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Role and potential of modern ultrasound 
in pediatric abdominal imaging

  Review

Children and especially infants are not small 
adults – they suffer from specific diseases, present 
different imaging demands and have increased 
radiation sensitivity. One important aspect of 
ongoing continuous improvement of medical 
imaging is the increasing potential of ultra-
sound (US); this may help to minimize radiation 
by replacing or obviating other imaging. This 
important task, particularly in childhood, can 
only be achieved by providing dedicated skilled 
pediatric US to children 24 h, 7 days a week. 

The purpose of this review is to give some 
key advice on pediatric US, to list and illustrate 
typical pediatric conditions, to debate the rel-
evant respective differential diagnoses and how 
US can reliably provide diagnostically relevant 
information with implications on therapy. For 
those who are familiar with pediatric radiology 
the following should be a useful review with 
some highlighted details. For everyone else this 
review should demonstrate what is achievable 
by modern US in children, completely different 
from the US potential in (obese) adult patients. 
We will aim to point out the significance of US 
in common and important pediatric abdominal 
queries and emphasize the difference between 
adults and children not only in terms of pathol-
ogy, but also in the application and potential of 
the modality itself. 

Ultrasound (US) has gained its place as the preferred first-line imaging modality in the child’s abdomen. 
Especially in infants US has advantages – the small amount of tissue and fat creating restrictions to 
CT and MRI allows for application of high-resolution (especially linear) transducers, offering excellent 
imaging capabilities; in addition, US is applicable at the bedside and can be performed without 
sedation. As radiation protection has become a key issue for imaging children, exploiting US to the 
utmost using all its possibilities and applying modern methods that have significantly widened US 
potential is an indispensable and increasingly important approach. This review illustrates standard US 
techniques, basic and new applications throughout the entire abdomen and its different organ systems, 
trying to point out the enormous potential of US in different clinical scenarios, focusing on 
gastrointestinal and urogenital issues. Future perspectives provided by new modalities such as contrast-
enhanced and 3D US will further strengthen the diagnostic value of this powerful imaging tool, 
hopefully contributing to continuing reduction of diagnostic radiation burden to children, by 
diminishing the need for CT.
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Requisites for performing 
pediatric US 

 n US environment 
Children are less cooperative and a specific 
handling and environment is essential to obtain 
optimal results. It is essential to take your time 
at the beginning of any examination to prevent 
crying or overexcitement; often it is a balancing 
act, particularly with toddlers who often are less 
compliant – here the environment is important. 
Soft light, nice colors, paintings on the wall, soft 
toys or – later on – a stereo and a TV with a pop-
ular animated movie can save you a lot of excite-
ment. Warmed-up US gel, heating radiator and 
swaddling facilities are particularly important in 
(preterm) neonates and young infants. 

 n Probes 
It is mandatory to have not only acceptable but 
appropriate equipment. A variety of (multifre-
quency) transducers and a state-of-the-art device 
with sufficient frame rates are necessary to be 
able to properly image all the various abdomi-
nal queries throughout childhood. For stan-
dard pediatric exams you need curved arrays 
from 10 to 2.5 MHz. To evaluate details or for 
assessing a neonatal abdomen, high-frequency, 
high-resolution linear probes ranging from 17 
to 5 MHz are advisable. A small footprint sector 
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probe in a similar range as the curved array can 
be helpful to get access to the retroperitoneum 
or for an intercostal approach. Color Doppler 
sonography (CDS) has become standard and 
should always be available. Extended field of 
view ‘panoramic’ imaging can be helpful for 
displaying and measuring large structures, har-
monic imaging as well as image compounding 
is routinely applied. Special features such as 
dedicated contrast-enhanced (ce) US viewing 
software or 3D US  open up new applications 
and give new horizons, such as US-elastography, 
presently under evaluation for pediatric use and 
not yet established (Figures 1 & 2). 

 n Standard normal abdominal US 
Routine standard sections for pediatric abdomi-
nal ultrasound US are defined by (national and 
international) documentation recommenda-
tions (e.g., issued by the Austrian and German 
US societies) [101,102]. Usually, an abdominal US 
starts with the pelvis to assess the urinary bladder, 
including the distal ureters, before the child voids. 
The bladder and the retrovesical space including 
the inner (female) genitalia are viewed and docu-
mented in sagittal and axial sections; potentially 
the major pelvic vessels are additionally assessed. 
Then the upper abdominal parenchymal organs 
(i.e., liver and gall bladder, pancreas, spleen, kid-
neys and adrenal glands) are imaged by longitu-
dinal and transverse sections; the big vessels and 
the retro peritoneum are included and partially 

used to identify standard sections in a normal 
situs. This assessment includes all relevant aspects 
such as position, parenchymal echogenicity (i.e., 
liver echogenicity compared with right kidney) 
and homogeneity, contour, size, major vessels and 
respective hollow systems (e.g., pelvi-caliceal sys-
tem, gall bladder and bile ducts). Measurements 
are essential: liver size is defined by the length 
measurements; the spleen is measured obliquely 
in the axis of the largest length defined by the 
hilar vessels and the pancreas is usually assessed 
in a slightly oblique axial section of the median 
upper abdomen through the organ’s longitudinal 
axis. The kidneys are always documented lon-
gitudinally and transversely, including respec-
tive diameter measurements that are used for 
renal volume calculation (applying the standard 
ellipsoid equation) [1,2]. 

These required images represent the mini-
mum documentation; any pathology or spe-
cifically addressed query (e.g., ‘appendicitis?’) 
widens the investigation and documentation 
needs. All pathology must be documented in 
two orthogonal planes and these images suf-
fice for documentation only; the investigation 
itself includes a through sweep throughout every 
organ entirely in two perpendicular planes with 
all intrinsic functional-dynamic information. 

Specific queries & conditions in 
pediatric abdomen assessable by US 

 n US in the child’s GI tract 
Typical conditions of the neonate 
& young infant 
Necrotizing enterocolitis (NEC) is a life threat-
ening condition, particularly in preterm infants, 
with abdominal distention, feeding intolerance 
and bloody stools [3]. Abdominal plain films 
are standard, but they become diagnostic only 
in a relatively late phase of the disease. Skilled 
dedicated US has gained importance, by visu-
alizing bowel wall thickening and free fluid as 
well as hyperemia. Moving echogenic gas bub-
bles within the portal vein and its branches are 
a typical, though late US feature, convincingly 
confirmed and documented by the typical signal 
spikes in the Doppler spectrum (Figure 3) [4,5]. The 
neonatal bowel wall is evaluated using a high-
resolution linear probe; possible wall thickening 
or even intramural echogenic spots represent-
ing intramural gas can be detected (Figure 4). As 
these findings may occur segmental, a thorough 
but gentle examination of the entire accessible 
abdomen is mandatory. Whenever there is wall 
thickening use CDS to visualize the vascu-
lature and to assess potential (inflammatory) 

Right

Figure 1. 3D ultrasound. Three orthogonal sections and a rendered surface view 
(right lower box) of a bladder 3D ultrasound demonstrating the potential to 
reconstruct a virtual cystoscopy with an open bladder neck (arrow) and a 
prominent ostium (arrowhead).
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hyperperfusion by consecutive spectral flow 
ana lysis; the absence of depictable wall vascu-
lature even with proper low CDS settings may 
indicate necrosis and consecutive risk of perfora-
tion; usually the wall structure is altered as well 
in these bowel portions, with lack of peristalsis 
[6]. Then a thorough search for free peritoneal air 
becomes mandatory. The classical spot to find 
free air (in supine position) is the highest area 
between liver and abdominal wall next to the 
midline. Avoid transducer pressure not only to 
avoid pressure on the potentially painful abdo-
men, but also to avoid missing small amounts of 
trapped air that can be displaced by compressing 
this narrow space and thus be missed. US is used 
not just for an initial assessment in a clinically 
suspicious situation, but is useful for follow-up 
too, particularly whenever symptoms get worse, 
reducing the need for frequent abdominal plain 
films [7,8]. Note that intestinal pneumatosis is a 
typical sign for NEC, but not pathognomonic. 

Midgut volvulus is the other life threatening 
emergency situation, also important as a differ-
ential diagnosis of NEC. This typical neonatal 
condition, however, can occur at any age and is 
related to predisposing bowel malfixation or mal-
rotation. Symptoms usually have an acute onset 
unless there is partial, chronic or intermittent 
volvolus. US can reliably diagnose acute mid-
gut volvolus by depicting a mass-like structure 
at the mesenteric root consisting of spiral shaped 
echoic and anechoic structures representing the 
twisted bowel lops with the respective mesentery 
and mesenteric veins that curl around the cen-
tral mesenteric artery (‘spiral or whirlpool sign’) 
(Figure 5) [9,10]. In later stages one can observe US 
features similar to NEC – bowel wall thicken-
ing, lack of identifiable perfused bowel wall 
vessels, intramural and portal venous gas. Thus 
– in neonates and infants – assessment of the 
mesenteric vessels is mandatory in every case of 
an acute abdomen or with clinically obstructive 
(upper) GI symptoms. The normal topographic 
position of the superior mesenteric artery (SMA) 
and vein (SMV) is with the SMV on right side 
of the SMA – as with the abdominal aorta and 
inferior cava vein. A SMA positioned on the 
patients’ right side of the SMV hints at malro-
tation, but this malalignement is not diagnostic 
either for malrotation or for an acute volvulus 
[11]. Only the whirlpool sign with the signs of 
upper GI obstruction (dilated, often fluid filled 
upper duodenum) and the dilated curling SMV 
loops are indicative for a volvulus; in other cases 
emergent fluoroscopic upper GI studies have to 
be performed. 

A relatively common condition in infants 
where US has replaced fluoroscopy is hypertro-
phic pylorus stenosis (HPS). Beside the typical 
clinical appearance, the palpable ‘olive’ at the 
gastric outlet and the typical laboratory constel-
lation of alkaline vomiting, US has replaced fluo-
roscopy and become the gold standard for HPS 
assessment. The US examination using a linear 
probe focuses on demonstrating the pylorus and 
its function, but always includes US of the entire 
abdomen to rule out any other reason of obstruc-
tion, particularly malrotation or chronic volvu-
lus or other conditions that may cause vomiting 
in infants, such as severe urinary tract infection 
with associated urinary tract malformations. It is 
best to start US with a fasted baby (one thus may 
also assess the amount of residual stomach fill-
ing as a result of the gastric outlet obstruction). 
The pylorus is usually visualized on a sagittal 
paramedian section through the liver, using the 
anterior wall of the stomach as a guide structure. 
If gas hinders access to the pylorus the baby can 
be turned into a right lateral decubitus position, 
sometimes a dorsal acquisition can be helpful. 
The pylorus can nearly always be sufficiently 
assessed; otherwise feeding the baby may open 
up an US window and additionally will allow for 
functional assessment. Assessment of the pylorus 
includes measuring the entire length, diameter 
and thickness of the (muscular) wall (Figure 6). 
Upper limits that can be used as cut-off values 

Right

Figure 2. 3D ultrasound. Three orthogonal sections and a rendered view 
(right lower box) of a kidney 3D ultrasound in gross hydronephrosis 
demonstrating the rendered grayscale inversion view of clubbed and distorted 
dilated pelvocaliceal system.
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are 15–20 mm in length, 12–15 mm in diam-
eter and 3–4 mm in wall width [12–14]. But these 
measurements are not the only criteria; some 
cases with pyloric enlargement may be due to 
intermittent spasm or thickening by mucosal 
swelling (e.g., after prostaglandin medication). 
In these situations functional observation is most 
helpful: observation of peristalsis and existing 
passage of stomach content through the inter-
mittently open digestive canal with sufficient 
filling and distension of the duodenal bulb rules 

out HPS [15]. If US findings are evident, diagno-
sis is easy at first glance; in borderline cases, such 
as in early stages of the disease or in very small 
and younger neonates, a conservative observa-
tion approach with US follow-up will usually 
work [16,17]. 

Typical conditions of later childhood 
Intussusception is typically a condition of 
the slightly older child (aged 1–5 years), but 
is  another pediatric specific query. The most 
significant clinical symptom is bloody diar-
rhea, with abdominal pain or cramps that may 
change quickly [18,19]. As long standing intus-
susception will endanger the bowel, this is an 
emergency situation, and can be sufficiently 
addressed (and treated) by US. As in all cases 
with abdominal pain a ‘sonoscopic’ overview of 
the entire abdomen is performed. The bowel is 
assessed using a linear probe and gentle graded 
compression, focusing on visualization of the 
coecum and the ileocecal junction. As in intus-
susception the pseudotumorous bowel is usually 
positioned slightly higher and more medially, 
bowel US starts in the upper right quadrant 
using a transverse section; from there one moves 
caudally. The most lateral bowel loop is usually 
the ascending colon, nicely identifiable by the 
haustrae, best seen after turning the transducer 
into a longitudinal plane. Always include a look 
at the small bowel and the mesenteric lymph 
nodes as well as a search for potential free fluid. 

The typical appearance of ileocecal intus-
susception includes the (in longitudinal planes) 
pseudo-kidney or donut sign and the target-like 
appearance formed by the inner small bowel 

Figure 4. Intramural gas. (A) Some intramural hyperechogenic spots (arrow) in the widened 
intestinal wall representing intramural gas bubbles (pneumatosis intestinalis). (B) Multiple starry spots 
within the bowel wall in severe pneumatosis.

Figure 3. Doppler ultrasound of the portal 
vein in necrotizing enterocolitis. Some 
echogenic spike-like flow spectrum 
abnormalities (arrow) on the pulsed wave 
spectral flow display from the sampled color 
coded portal vein caused by passing gas 
bubbles in the portal vein.
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(the intussusceptum) and the outer receiving 
colon loop (the intussuscipiens) in cross sec-
tion (Figure 7) [20]. This triple layer of bowel wall 
at the lead point most distally is followed by 
additional layers more proximally formed by 
some mesenteric fat and enlarged lymph nodes. 
Potentially entrapped fluid and bowel wall thick-
ening can be observed, findings which in some 
publications are linked to a longer duration and 
restricted reducibility [21]. Only free peritoneal 
air and potentially a necrotic bowel wall (no 
vessels depictable by CDS in the intussuscepted 
loop) pose a contraindication for an attempt at 
image-guided reduction [22–24]. 

Image-guided reduction is usually performed 
by fluoroscopy and air or fluid enema; in some 
institutions and with mild or diagnostically 
unclear cases US hydrocolon (i.e., US with 
body-warmed saline enema) is performed rou-
tinely and successfully, allowing for repeated 
attempts without any radiation burden. Note 
that for any reduction procedure proper han-
dling (analgo-sedation and fluid balance, for 
example) and monitoring are mandatory. As 
relapse can occur, particularly in the first 24 h, 
observation and potentially repeated reduction 
may become necessary, also if the initial reduc-
tion was incomplete. The smaller ileo-ileal intus-
susception (measuring less than 2 cm diameter) 
usually resolves spontaneously and does not 
need treatment unless fixed (e.g., in polyps or 
tumors). In these cases, where the image-guided 
procedure is less successful, surgery will often 
become necessary. 

The most common differential diagnoses 
in this query are gastroenteritis and mesen-
teric lymphadenopathia. In these conditions 
one usually can find some free fluid without 
any echoes or sedimentations, some fluid-filled 
bowel loops with hyperperistalsis and some or 
more enlarged mesenteric lymph nodes. The 
task of US in these conditions is to try to rule 
out appendicitis, intussusception or Crohn’s dis-
ease. Different to adults, in children enlarged 
mesenteric lymph nodes can cause long-lasting 
abdominal pain, even when all other symptoms 
of an intestinal infection have disappeared. 
Persisting large nodes are typical for campy-
lobacter infection or yersinosis, though not 
pathognomonic. Differentiation of mesenteric 
nodes to non-Hodgkin lymphoma and Burkitt 
lymphoma (if associated with the ileum) is 
improved by high-resolution linear transduc-
ers that enable demonstration of the disrupted 
typical nodal US-anatomy lacking the central 
sinus echogenicity 

Meckel ś diverticulum (MD) is another entity 
potentially associated with intussusception. It 
is a rare congenital condition, a remnant of 
the omphaloenteric duct, commonly with gas-
tric mucosa content, and represents a tubular 
diverticulum of the small bowel. Secondary 
inflammation, bleeding from gastric mucosa 
or obstruction due to bands to the umbilicus 
can cause problems. US appearance is similar to 
any other bowel loop, so one cannot differentiate 
MD without superposed pathology. If there is a 
prominent gastric mucosa, the respective layer 
can become wider; if MD has either a narrow 
or no connection with the gut’s lumen it may 
get a cystiform  appearance [25]. The knowledge 
of its sonomorphologic appearance is necessary 
as it may represent a lead point in intussus-
ception, as well as for differential diagnosis of 
appendicitis [26]. 

The differential diagnosis of abdominal pain, 
particularly in the lower right quadrant, includes 
appendicitis. US is often performed before sur-
gery, particularly in girls, to rule out other condi-
tions, for example, of the ovary, notably when the 
patient shows equivocal symptoms. Additionally 
US can often demonstrate the appendix, par-
ticularly if inflamed. The leading structures for 
searching the appendix are the coecum and the 
iliac vessels, which may be more difficult when 
hidden behind stool-filled meteoristic bowel 
with unplugged shadows. Using gently graded 
compression the appendix can be visualized in 
up to 90% [27–29]. Taking measurement of the 
diameter is good, but there are mimics and pit-
falls; a stool-filled appendix can measure more 

Figure 5. Color Doppler sonography 
demonstrating the spiral or whirl pool sign 
in volvulus. Transverse view of mesenteric root 
representing torsion of the branches (artery and 
vein curling around the mesenteric route like a 
whirl pool).
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than 6 mm in diameter but with normal wall it 
does not necessarily represent acute appendici-
tis. Typical features of acute appendicitis are an 
enlarged, a stiff, noncompressible appendix with 
a thickened wall, an appendicolith and free fluid 
next to coecum or in the Douglas space (Figure 8); 
another typical finding is the increased echo-
genicity of the adjacent mesenteric fat. Also look 
for some shinning bright spots or reverberation 
echoes which may indicate perforation with free 
peritoneal or (if covered) subperitoneal air or an 
abscess. One may also use CDS for evaluating 
the vasculature not only of the wall but also of 
the mesenteriolum, hypervascularity with spec-
tral Doppler signs of (diastolic) hyperemia may 
be seen and thus may enhance the diagnosis. 
Pitfalls include a nonenlarged appendix after 
perforation or a thin and nonstructured wall in 
necrosis [30]. Note that in older obese children 
US may fail and – depending on symptoms and 
laboratory parameters – CT (or, in future, MRI) 
may become necessary. 

Finally, Crohn’s disease needs to be addressed 
as an important differential finding that can be 
nicely diagnosed and followed using US. It com-
monly affects adolescents, who tend to have a 
longer history. The typical location is the ter-
minal ileum, but colon (especially the sigma) 
may be involved, too. The thickening of the 

bowel wall as well as the secondary mesenteric 
reaction usually allow for easy depiction of the 
affected bowel segment. One can discriminate 
the different layers of the intestinal wall: the low 
echogenicity mucosa, the high echogenicity of 
the submucosa and the low echogenicity of the 
muscularis propria, causing a five interphase US 
image [31–33]. CDS with spectral flow ana lysis 
allows for visualization and assessment of bowel 
wall perfusion, which correlates with inflam-
matory activity and thus may be used to guide 
therapy (Figure 9) [34,35]. 

Cystic abdominal diseases 
In infants cysts have a completely different dif-
ferential diagnosis than in adults. In adults cysts 
are – increasingly with age – a normal finding in 
the liver and the kidneys; also cystic pancreatic 
tumors may occur. In infants different diseases 
have to be considered and a cyst is only called a 
‘simple normal cyst’ after ruling out other con-
ditions after follow-up. Kidney, liver, spleen or 
pancreatic cysts may be associated with autoso-
mal recessive or dominant polycystic kidney dis-
ease. Or they may represent a duplication cyst, 
which can occur anywhere in the context of the 
digestive tract throughout the entire abdomen. 
These cystic tubular or even nodular looking 
lesions are congenital findings and may grow 
due to secretion [36]. They may not cause any 
symptoms and therefore represent an inciden-
tal finding; but special location, such as next to 
the pylorus, and very large cysts can cause tran-
sit problems [37]. US appearance also includes 
cysts with some sedimentation; additionally and 
pathognomonically the wall of these cysts exhib-
its the ‘gut signature’ (i.e., the typical layers of 
intestinal wall are visible when exploring with 
a linear probe). In large duplication cysts the 
wall can be thinner; then differentiating them 
from other cysts such as a mesenteric cyst may 
become more challenging. In the pelvis, dif-
ferentiation from ovarian cysts can cause some 
problems, particularly if they have a thicker wall, 
sedimentations from hemorrhage and no typical 
daughter cysts. Cystic lymphangiomas consist of 
a group of cysts separated by a small septa and – 
though potentially with internal echoes due to 
bleeding – are usually easily identified. 

US of the urogenital tract 
 n Basic considerations & requisites for 

US of the child’s urogenital tract 
Ultrasound of the kidney is included in a 
standard general abdominal scan, but the 
detailed examination of the urinary tract has 

Figure 6. Hypertrophic pyloric stenosis. 
Overview oblique along the axis of the digestive 
canal, pylorus shoulder sign and layers 
depictable, measurements length (+ +, 22 mm), 
diameter (x x, 16 mm), wall thickness (5.6 mm), 
central lumen outlined by the echogenic 
mucosal layer and some fluid in the prepyloric 
stomach (*) enabling visualization of the typical 
‘pyloric shoulder sign’.



www.futuremedicine.com 399future science group

Role & potential of modern ultrasound in pediatric abdominal imaging  Review

some special features that are standardized in 
existing procedural recommendations [38,39]. 
The standard urinary tract US requires well 
hydrated infants and children, if possible with 
a filled bladder, as any effort to assess the uri-
nary tract can be useless in a collapsed collect-
ing system. Usually, one starts with a transver-
sal scan throughout the bladder, the bladder 
wall and the content. Assessment of the distal 
ureters in both planes with documentation of 
the urine inflow into the bladder by CDS is 
a good way to demonstrate ureteral patency, 
estimate hydration and identify asymmetric 
urine production or drainage, thus reflux can 
be counterproductive. Bladder volume calcula-
tion and bladder wall thickness measurements 
are obligatory. Both kidneys are imaged with 
sagittal and transversal scans, measurements 
are taken for mandatory volume calculations 
which are compared with age- or weight-related 
growth charts [40,41]. After detailed assessment 
of the renal parenchyma and its corticomedul-
lary differentiation the renal artery and vein are 
identified by CDS. Any potential dilatation of 
the renal pelvis and/or calices has to be mea-
sured in a transverse plane. Additionally, evalu-
ation after voiding is very important, checking 
for residual urine as well as to detect changes 
to the collecting system’s width. The advanced 
urinary tract US technique includes an addi-
tional amplitude-coded CDS (aCDS; Power 
Doppler), a perineal access and potentially a 
contrast-enhanced voiding urosonography as 
well as 3D-US (Figure 10) [42–45]. 

Contrast-enhanced voiding urosonogra-
phy (ce-VUS) has been shown to be reliable 
for detection of vesicoureteral reflux (VUR) 
and is now considered an established imaging 

modality for screening purposes, for first exams 
in girls and for follow-up whenever available 
[46,47]. In newborn males conventional void-
ing cysto-urethrography (VCUG) is preferred 
to grant a reliable assessment of the urethra; 
furthermore, VCUG should be performed in 
preoperative settings to reliably assess the entire 
ureters’ anatomy and not to miss potential blad-
der diverticula that might be missed if posing 
only at the end of voiding and thus restricted 
US access [48]. At present, US contrast agents 
are not registered for intra-luminal or pediatric 
use, as often in pediatric medicine. Thus, this 
off-license use needs an informed consent; how-
ever, with respect to the radiation delivered by 
VCUG, ce-VUS appears justified for the patient 
groups defined above. The procedure is stan-
dardized, recommendation on its use and the 
respective VUR grading have been published 
[38,39,49]. As with VCUG, catheterization is 
needed; in our experience it is better to place the 
catheter before coming to the examination room 
to avoid agitated infants. Then a basic urinary 
tract assessment is performed: saline and then 
intermittent contrast infusion at physiologic fill-
ing pressure is started using a stopcock between 
catheter and saline infusion (always use plastic 
containers), alternating observing the bladder, 
the ureters and both kidney. During and after 
voiding the urethra (and vagina), the distal ure-
ters and the renal pelvocaliceal system have to 
reassessed (Figure 11). Modern equipment with 
dedicated contrast viewing techniques or acous-
tic stimulated high mechanical index techniques 
are recommended, particularly if only few bub-
bles are refluxing, giving only little contrast; 
these methods also allow for visualization of 
intrarenal reflux. 

Figure 7. Intussusception. (A) Axial view, grayscale, typical target sign of transverse ileocolic 
intussusceptions. (B) Axial view of an ileo-ileal intussusception not measuring more than 2 cm 
diameter, with an adjacent mesenteric lymph node in gastroenteritis.
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 n Value of US in hydronephrosis 
& obstructive uropathies 
Prenatal US is performed as a general screen-
ing in many countries and a growing number 
of often mild findings in the urinary tract are 
submitted for postnatal evaluation, mostly 
some degree of fetal hydronephrosis (HN). To 
standardize the degree of HN, a sonographic 
HN grading system has been developed and 
proposed that derives from the Society of Fetal 
Urology  classification [50]. In HN 1° only the 
renal pelvis is seen, in HN 2° some normal 
calices can be depicted. In HN 3° all calices are 
dilated, with loss of fornix shape and papillary 
impression, and HN 4° defines those with sig-
nificant pelvocaliceal dilatation and narrowed 
renal parenchyma – compared with the nonaf-
fected side, often corresponding to a so-called 
‘partial obstruction’. HN 5° is used in some 
places to define a gross dilatation with only a 
narrow parenchymal rim [38,39,51]. Considering 
the physiologic adaptation of renal function 
after birth we tend to investigate the newborns 
only at or after the first week of life to pre-
vent false negative findings. Again, detailed 
imaging algorithms have been proposed on 
how and when to image children with fetal 
HN, based on their fetal staging and postna-
tal presentation [38]. Mostly low-degree HN in 
an otherwise normal neonatal urinary tract is 
unimportant, may even vanish, but rarely may 
also be associated with VUR, particularly if a 
pelvic wall thickening, a varying dilatation of 
the ureter and a change in pelvic diameter can 
be observed. These features, which may indi-
cate follow-up or even additional imaging in a 
clinically symptomatic child, are summarized 
as ‘extended US criteria’ [52]. High-degree HN, 

however, is often associated with obstructive 
uropathy; the aim of the early imaging and 
assessment is not only to confirm or establish 
the diagnoses and differentiate high-degree 
dilating VUR, but also to be able to prevent 
avoidable deterioration of renal function and 
growth potential [53]. 

The most severe end point of fetal obstructive 
uropathy with dysplastic cystic damage to the 
renal parenchyma is multicystic dysplastic kid-
ney disease. It is usually detected by prenatal US 
screening. In the area of the kidney one or a cou-
ple of large cysts are usually found, with or with-
out recognizable connections and potentially a 
central remnant of a dysplastic parenchyma; 
sometimes remnants of the dilated pelvocali-
ceal system may also be seen. Although most 
of these spontaneously shrink and even resolve, 
some of them may grow and then cause mass 
effect to adjacent structures, requiring nephrec-
tomy [54–57]. CDS allows depiction of some resid-
ual perfused parenchyma, which then indicates 
that those are at risk for complications, such as 
mass effect, inflammation or malignant conver-
sion [58]. US follow-up is performed not only 
to monitor the development, but also to detect 
complications and to observe the contralateral 
healthy kidney. 

Uretero-pelvic junction obstruction (UPJO) 
is the most common finding in neonates with 
high-grade fetal HN. The reason for the dilata-
tion of the pelvocaliceal system is a constriction 
at the level of the uretero-pelvic junction, caus-
ing a typical peaking of the renal pelvis caudally 
towards the proximal nondilated ureter. The big 
challenge in UPJO is not the diagnosis but the 
decision, whether and when to send the child 
to surgery. There is no reliable imaging-based 

Figure 8. Appendicitis. (A) Oblique axial view, right lower quadrant: enlarged appendix (+ +, 
1.5 cm), increased echogenicity of thickened, incompressible inflamed mesenteric tissue. (B) Color 
Doppler sonography, axial view: intramural hypervascularity of the enlarged, swollen, 
noncompressible appendix with some central content (+ +, 9.8 mm).
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a priori pro futuro assessment in terms of which 
kidney will deteriorate and thus might benefit 
from surgery, the development during course 
of disease as described below is used to moni-
tor these children. Both the grade of dilata-
tion and the situation of the parenchyma may 
help to schedule the next follow-up. If an ini-
tially normal corticomedullary differentiation 
becomes reduced in assosiation with thinning 
of an increasingly echogenic parenchyma, dete-
rioration is likely even in relatively unchanged 
distention of the pelvocaliceal system and addi-
tional functional imaging becomes necessary. 
Remember that all these parameters may vary 
with hydration: ‘low tide’ appears with a smaller 
pelvocaliceal diameter, a thickened pelvic wall 
and a constant resistive index from central to 
periphery, whereas ‘high tide’ exhibits larger 
pelvocaliceal diameters, a thinner pelvic wall 
and an elevated resistive index in the periph-
ery – particularly compared with the opposite 
healthy side [56,57]. Note that decreasing renal 
function can mimic improvement by exhibiting 
less dilatation and a larger parenchymal width 
even on diuretic US – thus dilatation does not 
equal obstruction and functional imaging (usu-
ally diuretic TC99m MAG3 renal scintigraphy 
or functional MR-urography) is always neces-
sary for treatment decisions. Always try to visu-
alize the renal artery and their main branches. 
Often additional renal arteries can be associated 
with UPJO, potentially the pulsation of a vessel 
close to the pyeloureteric junction can induce 
and boost a changing obstruction. In such cases 
we tend to arrange shorter follow-up intervals. 
Also note that at any time UPJO predisposes for 
occurrence of urolithiasis and infection, which  
itself will aggravate the obstructive component. 

Postoperative US follow-up after pyeloplasty 
is important to document good perfusion of the 
entire kidney in the early postoperative phase, 
here aCDS is particularly helpful. As at this time 
the pelvis may be collapsed due to pigtail drain-
age and some reshaping of the pelvis will have 
happened during surgery, dilatation is not useful 
as an indicator for success; sometimes air can also 
be seen in the pelvocaliceal system. After removal 
of the drain the pelvocaliceal system may physi-
ologically become as wide as before surgery and 
will more or less diminish only over time. 

For the future the 3D-US-based volume 
calculation of the renal parenchyma in hydro-
nephrotic kidneys may improve US follow-
up potential by providing reliable split renal 
size assessment not only in normal-shaped 
nondilated kidneys [59]. 

Primary obstructive megaureter (POM) is 
the other common congenital obstructive urop-
athy. VUR assessment is essential for establish-
ing the diagnosis, only reliably achieved either 
by VCUG or if available ce-VUS to exclude 
VUR as differential. In POM with a prevesical 
dysplastic segment a variable part of the dis-
tal ureter may be narrowed. US can visualize 
the ostium and estimate its patency using CDS 
for demonstrating the ureteral inflow jet and 
the width of the ureter as well as its wall. As 
in UPJO, sufficient (standardized) hydration 
(and a full bladder) is important for any US 
assessment. Observation of the ostium is nec-
essary to catch intermittent gaping as seen in 
VUR or combined refluxive-obstructive POM; 
other reasons for ureteral obstruction such as 
an ureterocele or an ectopic insertion should 

Figure 9. Crohn’s disease. Oblique transverse 
plane following the terminal ileum illustrating 
the typical presentation of Crohn’s disease with 
a grossly thickened small bowel wall and a 
narrowed lumen that contains only a little gas, 
thus enabling visualization of the wall of 
opposite side of this bowel loop.

Figure 10. Perineal ultrasound. Typical 
mediosagittal image using a phased linear 
transducer from a perineal access in a male 
infant; one can depict the urinary bladder (*), 
the bladder neck (arrow) and the course of the 
urethra (arrowhead).
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not be missed. M-Mode enables documentation 
of the missing peristalsis in the dysplastic part: 
hyperperistalis in severe obstruction or lack of 
peristalsis in a previously active POM as a sign 
of decompensation are the common findings 
[60]. only the effects on the kidney with growing 
dilatation and decreasing function or recurrent 
infections indicate surgery [61]. 

Finally, there are congenital distal or lower 
urinary tract obstructions. The most impor-
tant entity is a posterior urethral valve. Severe 
forms of posterior urethral valve present in utero 
with huge dilatation of the entire urinary tract 
and parenchymal dysplasia, commonly of both 
kidneys. The latter is sonographically seen by 
fading of corticomedullary differentiation, 
increased parenchymal echogenicity and cysts. 
There may be urinary ascites or pararenal uri-
noma by pop-off caliceal rupture. The POM 
can be refluxive or obstructive or even mixed, 
and partially combined with intermittently pos-
ing diverticula in the vicinity of the ostium. 
The bladder wall is markedly thickened, with 
trabeculation and (pseudo-) diverticula. US can 
give a clue to the diagnosis by visualizing the 
open bladder neck and dilatation of the poste-
rior urethra during voiding efforts, best seen 
from a perineal access (Figure 10). Early postnatal 
imaging is recommended to promote immedi-
ate diagnosis in order to prevent severe early 
sequelae of the condition [51]. In cases with only 
mild valves or semicircular rings as well as neu-
rological lower tract obstruction these findings 

are variable and even distinct, thus a conven-
tional VCUG with pressure measurements is 
considered mandatory. 

 n Role of US in VUR & urinary 
tract infection 
In infants VUR of varying degree is a frequent 
problem; however, VUR often resolves sponta-
neously without sequelae. Thus, imaging algo-
rithms have changed and US preselection for 
more invasive tests has become more important. 
For US a proper bladder filling is more impor-
tant than hydration; the best set-up would be a 
full bladder in a fasting infant. Conventional US 
can only detect several indirect signs, for exam-
ple, an asymmetric urinary jet into the bladder, 
a lateralized position of the ostium, intermit-
tent widening of the prevesical distal ureter 
particularly at full bladder or during voiding 
attempts that may exhibit the ‘urothelial sign’, 
an obvious change of the pelvocaliceal diameter 
and potential effects to the renal parenchyma. 
Careful renal volume calculations are essential 
to detect growth retardation secondary to scar-
ring or ‘reflux nephropathy’. Look for scars by 
observing any region for subtle decrease of cor-
ticomedullary differentiation or parenchymal 
narrowing as well as caliceal clubbing, more 
common in the polar areas. aCDS may will 
sometimes improve US potential in assessing 
gross renal scarring, but cannot compete with 
the present imaging gold standard for scarring, 
which is Tc99m DMSA scintigraphy. aCDS is 

Figure 11. Contrast-enhanced voiding urosonography. Dual image (left dedicated contrast 
imaging, right fundamental mode): echogenic (contrast filled) male urethra (arrow) during voiding 
from a perineal access. Note the improved delineation and visibility of the contrast material using the 
dedicated contrast viewing software in the left image.
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device and setting dependent. It also takes a lot 
of experience and finesse to achieve meaningful 
results that clinicians will believe. Sometimes, 
particularly with reflecting particles within the 
urine, VUR can be shown by CDS [62]. 

In the future, fusion of reliable aCDS or intra-
venous ce-US data with 3D-US acquisitions 
might allow an improved US assessment of split 
renal function and renal scars in reflux disease, 
but this still is an auspicious goal. Finally, vir-
tual real-time 3D-US-based cystoscoypy may 
improve US potential in children with suspected 
VUR by enabling a functional dynamic observa-
tion of the ureter’s ostium, improving visualiza-
tion of ostium lateralization and gaping, both 
features that often combine with VUR and thus 
may help to more precisely indicate the need for 
VCUG or ce-VUS (Figure 12) [63]. 

Urinary tract infection is frequent and thus 
important in infants and children. Urinary tract 
infection is diagnosed clinically and by labora-
tory, but urinary tract infection may be linked to 
congenital urinary tract malformation and renal 
involvement may lead to scars and long-term 
sequelae. While the importance of VUR in this 
clinical scenario has declined, other risk factors 
have been acknowledged and the role of imaging 
for pediatric urinary tract infection has consecu-
tively changed. With this change, the importance 
of reliable fetal screening and high-quality US 
for symptomatic children has increased. The 
task of imaging in general and US in particular 
is to detect early potentially associated urinary 

tract malformations and dysfunctions (includ-
ing VUR), avoiding harm to the kidney. Thus, 
differentiation of upper versus lower urinary tract 
infection has become the primary task [64]. More 
or less urinary tract infection-specific US find-
ings include floating echoes within the bladder, 
bladder wall thickening, increased renal size and 
echogenicity, focal disruption of corticomedul-
lary differentiation or even severe pyo-(hydro-)
nephrosis. Complicated urinary tract infection 
may be present, with associated stones or fun-
gus balls, xanthogranulomatous pyelonephri-
tis, focal necroses or abscess formation, as well 

Figure 12. Contrast-enhanced voiding urosonography. Dual image of a right kidney with 
vesicoureteral reflux into the renal pelvis and calices (grade III), much better visible on the left 
contrast specific image (‘cadence contrast detection imaging’) than on the right fundamental 
mode image.

Figure 13. Nephrocalcinosis. Axial section 
through an infant kidney using a linear high 
resolution transducer: hyperechogenic medulla, 
pronounced at the corticomedullary border 
and papilla.
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as pseudotumorous lobar nephronia. Modern 
methods improve US potential in this condition: 
harmonic imaging improves depiction of necrotic 
areas and abscess formation, and subcapsular and 
pararenal fluid and effusions can be seen and dif-
ferentiated more easily. aCDS is a very sensitive 
method to look for focal inflammation in an 
affected kidney [65]. With this reliable perfor-
mance of modern US from newborn to adoles-
cents the need for scintigraphy has decreased and 
CT is practically obsolete for assessing urinary 
tract infection in childhood; for equivocal US 
findings and some rare differential diagnoses MR 
should be used whenever available. 

As children without involvement of the upper 
urinary tract have a low risk of suffering renal 
damage and long-term sequelae, VUR assess-
ment is not routinely indicated in this scenario, 
whereas all children with particularly severe or 
prolonged and complicated or recurrent upper 
urinary tract infection should still undergo VUR 
assessment [39]. 

 n US in other common & important 
childhood UGT conditions 
The absence or agenesis of one kidney leads to 
some compensatory hypertrophy of the other side 
only after the neonatal period. If only one kidney 
is detected, a thorough search for an ectopic kid-
ney or renal ectopic bud has to be performed; US 
can establish the diagnosis in most cases. Note 
that in any case of a single kidney or an ectopic 

renal bud a detailed and early examination of 
the internal, particularly female, genitalia has 
to be performed, as associated malformations 
of the uterus and ovary (on the same side) are 
common and can best be seen sonographically in 
the neonatal period due to stimulation of these 
structures by maternal hormones – later the 
diagnosis will become increasingly challenging. 
In male babies associated cystic abnormalities of 
the ipsilateral seminal vesicle may occur. 3D-US 
– as in adults – has been shown to be very benefi-
cial for assessment of uterine malformations and 
perineal (3D/4D) US as part of a (potentially 
contrast-enhanced) sonographic genitography 
certainly is a promising future option. 

Childhood stone disease is rare and has a 
large regional variability. But even in babies 
stones can arise more frequently than most adult 
radiologist believe. As well as infection, neo-
natal problems with renal failure and diuretic 
as well as antibiotic treatment and hereditary 
disease may cause uro- and nephro-lithiasis 
in infants. In addition, vitamin D overdose, 
dehydration, familiar hypercaliuria and urinary 
tract obstruction can facilitate precipitations 
that may cause even a complete obliteration of 
renal pelvis. The US features are similar as in 
adults, usually an echogenic focus of varying 
size with shadowing. On CDS one may observe 
the ‘twinkling artifact’ when using a relatively 
high sound energy with a focus zone at the 
level of the suspected stone and the maximum 

Figure 14. Choloecystitis. (A) Axial view of a gallbladder with color Doppler sonography: 
inflammatory increased vasculature enabling depiction of the vessel in the thickened and 
multilayered, oedematous gallbladder wall; no calculus found. (B) Color Doppler sonography, oblique 
view in the hepatic hilus towards the pancreatic head: note wall thickened, fusiformly shaped 
choledochal duct (arrow), suspicious for a tubular choledochal cyst (later confirmed by ERCP).
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available scale range [66,67]. To verify stones in 
extended calices is simple, but it can be tricky 
to differentiate these from papillar calcifications 
in collapsed systems. 

In children, different imaging algorithms 
and methodical application rules apply than in 
adults [51,68]. As in most cases US can detect 
the calculus in the pelvocaliceal system or the 
proximal and distal ureter, often even in the 
mid-ureter segment by following the dilated 
ureter towards the bladder with suitable and 
subtle transducer pressure. Of course, there 
are some sonographically dark areas between 
the crossing of the iliac vessels and the win-
dow behind even a sufficiently filled bladder; 
hence it is very important to evaluate the urine 
inflow into the bladder. No ureteric jet with a 
dilated proximal and normal size distal ureter 
in the respective clinical setting will give you 
all the information needed to initiate treatment. 
With time and therapy – in contrast to adults 
– you will be able to demonstrate the cause of 
colics and pain in the distal ureter or bladder 
on follow-up; stone CT will only exceptionally 
become necessary. 

Nephrocalcinosis (NC) is another condition 
that is best addressed (and only) by US; both 
the type (medullary or cortical or mixed/global) 
as well as the grade (I to III) can be established 
by US, which is much more sensitive than plain 
film [69]. The typical features of medullary NC 
are initially some increased echogenicity at the 
corticomedulary bounder. Note that this find-
ing can be mimicked by harmonic imaging, 
which increases the echogenicity of this junc-
tion zone and thus the clear and pronounced 
border may be mistaken for early NC changes 
(‘pseudo-NC’). The physiologically increased 
echogenicity of the neonatal medulla is a nor-
mal transient phenomenon and should not be 
mistaken for NC, or the typical pattern of ‘sickle 
cell nephropathy’ (Figure 13). 

Potential of modern US in the 
pediatric liver 

 n Normal findings & general remarks 
As in adults one can differentiate between dif-
fuse and focal alterations of the liver parenchyma 
in children, too. This assessment, however, 
markedly benefits from using high-resolution 
US techniques and linear transducers, particu-
larly in younger children and infants and for 
assessing the biliary system. Size assessment is 
somewhat cumbersome: orienting values are 
obtained in the maximum sagittal length in a 
median section and the anterior axillar line and 

these are correlated with the child’s height. With 
enlargement the contour of the lower liver mar-
gin becomes rounded. Always assess the hepatic 
vessels: the portal should exhibit a laminar flow 
with an average velocity of 20–30 cm/s and some 
modest variance during breathing. The diastolic 
flow of the hepatic artery varies with nutritional 
status. Most important is the triphasic bidirec-
tional flow undulation in the liver veins, as with 
increasing intrahepatic pressure and resistance 
the backflow of blood into the liver during atrial 
contraction will diminish and this pattern is lost. 
The biliary system is another important part; 
particularly congenital malformations of the bile 
ducts or secondary disease such as cholecystoli-
thiasis have to be addressed accordingly. 

 n Congenital liver conditions 
Biliary atresia is an important entity in neonates, 
as early treatment is the key for success. In neo-
nates transient jaundice is common. If jaundice 

Figure 15. Pancreatic duct. Axial scan 
through the corpus of the pancreas using a 
phased (‘virtual convex’ or ‘trapezoid’, for 
example) high-resolution 15 MHz linear 
transducer demonstrating not only the normal 
pancreas, but also the normal sized pancreatic 
duct (arrow) in an infant.

Figure 16. Neuroblastoma. Tranversal scan in 
the left upper quadrant with huge 
retroperitoneal mass. Note the bright spots 
depicting tiny calcifications. Laboratory findings 
suggested neuroblastoma.
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persists, laboratory testing is mandatory for 
diagnosing endocrine, metabolic or infectious 
causes. US findings are usually rather unspecific, 
just showing an increased or altered echogenicity 
and size. A hint towards biliary atresia is the lack 
of or a very small gall bladder. Sometimes one 
can find the ‘triangular cord sign’ in the porta 
hepatis; this echogenic triangular-shaped spot 
or band close to the central portal vein repre-
sents a fibrotic remnant from the bile duct and 
is almost diagnostic for biliary atresia [70]. Rarely 
one can see signs of cirrhosis already in the neo-
nate, this is more often linked to other (systemic 
metabolic) disease such as thyrosinosis. 

Choledochal cysts are another congenital mal-
formation, but more commonly manifest later in 
infancy. US will depict the bile duct dilatation or 
a cystic structure arising from a bile duct; this is 
sometimes picked up as an incidental finding. A 
choledochal duct diameter of more than 2 mm 
should raise suspicion. Once this diagnosis is sus-
pected, MR cholangiopancreatographie or con-
ventional endoscopic retrograde cholangiopan-
creatographie as the gold standard is performed 
for confirmation. Note that an acute noncalcu-
lous childhood cholecystitis during childhood 
may be secondary to a choledochal cyst, as well 
as (recurrent) cholangitis (Figure 14). 

The most severe cystic malformation of the 
biliary tract is Carolis’ disease. US will reveal 
paraportal cystic structures or irregularly dilated 
intrahepatic bile ducts. These have to be differ-
entiated from cystic liver changes and liver fibro-
sis as seen in ARPKD and ADPKD. Besides ini-
tial diagnosis, all these conditions will undergo 
repeated US follow-up for monitoring liver 
growth or early depiction of portal hypertension 
as well as fibrotic or cirrhotic transformation. 

 n Fatty liver 
The most common diffuse parenchymal 
abnormality is the fatty liver. There are several 
causes, from obesity and metabolic changes 
to toxic, particularly after chemotherapy. 
Morphologically the fatty liver shows an 
increased echogenicity and a decreased sono-
lucency. In case of a minor uneven fatty liver 
you find geographically distributed hyperechoic 
areas typically next to the gallbladder, the liga-
mentum falciforme or in segment 4, usually 
with sharp margins. Conversely, if the fatty 
change does not concern the entire parenchyma, 
one can delineate hypoechoic areas as isles of 
normal tissue. In storage disease with diffuse 
liver involvement the entire organ is enlarged 
and shows an increased echogenicity. 

 n Liver masses 
Focal liver lesions represent a small group of enti-
ties in childhood. Malignancy is very rare. Benign 
infantile hepatic hemangiomas (IHH) are seen 
most frequently [71]. These IHH differ from those 
in adults. Some of them involute quickly, some 
persist or even grow. Usually IHH are hyper-
echogenic, but this depends on  fat content and 
histological composition (more vessels or more 
sinusoids). Small IHH usually cause no problem 
and are just observed; however, particularly in a 
subcapsular location they may rupture, for exam-
ple, during birth, and cause severe acute bleeding. 
Always apply CDS to evaluate for an increased 
blood flow, though in capillary or low-flow hem-
angioma not much flow will be depictable. In the 
case of hemangiomatosis there are multiple lesions 
of different size, potentially causing early heart 
failure if severe shunting is present. 

Liver hemangioendothelioma are com-
monly hypoechoic and well demarked, with 
an increased flow and secondary changes to 
the hepatic artery – thus they are more easily 
distinguishable by US and CDS [72,73]. They 
represent a histologically separate, biologically 
benign entity, but may – due to their origin ‘in 
the vessels’ – lead to metastasis. 

The most important differential diagnoses in 
multiple hepatic nodules are metastases of neu-
roblastoma, leukemia or lymphoma or infection 
(e.g., abscess and fungus, for example). Many of 
these conditions are better distinguished by lab-
oratory parameters and other sectional dynamic 
imaging such as MRI. 

Primary liver tumors are rare in child-
hood. The typical hepatoblastoma occurs after 
6 months of age and is mostly detected as a large 
liver mass at the time of diagnosis, with elevated 
a-fetoprotein levels. On US the mass is inho-
mogeneous and may contain calcifications or 
cysts and necrosis. Besides detecting the mass, 
US must focus on assessment of occlusion or 
invasion of the different vessels, mainly the infe-
rior cava, portal and liver vein or the bile ducts. 
Other childhood liver tumors are rhabdomyo-
sarcoma (of the bile ducts) or hepatic embryonic 
cell sarcoma, whereas the typical hepatocellular 
carcinoma of adults is rare and only occurs in 
children with predisposing conditions. Later 
in childhood, adenomas and focal nodular 
hyperplasia may occur, too. These lesions are 
often hard to detect and even more difficult 
to characterize by US. In future, intravenous. 
ce-US may become – as already established in 
adults – a helpful nonionizing US approach to 
improve lesion detection and characterization in 
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children with these queries. Adenomas or focal 
nodular hyperplasia may occur particularly after 
chemotherapy or toxic damage.

US of other abdominal parenchymal 
organs in children 

 n Pancreas 
US of the pancreas is completely different in 
adults than in infants. In infants one can com-
monly visualize the entire organ, particularly 
if the stomach is filled with fluids, to create a 
superb US window to access the pancreatic tail. 
Even the pancreatic duct can often be visualized 
as a thin central band-like double contour when 
using high-resolution (linear) transducers, mea-
suring not more than 1 mm in neonates and up 
to 2 mm in older infants (Figure 15). The depth of 
the corpus at its isthmus (ventral to the abdomi-
nal aorta) varies with age, starting from 10 mm 
and reaching 22 mm [74]. The parenchymal 
echogenicity changes with age, too. 

Focal echogenicity alterations exist as a normal 
finding, but tumors or inflammatory infiltra-
tions as well as hemorrhage are rare in children, 
as is malformation. Only traumatic, post-
traumatic and suspected (post-)inflammatory 
changes usually indicate US. 

 n Spleen 
Similar to liver, the common nontraumatic 
pathology of spleen includes mostly cysts and 
hemangiomas. The most common reason for 
spleen US is, however, size assessment. But – 
similarly to the liver, due to the difficulty in 
taking reproducible standardized 2D measure-
ments – these size measurements are very vari-
able, inaccurate and unreliable, the size is often 
overestimated and reliable follow-up measure-
ments are problematic, particularly if only subtle 
size changes have occurred (e.g., in short-term 
follow-up). Size and its changes often correlate 
poorly with any disease type, presence or activity. 

More than any other organ the child’s spleen 
is prone to injury after blunt trauma. Note that 
in the early post-traumatic period even severe 
lesions may be missed – thus a follow-up US is 
mandatory. Post-traumatic arteriovenous fistula 
may occur, thus CDS is an essential part in these 
investigations. Intravenous ce-US will in future 
become more important for traumatic assess-
ment of the spleen, promising to give similar reli-
ability and accuracy as CT for early and reliable 
detection of spleen injuries. And – if inclusion 
of the entire organ into a 3D-US data set can 
be achieved – 3D-US may help to overcome US 
restrictions in size determination [75,76]. 

 n Adrenal gland
A notable obvious difference of US potential in 
children compared with adults is the superb visu-
alization of the adrenal gland in neonates and 
infants, with their characteristic V-shaped appear-
ance and well-defined differentiation of medulla 
and cortex [77]. A typical pediatric condition is 
the sometimes clinically silent perinatal hemor-
rhage, which may lead to mass effect, circulation 
instability or hormonal insufficiency [78]. 

The other important condition is neuroblas-
toma, one of the common tumors in early infancy. 
Neuroblastoma can be very distinct but also huge. 
They usually exhibit a mixed low-density echo-
genicity with possible stippled echogenic calcifica-
tions with or without shadowing, which are nearly 
pathognomonic (Figure 16). Laboratory and genetic 
investigations help differentiation from Wilms’ 
tumor, if large and not easily characterized or dif-
ferentiated by US (and other imaging) [79]. 

 n Retroperitoneum
Another area where US is more helpful in chil-
dren than in adults – due to the better access and 
higher resolution, allowed by less fat and more 
water content of the tissue – is the retroperito-
neum, with the large vessels and the lymphatic 
structures. Anomalies, some even without clini-
cal sequelae, are depictable, such as a doubled 
cava vein, a retroaortal course of the left renal 
vein or aneurysms of the aorta or the renal, 
hepatic and mesenteric artery (e.g., in fibro-
muscular dysplasia); the depiction of the latter 
condition is of significant clinical impact due 
to the danger of rupture [80,81]. Also renal vein 
thrombosis in sepsis or dehydration or Wilms’ 
tumor is a typical US diagnosis in childhood, 
with US being superior to other sectional imag-
ing [82]. And the depiction and follow-up of cystic 
lymphangioma or mesenteric nodes as described 
above is a domain of US throughout childhood. 
However, as in adults, particularly with increas-
ing age and body weight, intestinal gas as well as 
poor cooperation, particularly in toddlers, may 
restrict US in the pediatric abdomen. 

Conclusion & future perspective 
The numerous options and enormous poten-
tial of modern dedicated abdominal pediatric 
US, listed and discussed above, indicates that 
US is the ideal first-line imaging modality for 
most abdominal queries throughout childhood; 
often US is sufficient or even the best method 
to provide and establish a certain and distinct 
diagnosis for a reliable final statement, offering 
all clinically relevant information, and thus no 
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additional imaging is needed. To depict all the 
conclusive findings, all options and possibilities 
of modern US have to be applied and exploited. 
To really impact imaging algorithms and use 
this powerful imaging tool, however, dedi-
cated skilled pediatric US with adequate equip-
ment still has to be made available for children 
everywhere 24 h, 7 days a week. 

In future, we hope ce-US will improve lesion 
detection (e.g., in trauma) or lesion differentiation 
(as already now known from adults, e.g., in the 
liver). 3D-US will provide not only more accurate 
volume calculation, but will also improve stan-
dardization and may become a superior and com-
prehensive visualization method using similar 

approaches and rendering tools as other sectional 
imaging techniques, enabling conspicuous dem-
onstration of yet sonographically inaccessible 
structures, such as by virtual endoscopy.
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Executive summary

Ultrasound in the child’s gastrointestinal tract 
 � We give advice to exploit ultrasound (US) to the utmost, using all the favorable advantages in typical neonate and infant conditions, 

such as necrotizing enterocolitis, midgut volvulus, intussusception or hypertrophic pylorus stenosis. 
 � In later childhood other clinical scenarios, such as appendicitis or non-infectious inflammatory bowel disease, give US – in the 

experienced hands – the chance to reduce radiation burden to children.

US of the urogenital tract 
 � US is the mainstay to diagnose and follow-up obstructive uropathies, which are comprehensively listed and discussed. 
 � There is potential for contrast-enhanced voiding urosonography – established as a reliable imaging modality for vesicoureteral reflux – 

especially in females. 
 � Perineal US should be introduced as a standard approach in uro-genital US screening.

Potential of modern US in the pediatric liver & other parenchymal organs
 � Due to space restrictions a comprehensive systematic overview of all diseases cannot be given; for example the role of US in trauma. 
 � We emphasize the role of US in diagnostic and preoperative imaging of many queries. 
 � We also included some remarks on the adrenal glands as a specific query in neonates and infants.

Future perspective & necessities
 � Dynamic contrast-enhanced US will improve lesion detection and differentiation. 
 � 3D and 4D US will provide a new option for a more accurate volume calculation, and may help to standardize documentation and 

image fusion. 
 � 4D-US-based virtual endoscopy (e.g., cystoscopy) will offer new insights and diagnostic capabilities based on US functional imaging.

Conclusion 
 � In neonates, childhood and throughout adolescence US has to be the first-line imaging modality for practically all abdominal queries. 
 � In many clinical scenarios US will be sufficient or even the best method to provide and establish a certain and distinct diagnosis, 

obviating the need for additional imaging. 
 � In the light of the Image Gently campaign – to reduce diagnostic radiation to children – dedicated and skilled pediatric US with 

adequate equipment will have to be made available for children in any hospital 24 h, 7 days a week.
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