7 Enlarged appendix with adipose hyper-echogenicity sign (*) of the peritoneum. a Longitudinal scan. b Transverse scans. Appendix (A).
Cecum (C)
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evolved, heterogeneous echogenicity and hyperemic changes
in the peri-appendiceal tissue may be present [28] Gangre-
nous changes are suggested by the presence of increas-
ing appendicular dilatation and loss of the echogenic sub
mucosal layer with a lack of vascularity at color Doppler
study [28].

The involved complications are often a consequence of
organic perforation with fluid potentially evolving into an
abscess able to cause “smashing” of the appendix [28, 29].
In such cases, the cecal appendix is no longer structurally
visualized because, with perforation, the appendix becomes
decompressed [30]. During the first 3 years of life, appen-
dicitis is rare and often complicated by sudden perforation.
Therefore, during early US examination, we could find a
pseudo-tumour mass as a result of perforated appendicitis,
whose nature and etiology are often hard to identify [31].

Intussusception

Intussusception is the penetration of a portion of the bowel
loops, either the ileus or colon, toward the distal seg-
ment of the digestive tube. The most affected age range
is 6-48 months (about 90%) [32-34]. Depending on the
affected portion of the bowel, we can find two major forms
of intussusception [35]:

e ileo-cecal (about 90%);
e ileo-ileal (about 10%).

The most common clinical sign is recurrent paroxysmal
abdominal pain, sometimes associated with vomit and preco-
cious anorexia [32, 33]. Often, in clinical history, previous
episodes of infection are discovered in the upper respiratory
tract along with gastroenteritis [34].

On US, intestinal intussusception appears as an “intesti-
nal mass” whose anterior—posterior diameter ranges between
20 and 50 mm in relation to the affected portion. Transversal
scans show a peculiar “concentric rings” structure inside the
mass (Fig. 8). This structure appears as an oval hypo-echoic
mass with bright central echoes on the longitudinal scans as
well as hypo-echoic “doughnut” or with “target” configura-
tion on the transverse scans (Fig. 9) [34, 35].

Currently, the diagnosis of intussusception can be per-
formed with US alone [36]. US have proven a very high
grade of diagnostic accuracy in the ileo-cecal intussuscep-
tion, with a sensitivity and specificity virtually of about
100% in experienced hands [37]. For this reason, actually
enema is used just for therapeutic treatment. Furthermore,
US can also be used to monitor the attempt to hydrostatic
reduction with physiological saline. The role of the US in
predicting the reducibility of invagination by enema is con-
troversial. According to some, the US can predict the reduc-
ibility of the intussuscepted bowel loop by enema reduction
[28]. Findings such as reduced vascular flow (seen during
a color Doppler study), trapped peritoneal fluid within the
intussuscepted, thickened outer wall (> 10 mm), lymph
nodes larger than 1 cm within the intussusception have
shown some correlation with decreased success of enema
reductions [28, 37, 38]. However, some authors have not
found any relations between the reduction rate and these
above-described findings [37].

Ischemia, intestinal perforation and peritonitis are all pos-
sible serious consequences; in these cases, the color Doppler
study can be useful to identify a reduction or absence of
vascular signal in the intestinal walls. According to some
authors, this finding may increase the risk of perforation
during enema study although not everyone considers them
as certain contraindications to the hydrostatic reduction [37,
38]. The presence of intramural or subserosal gas indicates

Fig.8 a Linear probe shows the concentric rings of the oedematous intussuscepted (arrowheads), with echogenic fat and mesenteric lymph
nodes (arrow). b Color Doppler ultrasound demonstrates substantial blood flow within the wall of the intussuscepted
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Fig.9 Ileo-cecal intussusception. a Transverse scan shows concentric rings structure inside the mass (target sign). b Longitudinal scan shows an

oval hypo-echoic mass with bright central echoes

arisk of bowel necrosis and perforation. The latter is estab-
lished as contraindications for enema reduction [28].

Meckel’s diverticulum

Meckel’s diverticulum (MD) is one of the most common
malformations of gastrointestinal tract associated with the
incomplete obstruction of the omphalomesenteric duct that
connects yolk sac and primitive gut during foetal period
[39].

It is a true diverticulum containing all layers of the bowel
wall. Its incidence is between 0.3 and 1.2% with no differ-
ences in sex [40]. Generally, MD ranges from 1 to 10 cm in
length and is found within 100 cm from the ileo-cecal valve
on anti-mesenteric border of the ileum. It frequently contains
heterotopic tissue; gastric mucosa accounts for 50%, more
rarely pancreatic, biliary and colonic mucosa. Although MD
is usually asymptomatic and is discovered as an incidental
finding on surgery, can present with complications asso-
ciated with it. The risk of complications ranges from 4 to
25% and occur more in pediatric age, especially in children
younger than 2 years of age. Common complications are
bleeding associated with peptic ulceration from heterotopic
gastric mucosa located within the diverticulum, intestinal
obstruction, due to banding, diverticulitis or tumour for-
mation [41]. MD can be also a lead point for intussuscep-
tion and an extremely rare complication is the axial torsion
around the narrow base that easily causes necrosis and per-
foration. Diagnosis of symptomatic MD is very difficult in
patients with the symptoms other than bleeding. The most
common and non-invasive method for the preoperative diag-
nosis of MD is technetium-99 m pertechnetate scan because
of tracer’s propensity to concentrate in ectopic gastric

mucosa. It has a sensitivity of 80-90%, a specificity of 95%
in children [42]. US is routinely used to study children who
present with symptoms of acute abdomen, especially on the
right lower quadrant pain. On US, inflamed MD can appear
as a cystic or tubular structure with thickened walls, some-
times displaying the characteristic alternating hyper-echoic
and hypo-echoic bands of intestinal wall (Fig. 10). Other-
wise they could be found be found the signs of inflamma-
tion and its complications such as a complex cystic structure
with surrounding hyper-echogenic fatty mesentery with or
without abscesses or perforation as well as the signs of the
obstruction or intussusception [41, 42].

Enteric duplication cyst complication

Enteric duplication cyst is an uncommon congenital abnor-
mality that can occur anywhere in the alimentary tract from
mouth to anus [43, 44]. Most commonly, the duplication
cyst occurs in the small intestine, especially in the distal
ileum, often on the mesenteric side of the lumen. Duplica-
tion can be cystic or tubular with fluid content and consists
of an inner lining of GI epithelium and an outer layer of
smooth muscle. The tubular variant, infrequent, is in direct
connection with the bowel lumen, instead of the spherical
form [43]. The origin of the cysts is unclear, but the the-
ory of an abnormal recanalization of the gut lumen during
embryogenesis is the most accredited. The clinical presenta-
tion of an enteric duplication depends on location, relative
mass effect and complications relating to secretions of the
involved epithelium [43, 44].

Patients with small bowel duplication cysts can present
with a variety of symptoms including vomiting and abdomi-
nal pain. Duodenal cyst can cause other complications such
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Fig. 10 Inflamed Meckel’s diverticulum. a Enlarged tubular mass with thickened walls. b, ¢ Increase hyperemia of the wall at color Doppler

as pancreatitis, infection, weight loss, and GI bleeding from
ulceration of the ectopic gastric mucosa within the cyst;
jejune duplication cyst can cause abdominal bloating, con-
stipation, intussusception, volvulus, and partial small bowel
obstruction; ileal duplication cyst may be asymptomatic or
present with abdominal pain, small bowel obstruction, a
palpable abdominal mass, or hematochezia [44]. Rarely,
malignant transformation can occur in the setting of gastric
mucosa heterotopia within the duplication cyst. Because
of its potential complications, an early diagnosis has to be
achieved when possible. Diagnosis is made with US and/or
contrast studies, which may show a filling defect. US can
detect a cystic lesion with internal echoes or debris and a
quite characteristic appearance of double-layered wall, with
the inner hyper-echoic mucosa and outer hypo-echoic mus-
cle layer defined as a “gut signature” (Fig. 11). This is a
specific but not always persistent sign such as in compli-
cated forms by inflammation; in the latter case, the layers
may be obscured, lessening the specificity. Nonetheless, the
demonstration of a cystic mass adjacent to the bowel should
prompt the consideration of a duplication cyst. CT and MRI
may be used to define the location and size of the duplica-
tion and complicated cysts. Treatment is usually surgical
excision [43, 45].

@ Springer

Fig. 11 Ileal duplication cyst with a thick, double-layered wall
(arrows)

Colon polyp

Polyps of the intestinal tract are frequent in the pediatric
population. Juvenile polyps are most common lesions in
children with age from 3 to 10 years, uncommon before
2 years of age [46]. These lesions measure from 1 to 3 cm
in size, often are pedunculated and confined to the recto-
sigmoid colon. However, through the increased use of
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colonoscopy, we have learned that between 50 and 60%
of patients have more than one polyp and about 25% of
patients have polyps in the cecum or ascending colon [47].

Usually these lesions are isolated, few in number and
benign, but are described familial polyposis syndrome asso-
ciated with the development of numerous polyps with an
increased risk of malignant transformation [46, 47].

The most frequent presenting symptoms of colonic polyps
are painless intestinal bleeding, mucous-purulent stools and
abdominal pain. In some patients, we can find a microcytic,
hypochromic anemia from chronic bleeding or a colonic
intussusception if the polyp extrudes sufficiently into the
lumen propelling distally by peristalsis and traction.

In adult patients, the diagnosis of intestinal polyp is gen-
erally made with endoscopy or intestinal contrast studies.
Colonoscopy is the gold standard for diagnosis and possible
treatment in the patient with persistent or recurrent bleeding,
abdominal pain or other symptoms [46, 47]. Biopsies also

confirm the type of polyp and can help to determine if there
is a need for additional studies like genetic tests or screen-
ings or special follow-ups.

Although US is not intended to replace endoscopy in the
diagnostic work-up of intestinal polyps in young patients, it
plays an important role in the detection of intestinal polyps.
A specific diagnosis is possible in many cases, as most pol-
yps have a characteristic appearance [48, 49].

At US imaging, a juvenile polyp appears as a rounded
hypo-echoic nodule located within the colon lumen and
with a peripheral hyper-echoic layer, sometimes contain-
ing small cysts, attached to the intestinal wall through a
peduncle (Fig. 12). Color Doppler shows arterial and venous
blood flow within the polyp and peduncle [48—-50]. These US
findings are fairly specific and allow differentiation between
juvenile polyps and normal intestinal loops containing stools
and inflammatory pseudo-polyps. Intestinal loops containing
stools usually appear hyper-echoic, whereas the intestinal

Fig. 12 Giant colon polyp. a Longitudinal scan shows the peduncle (arrows). b, ¢ Transverse scan shows the head of the polyp (star). d Color

Doppler shows blood flow into the polyp mass
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walls appear hypo-echoic and there is no internal flow signal
at color Doppler [48, 51]. Inflammatory pseudo-polyps are
more echoic, there is no vascularization within the pedicle,
and they are located in areas with intestinal wall thickening
[50, 52].

There is no mention in the literature about the sensitivity
of US in the diagnosis of intestinal polyps [48]. Operator
dependency, obscuration by gas and/or stool, and deep loca-
tion in the abdomen or pelvis may account for the lack of
visualization. Nevertheless, a negative sonogram does not
exclude the presence of an intestinal polyp and reinforces the
rationale of our current practice that colonoscopy should be
performed in all children with clinical suspicion of a polyp
[48].

Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is one of the most common
gastrointestinal emergencies in the new-born [53]. It is an
inflammatory process, characterized by ischemic necrosis
of the intestinal mucosa, invasion of enteric gas-forming
organisms, diffusion of gas into the intestinal wall and portal
venous system and complicated by perforation, peritonitis
and death [54].

Although it affects term infant also, NEC is more fre-
quent in preterm, particularly in very low birth weight
infants (VLBW) with BW <1500 g and gestational age
(GA) <32 weeks. The incidence of NEC in preterm infants
with GA <32 weeks varies globally from 2 to 7% across dif-
ferent neonatal intensive care units (NICU) [55].

Clinical presentation of NEC in new-born ranges from
a sudden change in feeding tolerance, associated with
abdominal distension, vomiting, diarrhoea, rectal bleeding

to nonspecific systemic findings, that include apnoea, res-
piratory failure, lethargy or temperature instability.

Since the NEC clinical signs, both early and late, are
often non-specific, as well as laboratory tests, imaging plays
an important role in the timing of diagnosis. While plain
abdominal X-ray examination remains the main and most
used modality in the evaluation and monitoring of the NEC,
US in recent years is playing an increasingly important role
for making an early diagnosis of NEC in the different stages.
US has certain advantages over conventional X-ray examina-
tion, because it provides real-time images of the abdominal
structures, able to assess the presence and validity of peri-
stalsis of the bowel loops, minimal amounts of fluid in the
peritoneal cavity, not detectable with standard X-ray, the
thickness and the perfusion of the intestinal wall and pneu-
matosis [56]. Pneumatosis is a pathognomonic sign of NEC
that appears at US as multiple hyper-echoic spots limited
to some continuous wall portions or with a circumferential
pattern in one or more loops affected with or without portal
pneumatosis represented by hyper-echoic spots, irregularly
distributed in the liver parenchyma (Fig. 13) [56].

Inflammatory bowel disease

Inflammatory bowel disease (IBD) is a generic term
including a series of acute and non-acute diseases not
requiring surgical treatment, ranging from the most com-
mon and often self-limited affections (e.g., enteritis,
mesenteric lymphadenitis) to the rare debilitating and/or
chronic ones (e.g. purpura, chronic inflammatory diseases)
[57, 58]. These diseases can be very different from each
other sharing similar semeiological elements. Diagnosis
of IBD in pediatric patients can be challenging due to

Fig. 13 a Intramural gas (pneumatosis) creates an echogenic ring (arrows). b Widespread echogenic bubbles of gas in the portal vein system

(arrows)
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presentation with atypical symptoms and/or extra intes-
tinal manifestations (e.g., short stature, chronic anemia,
unexplained fever, arthritis, mouth ulcers) [59]. There
is currently no single diagnostic test for IBD, and the
diagnosis is based on a combination of history, physical
examination, endoscopic appearance, histologic findings in
gastrointestinal biopsies, the presence of serum and fecal
inflammatory markers, and typical imaging results too
[59]. The course of the disease is unpredictable, exacerba-
tions and phases of remissions can alternate, and no single
parameter alone can at present reliably define the disease
activity or prognosis [59]. In the ESPGHAN Revised Porto
Criteria for the Diagnosis of Inflammatory Bowel Dis-
ease in Children and Adolescents [59, 60], US has been
described as a non invasive, and widespread patients with
suspected IBD due to its major advantages of low costs
and lack of radiation exposure [59]. US investigation is
very sensitive to the detection minimal alterations in the
bowel wall [61, 62]. High-resolution linear array transduc-
ers allow direct and detailed evaluation of the intestinal
wall, and areas of intestinal wall thickening can often be
identified [2].

US imaging of inflammatory bowel is often unspecific
as well as many different bowel diseases appear remark-
ably similar on US. For this reason, US examination could
be useful for diagnosis only if combined with clinical eval-
uation and laboratory tests [63].

Among the many factors highlighted on a scan (bowel
loop mobility, lumen content, fluid in abdomen), the thick-
ening of the wall is by far the most relevant. It needs to be
classified according to its entity [64].

e Mild: 3-5 mm.
e Moderate: 6-9 mm.
e Severe:>9 mm.

And mostly fall under two categories [65].

e Layered.
e Not-layered.

Layered thickening: characterized by mucosal inflam-
mation with indirect involvement of the sub mucous,
which appears hyper-echoic and clearly defined with
organized structure (Fig. 14a).

Non-layered thickening: characterized by phlogosis and
infiltration of the sub-mucous with disorganized struc-
ture—hence no longer reflective (Fig. 14b).

It has been proposed that the kind of thickening may
suggest a pathology or relative staging [64, 65]. When a
condition of layered thickening is found, the first step is
the evaluation of the following possible diseases:

e at the ileum level: infectious ileitis and ileo-colitis (e.g.,
Campylobacter or Salmonella); early Crohn disease
(Fig. 15).

e at the colon level: gram-induced germ infectious colitis
(e.g., Salmonella, Shigella, E. coli); early chronic intes-
tinal infectious diseases (CIID).

In case of not-layered thickening, we need to consider
the following:

e at the ileum level: Schonlein-Henoch Purpura; advanced
Crohn disease; tubercular ileitis; protein-losing enteropa-
thy;

e at the colon level: ischemic colitis prodromal of hemo-
lytic uremic syndrome (HUS); advanced inflammatory
bowel disease (IBD); pseudomembranous colitis; neu-
tropenia, colitis.

Fig. 14 Longitudinal scan of terminal ileum. a Stratified thickening wall (calliper) with relative prevalence of the sub-mucous (star). b Un-strati-

fied thickening wall (star) without definition of the layers
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Fig. 15 Crohn’s disease in the active phase of the terminal ileum. a, b Stratified thickening wall with relative prevalence of the sub-mucous
(arrow) and mesenteric oedema (star). ¢ Reactive lymph node (arrow). d Color Doppler imaging reveals hyperemia of the terminal ileum wall

US is useful for the detection of IBD in pediatric patients
by evaluating the bowel wall thickening and surrounding
structures. As stated in current guidelines, color Doppler
imaging increases the sensitivity and specificity of US and
estimates the disease activity showing the hyperemia both
of the bowel wall and adjacent mesentery [59, 60]. Peri-
intestinal inflammatory reaction, the extent and localization
of involved bowel segments and the presence of extra lumi-
nal complications such as fistula, abscesses, and ileus can
be assessed using US [59].

Conclusion

US is the modality of choice for the initial evaluation of
acute abdominal pain in pediatric patients because of their
small body habitus and the presence of less fat tissue in the
abdominal wall and peritoneal cavity [28]. Proper selec-
tion of the transducers, optimal positioning and the use
of graded compression techniques improve the visualiza-
tion of pathological bowel loops. A complete examina-
tion of the gastrointestinal tract requires experience, time

@ Springer

and dedication to carry out a detailed analysis of as many
intestinal loops as possible, minding their morphological
aspects as well as their functional characteristics [3, 28].
US can diagnose several diseases that cause abdominal
pain and can differentiate among various medical and sur-
gical problems in pediatric patients helping to an earlier
diagnosis. However, when nonspecific, US can provide
quickly information about the intestinal wall diseases add-
ing complementary information to lab tests and clinical
amnestic elements [28, 66].
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