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Abstract
Contrast-enhanced ultrasound (CEUS) has emerged as a valuable modality for bowel imaging in adults and children. CEUS enables
visualization of the perfusion of the bowel wall and of the associated mesentery in healthy and disease states. In addition, CEUS
images can be used to make quantitative measurements of contrast kinetics, allowing for objective assessment of bowel wall
enhancement. Bowel CEUS is commonly applied to evaluate inflammatory bowel disease and to monitor treatment response. It
has also been applied to evaluate necrotizing enterocolitis, intussusception, appendicitis and epiploic appendagitis, although expe-
rience with these applications is more limited. In this review article, we present the current experience using CEUS to evaluate the
pediatric bowel with emphasis on inflammatory bowel disease, extrapolating the established experience from adult studies. We also
discuss emerging applications of CEUS as an adjunct or problem-solving tool for evaluating bowel perfusion.
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Introduction

Imaging plays an integral part in the evaluation of bow-
el pathology and is performed for various congenital,
inflammatory and neoplastic conditions in children. It
can provide prompt and accurate diagnosis and guide
further management decisions, ensuring optimal care.

Conventionally, MRI or CT is the more common first-
line imaging examinations performed to visualize the
entirety of the bowel and evaluate for extramural com-
plications. High-resolution gray-scale US coupled with
color and power Doppler techniques holds value as a
complementary examination for most inflammatory or
perfusional bowel pathology.
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Contrast-enhanced ultrasound (CEUS) has emerged as an
important radiation-free imaging modality with an expanding
range of applications in bowel imaging [1–12]. When evalu-
ating bowel wall inflammation or perfusion status, CEUS is
performed with intravenous administration of ultrasound con-
trast agents (UCAs). UCAs are purely intravascular agents
and do not diffuse into the interstitial compartment, allowing
for identification of blood flow within the vascular network in
normal and pathological tissues. In people with inflammatory
bowel disease (IBD), intravenous CEUS can improve the di-
agnostic sensitivity of Doppler US to visualize bowel wall and
mesenteric perfusion in real time [1–3]. It can also be useful
for evaluating the severity of the disease, monitoring response
to therapy, and assessing for complications or disease relapse
[1–5, 12–19]. Quantitative CEUS with analysis of time-
intensity curves can provide measurable information regard-
ing the magnitude and rapidity of perfusion in the bowel wall
and associated mesentery and objectively evaluate treatment
response in people with IBD [3, 13–16, 18–24]. When
assessing extramural complications, intravenous CEUS can
delineate inflammatory reaction around the bowel lumen and
differentiate between inflammatory mass (phlegmon) and ab-
scess [25]. In addition, diluted solutions of UCA/normal sa-
line can be instilled through tubes and drains into abscesses or
fluid collections to confirm the correct position of the drains
and to assess for possible communications or fistulous tracts
(i.e. intracavitary CEUS applications) [26, 27].

There is widespread cumulative experience from the use of
CEUS for evaluating inflammatory bowel pathology in adults
[1–8, 13–25]. However, CEUS applications for evaluating
IBD in children are limited [9–12]. CEUS might also play a
role when knowledge of bowel perfusion can help direct care
in children with other bowel-related conditions, such as nec-
rotizing enterocolitis, intussusception, appendicitis, epiploic
appendagitis, vasculitis or other miscellaneous causes of
hypo- or hyperperfusion [7, 8, 10, 28]. These applications
for CEUS are increasingly being explored.

In the present article, we review the current experience with
bowel CEUS, predominantly for evaluating IBD in adults and
children, with an emphasis on the examination technique and
interpretation of imaging findings. We also discuss other ap-
plications for bowel CEUS, particularly as an adjunct or
problem-solving tool, and we highlight evolving uses.

Imaging technique for bowel
contrast-enhanced ultrasound

Patient preparation

Children are asked to refrain from solid foods for 4 h prior to their
appointment. The reasoning behind this recommendation is to
avoid enteric content limiting adequate bowel visualization and

to prevent potential post-meal increase of blood flow to the bow-
el wall that could result in variable follow-up examination.
However, for urgent same-day examinations in young children
and infants, no patient preparation is required prior to CEUS.
Yet, children are encouraged to drink non-carbonated fluids prior
to the examination to displace bowel gas with fluid, which im-
proves visualization. This can also help to better visualize a pre-
stenotic bowel dilation if present.

Pre-contrast ultrasound scan

Conventional sonographic evaluation of the bowel encompasses
standard gray-scale and color/power Doppler US prior to CEUS.
All bowel segments are examined in a systematic approach
starting with the terminal ileum and then going over to the ce-
cum, ascending colon, transverse colon, descending colon, sig-
moid colon and rectum, followed by assessment of the small
bowel in all four quadrants. This enables the examiner to orient
to the anatomy and assess the entirety of the bowel and other
intra-abdominal contents. With a baseline pre-contrast US, the
examiner can identify the most abnormal loop of bowel for the
subsequent contrast study. The selected bowel loop should be
adequately and consistently visible, have little to no peristalsis,
and preferably be located far from the diaphragm to minimize
respiratory motion. To mitigate peristalsis, some examiners rec-
ommend administering antispasmolytics prior to CEUS exams.
Pre-contrast US assesses the diseased bowel location, total
length, wall thickness, morphology of the bowel wall, and vas-
cularity using color/power Doppler US [29, 30]. Other imaging
features examined on baseline US include echogenicity and vas-
cularity of the mesenteric fat, presence of enlarged lymph nodes,
and complications such as inflammatory mass, abscesses, stric-
tures and fistulae.

Contrast-enhanced ultrasound imaging technique

When performing CEUS in children, high-resolution linear
transducers in the frequency range of 5–15 MHz are most
commonly used with contrast-specific imaging techniques
for qualitative and quantitative assessment. A lower-
frequency linear transducer in the range of 2–12 MHz is re-
served for obese patients and bowel segments located deeper
in the abdomen or pelvis; however, visualization might be
limited by depth. A wide-band convex transducer, such as a
1–5-MHz or 2–9-MHz transducer (a wider range of other
available transducers might suffice) can also be used to better
visualize long segments of inflamed bowel.

Contrast imaging technical parameters include a low me-
chanical index and contrast-specific mode with signal subtrac-
tion, whereby the echoes from the background tissue are sup-
pressed so that a microbubble-only image is generated. The
focal zone is set at the maximal depth. A dual screen display is
commonly used, on which the US screen is split with a gray-
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scale anatomical reference image alongside the contrast
image.

Ultrasound contrast agent dose and administration
technique

Lumason (Bracco Diagnostics, Monroe Township, NJ) is the
United States Food and Drug Administration (FDA)-approved
UCA for pediatric intravenous liver and cardiac as well as
intravesical applications. Lumason is marketed as SonoVue
(Bracco Imaging, Milan, Italy) outside the United States. The
approved dose of Lumason to evaluate the liver is 0.03 mL/kg
up to a maximum of 2.4 mL per single injection. For bowel
CEUS in adults or children, there are no FDA dose recommen-
dations. The use of UCA for bowel imaging is off-label.

Several studies in adults have shown that a higher volume of
UCA is required for CEUS imaging of the bowel compared to
solid parenchymal organs because bowel CEUS is performed
using higher-frequency linear transducers; single UCA doses of
2.4 mL, 4.8 mL and 5 mL have been reported [3, 14, 31, 32].

In children, the studies conducted with Lumason for eval-
uating children with Crohn disease used the 0.03 mL/kg
weight-based dose, the same as the approved dose for pediat-
ric liver and cardiac CEUS applications [9, 11]. A previous
study with the use of SonoVue in children with Crohn disease
calculated the UCA dose according to the formula: dose (mL)
= child age (years) / 10, with a minimum 0.1 mL per single
injection [12]. In another study, which included premature
infants ranging in age from 1 day to 80 days at the time of
CEUS, the reported total dose of Lumason for evaluating
bowel perfusion was 0.4–0.6 mL [10].

Both bolus injection and infusion techniques have been
reported for UCA administration during bowel CEUS. Most
studies in adults have used a bolus administration, for which a
single volume of UCA is injected at a rate of approximately
1 mL/s through the 180° (in-line) port of a 3-way stopcock
followed by a normal saline flush from the 90° (side) port of
the stopcock [2, 14, 15, 22, 24, 32–39]. In 2017, a pictorial
essay was published about the feasibility of using a CEUS
destruction-replenishment method in adults with Crohn dis-
ease [17]. This method requires delivery of contrast agent at a
steady flow rate within the blood circulation, which can be
achieved using dedicated infusion pumps. In this study, con-
tinuous intravenous infusion of UCA was performed at a
1.5-mL/min infusion rate. Analysis of contrast kinetics within
the target tissue was performed following destruction of con-
trast microbubbles by briefly increasing the mechanical index
(flash mode). Recently, another study used consecutive ad-
ministration of a bolus injection followed by a continuous drip
infusion in the same session to evaluate a group of people with
Crohn disease [13]. The bolus injection was performed with
0.2 mL Definity (Lantheus Medical Imaging, North Billerica,
MA) followed by 10 mL of normal saline flush. The

subsequent drip infusion consisted of 1.6 mL of Definity di-
luted in 50 mL of normal saline and administered at a fixed
rate of 5 mL/min. No dedicated pump was used in this study.
Multiple sequential 30-s cine loops were obtained after tran-
siently disrupting the UCA by increasing the mechanical in-
dex briefly (flashing at 3 frames/s).

Image acquisition: Qualitative bowel contrast-
enhanced ultrasound

Qualitative bowel CEUS is used to assess the degree and pattern
of transmural and mesenteric enhancement. Following intrave-
nous UCA administration, a continuous video clip acquisition of
the selected bowel segment is performed, starting at the time of
UCA injection and continuing for approximately 2 min. For
qualitative evaluations, the majority of studies have been per-
formed with bolus intravenous injection [18, 20, 39–44].
Imaging in the long axis of the bowel is typically done, with
the transducer held in a stationary position over the examined
bowel loop. Children are instructed to have normal shallow
breathing throughout the CEUS exam.

Bowel enhancement occurs in three consecutive phases: (1)
initial phase (0–20 s after UCA injection), during which contrast
agent is not usually visible within the bowel wall; (2) enhancing
or enteric phase (20–30 s after contrast injection), which depicts
most of the UCA within the bowel wall vasculature; and (3) late
phase (30–60 s), which involves variable persistent enhancement
or washout, depending on the bowel wall state [45]. Normal
bowel enhancement typically occurs in a homogeneous
transmural pattern with a low level of enhancement early on,
variable enhancement at 20–30 s, and washout of contrast agent
after 30 s [45] (Online Supplementary Material 1). Actively in-
flamed bowel generally shows similar findings on CEUS as seen
on CT and MR enterography, including rapid and intense
transmural enhancement leading to a high peak intensity and
then to slow contrast washout during the late phase (Online
Supplementary Material 2). Less often, only enhancement of
the inner mucosal/submucosal layer is seen [1, 42].

Image acquisition: Quantitative bowel contrast-
enhanced ultrasound

Quantitative analysis is used to evaluate the UCA transit time
through the examined tissue and to assess the speed of contrast
wash-in and washout [46]. To quantitate bowel wall perfusion
with CEUS, time-intensity curves are generated by calculating
the blood flow parameters within regions of interest (ROIs)
that are manually selected and placed within the abnormal
bowel segment. A longitudinal plane is preferred to minimize
out-of-plane effects from respiratory motion and to include an
adequately long segment of bowel in the field-of-view [1]. A
manually selected ROI is drawn along the thickened bowel
wall. The size of the ROI influences the results of the time-

2216 Pediatr Radiol  (2021) 51:2214–2228



intensity curve, particularly the peak enhancement, and thus
the size of the ROI must be standardized. This is of great
importance for follow-up comparisons. A recent meta-
analysis described varying normal bowel wall thickness for
different segments of bowel wall [47]. The bowel wall is gen-
erally considered to be abnormally thickened when it is great-
er than 3 mm for the small bowel and colon; a wall thickness
of at least 3 mm accommodates placement of the ROI [48].

A continuous video clip acquisition is initiated at the mo-
ment of UCA injection or infusion and lasts for approximately
2 min [1, 3]. Standardization of the length of the cine clip
allows for comparison of perfusion measurements between
studies. The data from the 2-min video clip are stored on the
US system and then analyzed with specific software that is
integrated into the same US unit or at an independent work-
station with third-party software. Advantages of third-party
software include the ability to compare studies across different
machines and vendors and to afford more advanced
processing/parametric maps.

The imaging parameters derived from time-intensity curves
analysis include peak enhancement, time to peak, rate of con-
trast wash-in/washout (slope), and the area under the curve
that corresponds to regional blood flow and volume [1, 13,
19, 20, 22, 23]. All values are calculated in arbitrary intensity
units and can be presented in a linear scale or converted to a
logarithmic scale. Additionally, quantitative CEUS can

generate parametric maps based on color scales of signal in-
tensities, such that hyperemic bowel segments are represented,
for example, by the color red and segments with normal bowel
wall vascularity by the color blue [15, 23, 49].

Compared to qualitative CEUS, quantitative CEUS allows
for a more precise assessment of bowel wall enhancement that
is not affected by subjective, observer-related, visual assess-
ment. The objective nature of quantification has been found to
be useful for monitoring treatment response [16, 19, 36]. It is
important to note that follow-up examinations must be per-
formed under the same conditions because many factors affect
the time-intensity curves analysis, including fasting state, con-
trast dose, US machine settings, clip duration and size of ROI.
Table 1 summarizes the CEUS examination protocol for pe-
diatric bowel imaging.

Evaluation for inflammatory bowel disease

Inflammatory bowel disease (IBD) is characterized by chronic,
relapsing and remitting intestinal inflammation that is typically
classified into Crohn disease and ulcerative colitis [50]. Crohn
disease can occur anywhere throughout the gastrointestinal
tract from the mouth to anus, but most commonly it involves
the terminal ileum and colon. It is discontinuous, transmural
inflammation with stricturing or penetrating (fistulizing)

Table 1 Contrast-enhanced ultrasound (CEUS) examination protocol

Baseline gray-scale and color/power Doppler ultrasound evaluation

High-resolution linear transducers (7–14 MHz)

1. Targeted scan of the small bowel and colon to define disease location and extent

2. Selection of the most diseased segment of the bowel

3. Preparation for contrast-enhanced ultrasound (CEUS)

High-resolution linear probes (5–15 MHz or 2–12 MHz) or curved probes (1–5 MHz or 2–9 MHz) reserved for obese children and
deeply located long segments

1. Contrast-specific mode settings

2. Low mechanical index

a. Focal zone at maximum depth

b. Optimize gain and dynamic range for examined segment of bowel before contrast administration

c. Document the selected bowel segment before contrast administration in contrast-specific mode (dual display) for baseline comparison

3. Patient in comfortable supine position with peripheral IV and 3-way stopcock

4. Contrast-enhanced ultrasound (CEUS)

Bowel loop of interest imaged in longitudinal axis to the bowel to reduce the effect of motion from breathing

1. Dual screen display (contrast and gray-scale modes side-by-side)

2. Ultrasound contrast agent is injected through the 180° port of the 3-way stopcock and saline flush through the 90° port

3. Start the timer and begin video-recording when contrast injection is complete and before saline flush is ended or when the first
bubbles are verified. Suggested video clip duration: 2 min

4. During initial continuous acquisition, the transducer is kept still and focused on the same interrogated loop of bowel to optimize quantification.
Delayed imaging can be performed with intermittent acquisition of video clips or static images to reduce disruption of the microbubbles

5. Bowel evaluation and recording must be standardized to compare data among patients and between patient visits

IV intravenous line
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features or a combination phenotype. Ulcerative colitis is char-
acterized by diffuse and continuous inflammation of the colonic
and rectal mucosa, with potentially mild inflammation of the
ileum known as “backwash” ileitis [50, 51].

During an initial evaluation for IBD, children often under-
go a series of imaging examinations, laboratory tests, and
endoscopy with biopsies. US is traditionally used to evaluate
wall thickening and hyperemia of the diseased bowel and to
identify extramural complications. Motion artifact from bowel
peristalsis or breathing movements can cause a generalized
Doppler shift and lead to an overestimation of vessel density.

Over the last several years, MR enterography has become
the imaging choice for evaluating children with IBD in many
pediatric institutions. It enables accurate evaluation of the ex-
tent and severity of the disease and assessment of associated
complications, including phlegmon or abscesses, strictures
and fistulae. CT enterography is another imaging modality
that can be used for bowel imaging. However, it is associated
with cumulative risks of radiation exposure, and for that rea-
son it is commonly reserved for those cases when MR
enterography is not readily available or it is difficult to per-
form (e.g., need for oral contrast and anesthesia in a young
child; need for acute bowel pathologies). In this setting, CEUS
can be used as an alternative or complementary imaging tool
to other cross-sectional modalities to accurately assess the
state of the bowel wall and pericolonic tissues [1, 2, 43].

Contrast-enhanced ultrasound for adults
with inflammatory bowel disease

The first studies on using CEUS to evaluate people with IBD
were published in the early 2000s. These early studies dem-
onstrated the feasibility and diagnostic efficacy of CEUS for
IBD, and showed that its use could improve detection of ab-
normal bowel wall perfusion compared to color/power
Doppler techniques. Since then, several studies comparing
CEUS findings with clinical symptoms, laboratory tests, other
imagingmodalities, endoscopic indices, surgical findings, his-
topathology, and follow-up imaging have validated its diag-
nostic accuracy [35, 37–39, 52].

Adult qualitative bowel contrast-enhanced ultra-
sound studies

The initial studies used visual imaging criteria to evaluate the
degree and pattern of enhancement of the bowel wall before
and after UCA administration [39, 42, 44]. Visual qualitative
assessment determines the presence and severity of inflamma-
tion in the bowel wall and associated mesentery. Generally,
when the bowel is inflamed, CEUS demonstrates rapid and
more abundant transmural enhancement of the bowel wall
than the adjacent tissues [1]. Bowel inflammation changes

can be subjectively classified as mild, moderate or severe
based on the observation of the enhancement pattern. Mild
disease demonstrates low peak intensity and faster washout
whereas more severe disease shows higher peak intensity and
longer duration of enhancement effect [1]. Inflammatory in-
volvement of the adjacent mesentery can also be characterized
by evaluating the blood flow within the mesenteric vessels.
The comb sign, referring to prominent hypervascularity (i.e.,
rapid and intense influx of contrast agent within the prominent
linear vascular branches on the mesenteric side of the affected
bowel), is not only depicted on MR enterography and CT
enterography but also on CEUS [1, 43]. CEUS reliably detects
active Crohn disease as intense bowel wall enhancement.
More important, imaging findings of active inflammation on
CEUS led to a modified therapeutic approach in up to 65% of
people who had negative clinical/laboratory tests [44].

Adult semi-quantitative bowel contrast-enhanced ul-
trasound studies

In addition to qualitative analysis, early studies used various
semi-quantitative methods to assess bowel wall perfusion fol-
lowing UCA injection, including measurement of the number
of color foci indicative of blood vessels in the thickened bowel
wall, measurement of the Doppler signal intensity, and assess-
ment of the wall brightness post-UCA injection [38, 43, 53].
One study using semi-quantitative methodology analyzed the
enhancement pattern of the bowel wall layers and compared
the maximum thickness of the enhanced layer to the thickness
of the entire bowel wall. Complete bowel wall enhancement
and a layered enhancement pattern, with a thickened inner
layer with hyperenhancement (increased blood flow), was
found to be highly sensitive (81%) and specific (57–63%)
for active Crohn disease [42].

Adult quantitative bowel contrast-enhanced studies

Bowel inflammation

With the advent of dedicated contrast software, quantitative
analysis of contrast kinetics is now possible and can be
employed to overcome the shortcomings of visual, qualitative
and semi-quantitative CEUS analyses within the inflamed
bowel wall. A number of studies have compared the perfusion
parameters derived from time intensity curve analysis to dif-
ferent reference standards, including cross-sectional imaging,
clinical, laboratory, endoscopic, surgical and histopathologi-
cal scores [19, 35, 37, 38, 44, 49, 52, 54]. However, in these
series inconsistent results were reported depending on the
study design and reference method used.

When CEUS time-intensity curve analysis was compared
to color Doppler US, it provided better detection of mural
hyperenhancement in active Crohn disease. In addition, the
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quantitative bowel CEUS approach showed that people with
Crohn disease had higher maximum enhancement of the in-
flamed bowel segment that persisted for a longer period of
time compared to healthy controls who had lower and shorter
duration of bowel wall enhancement [55].

Compared with operative macroscopic findings and histo-
pathological scores, the CEUS time to peak had the strongest
negative correlation with histological results: the shorter the
time to peak, the higher the histopathological disease activity
score. In addition, the shorter the time to peak, the higher the
histological findings of acute inflammatory activity, such as
erosions, excess of intraepithelial neutrophils, crypt distortion
and crypt atrophy. On the contrary, time-to-peak values in-
creased when clinical signs of inflammatory activity improved
[54]. Another study that compared quantitative CEUS param-
eters with vascular density in biopsy samples found a higher
enhancement peak, a shorter time to peak, and a higher re-
gional blood flow and volume in people with high vascular
density compared to those with low vascular density. In this
study, the cutoff values to distinguish between active and in-
active disease were identified for the percentage (%) of in-
creased enhancement after contrast administration (>40.5%),
and regional blood flow (>54.8 mL/min) [22].

However, findings differed when time to peak was corre-
lated with endoscopy results [24]. One study did not find any
significant correlation between the time to peak and the endo-
scopic indices. This might be because the endoscopist can
only visualize the mucosal surface and not the entire bowel
wall, referred to as endoscopic skipping [56]. In addition, the
intestinal vascular remodeling that occurs in IBD is character-
ized by formation of stenotic neo microvessels and thus im-
paired mucosal perfusion [24]. According to another study,
the imaging parameters that most correlate with the endoscop-
ic findings of Crohn disease severity are the maximum inten-
sity of the interior layer of the bowel wall and the maximum
intensity of the entire bowel wall [20].

Medical treatment response

Contrast-enhanced ultrasound is also useful to evaluate for
disease persistence that presents with continued mucosal in-
flammation despite clinical symptom relief. As highly effec-
tive biologic therapies have been introduced, treatment goals
have shifted frommanaging symptoms to controlling mucosal
inflammation so as to prevent further bowel damage [16, 19,
36]. To monitor the effectiveness of these treatments, inflam-
matory activity must be accurately assessed throughout the
course of the therapy [13, 16, 19]. In addition, because of
the chronic and progressive nature of the disease, repeat im-
aging evaluation is essential. CEUS can be performed repeat-
edly without additional risks.

When time-intensity curve parameters were compared with
endoscopic and biopsy findings as well as clinical assessment

in people with Crohn disease, a decreasing area under the time-
intensity curve was found to be the most useful imaging param-
eter to discriminate responders from non-responders over the
course of the pharmacologic treatment [19]. Another study
found a significant decrease in time to peak after medical treat-
ment that correlated with a decrease in the clinical disease index
and laboratory values post-treatment [24].

When quantitative time-intensity curve analysis was
coupled with the parametric color-coded maps with schematic
representation of perfusion properties, the upward slope of the
time-intensity curve and the area under the curve were found
to be significantly lower after effective treatment and to cor-
relate with improved clinical index scores [49]. According to
this study, peak enhancement and the area under the curve are
the most reliable indices to evaluate the success of the phar-
macologic treatment.

Extramural complications

Extramural complications related to IBD include inflammato-
ry mass and abscess, which appear on gray-scale US as a
hypoechoic mesenteric lesion [25]. Inflammatory mass, pre-
viously called “phlegmon,” refers to an ill-defined area of soft-
tissue inflammation that typically develops at the site of a
contained hollow viscous perforation, with no identifiable
wall and some degree of internal blood flow on color/power
Doppler US. On the other hand, abscess typically appears as a
hypoechoic fluid collection with an irregular yet defined wall
and a degree of peripheral blood flow on color/power
Doppler. An inflammatory mass can occur with or without
an associated abscess. CEUS enables examiners to confident-
ly differentiate between these two extramural complications
by either confirming intralesional enhancement in cases of an
inflammatorymass or absence of intralesional enhancement in
cases of an abscess. Differentiating between these two entities
can have important management implications because an ab-
scess might require drainage whereas an inflammatory mass
usually responds to medical treatment [25].

Strictures

Contrast-enhance ultrasound has also been used to differenti-
ate between inflammatory and fibrotic strictures, but a consen-
sus regarding its utility has not been reached. Both conditions
appear on US as increased bowel wall thickness. In a recently
conducted animal study, imaging parameters derived from
time-intensity curve analysis were compared to histopatholog-
ical scores of tissue samples obtained from thickened bowel
wall segments with experimentally induced inflammation
mixed with variable degrees of fibrosis. In this study, quanti-
tative CEUS perfusion parameters failed to differentiate bowel
wall fibrosis if significant inflammation coexisted [57].
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Although experimental evidence suggests that the enhance-
ment characteristics of inflammation and fibrosis are difficult
to distinguish because inflammation and fibrosis co-exist in
the same segment of bowel, two clinical studies in adults with
Crohn disease showed that quantitative CEUS differentiated
fibrotic strictures from inflamed bowel segments [21, 52].

Given the fact that fibrotic lesions are associated with re-
duced blood flow and blood volume, the area under the curve
and the percentage of maximal enhancement were the most
useful imaging parameters for differentiating these two le-
sions. On the contrary, time to peak did not provide any guid-
ance in this setting [52]. Despite what these authors have
shown, there is no consensus on the CEUS quantification
criteria to differentiate fibrosis and inflammation.

Postoperative disease recurrence

Postoperative disease recurrence can be detected in people
with Crohn disease by using CEUS. One study showed that
if CEUS performance at the anastomotic site reveals wall
thickness ≥3 mm and bowel wall contrast enhancement value
≥46% (an arbitrarily defined threshold), the diagnostic accu-
racy for Crohn disease recurrence was 90.7% compared to
endoscopically detected recurrence [14]. In the same study,
the combination of bowel wall thickness ≥6 mm or 5–6 mm
and contrast enhancement values ≥70% had a sensitivity of
90.3%, specificity of 87%, and accuracy of 88.9% to predict
severe recurrent disease [14].

Diagnostic accuracy

Two meta-analyses were conducted to assess the perfor-
mance of CEUS in the detection of active Crohn disease.
A 2015 meta-analysis including 8 studies and 428 adults
revealed that CEUS had a pooled sensitivity and specific-
ity for active Crohn disease of 93% (95% confidence in-
terval [CI], 0.89–0.95) and 87% (95% CI, 0.81–0.91),
respectively, using endoscopy/biopsy or clinical disease
index as the reference standard [5]. In 2016, a second
meta-analysis was conducted, encompassing 8 studies
and 332 patients; 5 of the 8 included studies were the
same as in the previous 2015 meta-analysis. The 2016
meta-analysis found that CEUS had a pooled 94% sensi-
tivity (95% CI, 0.87–0.97) and 79% specificity (95% CI,
0.67–0.88); however, the authors noted that the studies
had significant heterogeneity regarding CEUS methodol-
ogy and definitions of enhancement thresholds for Crohn
disease [4]. According to the subgroup analysis, relative
bowel wall enhancement had the highest diagnostic value.
Interestingly, time-intensity curve analysis for bowel wall
perfusion using dedicated software was found to be less
useful.

Contrast-enhanced ultrasound
for inflammatory bowel disease in children
and adolescents

Epidemiological data indicate that the incidence of IBD is
rising worldwide, with up to 20–30% of IBD cases presenting
during childhood [58]. Most children with IBD are diagnosed
between 11 years and 16 years of age, but IBD can occur
earlier, with a specific subset of pediatric IBD known as very
early onset IBD occurring in children younger than 6 years
[58–62]. Pediatric patients commonly present with severe and
extensive disease, leading to significant morbidity, including
delayed growth and nutritional impairment.

Similar to adults, active bowel inflammation in pediatric
IBD has a characteristic imaging appearance that can be iden-
tified on CEUS (Fig. 1). When the bowel is actively inflamed,
the wall enhances more rapidly with a faster time to peak.
Mural enhancement is not only faster but also has a higher
peak enhancement than normal bowel loops. In addition, the
actively inflamed bowel retains contrast agent for a longer
period of time, which is demonstrated by an increase in the
area under the curve. Although no pediatric peak enhance-
ment cut-off values exist, quantitative analysis can be guided
by adult findings using peak enhancement cut-off values for
mild, moderate and severe inflammation (Fig. 2) [11, 12].

Bowel CEUS indications in children with IBD are similar
to those for adults, and CEUS is mainly used for the initial
evaluation and follow-up of the disease. Time-intensity curve
analysis is often used to monitor response to treatment and
differentiate children who are responding to pharmacologic
therapy from those who are not (Figs. 3, 4 and 5). Three
studies with bowel CEUS including a pediatric population
with IBD have been conducted to date. One, a review article
published in 2016, presented experience from using quantita-
tive CEUS analysis in pediatric patients with Crohn disease
and highlighted its potential to become an integral part of the
sonographic evaluation of IBD in children as well as adults
[12]. The other, published in 2019, presented a case series of
two adolescents and one young adult (age range: 16–20 years)
with Crohn disease, all of whom underwent CEUS, shear-
wave elastography and MR enterography [11]. The first pa-
tient in the study had active inflammation of the terminal
ileum, and CEUS accurately identified avid enhancement with
more prompt wash-in, higher peak intensity, and a higher area
under the curve compared to an adjacent, normal jejunal bow-
el loop. The second patient had a fibrotic ileocecal surgical
anastomosis. In this case CEUS demonstrated minimal en-
hancement of the surgical anastomosis and mild enhancement
of the more proximal ileum, suggestive of a fibrotic compo-
nent of the former. CEUS findings were in agreement with
subsequent MR enterography. The third patient had an
ileocecal stricture, and CEUS of the terminal ileum demon-
strated minimal contrast enhancement, suggesting no acute
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inflammation, findings that were in agreement with the shear-
wave elastography denoting increased bowel wall stiffness.
The patient’s CEUS findings were consistent with histological

findings from a subsequent elective ileocecectomy that con-
firmed active chronic inflammation with stricture formation.
Although this case series was small, the findings support the

Fig. 2 Quantitative contrast-enhanced ultrasound (CEUS). a–c Time-
intensity curves from three children with Crohn disease and variable
severity of inflammatory bowel changes: a 13-year-old boy (a), an 11-
year-old girl (b) and a 10-year-old girl (c). All bowel CEUS examinations
were performed on the same US unit and the log-converted time-intensity
curves were generated off-line using the same quantification contrast
software. Regions of interest were placed within the thickened bowel
wall, which was imaged in longitudinal plane. The vertical axis of the
time-intensity curves graph represents the signal intensity of contrast

enhancement expressed in a logarithmic scale. The horizontal axis
represents the time interval (in seconds) since the administration of
contrast agent, which occurs at 0 s. The height of the upward slope
(solid arrows) represents the peak enhancement. The area under the
curve (open arrows) corresponds to the regional blood volume. There is
a progressive increase of the peak enhancement and also of the area under
the curve in mild (a), moderate (b) and severe (c) grades of inflammatory
disease. Peak enhancement and area under the curve can provide an
objective measurement for treatment monitoring

Fig. 1 Crohn disease and sigmoid
wall thickening on baseline US
examination in an 11-year-old
girl. Contrast-enhanced
ultrasound (CEUS) examination
of the bowel. Dual image with
simultaneous side-by-side display
of the contrast-enhanced (left) and
gray-scale (right) modes.
Longitudinal still image captured
from a CEUS video clip
demonstrates significant mural
thickening (arrowheads) with
transmural hyperenhancement
and marked enhancement of the
surrounding mesentery (arrows),
consistent with active disease
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potential of CEUS to accurately detect active inflammation
and to correctly discriminate between inflammatory and fi-
brotic strictures in the pediatric population (Fig. 6) [11].

The third and most recent study compared the performance
of CEUS and MRI in 20 children with known or suspected
Crohn disease. In this study, Lumason was injected at a bolus
dose of 0.03 mL/kg and qualitative evaluation of the distal
small bowel was performed to assess the enhancement of the
bowel wall and pericolonic fat. Considering the MRI exami-
nation to be the gold standard imaging modality, the sensitiv-
ity of CEUS to detect bowel inflammation was 100%. In 85%
of children (17/20 children) there was agreement between
CEUS and MRI findings regarding the presence or absence
of enhancement. In the remaining 15% (3/20 children), CEUS
revealed marked bowel inflammation in one child in whom
MRI showed only minimal bowel wall enhancement, whereas
in two children CEUS was the only modality to reveal intense
pericolonic inflammation, thereby facilitating the diagnosis of
Crohn disease. The results of this small feasibility and

reliability study support the role of CEUS in assessing for
small bowel inflammation in pediatric patients with Crohn
disease.

Other inflammatory bowel applications
in children

Contrast-enhanced ultrasound of the bowel can also be used in
children as a targeted examination to provide valuable added
information to answer a specific clinical question, such as in
equivocal cases of appendicitis. Appendicitis is a very common
cause of acute abdominal pain, with a reported incidence of
9.4–11.0 per 10,000 person-years [63]. Appendicitis can be
adequately diagnosed with gray-scale US. However, while pos-
itive US findings have a relatively high positive predictive val-
ue, identifying the appendix is occasionally difficult. In equiv-
ocal or indeterminate cases, MRI or CT is often performed. In
specific clinical settings when a child has a contraindication or

Fig. 3 Anti-tumor necrosis factor
alpha (anti-TNFα) treatment in a
14-year-old boywith knownCrohn
disease. Sigmoid colon stenosis
was detected on routine US
examination and later confirmed on
colonoscopy. Treatment with a
corticosteroid was initiated. a, b
Contrast-enhanced ultrasound
(CEUS) examination of this bowel
segment was performed to evaluate
the activity of the inflammation.
Dual image with simultaneous
side-by-side display of the contrast-
enhanced (left) and gray-scale
(right) modes. Longitudinal views.
CEUS at the initial presentation (a).
The stenotic bowel segment
(arrowheads) and the pre-stenotic
dilation (arrows) are clearly
demonstrated. The stenotic
segment appears thickened and
demonstrates moderate
homogeneous wall enhancement.
Mild enhancement of the
submucosal layer in the pre-
stenotic segment is also noted.
Follow-up CEUS 3 weeks after the
initiation of corticosteroid
treatment (b). There is significant
improvement of the enhancement
in the stenotic and pre-stenotic
segments, indicative of a good
response to the treatment. No more
signs of active inflammation are
noted
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condition that does not permit MRI or CT to be done, CEUS
can serve as a helpful problem-solving tool. CEUS can improve
the identification of a hyperenhancing, markedly inflamed ap-
pendix with surrounding hyperenhancing mesentery or in the
setting of gangrenous appendicitis hypoenhancing areas
(Fig. 7) [6].

Contrast-enhanced ultrasound can also be used to con-
firm acute epiploic appendagitis, a self-limiting inflamma-
tory and ischemic process of the subserosal fat that arises
from the surface of the colon [7]. Gray-scale US findings
include a hyperechoic non-compressible mesenteric mass

without internal vascularity and often surrounded by a
hypoechoic rim. CEUS can confirm epiploic appendagitis
by showing a mixed enhancement pattern of the mesenteric
mass, with variable degrees of peripheral hyperenhancing
tissue and a small central non-enhancing region (Fig. 8) [7,
28].

Other reported applications of CEUS include the eval-
uation of bowel wall or mesenteric neoplastic and inflam-
matory masses, including their differentiation from colon-
ic content [64]. However, there are no reported applica-
tions for the assessment of juvenile polyps (hamartomas).

Fig. 4 Inadequate response to azathioprine and enteral diet in a 13-year-
old boy with relapse of Crohn disease. Change of therapy was decided. a,
b Quantitative contrast-enhanced ultrasound (CEUS) of the bowel with
time-intensity curve analysis was performed before (a) and after (b) two
cycles of anti-tumor necrosis factor alpha (anti-TNFα, infliximab)
therapy. Regions of interest were placed in the thickened bowel wall,
which was imaged in longitudinal plane. The vertical axis of the graph
represents the signal intensity and the horizontal axis of the graph

represents the time interval (in seconds) since the injection of the
contrast medium that was performed at 0 s. The height of the upward
slope (solid arrows) represents the peak enhancement. The area under the
curve (open arrows) corresponds to the regional blood flow and volume.
There is considerable decrease in the height of the upward slope and in
the area under the curve, indicative of good response to treatment. Note
the units in the longitudinal axis on the initial study are ×10 higher

2223Pediatr Radiol  (2021) 51:2214–2228



Evaluation of bowel wall perfusion in children

There is increasing exploration of the role of CEUS to evalu-
ate pediatric bowel perfusion. Although its use is determined

on a case-by-case approach, there are specific clinical settings
where bowel CEUS can play an important adjunct or problem-
solving role. Necrotizing enterocolitis is a potentially life-
threatening condition characterized initially by bowel wall

Fig. 5 A fulminant course of
Crohn disease in a 10-year-old
girl. a, b Longitudinal contrast-
enhanced ultrasound (CEUS)
examination of the sigmoid and
descending colon. Dual image
with simultaneous side-by-side
display of the contrast-enhanced
(left) and gray-scale (right)
modes. CEUS examination
performed at the time of diagnosis
before introduction of anti-TNFα
medication treatment (a). There is
markedly thickened bowel wall
with intense transmural hyper-
enhancement and surrounding
mesenteric enhancement
indicative of severe disease
activity. Time-intensity curve
demonstrates high values for peak
enhancement and area under the
curve. Follow-up CEUS
examination 2.5 months later (b)
demonstrates similar findings as
the baseline CEUS examination,
indicating no significant response
to therapy

Fig. 6 Crohn disease of the terminal ileum in a 12-year-old girl.
Longitudinal contrast-enhanced ultrasound (CEUS) examination of the
terminal ileum, dual image with simultaneous side-by-side display of the
contrast-enhanced (left) and gray-scale (right) modes. Approximately
10 cm from the ileocecal valve, there is a short segment of bowel
stenosis (arrowheads) with pre-stenotic dilatation. CEUS shows a mild

degree of enhancement of the bowel wall near stenosis, but the stenotic
part is not enhancing, presumably because of dominant fibrosis. In
addition, next to the stenotic segment, another small bowel segment
(arrow) is closely opposed and remained attached to the stenotic
segment throughout the CEUS examination. This was a highly
suspicious sign for presence of entero-enteric fistula
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inflammation followed by ischemia that leads to increased
permeability of the bowel wall to bacteria. Necrotizing entero-
colitis can develop within the first 10 days of age, most com-
monly at 2–3 days after birth [65]. US is used for these chil-
dren as a complementary imaging modality to radiography to
monitor for complications, including bowel perforation. In the
inflammatory phases, the bowel wall is thickened and hyper-
emic, and it can progress at variable rates to bowel wall thin-
ning and ischemia [66]. Doppler US assessment of the bowel
can be challenging in infants who require mechanical ventila-
tion, especially high-frequency oscillation, because of the
transmitted vibrations from the ventilator to the body. In this

setting, CEUS can be used to evaluate the bowel wall perfu-
sion to assess prognosis and to direct care. Depending on the
necrotizing enterocolitis phase, CEUS findings initially dem-
onstrate hyperenhancement as the bowel wall becomes in-
flamed, then progress to hypoenhancement as the bowel wall
vasculature is compromised, and finally show no perceptible
enhancement within the bowel wall as ischemic changes oc-
cur; surrounding structures continue to enhance normally
(Online Supplementary Material 3) [67].

Because CEUS is more sensitive to low volume and slow
rate of blood flow compared with Doppler US, it could also be
useful in children with complicated intussusception. Here it

Fig. 8 Acute epiploic appendagitis in a 78-year-old man. a Gray-scale
US of the sigmoid colon in transverse plane shows a homogeneous
hyperechoic mesenteric mass (arrows) located near the sigmoid colon
(S). b Contrast-enhanced ultrasound (CEUS) in transverse plane shows
mixed enhancement of the mesenteric mass with a central non-enhancing
region surrounded by an oval region of hyperenhancement (arrows). c

Axial CT shows a fat-density lesion (arrows) adjacent to the sigmoid
colon, demonstrating a central hyperdense dot and surrounded by a thin
high-density rim. There is inflammatory stranding of the associated
mesentery and thickening of the adjacent peritoneal lining. Imaging
findings are in keeping with epiploic appendagitis. Reprinted from [7]
with permission

Fig. 7 Contrast-enhanced ultrasound (CEUS) in an 8-year-old boy who
presented with right lower quadrant pain and diagnosis of appendicitis. a
Color Doppler US image in longitudinal plane demonstrates the blind-
ending tip of the appendix (arrow), which is dilated with a thick wall but
shows no significant hyperemia. There is increased echogenicity of the
surrounding mesentery. Apart from the lack of pronounced wall
hyperemia, the combination of the other findings is radiologically
suggestive of appendicitis. b CEUS of the appendix was subsequently

performed to increase the diagnostic confidence. Longitudinal dual image
with simultaneous side-by-side display of the gray-scale (left) and
contrast-enhanced (right) modes. The appendix demonstrates wall
thickening and dilation, as well as significant hyperenhancement
(arrow), with no surrounding fluid collection. There is also
hyperenhancement of the surrounding inflammed mesenteric fat.
Subsequent appendectomy confirmed acute suppurative non-perforated
appendicitis with serositis and periappendicitis
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could serve as a quick method for evaluating mural perfu-
sion at the time of initial diagnosis, prior to US/fluoroscopic
reduction or surgical intervention, improving the color
Doppler assessment [8].

In the intensive care unit or emergency setting, there are
cases requiring evaluation of bowel perfusion. At our institu-
tion, CEUS evaluation for bowel perfusion has been per-
formed as a follow-up to possible duodenal atresia or in utero
volvulus seen on fetal sonogram (Fig. 9).

Strengths and limitations

While diagnostic images of the bowel can be obtained with
CEUS in most pediatric patients, there are occasional chal-
lenges and limitations. Several of these difficulties are no dif-
ferent from those associated with gray-scale and Doppler
bowel US, including difficulty in visualizing the bowel seg-
ment of interest because of body habitus, deep location of
bowel segments of interest within the abdomen or pelvis, or
excessive overlying bowel gas [29, 30]. Occasionally, graded
compression of the bowel with the transducer, similar to the
technique commonly used to identify the appendix, can dis-
place the overlying bowel gas and improve bowel wall visu-
alization. Keep in mind that additional pressure can affect
bowel wall enhancement and time-intensity curve results, so
applying steady pressure during quantitative analysis is sug-
gested. Deep bowel loops might be better visualized using a
lower transducer frequency or a different transducer (i.e.,
curved as opposed to linear). Imaging with a full urinary

bladder can lift small bowel loops located in the deep pelvis
into a more favorable superficial position [29, 30].

Quantitative CEUS for intestinal perfusion has other distinct
limitations. First, peristalsis or respiratory motion can make it
difficult to keep an ROI consistently within a segment of the
bowel wall to create a time-intensity curve, and accurate quan-
titative assessment of the perfusion (Online Supplementary
Material 4). Fortuitously, many bowel segments affected by
Crohn disease have diminished motility and so they are rela-
tively fixed in position, leading to successful quantification
[1–3]. Second, inter-operator agreement could affect compari-
son of one examination to another because of multiple factors,
including the UCA dose and administration rate, the size of the
intravenous catheter, as well as location and size of the ROI
over the affected bowel wall. Last, there are inconsistent reports
on correlation of perfusion quantitative parameters with clini-
cal, endoscopic or surgical findings. A standardized methodol-
ogy might help overcome this limitation and allow for more
uniform interpretation and outcomes research.

Conclusion

Contrast-enhanced ultrasound applications in pediatric bowel
are evolving as the increased sensitivity to blood flow detec-
tion proves advantageous over US for the assessment of bowel
perfusion. IBD is the main CEUS application for bowel in
children and adults. However, there is a role for CEUS as a
problem-solving tool in other bowel conditions. Expanding
knowledge of bowel CEUS techniques, including improved

Fig. 9 Preterm 1-day-old girl who presented with concern for duodenal
atresia based on a prenatal US that was performed to evaluate for bowel
perfusion because of theorized in utero volvulus. a Transverse postnatal
baseline US scan shows a cluster of featureless echogenic aperistaltic
bowel loops (arrows) without significant wall thickening. There is a
small amount of free fluid with mild complexity manifested as several
septations and echoes (asterisk). There was a normal orientation of the
superior mesenteric artery and vein. b Transverse postnatal contrast-
enhanced ultrasound (CEUS). Dual image with simultaneous side-by-
side display of the gray-scale (left) and contrast-enhanced (right)

modes. There is a complete lack of enhancement of the multiple bowel
walls (arrows), consistent with diffuse bowel necrosis. No swirl sign was
evident. Exploratory laparotomy was subsequently performed. The
entirety of the small bowel was found to be necrotic, with parts nearly
liquefying. This was a nonsurvivable finding that suggested that this
process had been going on since before birth. Because the intestine was
congealed together, adequate visualization of the ligament of Treitz and
assessment of the intestinal rotation could not be determined
intraoperatively. The family declined an autopsy. Based on the prenatal
US findings and the operative findings, in utero volvulus was theorized
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and standardized quantification methods, will enable radiolo-
gists to embrace this examination as a primary or adjunct tool
for assessing the bowel.
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