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18.1 Introduction

Ultrasound (US) has many positive attributes in
pediatric imaging; it is non-invasive, portable,
provides Doppler capabilities for vascular assess-
ment, does not require sedation, and, most impor-
tantly, does not expose the child to the potentially
harmful effects of ionizing radiation. The avoid-
ance of radiation and sedation is of heightened
concern in pediatric oncology because these chil-
dren undergo innumerable imaging examinations
at diagnosis, for staging, to monitor treatment
response, to assess acute and chronic treatment-
related complications, and to assess for tumor
recurrence after completion of therapy. A recent
study showed an association between radiation
exposure from computed tomography (CT) imag-
ing and an increased risk of developing brain
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tumors and leukemia in children [1]. Those inves-
tigators reported that brain tumor risk was com-
parable to observed risk estimates for brain
tumors following childhood radiation exposure in
Japanese nuclear blast survivors. These findings
underscore the importance of minimizing radia-
tion exposure in children whenever possible.

In children with cancer, US is often the first-
line imaging modality to identify and localize
pathology in the abdomen, pelvis, and extremi-
ties. However, B-mode US has recognized limita-
tions and further imaging with CT, magnetic
resonance (MR), and nuclear medicine imaging
is required for diagnosis and staging. The addi-
tion of a contrast agent to US imaging offers the
opportunity to improve lesion conspicuity, better
characterize lesions, distinguish benign from
malignant features, and improve diagnostic con-
fidence. The current role of contrast-enhanced
ultrasound (CEUS) in pediatric oncology is to
guide interventional procedures and for use as a
problem-solving tool at the time of diagnosis or
when complications arise during and after ther-
apy. In some circumstances, CEUS could replace
CT or MR imaging, which exposes the patient to
radiation and sedation, adds cost, can create anxi-
ety, and usually necessitates the administration of
an intravenous contrast agent. An added benefit
of CEUS is that ultrasound contrast agents (UCA)
are not metabolized by the kidneys and can be
safely administered to patients with renal insuf-
ficiency. Additionally, rates of adverse reactions
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to UCA are low, similar to that of gadolinium
agents for MR imaging. With the recent US FDA
approval of a UCA for children, coupled with an
increasing emphasis on medical cost containment
and radiation and anesthesia reduction, the role
of this important alternative imaging modality is
expanding in pediatric clinical practice. In this
chapter, we illustrate the value of CEUS in pedi-
atric oncology, specifically in the diagnosis and
management of pediatric malignancies, in assess-
ing complications of therapy and in guiding inter-
ventional procedures. The potential role of CEUS
in assessing tumor response to therapy and as a
treatment modality is also presented.

18.2 CEUS of Pediatric Solid
Tumors

In the pediatric oncology patient setting, CEUS
has tremendous potential for diagnostic problem-
solving, given its excellent safety and cost profile
compared to CT and MR imaging, both of which
utilize contrast agents that may be contraindi-
cated in patients with renal insufficiency.
Compared to CT, major advantages of CEUS are
its lack of ionizing radiation, excellent temporal
resolution and the ability to easily image during
all phases of contrast enhancement. Compared to
MR imaging, the major advantages of CEUS are
increased accessibility, faster examination, lower
cost, and the ability to perform the examination
without sedation. In young patients (usually
between 6 months and 7 years), sedation is almost
always necessary to provide MR images that are
of diagnostic quality, and general anesthesia
would be required to obtain sequences that
require breath holds. Anesthesia or sedation med-
ications carry a risk of adverse events in this
patient population, and this may be avoided with
CEUS.

The use of CT or MR imaging contrast agents
also poses potential risks for pediatric oncology
patients, as renal excretion of contrast agents
may be impaired due to concomitant use of che-
motherapeutic agents, and this may increase the

risk of further injury or nephrogenic systemic
fibrosis. The deposition of gadolinium in the
body has also been described, although there is
currently no known clinical significance.
Finally, these patients usually undergo multiple
imaging evaluations during the course of diag-
nosis, treatment, and disease surveillance, and
repeat imaging may compound the aforemen-
tioned risks [2, 3].

There are limitations to CEUS imaging in the
pediatric oncology setting. Most importantly,
tumor staging is not possible  with
CEUS. Although CEUS can confidently diag-
nose malignancy, once a diagnosis of malig-
nancy has been made, further evaluation with
CT and/or MR imaging for tumor staging is
mandatory. In patients who have multiple, non-
adjacent lesions with different appearances (and
therefore potentially several different coexistent
types of lesions), multi-phase CT and/or MR
imaging should be considered to allow easier
characterization of each lesion. It should be
noted that although evaluation of only up to two
lesions is possible in the arterial phase at CEUS,
scanning through the entire organ is possible in
the delayed phase of contrast enhancement,
which enables limited evaluation of additional
lesions.

In the pediatric oncology setting, CEUS may
be most helpful to determine if a newly detected
liver lesion 1is benign or malignant [4].
Specifically, although there are various appear-
ances of different malignancies in the arterial
phase, liver lesions that do not retain contrast
compared to the background liver parenchyma in
the delayed phase may be confidently diagnosed
as malignant with high specificity [5, 6].
Conversely, liver lesions that retain contrast on
the delayed phase of CEUS may confidently be
diagnosed as benign, with sensitivity of up to
98% and negative predictive value of 100% in
pediatric patients [4]. Specific examples of the
use of CEUS to characterize different types of
pediatric liver tumors are detailed below, as is the
use of CEUS to characterize lesions in other
organs.
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18.3 Malignant Liver Lesions
18.3.1 Hepatoblastoma

Hepatoblastoma is the most common primary
pediatric liver tumor and is usually diagnosed
within the first 3 years of life [7]. Although many
associated conditions have been described,
including Beckwith—Wiedemann syndrome, very
low birth weight and premature infants, most
cases of hepatoblastoma are sporadic [8—10].
Histologically, hepatoblastoma is composed
either entirely of epithelial cells or a mixture of
epithelial and mesenchymal cells. There are sev-
eral subtypes of hepatoblastoma, including fetal,
embryonal, pleomorphic epithelial, small cell
undifferentiated, and cholangioblastic. Tumors
with more histologically mature cell lines usually
have a better prognosis than tumors with undif-
ferentiated or immature cell lines [11].

Hepatoblastoma staging relies on the PRE-
Treatment EXTent of Tumor (PRETEXT) stag-
ing system to standardize the imaging evaluation
and to stratify tumors that may be surgically
resectable and those which are unresectable. The
PRETEXT group (I, II, III, or IV) is based on the
number of contiguous tumor-free liver sections.
Several annotation factors were recently updated,
which define areas of extrahepatic involvement
including tumor involvement of the inferior vena
cava, hepatic veins, and portal veins [12, 13].
Contrast-enhanced ultrasound can be used to
risk stratify patients who have a liver lesion into
malignant or non-malignant categories. Although
the appearance of hepatoblastoma at CEUS is not
well described [14], like other non-hepatocellular
primary liver tumors, the washout phase of con-
trast enhancement is likely most helpful to con-
firm a diagnosis of malignancy (Fig. 18.1). No
characteristic arterial phase or portal venous

Fig. 18.1 A 2-year-old male with a hepatoblastoma.
(a) Coronal contrast-enhanced CT demonstrates the
pedunculated primary tumor arising from the inferior
right hepatic lobe (arrow). (b) Contrast-enhanced ultra-

sound obtained at 11 s demonstrates hypo-enhancement
of the mass in the arterial phase. (¢) The lesion demon-
strates early portal venous peripheral washout at 28 s
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appearance has yet been described for hepato-
blastoma. Once a diagnosis of hepatoblastoma is
suspected or confirmed, further evaluation with
CT or MR imaging is required for appropriate
PRETEXT staging of the tumor beyond the liver.
Chest CT is required to evaluate the lungs, which
is the most common site of hepatoblastoma
metastasis [13]. CEUS may be beneficial for
evaluating vascular involvement of the tumor, if
questions remain after either CT or MR imaging,
as it may demonstrate enhancement of tumor
thrombus with good temporal and spatial
resolution.

18.3.2 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the second
most common primary pediatric liver tumor after
hepatoblastoma, and usually affects children
10-14 years of age. In distinction to hepatoblas-
toma, HCC is rarely encountered in children less
than 5 years of age [15]. Unlike in adults, the
majority (almost 70%) of cases of HCC in pedi-
atric patients occur in patients with no underlying
liver disease [16]. However, cirrhosis increases
the risk of developing HCC. Causes of cirrhosis
in children include Alagille syndrome, glycogen
storage diseases, Hepatitis B and C, progressive
familial intrahepatic cholestasis (PFIC) types 2
and 3, Wilson disease, biliary atresia, Fanconi
syndrome, and tyrosinemia [17]. Also in distinc-
tion to HCC in adults, pediatric HCC usually
presents with larger tumor size, more advanced
disease, and higher rates of both locoregional and
distant metastatic disease at presentation [18].
However, pediatric HCC usually has a better
response to chemotherapy compared to adults.
Additionally, whereas adults must often meet
specific criteria for liver transplantation, children
with unresectable HCC may be treated by liver
transplantation regardless the size of the tumor or
number of tumor lesions in the liver, as long as
there is no vascular invasion or extrahepatic dis-
ease [17, 19].

Fibrolamellar HCC is considered a distinct
entity from HCC. Of all types of HCC encoun-
tered under the age of 20 years, fibrolamellar

accounts for almost 30% [20, 21]. Serum alpha
fetoprotein level is almost always normal, and
there is typically no underlying hepatocellular
disease in these patients. Unless resectable,
fibrolamellar HCC has a poor prognosis. Another
variant tumor of HCC is the recently described
hepatocellular malignant neoplasm not otherwise
specified (NOS), formerly referred to as transi-
tional liver cell tumor because of the admixture
of both hepatocellular and hepatoblastoma histo-
pathologic components [22]. These tumors have
been described to have highly elevated serum
alpha fetoprotein levels and worse outcomes than
traditional hepatoblastoma [22, 23].

The CEUS appearance of HCC in children has
not yet been well described. However, the appear-
ance is likely to be similar to that described in
adults. In adults, HCC classically demonstrates
early arterial enhancement, with late-phase sub-
tle washout [24]. In contradistinction, metastatic
liver tumors and non-HCC primary liver tumors
have much more prominent and earlier washout
than HCC.

18.3.3 Liver Metastases

Metastasis is the most frequently encountered
pediatric liver neoplasm and the most common
pediatric tumors to metastasize to the liver include
neuroblastoma, Wilms tumor, and lymphoma
[15]. Identification of a primary malignancy aids
in diagnosing a focal liver lesion as a metastasis,
particularly at initial diagnosis. However, it should
be noted that almost 20% of children treated for a
solid malignancy develop focal liver lesions after
therapy [25] and they are often discovered on rou-
tine surveillance imaging raising concern for
tumor recurrence. In such cases, CEUS provides a
rapid, low-risk, low cost, and highly accurate
method of distinguishing benign from malignant
etiologies. This approach allows almost immedi-
ate feedback to the physician and parent/care
giver, thus alleviating anxiety and avoiding the
need for additional imaging and delays in treat-
ment. Liver metastases are characterized by early,
marked washout of the UCA, normally by 1 min
after injection (Fig. 18.2) [24].
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Fig. 18.2 A 20-year-old male with desmoplastic small
round cell tumor. (a) Axial contrast-enhanced CT shows a
liver lesion (arrow) that was suspicious for metastatic dis-
ease. (b) Contrast-enhanced ultrasound split screen image
of the liver lesion (arrows) in the early arterial phase dem-
onstrates patchy iso-enhancement compared to surround-

ing normal liver. (¢) In the early portal venous phase, the

lesion (arrow) demonstrates early washout.
(d) In the late portal venous phase the lesion (arrow)
shows clear washout compared to surrounding normal
liver. Early washout, such as seen here, is typical of meta-
static disease in the liver
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Fig. 18.2 (continued)

18.4 Benign Liver Lesions
18.4.1 Hemangioma

Infantile hepatic hemangioma is the most com-
mon benign liver mass in children [26-28].
Infantile hemangiomas are true vascular
neoplasms that develop within a few weeks to
months of life and are not present at birth. These
lesions demonstrate GLUT1 staining on pathol-
ogy. The CEUS appearance of infantile heman-
gioma is not well reported, however, the CEUS
enhancement pattern is expected to follow that
seen on other modalities, including early periph-
eral arterial enhancement, enhancement through
the portal venous phase, and complete iso-
enhancement in the delayed phase, with minimal
subtle washout possible (Fig. 18.3) [5, 29]. The
primary differential considerations for infantile
hemangiomas are metastases and multifocal hep-
atoblastoma, which will demonstrate early
(<l min) and pronounced washout. Marked
washout has not been described with infantile
hepatic hemangioma at CEUS.

Congenital hepatic hemangiomas are usually
solitary lesions. Unlike infantile hepatic heman-
gioma, congenital hepatic hemangiomas are
present, and fully proliferated, at birth. These
lesions are GLUT1 negative and most commonly
spontaneously involute by 1 year of life [30].

Like infantile hemangioma, the CEUS appear-
ance of congenital hemangioma is not well
described. Limited reports describe these lesions
as heterogeneously enhancing in the arterial
phase with either complete or incomplete fill-in
on delayed phases. Areas of contrast fill-in will
have sustained enhancement in delayed phases
[5]. The primary differential consideration for
congenital hemangioma is hepatoblastoma,
which is expected to have early contrast washout,
an appearance not described with congenital
hemangioma.

18.4.2 Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is a regenera-
tive mass and is typically asymptomatic. Focal
nodular hyperplasia is the second most common
benign liver lesion in older children and young
adults, but is very uncommon in young children.
The exception is that FNH is frequently encoun-
tered in childhood cancer survivors [25].
Ultrasound is often used for screening and fol-
low-up of patients with a known primary malig-
nancy, but because FNH has a non-specific
conventional grayscale US appearance, addi-
tional imaging is necessary for characterization.
The major advantage of CEUS over CT and MR
imaging is that FNH can be confidently diag-
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Fig. 18.3 A 4-month-old female with multiple cutaneous
infantile hemangiomas. (a) Contrast-enhanced ultrasound
images obtained in the early arterial phase at 10 s, show-
ing two (arrows) rapidly enhancing lesions (arrows), with
centripetal flow. (b) Contrast-enhanced ultrasound images
in the later arterial phase demonstrates the complete cen-
tripetal fill-in (arrows), compatible with infantile hepatic
hemangiomas

nosed with CEUS the same day a new liver lesion
is discovered, which is not always possible with
CT and/or MR imaging [31]. This rapid and
definitive diagnosis of FNH with CEUS offers
the additional benefit of decreasing patient and
parental anxiety about the unknown etiology of a
new liver lesion in a patient who is at risk for
metastatic disease [25, 32].

At CEUS, FNH are hypervascular lesions that
have a stellate appearance of early arterial

Fig. 18.4 A 10-year-old female with non-alcoholic fatty
liver disease. (a) Contrast-enhanced ultrasound early arte-
rial phase images obtained at 12 s, showing initial spoke
wheel pattern of arterial enhancement to the central aspect
of the lesion (arrows). (b) In the later arterial phase, at
15 s, the spoke-wheel pattern is more established with the
beginnings of diffuse lesion enhancement (arrows), diag-
nostic of focal nodular hyperplasia. The lesion will remain
hyperenhancing to background liver in all vascular phases

enhancement (Fig. 18.4). A tortuous feeding
artery may additionally be seen. An FNH typi-
cally has complete or incomplete centrifugal pat-
tern contrast fill-in during the portal venous
phase, with a central scar possible, as seen with
other modalities. An FNH has sustained enhance-
ment about 90% of the time, again unlike metas-
tases which will have early and noticeable
washout [33-36].
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18.5 Benign and Malignant Renal
Lesions

Intravenous CEUS for characterization of renal
lesions is much less well described than hepatic
lesions. However, CEUS may aid in the diagnosis
of certain renal lesions.

18.5.1 Complex Renal Cysts

Simple renal cysts, including those with an
imperceptible wall, posterior acoustic enhance-
ment, and no internal septations, can usually be
easily diagnosed with grayscale ultrasound. This
is particularly true in pediatric patients, in whom
a smaller body habitus allows visualization of the
kidneys with higher resolution than in adults.
However, when adequate visualization of simple
and complex renal cysts is not possible, CEUS
may be helpful for additional evaluation.
Specifically, CEUS can demonstrate the presence
of internal septations with greater sensitivity than
CT and can more easily demonstrate the thin or
nodular character of septations (Fig. 18.5) [37].
When present, thick nodular septations raise con-
cern for possible malignancy and additional
imaging may be necessary.

18.5.2 Renal Tumors

Primary renal tumors encountered in childhood,
including Wilms tumor, rhabdoid tumor, and
clear cell sarcoma, have not yet been described to
have a  characteristic = appearance  on
CEUS. Currently, CEUS for renal tumors is often
reserved for problem-solving and surgical plan-
ning, including better delineation of vascular
involvement.

18.5.3 Renal Pseudotumor

Pseudotumor, including a hypertrophied column
of Bertin or dromedary hump, is often easily
diagnosed with grayscale and color Doppler
US. However, CEUS may increase diagnostic

confidence and provide better reassurance that a
contour abnormality is not neoplastic. On CEUS,
these lesions follow the enhancement appearance
of the background renal parenchyma throughout
all contrast phases, unlike a true renal tumor [38].

18.6 CEUS in Pediatric Oncologic
Interventions

Interventional oncology involves application of
interventional radiology techniques to the diag-
nosis and treatment of cancer and relies on image
guidance to increase the efficacy and precision of
targeted minimally invasive therapy. Broadly, the
role of interventional radiology in the care of
cancer can be subdivided into three categories:

(a) Interventions for diagnosis: biopsy (tumors
of soft tissue and bone, and marrow), lumbar
puncture.

(b) Interventions for supportive care: venous
access (temporary and long term), drainage
procedures (pleural and peritoneal fluid,
abscesses), additional interventions for less
common complications such as venous
thrombosis.

(c) Interventions to treat the primary tumor or
palliate metastasis: tumor ablation, tumor
embolization.

Interventions in the first two categories are
commonly applied in pediatrics. However, the
third category, while an established pillar of can-
cer therapy in adults, is only recently gaining rec-
ognition in pediatric oncology.

Ultrasound has been established as a core
modality in pediatric image guidance because
of the advantages it offers over other modali-
ties (multiplanar imaging, excellent temporal
and good spatial resolution, portability, lack of
ionizing radiation) previously described in this
chapter. Contrast-enhanced ultrasound adds to
these advantages, by improving contrast reso-
lution for procedure guidance, given the lower
contrast resolution of grayscale US relative to
CT or MR imaging. Contrast-enhanced ultra-
sound can play in guiding procedures in pedi-
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Fig. 18.6 A 19-year-old male with a mass in the left iliac
fossa. (a) A left-sided mass is demonstrated on an
BFE-fluorodeoxyglucose positron emission tomography
(FDG-PET)-CT scan, as avid uptake (arrow). A biopsy of
the superficial component yielded only necrotic tissue. (b)

atric oncology, with a focus on biopsy and
tumor ablation, which are among the best-sup-
ported indications for the use of CEUS in inter-
ventional radiology [39]. These procedures
involve intravascular administration of the
UCA, which enables the visualization of perfu-
sion at the microvascular level, and thus pro-
vides a reliable assessment of tumor vascularity
and viability. Technical aspects of CEUS in
interventional radiology, as well as applica-
tions of CEUS in the above-noted procedures
for supportive care, are discussed in Chap. 20.

18.6.1 Biopsy

Ultrasound contrast agents are sometimes use-
ful to increase the conspicuity of small lesions
in the liver. In children, this is often in the set-
ting of a concern for metastasis, as primary
liver neoplasms, while less common in chil-
dren, are frequently large and readily visible
on sonography at presentation. More fre-
quently, CEUS is used to determine the opti-
mum site of biopsy within the tumor, as
enhancement indicates regions of intact micro-
vasculature, suggestive of areas of most tumor
viability and least necrosis (Fig. 18.6). Biopsy
of non-necrotic regions should increase diag-

On the CEUS examination, the lesion shows enhancement
of only the deep component alongside the bone (arrows).
This was targeted for biopsy, and on histology was a
deposit of Hodgkin lymphoma

nostic yield, and the need for high-viability
may be particularly salient if next-generation
sequencing for characterization of signal trans-
duction defects is desired. In this regard, CEUS
can shorten the procedure, as it can increase
the confidence of adequate sampling, thereby
decreasing the number of passes the interven-
tionist would make, and also decrease the need
for frozen section analysis during the proce-
dure. If there is concern for significant post-
procedure hemorrhage, this can be assessed by
CEUS of the region of biopsy, often faster and
with less logistical complexity than CT [39].
The excellent depiction of vasculature allows
the easy detection of pseudoaneurysms and
active extravasation [40].

Contrast-enhanced ultrasound may also be
used to guide decisions during the procedure,
and this entails applying diagnostic principles
of CEUS, particularly of liver Iesions,
described in Chap. 8 and in the prior section of
this chapter. It is, therefore, important that the
CEUS technique applied in interventional radi-
ology be consistent with that used for diagnos-
tic applications. As children who undergo
interventional procedures have venous access
established and are under sedation or anesthe-
sia, diagnostic characterization of a lesion can
be performed in a manner that is more con-
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trolled and convenient for the radiologist. One
illustrative scenario is that a lesion may be
demonstrated to be benign in the interventional
suite, therefore obviating the need for biopsy
and sedation (Fig. 18.7).

RT LIVER

INJ 1 2.0ML

Fig. 18.7 A 6-year-old male with history of neuroblas-
toma. (a) Grayscale US demonstrating multiple echogenic
lesions (arrows), and the patient was referred for a biopsy.
(b) The CEUS of the liver performed by the intervention-
ist just prior to biopsy, which showed no enhancement of
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18.6.2 Tumor Ablation

Tumor ablation involves the application of
probes that induce thermal injury (radiofre-
quency ablation, microwave ablation, cryoabla-
tion, high-intensity focused ultrasound) or the
injection of chemicals (ethanol ablation) in the

the lesion (arrows) in the arterial phase. (¢) In the portal
venous phase, the lesions (arrows) are isoenhancing with
the remainder of the liver, consistent with focal fat infiltra-
tion and no biopsy was performed
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Fig. 18.7 (continued)

tumor. For technical success, the ablation pro-
cedure must precisely treat the tumor and a sur-
rounding margin of normal tissue; it is also
important to avoid injury to surrounding organs.
The most common application of CEUS in this
realm is intra-procedural feedback: tumor vas-
cularity is assessed before and after ablation. A
lack of contrast enhancement provides strong
confirmation of adequacy of treatment
(Figs. 18.8 and 18.9), and residual perfusion of
the tumor would indicate that further ablation is
necessary. For this purpose, CEUS provides
superior spatial and temporal resolution of tis-
sue perfusion than CT or MR imaging, as per-
fusion can be visualized in real-time and with a
small field-of-view. In adults undergoing abla-
tion of hepatocellular carcinoma, the absence
of perfusion after ablation has shown to be
highly predictive of therapeutic success, and
residual tumor detection has been shown to be
at least commensurate with other imaging

J. Squires et al.

modalities [39]. It should be noted that the
immediate post-ablation assessment of tissue
perfusion is best suited for cryoablation, as col-
lection of gas in the treatment area from tissue
vaporization will hinder US assessment imme-
diately after radiofrequency or microwave abla-
tion [39]. In the latter settings, CEUS
assessment may have to be performed shortly
after the procedure. Selective trans-arterial
embolization of tumors, most frequently in the
liver, is an established procedure in interven-
tional oncology, and specific subsets include
“bland” particle embolization, chemoemboliza-
tion, embolization with drug-eluting beads, and
radioembolization with beta-emitting particles.
Tumor embolization is much less frequently
performed in children, largely due to the differ-
ent spectrum of pediatric cancers and efficacy
of conventional treatment, but is occasionally
indicated. During trans-arterial embolization of
liver tumors, intra-procedural CEUS with arte-
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RIGHT UPPER BACK AOI TRANS

Fig. 18.8 An 8-year-old male with history of a right
paraspinal rhabdomyosarcoma. (a) A lobulated metastatic
recurrence (arrow) in the right posterior supraclavicular
soft tissues on axial single T2-weighted MR image. (b)
On the "®FDG PET, there is uptake in the mass (arrow). (c)

On the corresponding transverse, arterial phase CEUS
shows enhancement of the lesion (arrows). (d) The corre-
sponding sagittal CEUS 3 months after percutaneous
cryoablation of the metastatic lesion (arrows) show no
residual uptake or contrast enhancement
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Fig. 18.8 (continued)

rial administration of a UCA has been used to
guide embolization (confirm appropriate sub-
selectivity prior to embolization) and to deter-
mine adequacy of treatment, similar to tumor
ablation [41].

18.7 Future Directions of CEUS
in Oncology

The role of CEUS in oncology is rapidly evolving
and there are a wide variety of potential applica-
tions in the management of adult and pediatric
oncology patients. Because pediatric malignan-
cies are relatively rare, much of the clinical
research in this area is occurring in the adult pop-
ulation. However, the principles can be easily
applied to the pediatric population which is the
ideal population for the use of ultrasound in gen-
eral. Adult clinical investigators have reported
the value of CEUS in distinguishing benign from
malignant thyroid nodules, endometrial hyper-
plasia from neoplasms, benign from malignant
soft tissue masses, low from high-grade bladder
carcinoma, benign from malignant lymph nodes,
benign prostatic hypertrophy from prostate carci-
noma and to monitor response to therapy in breast

cancer, liver metastases, and liver tumors treated
with trans-arterial chemoembolization and radio-
frequency ablation [42—64]. Clearly, there is con-
siderable interest in the development of CEUS to
diagnose malignancies and assess treatment
response in the oncology population.
Angiogenesis (the development of new blood
vessels) is essential for tumor development,
growth, and metastasis and accurate imaging and
quantitation of tumor vascularity is an important
area of investigation [65, 66]. Contrast-enhanced
ultrasound has unique attributes that make it
more appealing for measuring tumor blood flow
than other imaging modalities and it is emerging
as a reliable method of quantitating tumor vascu-
larity and assessing response of a variety of adult
malignancies [67-76]. Because UCASs remain in
the vascular space, the pharmacodynamics is less
complex than those for CT and MR contrast
agents that freely diffuse across the vascular
membrane. Additionally, CEUS is less expensive
than contrast-enhanced CT and MR imaging, can
be performed at the bedside, does not require
sedation, and, most importantly in the pediatric
population, does not expose the patient to the
harmful effects of ionizing radiation. With the
use of contrast-specific software, several perfu-
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Fig. 18.9 A 16-year-old female with relapsed papillary
cell thyroid cancer. (a) A lymph node with a metastatic
deposit shown on the grayscale US (arrow). (b) The cor-
responding CEUS in arterial phase (arrow) showing arte-
rial enhancement, with patchy areas of non-enhancement,
early washout occurred later in the study. (¢) Grayscale

sion parameters can be quantitated. These include
peak enhancement intensity, rise time, mean tran-
sit time, and area under the curve. These param-
eters can be quantitated at baseline (before
initiation of therapy) and then remeasured at spe-
cific time points during therapy to assess change.
The baseline values or the change between base-
line and follow-up time points, may provide
unique insight into the biological behavior of
tumors that could ultimately be predictive of
patient outcome.

The role of CEUS in oncology is also
expanding beyond diagnosis and treatment

image during the US-guided ethanol ablation of the
metastasis (arrow); needle shown with arrowheads. (d)
The CEUS of the lesion (arrow) immediately after the
procedure showing no residual enhancement, consistent
with complete ablation. (Case courtesy of Dr. Fernando
Escobar)

response into molecular imaging and targeted
therapy. Several methods of UCA-mediated
drug delivery are under investigation in pre-
clinical and clinical trials, including for direct
and indirect drug delivery and development of
nano-scaled UCAs. By applying an ultrasound
pulse, a UCA can be destroyed to create micro-
jets or be excited to physically interact with the
vascular wall and create pores in the vascular
membrane. This approach results in enhanced
vessel permeability allowing co-administered
drugs to extravasate into the tumor interstitial
space (indirect drug delivery). Alternatively,
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the UCA shell itself can be loaded with a drug
that is released during microbubble destruction
and then extravasates, through US-mediated,
permeabilization of the vascular membrane
(direct drug delivery). However, with these
techniques, it is difficult to achieve high enough
doses of the therapeutic agent. Nanobubble,
nanoparticle, and nanodroplet UCA are capable
of passing through the damaged endothelium of
tumor vessels and accumulate in the extracel-
lular space without the need to enhance vessel
permeability. Once in the extracellular space
they can be manipulated to cause tissue cavita-
tion and release drugs directly into the tumor.
This approach could be especially advanta-
geous in treating brain tumors because the
nanoparticles could pass through the blood—
brain barrier. Although some of these agents
have a short shelf life and handling difficulties,
they provide promising future clinical direc-
tions and exciting research opportunities [77].

18.8 Conclusions

Contrast-enhanced ultrasound is especially well
suited for pediatric use because the contrast agents
are safe in children, do not require prior laboratory
testing or sedation, the equipment is accessible,
and, importantly, does not expose the patient to the
harmful effects of ionizing radiation. The latter
benefit is particularly relevant to the pediatric can-
cer population because these children undergo
innumerable imaging examinations during diag-
nosis and staging, throughout treatment, and dur-
ing surveillance after the completion of therapy.
We have presented information to promote the use
of CEUS in pediatric oncology patients and have
described current clinical applications including
distinguishing benign from malignant liver and
renal masses, guidance of interventional proce-
dures, and the assessment of tumor ablation. There
is ongoing research investigating the value of
CEUS to quantitatively assess the effect of cancer
therapy and as a therapeutic tool in oncology.

These developments will likely significantly
expand the role and increase the impact of CEUS
in the management of pediatric oncology patients
in the near future.
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