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Abstract

There is growing interest in the use of contrast-enhanced ultrasound (CEUS) in diagnostic and interventional radiology. CEUS
applications in interventional radiology are performed with intravascular or intracavitary administration of microbubble-based
US contrast agents to allow for real-time evaluation of their distribution within the vascular bed or in body cavities, respectively,
providing additional information beyond gray-scale US alone. The most common interventional-radiology-related CEUS appli-
cations in children have been extrapolated from those in adults, and they include the use of CEUS to guide lesion biopsy and to
confirm drain placement in pleural effusions and intra-abdominal fluid collections. Other applications are emerging in interven-
tional radiology for use in adults and children, including CEUS to optimize sclerotherapy of vascular malformations, to guide
arthrography, and for lymphatic interventions. In this review article we present a wide range of interventional-radiology-related
CEUS applications, emphasizing the current and potential uses in children. We highlight the technical parameters of the CEUS
examination and discuss the main imaging findings.
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Introduction be familiar with the techniques, applications and interpre-

tation of findings on CEUS.

Contrast-enhanced ultrasound (CEUS) is increasingly be-
ing used as an imaging modality in diagnostic radiology,
with a wide number of applications. In recent years, the use
of CEUS has expanded to interventional radiology (IR) as
well, and it is important for the interventional radiologist to
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Pediatric interventional radiologists are often adept at using
US for guidance during procedures, and in certain IR applica-
tions, agitated saline is already used as an inexpensive medium
to generate a temporary contrast effect with US [1, 2]. With the
development of commercial ultrasound contrast agents
(UCAs), however, stabilized inert gas-filled microbubbles have
enabled improvement in the contrast resolution and in the du-
ration of the contrast effect. As a result, there has been a rapid
growth in the use of CEUS as an adjunct or problem-solving
tool in both adult and pediatric IR. Similar to diagnostic CEUS
applications, microbubbles are injected through an intravenous
(IV) line or administered percutaneously into cavities through
needles or catheters.

Contrast-enhanced US examinations with IV administra-
tion of microbubbles provides dynamic assessment of the en-
hancement patterns of different tissues and lesions. In adult
IR, common IV CEUS applications include guiding biopsy of
lesions that are inconspicuous or poorly visible on gray-scale
US and evaluating residual enhancing tumor after percutane-
ous ablation or embolization [3—8]. Other highly technical
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procedures utilizing IV CEUS include its use in guiding
endoleak repair, arteriovenous fistula intervention, and pros-
tatic artery embolization [3, 7, 9—11].

Contrast-enhanced US examination with intracavitary
UCA administration in adults is performed to confirm the
correct placement of tubes and drains within physiological
body cavities such as pleural, biliary or gastrointestinal loca-
tions; or non-physiological cavities such as abscesses or fluid
collections; and to assess for possible communications or fis-
tulous tracts between regions [12—14].

The adoption of CEUS in pediatric IR, however, has been
slower, and barriers for more widespread use include a lack
of user experience and available equipment, off-label use of
US contrast agents, a different cohort of common interven-
tional procedures in children, and potential costs relative to
gray-scale US. Common IR CEUS applications in children
have been adapted from their use in adults and include
CEUS to guide lesion biopsy and to confirm the correct
position of drains [15]. Other IR CEUS applications are only
recently being developed in children, including adjunctive
guidance during sclerotherapy of vascular malformations
and during arthrography, and confirmation of the intra-
nodal position of needles for subsequent magnetic resonance
lymphangiography [16].

The benefits of CEUS for pediatric diagnostic imaging
are mirrored in IR and include the lack of ionizing radia-
tion, high temporal and spatial resolution, increased lesion
conspicuity, bedside applications, and a low adverse event
profile from the UCA. Although the cost of CEUS exam-
ination is greater than that of US alone, the overall cost-
effectiveness of a CEUS program in a pediatric radiology
department has been demonstrated [17].

In this review article, we present a wide range of IR CEUS
applications with an emphasis on children. We highlight the
technical aspects of the CEUS examination and interpretation
of the main imaging findings. Typical pediatric case exam-
ples, in which CEUS can impact the success of the interven-
tional procedure and patient management, are discussed.

Intravenous contrast-enhanced ultrasound
technique for interventional applications

The United States Food and Drug Administration (FDA) ap-
proved sulfur hexafluoride lipid-type A microspheres (known
as Lumason from Bracco Diagnostics, Monroe Township, NJ;
and SonoVue from Bracco, Milan, Italy) for three pediatric
applications: characterization of liver lesions and echocardi-
ography following IV injection, and vesicoureteral reflux de-
tection following intravesical administration. All other appli-
cations in the field of pediatric diagnostic radiology or IR are
performed off-label. More off-label uses are gradually being

instituted in pediatric diagnostic and interventional US as their
clinical value becomes clearer.

The dose of Lumason for IR-related IV CEUS applications
in children is 0.03 mL/kg, the same as for diagnostic imaging,
up to a maximum of 2.4 mL per injection. The total dose
administered, however, is adjusted based on the patient size
and the organ being imaged, as well as the choice of transduc-
er and image settings. If high-resolution linear transducers are
needed, the dose might need to be increased up to two-fold.

A nurse or technologist administers the contrast agent while
the interventional radiologist performs the procedure. It is im-
portant to discuss with the staff providing sedation or anesthesia
that IV access might be temporarily occupied while the contrast
agent is given. The contrast agent is injected slowly at a rate of
1 mL/s through a peripheral IV catheter, preferably 22-gauge or
larger, or a central venous catheter, and is followed by a 10-mL
saline flush. To decrease microbubble destruction, the contrast
agent should be administered without the use of a hemostatic
cap on the catheter. If a 3-way stopcock is used, the contrast
agent should be injected through the port in-line (180°) with the
IV cannula. Central venous catheters can be used for UCA
administration if aseptic technique is used, and contrast arrival
times are usually shorter than for peripheral injection. However,
the use of central venous catheters is discouraged if peripheral
venous access can be easily achieved.

Following bolus injection, the echogenic effect of the cir-
culating microbubbles peaks within about 1 min and lasts for
approximately 5 min. To prolong enhancement compared to
single-dose bolus injection, continuous infusion of diluted
UCA via gravity drip or a dedicated power pump can be used,
as shown in studies in adults; for Lumason, an infusion rate of
0.5-1.0 mL/min has been reported [18].

When planning a procedure, such as for tissue biopsy, re-
peat dosing can be performed as needed [3]. In this setting,
one IV UCA dose is injected after the child is sedated/
anesthetized and before he or she is draped to identify the
lesion and nearby landmarks, determine the optimal sono-
graphic window, plan needle trajectory, and optimize imaging
parameters. Then either the biopsy is guided by the findings of
this pre-biopsy CEUS scan, or a second dose is injected just
before deploying the biopsy instrument during the procedure.
The latter approach is particularly helpful while targeting
small lesions [3]. A dual-display mode, where both the gray-
scale and contrast-enhanced images are displayed side by side,
allows for simultaneous anatomical orientation and accurate
lesion identification. If necessary, a third UCA dose can be
administered after the procedure to confirm that the biopsy
tract traversed the enhancing target lesion or to assess for
post-procedural complications, such as bleeding or other vas-
cular injuries.

In general, about 10-min intervals between bolus injections
usually suffice for intravascular clearance. Alternatively, to
accelerate microbubble destruction between injections,
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switching to color Doppler mode or applying flash technique
is used to deliver a high mechanical index insonation that
bursts the microbubbles.

Intracavitary contrast-enhanced ultrasound
technique for interventional applications

Prior to the procedure, the UCA is reconstituted and drawn
into a syringe for sterile administration into a cavity through a
needle or catheter placed percutaneously. In general, when the
UCA is administered within a cavity, it should be substantially
diluted compared to intravascular administration because the
fluid volume confined within the cavity is much lower than
the circulating blood volume [10]. If the contrast agent is too
concentrated, a strong posterior acoustic shadow might appear
and limit far-field visualization. If this occurs, it might be
necessary to either burst the microbubbles within the cavity
by sonication or withdraw the contrast agent from the cavity
and then re-administer a more diluted solution. Once within a
cavity, UCA might have little or no movement compared to
the constant flow with the vascular circulation, which further
lends to agent stability [15, 19].

Aside from intravesical administration where a 0.2%
solution is utilized, there are no manufacturer dose recom-
mendations for intracavitary UCA use. Depending on the
indication, the dilution index can range from a few drops of
contrast agent (0.1-0.2 mL) to 1-2 mL in 10 mL or more of
normal saline [7, 10, 13, 15]. The dilution index can then
be titrated to optimize visualization of the cavity as needed.
In vitro studies have shown that SonoVue/Lumason is sta-
ble in a diluted state and provides sufficient backscatter
echoes that last up to 20-30 min [19].

Contrast-enhanced ultrasound imaging
findings in interventional applications

Aspiration and drainage

Aspiration and drainage of intra-abdominal fluid collections
and pleural effusions are among the most common procedures
in IR. On US, the imaging features of an abscess vary depend-
ing on the stage of its evolution, but it is often visualized as a
poorly defined isoechoic or anechoic lesion surrounded by an
irregular, typically hyperemic outer rim. CEUS can accurately
confirm the presence of an abscess and assess its size and
morphology. On IV CEUS, an abscess appears as a central
non-enhanced area with a rim of peripheral enhancement [20].

Once an abscess is detected, fluid aspiration and drain in-
sertion are usually performed under direct US visualization. In
this setting, the diluted UCA can be administered through the
drainage catheter to confirm appropriate access to the
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collection, wherein UCA will disperse within but remain con-
fined by the abscess cavity. Intracavitary CEUS can be useful
to identify potential communication between loculations in a
complex collection because the UCA instilled into one region
should opacify all connected areas [7, 9, 13].

The utility of CEUS for drainage is demonstrated in the
management of appendicitis and complicated pneumonia,
both of which are frequently encountered in pediatric IR.
Appendiceal perforation occurs in up to 30% of children with
appendicitis and can result in abdominopelvic abscesses [21,
22]. When drainage is indicated in children with multiple col-
lections, intracavitary administration of diluted UCA through
the initial drain placed can reveal whether the abscess is
loculated or a single cavity. If multiple loculations are present
without robust communication between them, additional
drainage sites might be needed (Fig. 1).

Pneumonia is considered complicated when it is associated
with a parapneumonic effusion, empyema or lung necrosis
progressing to a parenchymal abscess. It is estimated that
parapneumonic effusion or empyema is present in 1-10% of
community-acquired pneumonia cases [23]. In the setting of a
superficial lung abscess, IV CEUS helps to differentiate the
consolidated lung parenchyma that enhances uniformly from
the non-enhancing regions associated with a pulmonary ab-
scess, which can be difficult to discern from each other on
gray-scale and Doppler imaging in the early stages of infec-
tion. Therefore, by use of CEUS, the interventional radiologist
can decrease the amount of normal lung traversed during drain
placement (Fig. 2) [10, 24].

Similar techniques are adopted for post-procedural drain
management. For example, when the output of an indwelling
drain is unexpectedly low, bedside intracavitary instillation of
UCA solution through the catheter can both (1) assess the
position of the drain within the thoracic or abdominal collec-
tion and (2) evaluate for persistent loculations that require
fibrinolytic agents to facilitate drainage [24]. When the drain
is ready to be removed, CEUS can be used to identify any
residual collection and assess for any fistulae that would pre-
clude catheter removal.

Biopsy

A target lesion for a biopsy procedure that is well-seen on
MRI or CT might be inconspicuous on US, making a US-
guided procedure technically challenging and increasing the
potential for a non-diagnostic result. In this setting, CEUS can
improve detection of the lesion and guide tissue sampling
(Fig. 3) [3, 5, 10].

The capacity of CEUS to provide differential enhancement
between the targeted lesion and the surrounding tissue enables
better delineation of the lesion’s size and borders and of
intralesional features. Specifically, CEUS readily distin-
guishes between the enhancing tumor and non-enhancing
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Fig. 1 Complex fluid collections in a 10-year-old girl presenting with
vomiting and abdominal pain following appendectomy for appendicitis.
a Contrast-enhanced CT of the pelvis, coronal reformat, shows complex
fluid collections in the right lower quadrant (upper arrow) and pelvis
(lower arrow) with a possible thin connecting channel extending
between them (arrowheads). b Intravenous-contrast-enhanced axial CT
of the pelvis shows a complex fluid collection within the pelvis (arrows),
with a peripherally enhancing wall located anterior to the rectum and
extending anteriorly (arrowheads). ¢ Contrast-enhanced ultrasound
(CEUS) performed following the placement of a transrectal drainage

intralesional elements, such as cystic or necrotic areas and
hemorrhage. For larger or heterogeneous tumors with varying
degrees of central necrosis, IV CEUS can accurately demon-
strate the portions of the tumor that are solid or more vascular,
which correspond to areas of viability not evident on gray-
scale or color Doppler imaging (Fig. 4; Online
Supplementary Material 1) [25]. This information helps to
direct biopsy toward the viable region, which is important

Fig. 2 Lung abscess in a 1-year-old girl presenting with fever and
respiratory symptoms that did not respond to antibiotic therapy. a
Contrast-enhanced CT of the chest, coronal reformat, shows a large
thick-walled multiloculated rim-enhancing fluid collection (arrow)
occupying the right upper lobe. It is predominantly hypoenhancing and
also contains a few tiny foci of gas, compatible with a lung abscess. b
Contrast-enhanced ultrasound (CEUS) was performed with intravenous
administration of ultrasound contrast agent prior to abscess drainage.

catheter into the pelvic fluid collection component. Ultrasound contrast
agent solution was injected through the transrectal drainage catheter to
assess whether the components of the collection connected with each
other. Axial CEUS in contrast-only mode shows the contrast agent
microbubbles fill the pelvic collection (asterisk) in a configuration
mirroring that on the axial CT image (b). The microbubbles failed to
communicate with the right lower quadrant collection (not shown). In
this case, CEUS was used as a problem-solving tool, changing the
management by prompting an additional drain placement

not only for obtaining a histological diagnosis but also for
providing the specimens needed for advanced pathological
analysis, such as molecular profiling, next-generation se-
quencing and biobanking. At the same time, [V CEUS can
minimize procedural morbidity by elucidating blood vessels
or adjacent structures that should be avoided during biopsy.
Studies have shown CEUS is beneficial for biopsy of liver,
pancreatic, renal, soft-tissue and peripheral lung lesions [5, 6,

RT THORAX

Simultaneous display of gray-scale (/eff) and contrast-enhanced (right)
modes in the coronal plane shows the necrotic components of the
abscess as non-enhancing areas (asterisks), while there is enhancement
of the adjacent consolidated lung (arrows). In this case, CEUS was an
adjunct tool that enabled accurate differentiation between the abscess
cavities and the consolidated lung. This information was important for
precise placement of the percutaneous drainage catheter
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Fig. 3 Biopsy in a 13-year-old girl with a history of osteosarcoma and
medulloblastoma who presented with new liver lesions detected on
screening whole-body MRI. a Axial fat-saturated T2-weighted MRI
shows a T2-hyperintense lesion in liver Segment III (arrow) near the
stomach (asterisk). b Axial gray-scale US shows no visible mass in the
region adjacent to the stomach (asterisk). ¢ Axial contrast-enhanced

26, 27]. Specifically, the use of real-time CEUS for guiding
liver lesion biopsy increased diagnostic accuracy in small le-
sions (<2 cm) and increased the diagnostic yield 10-15% by
decreasing the false-negative rate [3, 28].

Genitourinary system

Percutaneous nephrostomy placement is also a common pro-
cedure in adult and pediatric IR and can be performed in both
dilated and non-dilated systems. The main indications for
nephrostomy tube insertion are to relieve urinary tract obstruc-
tion, to provide urinary tract diversion (e.g., following ureteral
injury or hemorrhagic cystitis), and to gain access to the uri-
nary tract for subsequent intervention (e.g., stone removal,
dilation/stenting of a ureteral stricture) [29—31]. Elements of
this procedure are, by convention, performed with fluoroscop-
ic guidance; however, some of these can be modified by
CEUS, thereby decreasing ionizing radiation exposure [32].

For example, CEUS can be used to aid in accessing the
collecting system. For dilated systems, a small amount of di-
luted UCA is placed within the access needle, and once it
enters the collecting system, the contained UCA can be seen
refluxing out of the needle because of the increased back pres-
sure of urine within the obstructed system, indicating success-
ful access. As the UCA is gently instilled into the renal pelvis,
it should flow away from the needle tip. Conversely, amor-
phous pooling of contrast agent outside the collecting system
margins can indicate misplacement [12].

In certain circumstances, percutaneous nephrostomy is re-
quired in non-dilated or minimally dilated collecting systems
to create an access route (e.g., for subsequent stone removal)
[32]. This procedure can be technically challenging because
the calyces might be inconspicuous from the adjacent renal
parenchyma. Because microbubbles administered intrave-
nously are not excreted into the collecting system, IV CEUS
can be used to differentiate the enhancing renal parenchyma
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ultrasound (CEUS) performed with intravenous contrast administration
at the time of biopsy identifies a hyperenhancing lesion (arrow)
corresponding to the MRI findings. In this case, CEUS increased the
operator’s confidence and directed the biopsy needle into a lesion that
was not visible on gray-scale US. The pathology was diagnostic of focal
nodular hyperplasia

from the non-enhancing collecting system and help direct cor-
rect placement of the nephrostomy tube [9, 32].

Following successful percutaneous nephrostomy insertion,
an antegrade nephrostogram can be performed with direct
administration of diluted UCA through the nephrostomy cath-
eter. This technique is useful for evaluating the passage of
contrast agent from the renal collecting system and into the
bladder and for identifying any points of obstruction [12, 32,
33]. Similarly, this can be performed to assess the patency of a
ureteric stent by ensuring free passage of contrast agent into
the bladder and unobstructed ureteric drainage. If bilateral
nephrostograms are necessary to evaluate the patency of both
the right and left collecting systems, then complete drainage of
the bladder or bursting of microbubbles by sonication is nec-
essary before examining the contralateral side. Compared to
fluoroscopic assessment alone, CEUS is more sensitive at
assessing ureteral patency, which can enable an earlier cap-
ping trial or drain removal [32]. CEUS also accurately iden-
tifies possible complications, such as urine leak or uretero-
enteric fistulae, with high spatial and temporal resolution [12].

Children with simple renal cysts might be referred for
percutaneous sclerotherapy because of persistent flank
pain; however, these cysts can be difficult to differentiate
from calyceal diverticula. When other imaging modalities
are unable to make this distinction prior to the procedure,
CEUS can be useful for further characterization. In this
setting, the UCA is injected through the percutaneous
puncture directly into the cystic lesion to clarify the anat-
omy and reveal any communication with the collecting
system or bladder (Online Supplementary Material 2).
This clarification is crucial for subsequent management
because sclerotherapy can proceed when a renal cyst is
identified. Management options differ for a calyceal di-
verticulum because communication with the renal
collecting system would be a contraindication to the ad-
ministration of a sclerosing agent.
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Fig. 4 Biopsy in a 15-year-old boy with large liver mass (same boy
depicted in Online Supplementary Material 1). a Axial fat-saturated T2-
weighted MRI shows a large heterogeneous mass occupying part of the
right hepatic lobe (arrowheads). b Axial color Doppler US shows the
mass as diffusely hyperechoic with no appreciable internal flow signals.
Doppler flow is noted within the adjacent normal liver parenchyma.
Discrimination between viable soft tissue and areas of necrosis is
limited based on the gray-scale and Doppler US findings. ¢ Contrast-
enhanced ultrasound (CEUS) with intravenous contrast agent and
simultaneous display of gray-scale (leff) and contrast (right) modes in

Hepatobiliary system

Evaluation of the biliary tree is usually performed by either
magnetic resonance cholangiopancreatography or fluoroscopi-
cally guided percutaneous transhepatic cholangiography [34].
Similar to accessing a non-dilated renal collecting system,
intraductal CEUS can be useful for accessing decompressed
biliary systems, which might be encountered in the setting of
a split liver transplant, where duct dilation is less apparent, or in
the setting of bile leakage, primary biliary cirrhosis, and prima-
ry sclerosing cholangitis [35]. After the needle is thought to be

the axial plane. CEUS examination was performed immediately prior to
firing the biopsy needle. A large non-enhancing area is seen centrally
within the mass, in keeping with tumor necrosis; however, CEUS
clearly identifies nodular enhancing tissue in the periphery of the mass
(arrowheads) that corresponds to viable tissue. Of note, a track (asterisk)
is seen within the non-enhancing component of the tumor from a non-
diagnostic biopsy performed 2 days prior without CEUS guidance. In this
case, CEUS was crucial for accurate planning of the biopsy trajectory,
and sufficient viable tissue was obtained for the diagnosis of
undifferentiated embryonal sarcoma

positioned in the bile duct, the UCA is injected to confirm
intraductal access, whereby contrast agent flows toward the
liver hilum. CEUS has the benefit that if microbubble extrava-
sation develops from extra-ductal administration, it can easily
be eliminated by sonication, allowing for immediate repeat US-
guided puncture to be performed.

In critically ill children with cholecystitis who cannot be
transported to the IR suite, bedside percutancous
cholecystostomy tube insertion under US guidance can be per-
formed. In this setting, intracavitary CEUS can confirm the
correct catheter placement by demonstrating UCA collecting
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Fig. 5 Contrast-enhanced ultrasound in a 12-year-old girl with a history
of acute myeloid leukemia status post percutaneous cholecystostomy
drain placement with persistently elevated bilirubin levels that were
suspicious for drain occlusion or common bile duct obstruction. a
Fluoroscopic image from the cholangiogram performed shortly after
placement by direct administration of iodinated contrast medium via the
gallbladder drain. The gallbladder is opacified with iodinated contrast
agent, and there is obstruction of the cystic duct caused by numerous
filling defects, in keeping with obstructing sludge (circle). No contrast

in the gallbladder lumen without extravasation. Similarly, cystic
duct patency can be evaluated by monitoring the contrast flow
from the cystic and common bile ducts to the duodenum
(Fig. 5) [36].

Gastrointestinal system

Penetrating Crohn disease, marked by abscess and fistulae, oc-
curs in 20-40% of affected patients during the course of the
disease [37]. In this setting, the interventional radiologist can
perform CEUS to guide abscess drainage and to evaluate for
fistulous communications. Following CEUS-guided abscess
drainage, diluted UCA is injected through the catheter into the
abscess cavity. When a fistula is present, contrast microbubbles
will flow in a duct-like structure between the abscess cavity and
into the neighboring bowel. Fistulae located in the deep pelvis
or retroperitoneal locations, however, might have limited visi-
bility on CEUS [38, 39]. Enteric fistulae are often difficult to
visualize on US, and confirming the presence and the location
of a fistulous tract and delineating its anatomical features can
greatly inform management decisions.

Intracavitary CEUS can also be used to assess the position
of a gastrostomy tube after dislodgement and replacement.
Instead of confirming with fluoroscopy prior to using the tube,
diluted UCA can be administered into the tube at the bedside
to confirm appropriate placement; if the tube has been re-
placed appropriately, CEUS shows contrast agent within the
gastric lumen without extraluminal extravasation [13].
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agent passed into the duodenum. b Axial contrast-enhanced ultrasound
(CEUS) performed with direct administration of the US contrast agent
suspension through the cholecystectomy drain a week after placement.
Echogenic microbubbles delineate the gallbladder (asterisk), which
appears normal in size with homogeneous opacification of its lumen.
There is contrast agent progression from the gallbladder to the
duodenum (arrowhead), confirming the drain and cystic duct patency,
and the common bile duct obstruction. In this case, CEUS provided
accurate diagnostic information, sparing the further use of fluoroscopy

Vascular malformations and lymphatic interventions

Vascular malformations are complex congenital lesions com-
prising an abnormal network of interconnecting vascular
channels. These lesions can affect any tissue or organ and
can be infiltrative in nature, usually involving multiple tissue
planes [40, 41]. Gray-scale US coupled with color/power
Doppler is useful for diagnosis and allows the delineation
between slow-flow lesions (e.g., often venous and lymphatic
malformations) and high-flow lesions (e.g., arteriovenous
malformations). While MRI is the imaging modality of choice
for assessing the size and degree of these lesions, CEUS can
provide further definition of lesions that are more difficult to
visualize with gray-scale and color/power Doppler imaging.
IR plays an important role in the management of these
malformations, with treatment options such as embolization
and sclerotherapy, and CEUS is emerging as an adjunct guid-
ance modality during intervention [42, 43].

During sclerotherapy, US is used to guide percutaneous
access into the vascular channels of a venous malformation.
Here, UCA can be directly injected through the needle to
achieve intralesional opacification. The ability of CEUS to
image in multiple planes, and its superior spatial resolution
over fluoroscopy, might improve visualization of an outflow
vein and subsequent occlusion, thereby potentially decreasing
the risk of non-target sclerotherapy. In the absence of robust
venous outflow, UCA can be directly injected into the
intended treatment area to determine the volume of the lesion
being treated. Areas of the lesion identified on gray-scale US
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and other imaging modalities that do not fill with contrast
agent would require separate access points for treatment
(Fig. 6). Importantly, CEUS should be performed before
foam-based sclerotherapy because the presence of air limits
sonographic evaluation following injection.

Similar to the evaluation in venous malformations, CEUS
can be performed prior to sclerotherapy of lymphatic
malformations. After direct percutaneous access into a cyst
of the lymphatic malformation with a needle or catheter,
microbubbles are directly instilled to assess for communica-
tion between the cystic spaces. Importantly, if there are large
cysts, fluid aspiration is performed prior to UCA administra-
tion to avoid overfilling or rupture, as well as to determine the
volume of the lesion prior to sclerosis. This pre-treatment
information is valuable because non-communicating cysts re-
quire additional, separate access to ensure complete treatment
of the malformation. Furthermore, UCA can be mixed with a
non-foamed sclerosing agent to delineate the distribution of
this mixture in real-time and to monitor for possible extrava-
sation into normal soft tissues. Aside from the lack of ionizing
radiation, CEUS has the advantage of evaluating the proxim-
ity of the lymphatic malformations to adjacent critical struc-
tures, such as the airway.

Recently, interventional radiologists have also used quanti-
tative analysis of IV microbubble flow in the capillary micro-
circulation to estimate therapy outcomes, specifically by mon-
itoring induced capillary changes of vascular malformations
after percutaneous treatment [44, 45].

Additional applications in interventional radiology

Interventional radiologists are often consulted to guide manage-
ment decisions in children potentially requiring image-guided
intervention. For example, if there is a concern for active bleed-
ing after trauma or iatrogenic injury, IV CEUS offers superior

temporal resolution and can be performed over the area of con-
cern to evaluate for arterial contrast extravasation (which would
prompt angiography and embolization), slow venous bleeding
or the presence of a pseudoaneurysm [46]. Similarly, if the child
continued to demonstrate a downtrend in hemoglobin levels, a
repeat CEUS should be considered as an alternative to serial CT
scanning because CEUS might be logistically easier and avoid
the additional radiation exposure.

Intravenous CEUS can also be used to quickly triage
patients when there is a concern for venous thrombosis.
For example, slow flow in the portal vein is known to
mimic portal vein thrombosis on color/power Doppler im-
aging. Instead of transporting the child for a contrast-
enhanced CT, clinicians could easily and quickly perform
CEUS concomitant with the liver US to confirm findings
prior to any other intervention (Fig. 7).

Emerging interventional radiology
applications

Additional CEUS applications include those used in adult IR
that have not been fully translated to children, such as guid-
ance during oncological interventions, arthrography, and di-
agnostic and therapeutic lymphangiography [8].
Percutaneous ablation of solid abdominal tumors is an on-
cological intervention that involves the placement of ablation
probes into the tumor under image guidance [7]. Ablation
modalities, such as radiofrequency ablation, microwave abla-
tion and cryoablation, all require correct positioning of an
ablation needle within a lesion for treatment. In this setting,
IV CEUS can be performed prior to the ablation to evaluate
the size and morphological features of the tumor as well as to
guide appropriate placement of the ablation probe during the
procedure. After treatment, CEUS can be used to evaluate the

Fig. 6 Treatment in a 14-year-old girl with a microcystic lymphatic
malformation in the posterior right deltoid muscle. a Axial fat-saturated
T2-weighted MRI shows the oval configuration of the lesion (arrow),
which comprises multiple small cysts. b Contrast-enhanced ultrasound
(CEUS) performed with direct administration of US contrast agent
through the puncture needle into the lesion following percutaneous
access. Contrast-only mode in the axial plane shows microbubbles
filling a small, eccentrically located part of the lesion (outline and
asterisk). The shape and volume of this space do not seem to

correspond to the overall shape and volume of the lesion as it was
depicted on MRI. ¢ An additional access point was made in a location
lateral to the first, and another axial CEUS examination was performed by
injecting US contrast agent through the second puncture needle. A larger
part of the lesion is now opacified that does not communicate with the
previous one (outline and asterisk). The combined volume of these two
spaces corresponds to the entire volume of the lesion. In this case, CEUS
findings prompted additional points of access and confirmed complete
lesion coverage, ensuring successful treatment outcome
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Fig. 7 Assessment in a 5-year-old girl with a history of embryonal
rhabdomyosarcoma who presented with fever and acute liver failure,
prompting hepatic ultrasound. a Axial power Doppler US of the liver
shows no-flow signal within the main portal vein (arrowheads). b
Contrast-enhanced ultrasound (CEUS) was performed with intravenous

ablation zone and assess for the absence of nodular enhance-
ment along the ablation margin. If persistent enhancement is
seen, immediate repeat ablation can be performed in the same
session [47].

Contrast-enhanced US provides an option for arthrography
in children. Joint injections can be guided using a variety of
methods, including US, MRI and fluoroscopy, depending on
the preference of the interventional radiologist and the avail-
able modality. When a US-guided approach is used, the

administration of ultrasound contrast agent at the bedside in the critical
care unit. Contrast-only mode in the axial plane shows echogenic
microbubbles within the main- and right-branch portal veins without
filling defects to indicate thrombus. In this case, CEUS was used as a
problem-solving tool and a portal vein thrombectomy was avoided

addition of CEUS can confirm the correct position of the nee-
dle in the joint space. When the needle is extra-articular, in-
jection of diluted UCA results in contrast pooling or infiltra-
tion of the surrounding soft tissues, as opposed to when the
needle is correctly positioned where echogenic microbubbles
exit the needle and quickly fill the joint space without resis-
tance [48]. UCA instilled via the needle should flow freely in
the joint space to confirm tip position prior to instillation of
steroid or MRI contrast agent (Fig. 8).

Fig. 8 Intra-articular injection in a 13-year-old boy with history of
juvenile idiopathic arthritis who presented with hip pain refractory to
therapy. Contrast-enhanced ultrasound (CEUS) was performed
following the intra-articular injection of ultrasound contrast agent
(UCA) solution into the left hip joint. Simultaneous display of gray-
scale (/eft) and contrast-enhanced (right) modes in the coronal plane.
Under US guidance, a 21-gauge needle was placed into the hip joint.

@ Springer

The correct position of the needle was confirmed with direct injection
of UCA. Echogenic microbubbles (arrowheads) are diffusely seen within
the joint space, without clustering or clumping at the needle tip (arrow).
In this case, CEUS was used as an alternative to fluoroscopy to confirm
the position of the needle into the joint and proceed with intra-articular
corticosteroid injection
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Fig. 9 Treatment in an 11-year-old boy with a history of a Fontan
creation for hypoplastic left heart who presented with chylothorax. a
Contrast-enhanced ultrasound (CEUS) was performed following
embolization of abnormal perihilar lung lymphatics and the injection of
US contrast agent into the thoracic duct. Simultaneous display of contrast
mode (left) and gray-scale mode (right) in the axial plane shows
microbubbles through the venous angle with communication into the

Pediatric lymphatic interventions involve direct access
of the lymphatic system, as well as nodal access for diag-
nostic lymphangiography with fluoroscopy or dynamic
MRI. A recent clinical study showed that, prior to
performing dynamic contrast-enhanced MR lymphangiog-
raphy, CEUS can confirm the intranodal position of the
injection needles [16]. Under US guidance, the needle is
inserted into an accessible inguinal node and then the UCA
is injected through the needle. If the needle is appropriately
placed into the lymph node, contrast microbubbles flow
into the efferent lymphatic duct and the central lymphatic
structures in the pelvis. Nodal CEUS is performed outside
the MRI scanner and provides excellent spatial and tempo-
ral resolution while avoiding the fluoroscopy room time
and cost and the ionizing radiation exposure.

Contrast-enhanced US also holds promise in assessing the
patency of the thoracic duct, potentially decreasing fluoro-
scopic time. The thoracic duct drains into the systemic circu-
lation, usually at the junction of the left subclavian and inter-
nal jugular veins [49]. To evaluate patency of the thoracic
duct, iodinated contrast material is injected into the lymphatic
system under fluoroscopic guidance after obtaining percuta-
neous access into the cisterna chyli. As an alternative, UCA
can be administered via the transabdominal microcatheter
while the venous angle is interrogated with US (Fig. 9).
Efflux of microbubbles into the subclavian vein confirms pa-
tency of the thoracic duct. Early experience suggests that
CEUS might provide high sensitivity in assessing the patency
of the thoracic duct because of its superior spatial and tempo-
ral resolution compared to fluoroscopic lymphangiography.

-

left subclavian vein (arrowheads). In this case, CEUS was used to
determine the patency of the thoracic duct at the venous angle. b
Corresponding anteroposterior spot fluoroscopic image obtained after
intervention demonstrates the thoracic duct (arrows) filled with
iodinated contrast agent. Contrast agent was seen entering into the
subclavian vein during real-time fluoroscopy

Conclusion

Sonography is already well established as a modality for guid-
ing IR procedures. The introduction of UCA expands the po-
tential of US to improve procedural guidance and direct
periprocedure management. Current IR-related CEUS appli-
cations in children are predominantly extrapolated from
adults. Advantages of CEUS include its superior temporal
and spatial resolution combined with real-time information
on enhancement and flow dynamics. Other advantages in-
clude the ability to perform CEUS in multiple locations
(e.g., bedside, IR suite, operating room, emergency depart-
ment), its lack of ionizing radiation, its robust diagnostic util-
ity and its high safety profile. Thus, CEUS can serve as a
valuable alternative or adjunctive technique to fluoroscopy
or CT for a variety of procedures.
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