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Use of contrast-enhanced ultrasound in pediatrics
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Abstract

Resumo

Although contrast-enhanced ultrasound has been shown to provide considerable benefits, particularly in pediatric patients, it is
still used relatively rarely in Brazil. It has proven to be a safe technique, and adverse effects are rare. In this review, we address the
technique and main applications of contrast-enhanced ultrasound in the pediatric population, including the evaluation of focal liver
lesions, abdominal trauma, kidney grafts, liver grafts, bowel loops, and vesicoureteral reflux. It is important for pediatric radiologists
to be acquainted with this promising tool, understanding its applications and limitations.
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A ultrassonografia com contraste de microbolhas € um método ainda pouco utilizado no Brasil, mas que tem grandes vantagens,
ainda mais na faixa pediatrica, como auséncia de radiacéo e dispensa de sedacao/anestesia. O contraste de microbolhas tem se
mostrado bastante seguro e com rarissimas reacoes adversas graves. Apresentaremos nesta revisao a técnica para o uso desse
contraste na ultrassonografia, bem como as principais aplicagoes na faixa pediatrica, como avaliagao das lesdes hepaticas focais,
do trauma abdominal, do enxerto hepatico e renal nos transplantes, das algas intestinais e da pesquisa de refluxo vesicoureteral. E
importante que radiologistas que exercam funcdes em centros pediatricos conhegam essa ferramenta promissora.

Unitermos: Pediatria; Ultrassonografia; Meio de contraste.

INTRODUCTION

Ultrasound is one of the main diagnostic imaging tools
in pediatrics. It is a widely available noninvasive examina-
tion that does not require ionizing radiation or anesthesia,
as well as having excellent anatomical resolution (espe-
cially in younger patients). Considered the examination
of choice in many clinical scenarios, ultrasound is used
almost universally in the field of pediatrics.

Ultrasound contrast media have been available on the
market since the end of the 1990s". Microbubbles are ba-
sically gas-liquid emulsions that generate an intense signal
when exposed to ultrasound, which is why they are also
known as “echo enhancers”. This new method has further
broadened the range of ultrasound applications, allowing
the microvasculature of organs to be evaluated, as well as
intracavitary injection and the quantification of perfusion,
to name a few examples®.

In pediatrics, the clinical application of contrast-
enhanced ultrasound has lagged in relation to its use in
adults, although recent advances in pediatric radiology re-
search and the approval by regulatory agencies of certain
specific uses have resulted in a progressive increase in

the clinical use of this technique in pediatric patients®.
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Therefore, contrast-enhanced ultrasound in children has
gained more and more prominence, especially in the eval-
uation of the liver, kidneys, and bowel loops, as well as
in the diagnosis of vesicoureteral reflux, thus establish-
ing itself as a viable alternative—and in some cases even
a preferable alternative—to other diagnostic techniques.

MICROBUBBLE CONTRAST AGENTS

The development of microbubble contrast agents
dates back to the studies of Gramiak et al.¥), in 1968, who
noted what they called the “cloud of echoes” when they
analyzed the effects of injecting saline solution through an
intra-aortic catheter.

For a long time, the application of microbubble con-
trast agents was limited, especially because there was no
product that was able to persist in the intravascular environ-
ment after passing through the pulmonary circulation. The
first contrast agents that were more stable and were there-
fore able to reach the systemic circulation efficiently’®, did
not emerge until the second half of the 1990s.

Currently, the vast majority of commercially available
microbubble contrast agents consist of an inert gas encap-
sulated in a shell. It should be noted that some authors

321



Takahashi MS et al. / Contrast-enhanced ultrasound in pediatrics

classify contrast agents as “first generation” when the gas
within the shell has a lower diffusion coefficient and is
therefore less stable and as “second generation” when
the gas within the shell has a higher diffusion coefficient
and is therefore more stable. Currently, the commercially
available contrast media are all second generation contrast
agents.

The only contrast medium approved by the US Food
and Drug Administration for use in pediatric patients is
Lumason/SonoVue (Bracco Diagnostics Inc., Monroe
Township, NJ, USA), which is indicated for the evaluation
of focal liver lesions and for the investigation of vesicoure-
teral reflux. Any other contrast media and applications are
considered off-label in most countries, including Brazil.

SAFETY

There are currently two main routes of administration
for contrast-enhanced ultrasound in children: intravenous
application and intracavitary application.

Currently, the only absolute contraindication to the
use of SonoVue (the only microbubble contrast agent
commercially available in Brazil at this writing) is a his-
tory of hypersensitivity to some component of the contrast
medium itself.

Intravenous application of microbubble contrast is rec-
ommended in the evaluation of the perfusion of various tis-
sues and organs, such as the liver, kidneys, and bowel loops.
After the intravenous administration of the contrast medi-
um, the microbubbles remain restricted to the intravascular
space, without entering the interstitium or parenchyma of
the organs. Second-generation contrast agents usually per-
sist in the circulation for approximately 10 min, and the gas
is gradually excreted by the lungs as the microbubbles burst.
The safety profile of intravenous application was extensively
studied in a large cohort study of 23,188 adult patients who
underwent these examinations, side effects being observed
in only 29 cases, none of which evolved to death—severe
in three, moderate in three, and mild in 23®. In a recent
study of 312 children undergoing this type of examination,
mild cutaneous reactions were observed in three patients
and hypotension (reversed after pharmacological measures)
was observed in three patients”®.

In the vast majority of cases, the intracavitary applica-
tion of microbubble contrast in pediatric patients is used
in order to investigate vesicoureteral reflux. In this type of
examination, also known as urosonography, the contrast
medium is injected into the bladder by a bladder probe.
Intracavitary application has proven to have an excellent
safety profile, a retrospective study of 4,313 examinations
in children showing that there were no adverse reactions

that could be related exclusively to the use of contrast®.

TECHNIQUE

A scanner equipped with specific contrast-enhanced
ultrasound hardware and software is required in order
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to perform contrast-enhanced ultrasound. In general, it
is desirable that the scanner be able to generate images
based on inverted pulse harmonics, with pulse subtrac-
tion, to achieve greater contrast enhancement.

Because the interaction between the ultrasound beam
and the microbubbles provokes more rapid destruction of
the contrast agent, a low mechanical index (usually below
0.1) and the focus centered in the deeper portion of the
image are needed in order to mitigate this destructive ef-
fect and increase the half-life of the contrast agent.

Prior to the injection of contrast medium, the regions
of interest should always be analyzed with the ultrasound
scanner in the contrast-specific mode in order to identify
possible points that have hyperechoic areas, thus avoiding
any uncertainties that may arise following the injection.

For examinations in which quantitative perfusion
analysis is desired, a video clip is acquired with the trans-
ducer in a static position from prior to the injection un-
til at least two minutes afterward, to perform a dynamic
analysis of the region of interest.

APPLICATIONS
Focal liver lesions

In children, focal liver lesions may be detected as inci-
dental findings during an abdominal evaluation for pain or
other unrelated causes, in previously healthy children, or
even in children with an underlying disease (liver disease
or neoplasia).

The incidence of liver lesions in children is low (0.4—
1.9 cases per 1,000,000 population) and is typically be-
nign in approximately one third of the cases'?.

Conventional ultrasound is the initial examination
of choice for the evaluation of focal liver lesions in chil-
dren and, when used in association with a color Doppler
study, provides great assistance in narrowing the differen-
tial diagnosis on the basis of characteristics such as cal-
cifications, vascularization, size/number of lesions, and
t1112), However, in some cases, the
findings are inconclusive and an additional examination is
required, typically axial computed tomography or magnet-
ic resonance imaging, which, despite several advantages,
also present more risks and higher costs.

Recent studies have shown that contrast-enhanced

vascular involvemen

ultrasound presents similar or even greater sensitivity and
specificity than do axial methods for the diagnosis of focal
liver lesions, often serving to elucidate the inconclusive
results of computed tomography and magnetic resonance
imaging'®. In a cohort of 44 pediatric patients, Jacob et
al." demonstrated that contrast-enhanced ultrasound
had a specificity of 98% for reclassifying nodules catego-
rized as indeterminate in other types of examinations as
benign nodules.

The assessment of focal liver lesions by contrast-
enhanced ultrasound in children is always preceded by a
thorough ultrasound evaluation without liver contrast, in
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order to identify and characterize the specific lesion to be
evaluated.

Contrast-enhanced ultrasound begins once the lesion
is localized. The dose approved by SonoVue for hepatic
evaluation, which is approved by the Food and Drug Ad-
ministration for children, is 0.03 mL/kg, with a maximum
dose of 2.4 mL. The first two minutes of the examination
should be recorded on the scanner as a video clip. Static
images should be obtained up to five minutes from the start
of injection for further analysis. If the results of the ex-
amination are not satisfactory or if there is more than one
suspected lesion, an additional dose of the contrast agent
equal to that of the initial injection can be considered.

The enhancement patterns of focal liver lesions in
contrast-enhanced ultrasound have been well document-
ed"®. Benign nodules typically have specific enhance-
ment patterns, depending on their nature (Figures 1 and
2), whereas malign nodules typically show a more consis-
tent pattern of intense enhancement in the arterial (hy-
pervascular) phase and early washout during the portal
venous phase (Figure 3).

Abdominal trauma

The use of focused assessment with sonography for
trauma is currently one of the pillars of care for patients
with abdominal trauma. This technique provides great

Figure 1. A 14-year-old patient with a liver nodule identified as an incidental finding on ultrasound. A: Simultaneous B-mode and Doppler intensity ultrasound
images (left and right, respectively), showing a nodule (arrows on the left) that is slightly hypoechoic in relation to the liver parenchyma, with a hypoechoic center
(central scar; arrowhead on the left). On the color Doppler image, a central artery appears as a star-shaped image (arrows on the right). B: After administration
of the contrast medium, ultrasound showed a central artery in a star shape (arrows). C: Subsequent centrifugal enhancement, with complete contrast filling

and persistence in the delayed phases (arrows).
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Figure 2. A 12-year-old patent with chronic liver disease and multiple nodules on ultrasound. A: B-mode ultrasound showing multiple hypoechoic nodules
(arrows). B: On contrast-enhanced ultrasound, note that the enhancement of the nodules is similar to that of the adjacent liver parenchyma, on the arterial,
portal venous, and delayed-phase images, without washout, consistent with regenerative nodules.

Figure 3. A seven-year-old patient with a history of resected right adrenal car-
cinoma. A follow-up conventional ultrasound scan had detected hypoechoic
and heterogeneous nodules. Contrast-enhanced ultrasound showing lesions
with early washout in relation to the liver parenchyma (arrows), consistent
with metastasis.

sensitivity in the detection of free fluid in the abdominal
cavity. This finding is usually related to the lesion of an
abdominal organ. Unfortunately, the technique is limited
to more specific identification of the lesion site, because
lacerations of solid viscera are hardly ever characterized
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directly on ultrasound imaging. The use of intravenous
contrast medium overcomes this limitation because it al-
lows the areas of visceral laceration to be determined'®,
as illustrated in Figure 4.

In the context of abdominal trauma, contrast-enhanced
ultrasound can be used basically in two scenarios: the initial
evaluation of patients who are hemodynamically stable; and
the follow-up of previously diagnosed traumatic lesions.

In the initial evaluation of trauma, administration of
the contrast medium is divided into two boluses: the first
is used to evaluate the organs present in the right hypo-
chondrium (liver, right kidney, right adrenal gland, and
part of the pancreas) and the second dose to evaluate the
organs present in the left hypochondrium (spleen, left
kidney, left adrenal gland, and part of the pancreas). The
evaluations should always begin with the kidney, because
contrast enhancement occurs faster in the kidney than in
the liver or the spleen.

In the follow-up examination of traumatic injuries,
there is no need to use two boluses, because the lesions
have been previously diagnosed and their location is
known. Visceral lacerations have a very specific imaging
pattern and appear as areas without enhancement after
injection of the contrast medium (Figure 4).

Transplantation in children

The two main applications of contrast-enhanced ul-
trasound in the evaluation of solid organ transplantation
in children are kidney transplantation'® and liver trans-
plantation!”). The great advantage of this method is that it
provides a more detailed evaluation of vascularization and
of graft perfusion, precluding the need to move the patient

to the diagnostic center.
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Figure 4. A nine-year-old patient with abdominal trauma from a domestic accident. A: Conventional ultrasound showing slightly hypoechoic and heterogeneous
areas in the right lobe of the liver, with ill-defined borders (arrows). B: After administration of contrast medium, ultrasound clearly showed a laceration in the
right lobe (arrows). C: Computed tomography scan acquired on the same day, showing lacerations (arrows).

In cases of renal transplantation, contrast-enhanced
ultrasound can be used for the qualitative evaluation of
graft perfusion, indicating areas of infarction that do not
show enhancement in the contrast-specific mode, as well
as for the quantitative evaluation of renal parenchyma per-
fusion (Figure 5). In the evaluation of quantitative perfu-
sion, the transducer is held in a static position prior to and
during the injection of the contrast medium in order to
generate a video at least two minutes in length. The video
is processed after the injection and, intensity curves are
generated for the determined regions of interest, which
can help differentiate, in particular, cases of acute tubular
necrosis rejection.

In cases of liver transplantation, the main application
of contrast-enhanced ultrasound is the evaluation of he-
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patic arterial patency in the initial postoperative period.
Hepatic artery thrombosis is one of the main causes of
graft loss, and it is not uncommon for patients to undergo
computed tomography angiography or conventional an-
giography to confirm the diagnosis after an inconclusive
result of a Doppler study of a graft. Contrast-enhanced
ultrasound is useful as an intermediate examination, with
greater accuracy than color Doppler ultrasound and the
advantage of being able to be performed at the bedside, as
well as having few contraindications.

Bowel loops

The main indication for the use of contrast-enhanced
ultrasound of the gastrointestinal tract is the evaluation
of patients with inflammatory bowel disease (Figure 6). It
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Figure 5. Quantitative assessment of perfusion without signs of graft dysfunction in a patient who underwent kidney transplantation. Note the homogeneous
contrast enhancement of the graft, the enhancement curves showing a preserved time to peak, without perfusion asymmetry between the renal cortex and

the renal pyramids.
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Figure 6. A 15-year-old patient, under follow-up treatment for Crohn’s disease, with abdominal pain and suspected exacerbation of the disease. Images after
intravenous injection of microbubble contrast medium, showing wall thickening of the sigmoid loop (arrows) on B-mode ultrasound; in the contrast-specific
mode, note the intense microbubble contrast parietal enhancement of the loop (open arrows). The anechoic structure at the bottom of the image is the full

bladder (asterisks).

can be used in order to estimate the inflammatory activity
in the loop, to distinguish between fibrosis and inflamma-
tion in a stenosed segment, and to monitor the effect of
treatment of the disease!'®.

Contrast-enhanced ultrasound allows objective data
to be obtained (peak intensity in decibels, time to peak,
area under the curve, and contrast washout time) from a
time-intensity curve.'” To acquire that curve, the radiolo-
gist first needs to determine, on conventional ultrasound,
which intestinal segment is the region of interest (typically
the segment most affected by the disease). After the re-
gion of interest has been selected, the transducer is main-
tained in a static position, scanning the same region dur-
ing and for at least two minutes after injection of contrast
medium. In addition, the intensity and pattern of the en-
hancement of the bowel loop and the adjacent mesentery
are evaluated subjectively. Contrast-enhanced ultrasound
even evaluates the complications of inflammatory bowel
disease, such as abscesses and fistulae. In the abscess, the
center is not enhanced by the microbubble contrast agent.
To evaluate the fistulae, the contrast agent can be injected
through the orifice in order to evaluate the fistulous tract.

Although contrast-enhanced ultrasound is not the
method of choice for the evaluation of tumors and intesti-
nal polyps, it can be useful in quantifying the vasculariza-
tion of lesions supposedly located in the intestinal mucosa
and can guide biopsies to avoid necrotic regions. It can
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also be useful in cases of multiple-organ transplantation,
by evaluating perfusion of the intestinal wall in the same
manner as that used for the detection of intestinal isch-
emia.

Although its use is more restricted in cases of other
inflammatory diseases such as appendicitis, diverticulitis,
and appendagitis, when the diagnosis of abscess is uncer-
tain, the peripheral enhancement and the absence of in-
ternal contrast enhancement can be highly useful??.
Voiding urosonography

One of the main applications of contrast-enhanced
ultrasound is voiding urosonography. In this application,
the contrast medium is injected into the bladder with a
probe and is most often used for the investigation of vesi-
coureteral reflux®?.

Voiding urosonography is the main alternative to void-
ing cystourethrography (VCUG) in children, excellent
agreement between the two techniques having been dem-
onstrated. In a recent review of the literature, Chua et
al.?? observed that 90% sensitivity and 93% specificity in
comparison with VCUG. In addition, voiding urosonogra-
phy presents excellent spatial and temporal resolution and
has an excellent safety profile.

With the patient positioned on the examination table,
the first step is to perform conventional ultrasound of the
kidneys and urinary tract, for structural assessment. At the

Radiol Bras. 2021 Set/Out;54(5):321-328
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end of the conventional examination, the urinary tract is
examined and documented in contrast-specific mode prior
to contrast administration, in order to identify possible ar-
eas of high echogenicity that may generate uncertainty in
the contrast phase. The patient is then fitted with a cath-
eter, which is used in order to empty the bladder. After be-
ing emptied, the bladder is slowly filled with diluted con-
trast medium (typically diluted to 2% in saline solution) in
a manner similar to that used for VCUG. During bladder
filling and voiding (the patient urinates around the cath-
eter, which usually occupies one-third of the diameter of
the urethra), the examiner constantly evaluates the paths
of the ureters and the renal pelvis in contrast-specific
mode to determine whether there is vesicoureteral reflux.
This filling/emptying process is performed at least twice.

The diagnosis of vesicoureteral reflux is established
when microbubbles are identified in the ureter or renal
pelvis (Figure 7), and the reflux can be graded in a man-
ner similar to that employed in the international system of
radiographic grading of vesicoureteric reflux®®,

The main limitation of voiding urosonography in re-
lation to VCUG appears in patients in whom ultrasound
access to the kidneys is limited (severe scoliosis) or in pa-
tients in whom there is reflux to the ureters only, because
the visualization on ultrasound can be more difficult in
such patients. It is of note that the treatment of vesicoure-
teral reflux, either by antibiotic prophylaxis or by surgery,
is recommended for most patients who are diagnosed with

high-grade reflux.

CONCLUSION

The application of contrast-enhanced ultrasound in
children has increased significantly in recent years and

Right kidney

should increase even more, given that government entities
worldwide have recently approved it for use in urological
and liver applications. It is important for radiologists, es-
pecially those who work at pediatric centers, to be aware of
this tool, its scope, and its limitations. Contrast-enhanced
ultrasound has proven to be a safe, effective technique in
many clinical scenarios. It can reduce the risks associated
with sedation, ionizing radiation, and the possible reac-
tions associated with other contrast media.
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