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Preface

Ultrasound (US) has become the radiographic diagnostic method of choice 
to aid in the diagnosis of medical problems in children, one of the most pro-
found changes in pediatric practice in the past few decades. This is especially 
true in the realm of pediatric surgical diseases.

Radiation exposure is a recognized problem and a significant concern in 
the medical community and with the public at large. Many recent studies 
have highlighted the dangers of radiation exposure in regards to malignancy, 
especially in children and young adults. Concern among parents has grown 
to ensure that radiation needed for diagnostic requirements in children is kept 
at a minimal level.

This concern has been the impetus for change in the world of pediatric 
imaging, the foremost of which has been increased use of magnetic reso-
nance imaging (MRI) and ultrasound (US). There has been evidence suggest-
ing negative implications of anesthesia on the developing brain. US rarely 
requires sedation or anesthesia as opposed to other radiation-free techniques 
such as the MRI. Sonography is a child-friendly nonintimidating imaging 
technique thriving on the absence of fat with pictures of exquisite clarity, 
rendering it much more suited to abdominal examinations in children.

The general trend in surgery over the past decades has been toward mini-
mizing the invasiveness of surgical interventions. US used for real-time guid-
ance of needle and catheter placement has resulted in less invasive, safer, 
and more accurate interventions. The pediatric population is well suited for 
US with its small body size and, generally, low body fat resulting in tremen-
dous image quality. Given all of these advantages, there is a large impetus to 
maximize US use to diagnose pediatric surgical diseases. Furthermore, US 
is often regarded as the modern day equivalent to the stethoscope extending 
one’s physical exam.

Despite these advantages, there are hurdles to overcome to apply US 
technology successfully. Despite its well-recognized value, education and 
practice remain the major obstacles in developing expertise in the use of 
preoperative and intraoperative US limiting its widespread use.

The quality of information gained with US depends largely on the skill 
and expertise of those scanning the patient and interpreting the dynamic 
images. Sonography is highly examiner dependent.

In many medical centers, which primarily treat adults, even the radiolo-
gists are not comfortable using US in pediatric disease processes. Although 
the literature has clearly shown that using US for venous access is much 
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safer, US-guided line placement is not the norm. Even though US is not a new 
technology, there are very few ways outside a radiology residency that you 
can learn how to use US effectively as a physician or surgeon. In addition, 
there are very few resources to read with regards to pediatric surgical US.

Because of this, there is a national push to widely implement US in pedi-
atric practice. The American College of Surgery (ACS) offered the very 
first US course in the USA targeted to pediatric surgeons in fall 2013. This 
course was so well received by the pediatric surgical community that we were 
inspired to create a resource and guide for US in pediatric surgical problems 
to familiarize pediatric practitioners with its possibilities and limitations.

In health care, there is a strong emphasis on safety and quality, and US 
makes procedures safer and more dependable. There is a demand for less 
invasive techniques and US provides new minimally invasive options. There 
is clearly a drive for less cost, and US is relatively inexpensive. There is a 
push for less radiation and US has none.

Pediatric surgeons and other pediatric subspecialties understand this and 
are looking for ways to get trained.

Currently, there are no other books dedicated to sonographic applications 
for pediatric surgical diseases in the English language. Pediatric surgeons and 
specialists dealing with pediatric surgical disease need a book to read and 
reference to help them bring US to their practice and use it effectively.

This textbook is designed to present a state-of-the-art guide and review of 
US applications for children and infants with surgical problems.

The text is meant as a single source to provide information about sono-
graphic application, interpretation, and technique for a diversity of pediatric 
surgical care providers. The textbook can be a useful tool for the US novice 
as well as the more advanced ultrasonographer. Initial obstacles faced by a 
physician starting with US are addressed, such as the scanning techniques, 
underlying anatomy and normal sonographic findings. The initial chapter 
provides an introduction and basic overview about US theory and techniques. 
Subsequent chapters focus on specific body parts and systems and their dis-
ease processes as it pertains to pediatric and neonatal patients. The textbook 
includes a chapter dedicated to abdominal trauma and its evaluation with the 
focused abdominal sonography for trauma (FAST) exam.

For clarity, the textbook is divided into two separate parts. The first part 
focuses on US as a tool for diagnosis and monitoring of pediatric surgical and 
urological problems. The second part will outline interventional procedures 
routinely performed under US guidance in children. All chapters are written 
by experts and include the most up to date scientific and clinical information.

For practical purposes, specific details of those chapters include prepara-
tion of the patient and technical tips and tricks for safe and effective proce-
dures. Interventional techniques for US-guided vascular access, diagnostic, 
and therapeutic drainage procedures, core biopsy of masses and solid organs, 
fine-needle aspiration (FNA) of the thyroid gland, sclerotherapy for vascular 
malformations, regional blocks for postoperative pain control and intraopera-
tive applications of sonography will be presented. Every chapter is accompa-
nied with extensive illustrations. A brief review of the existing literature of 
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the particular topic follows each chapter.
We hope that this textbook will improve understanding and interpreta-

tion of sonographic pictures and reports and serve as a practical guide for a 
growing number of US users, surgeons, and pediatricians, alike. It is meant 
to bolster the comfort level for interpretation and performing US themselves 
for pediatricians, pediatric surgeons, and pediatric radiologists. The aim is 
to provide the sonographer with a framework to use in diagnosis, so that the 
maximum amount of information can be gained from the US examination.

As a first edition, the reader may forgive typical “birthing problems” of a 
newly conceptionalized project. We hope that this text will serve as a natural 
link between pediatrics, pediatric surgery, and pediatric radiology in a truly 
collaborative fashion. We are convinced that for US use in pediatric surgical 
problems, the best is yet to come!

Our book is dedicated to all the sick infants and children and their pediatric 
practitioners who examine and treat them with the utmost skill and gentility.

Practical tips for performing US:

1. Take a course—US is a valuable tool for diagnosis, management, and 
therapy. To incorporate it into your toolbox, learning the basics is invalu-
able: how it works, how to optimize your image, and getting comfortable 
with all the knobs and buttons of the machine. Many societies and associa-
tions are now offering courses, which you should definitely consider as an 
excellent beginning step.

2. Stay in practice—US is a tool that you should try to use as much as possi-
ble. The best use would be to incorporate it in as many cases as possible to 
develop familiarity and comfort. While you are unlikely to have abdomi-
nal and retroperitoneal masses present every day, using US for common 
cases such as central line insertion is an ideal way of keeping in practice.

3. Learn from experts—Even if you have taken a course, you can always 
learn from others. Your US technologist and radiologists are great resourc-
es. Get into the habit of reviewing all of the images from US that you 
order and then read the report afterwards—this is a quick way of “testing” 
yourself to make sure you have seen everything that the experts have. You 
may even find subtle findings that were not initially identified.

4. Partner with experts—If you are a novice in the use of US, arrange for 
your radiologist or US technician to be available to help you during your 
cases. For some of the more difficult cases as described in this chapter, 
having another set of eyes to interpret, and other hands to adjust images 
will be invaluable. Additionally, in general, the quality of the US ma-
chines from radiology are superior to the smaller mobile ones used in the 
operating room (OR)—which usually are intended for line insertions and 
guidance of blocks.

5. Share expenses—The major cost impact of US is the acquisition of probes. 
Unless you are in a situation where cost is not a concern, and few of us are, 
you will need to carefully consider which probes you want to purchase. 
Think about what procedures you want to do now, and in the next 10 years 
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(about the time that technology will improve). For some probes, such as 
laparoscopic probes, which you may only use occasionally, it may be best 
to share the expense with another hospital or borrow their probe on the 
rare occasion that you will need it. Just be careful about the selection of 
companies for your US machines and probes, as there are no universal 
connectors.

Stefan Scholz
Marcus D. Jarboe
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1Overview of Ultrasound 
Theory and Techniques

Seth Goldstein

© Springer International Publishing Switzerland 2016
S. Scholz, M. D. Jarboe (eds.), Diagnostic and Interventional Ultrasound in Pediatrics  
and Pediatric Surgery, DOI 10.1007/978-3-319-21699-7_1

S. Goldstein ()
Department of Surgery, Johns Hopkins Hospital, 1800 
Orleans St., Tower 110, 21287 Baltimore, MD, USA
e-mail: sgoldstein@jhmi.edu

Introduction

Ultrasound is an increasingly popular and useful 
diagnostic and interventional imaging modal-
ity in contemporary pediatric surgical practice. 
Among its advantages are portability, real-time 
instantaneous visualization, wide availability, 
and lack of ionizing radiation. Relatively unique 
to ultrasound compared to other imaging is the 
heavy reliance on the individual skill of the user 
in determining the quality of the study; thus, a 
basic understanding of the fundamental theory 
and techniques of the technology can greatly 
enhance the practitioner’s ability to successfully 
employ it.

Part I: Technical Principles  
of Ultrasound Imaging

Medical ultrasound images are created in a pulse-
echo manner based on three principal processes: 
creation of a pulsed ultrasound wave, detection 
of its echoes, and formation of an image based on 
the time elapsed between pulse and echo.

Creation of an Ultrasound Wave Ultrasound is 
an imaging modality based on the piezoelectric 
effect. Piezoelectricity is the electrical charge 

that builds up when mechanical stress is applied 
to certain crystalline structures. Importantly, 
this is a reversible phenomenon whereby pres-
sure applied to a crystal generates charge, and 
conversely, charge applied to the crystal creates 
vibration (Fig. 1.1). An ultrasound transducer is 
created by applying an alternating current to a 
row of piezoelectric crystals that cause them to 
oscillate and produce a beam of acoustic waves. 
Frequencies used for imaging applications are 
higher than the upper range of detection by the 
human ear, hence the name ultrasound. Notably, 
the bidirectionality of the piezoelectric effect 
results in a detectable voltage change in the same 
crystals if they are subjected to vibration. Practi-
cally speaking, this means that ultrasound trans-
ducers are capable of emitting pulses of sound 
as well as subsequently detecting the echoes of 
those waves as they reflect off objects in the 
beam’s path.

Detection of an Ultrasound Echo The physi-
cal property that describes the ability of sound 
to move through an object is called acoustic 
impedance, which is a function of both density 
and speed of sound through a substance. When 
a sound wave reaches a boundary between two 
entities with different acoustic impedances, a 
portion of the wave is transmitted and the rest is 
reflected back to the source as an echo (Fig. 1.2). 
The degree to which a structure reflects sound 
pulses during an ultrasound examination is 
denoted as “echogenicity.” Highly echogenic, or 
hyperechoic, structures typically have relatively 
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low water content, reflect a large proportion of 
incoming ultrasound, and are displayed as white 
on a B-mode image. Commonly seen hyper-
echoic tissues include cortical bone, tendon, 
organ and muscle sheaths, nerves, and gallstones. 
Extremely hyperechoic structures result in an 
artifact on the image known as acoustic shadow-
ing; since most of the sound has been reflected 
to the probe at the structure’s surface, the area 
behind the echogenic material is displayed as a 
black streak (Fig. 1.3).

Features with low echogenicity are known as 
hypoechoic or anechoic and are seen on B-mode 
as dark grey or black, respectively. These include 
solid organs, muscle bellies, lymph nodes, vascu-
lature, and other structures that are fluid filled or 
high in water content.

Formation of an Image The simplest mode of 
ultrasound is known as A-mode (amplitude), in 
which a single piezoelectric transducer detects 
the distance to an echogenic structure by pre-
cisely measuring the time between emitting a 
pulse and receiving an echo, utilizing the equa-
tion distance=velocity * time. Thus, using the 
known speed of sound and the detected time to 
echo, the distance to an object can be calculated. 
A-mode itself is generally only of historic inter-
est, but can be helpful to understand B-mode 
(brightness), which is the characteristic mode uti-
lized in modern diagnostic ultrasound. In B-mode 
imaging, a row of transducers simultaneously act 
as just described, and the resultant echoes are 
compiled to produce a two-dimensional image. 
This is repeated at least 20 times per second to 
create a real-time effect. An important assump-
tion in creating a B-mode image using the equa-
tion above is that the speed of sound through 
soft tissue is uniform, most frequently assumed 
to be a constant 1540 m/s, slightly higher than 
the speed of sound through pure water. However, 
in reality, the soft tissues encountered in medical 
ultrasound have a range of acoustic impedances 
and resultant velocities of sound, which can lead 
to imprecise localization of an object’s depth and 
is a limiting factor in the axial resolution of the 
modality in general.

Fig. 1.2  A small portion of the beam created by an ul-
trasound probe is reflected at each boundary between 
substances with varying acoustic impedances. The echoed 
wave is detected by the same transducers within the probe 
and used to form an image for display

 

Fig. 1.1  The piezoelectric effect is a bidirectional phe-
nomenon whereby an alternating current applied to a crys-
tal creates vibration (panel a); additionally, oscillation of 
the crystal by sound waves generates a voltage across the 
crystal (panel b)
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Other commonly employed ultrasound modes 
are M-mode (movement) and Doppler imag-
ing. M-mode is used to track the movement of 
an object over time. Initially, a two-dimensional  
B-mode image is acquired and a scan line is 
placed along the area of interest. The movement 
over time of each echogenic interface intersected 
by that line will then be displayed. M-mode is 
ideal for characterizing precise temporal events 
such as the motion of cardiac valves.

Doppler is a mode based on the Doppler ef-
fect, by which the frequency of a wave is affected 
by the movement of the observer and source rela-
tive to each other, such as the familiar everyday 
occurrence when the pitch of a siren or horn 
changes as a vehicle approaches and passes at 

high speed. Doppler ultrasound takes advantage 
of that phenomenon by emitting lower frequency 
ultrasound waves and detecting the frequency 
shift of the detected echo. This is often used to 
interrogate the flow in vasculature and is most 
effective when the flow is along the same trajec-
tory as the ultrasound beam, since flow perpen-
dicular to the probe has no Doppler effect. Most 
ultrasound machines will superimpose the rela-
tively low-resolution Doppler signal in color on a 
B-mode image to facilitate interpretation, this is 
known as duplex imaging (Fig. 1.4). By conven-
tion, movement away from the probe is displayed 
as blue and movement toward the probe is red 
(Mnemonic BART: blue away, red toward).

Part II: Practical Considerations of 
Ultrasound Imaging

The ergonomics of ultrasound are an important 
component of successful use, not only because 
visualization of desired structures is user-depen-
dent but also because the cognitive exercise of 

Fig. 1.4  Duplex imaging of the neck of a 6-year-old boy 
taken with a linear probe. The top panel is B-mode, the 
bottom panel is color Doppler overlying the image dem-
onstrating flow toward the probe in the carotid artery at 
the junction at the internal/external bifurcation (red) and 
flow away from the probe in the internal jugular vein 
(blue)

 

Fig. 1.3  Hyperechoic structures are seen on B-mode 
ultrasound as bright white. If the object is sufficiently 
opaque to sound, an acoustic shadow artifact is formed. 
In this image taken of the chest wall of a 6-year-old boy 
with a linear probe, both the cortical bone of the rib (thick 
arrow) and the lung pleura (thin arrow) appear hyper-
echoic. The rib does not transmit the ultrasound beam 
further, thus causing an acoustic shadow
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imagining a three-dimensional object based on a 
series of two-dimensional screen images is made 
more difficult if the user is twisted or contorted. 
Generally, the operator should stand or sit on the 
ipsilateral side of the patient that is to be exam-
ined with the screen on the contralateral side. Oc-
casionally, an examination of the neck of a supine 
patient is simplified with the user at the head and 
the screen on the ipsilateral side.

During a purely diagnostic study the probe can 
be held in either hand. For an ultrasound-guided 
needle intervention of any sort (venipuncture, ab-
scess drainage, etc.), the probe is grasped with 
the nondominant hand to facilitate dexterous use 
of the needle. This is sufficiently common in 
clinical practice that familiarity with probe use 
with the nondominant hand is recommended. An 
assistant could conceivably hold the probe while 
the needle is inserted, but in actuality, coordina-
tion and communication of the proper view and 
required subtle shifts of the equipment can make 
that arrangement more difficult than a single user 
performing the procedure. The probe should be 
gently held as close to the scanning surface as 
ergonomically possible to minimize tremor and 
maintain a constant field of view. Conductive gel 
should always be applied liberally, as any air in-
terface will greatly diminish the image quality.

The acronym PART (pressure, alignment, ro-
tation, tilt) can be a useful mnemonic to trouble-
shoot difficulty with an ultrasound exam with 
respect to probe orientation. Pressure is simply 
the force with which the probe is pressed onto the 
skin. Too little gives insufficient contact with the 
scanning surface, too much can distort or obliter-
ate structures. Alignment is a reminder to keep 
the object of interest in the middle of the screen 
whenever possible. Rotation and tilt refer to the 
positional axis of the probe. By manipulating the 
transducer orientation, the direction of the beam 
changes commensurately and different images of 
the underlying tissue are formed.

Transducer Selection Handheld ultrasound probes 
are available in a variety of configurations. Users 
should be familiar with the basics of transducer 
options in order to choose an appropriate probe 
for the relevant clinical context, as incorrect selec-

tion may preclude the visualization of desired 
structures. The predominant considerations with 
respect to probe selection are transducer array 
arrangement and operating frequency.

The three most common ultrasound trans-
ducer types are linear, curvilinear, and phased 
array (Fig. 1.5). Linear probes comprise an array 
of transducers in parallel that produce a straight 
beam of ultrasound and a resultant image width 
that is equal to the size of the transducer. These 
are typically used for superficial, vascular, and 
interventional applications in which high resolu-
tion or precise anatomic relationships are impor-
tant. Curvilinear probes produce a wedge-shaped 
beam and thus display a cross-section wider than 
the contact surface. This probe provides a broader 
view of large internal structures and cavities, and 
can easily be manipulated to look in directions 
that are not perpendicular with the skin surface. 
Users must remember that the determination of 
depths and distances is imprecise with a curvilin-
ear probe due to widening and distortion of the 
image. Furthermore, the lateral resolution is sac-
rificed at greater depths as the scan lines diverge. 
Finally, phased array probes are constructed as 
a tightly packed cluster of piezoelectric crystals, 
which are designed to modulate or “steer” the di-
rection of the ultrasound beam and sweep through 
a given plane. This allows for a smaller physical 
footprint than linear and curvilinear probes, and 
phased array probes are often used for echocar-
diographic views of the heart that require a small 
skin contact area in the intercostal spaces.

Usually, smaller sized probes are constructed 
for high frequency transducers meant for high-
resolution imaging of superficial structures. 
However, it is important to note that the category 
of transducer array does not solely determine a 
probe’s “footprint,” or physical size. Any of the 
types described above can, in theory, be con-
structed in any size for various uses.

Typical diagnostic ultrasound probes operate 
in the frequency range of 2–14 MHz. Higher fre-
quencies permit better spatial resolution but at-
tenuate more rapidly through tissue, yielding a 
lower depth of penetration. Thus, the characteris-
tic trade-off in any ultrasound examination is that 
between resolution and depth, with increases in 
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either requiring a sacrifice of the other. General-
ly, any given probe regardless of array configura-
tion will have a fixed bandwidth available based 
on the physical constraints of the piezoelectric 
transducers. Commercially these are often de-
noted with the high end of the range first, such 
that one could encounter a curvilinear probe with 
a bandwidth of “8−5 MHz” and a maximum scan 
depth of 15 cm based on the constraints at the low 
end of the band.

Basic Knobology The following controls are 
found as a button, dial, or switch on most modern 
commercially available ultrasound machines.

Gain Adjusts the intensity of white, gray, and 
black on the display and is commonly adjusted to 
improve image quality (Fig. 1.6).

Depth Determines the axial distance of beam 
penetration and display. This should be adjusted 
sufficiently deep to include the area of interest, 
but otherwise minimized to preserve resolution.

Exam type Depending on the manufacturer, 
there are often a number of machine preset 

parameters to maximize image quality on the 
basis of frequency, gain, and frame rate.

Freeze Captures the on-screen image for review, 
is useful for taking measurements or saving to 
permanent file.

Summary

In conclusion, the knowledge of basic ultrasound 
principles has the potential to greatly improve the 
use of the modality for both diagnostic and inter-
ventional applications in pediatric surgical prac-
tice. Importantly, there are no identified biologic 
effects of the frequencies and intensities of sound 
used in diagnostic ultrasound. Using different, 
specialized equipment, higher energy ablative ul-
trasound is possible and has been utilized in some 
applications; however, the probes and machines 
described in this chapter are not thought to pose 
any potential immediate or long-term danger to 
patients. Future advances in routine ultrasound 
will likely include probes capable of creating 
three-dimensional images, as well as exogenous 
contrast agents employing the echogenic charac-

Fig. 1.5  The three most common ultrasound transducer 
types are (from left to right) linear, curvilinear, and phased 
array. Underneath each probe is an example image. The 
linear image is of the neck vessels, the image is exactly as 
wide as the footprint of the probe. The curvilinear probe 

creates a field of view wider than its contact surface, in 
this case the liver, and distorts the image slightly. The 
phased array probe has the smallest footprint and is useful 
for scanning in between ribs such as this four-chamber 
view of the heart
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teristics of microscopic bubbles of air. Increasing 
availability and understanding make the ultra-
sound probe a valuable tool in the pediatric sur-
geon’s armamentarium.

Suggested Readings

1. Aldrich JE. Basic physics of ultrasound imaging. Crit 
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2014;30:25–45.

Fig. 1.6  Gain adjustment can be a useful method of im-
proving image quality. The three panels from top to bot-
tom have too low, adequate, and too high gain settings, 
respectively, of neck vessels with a linear probe in identi-
cal position
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Scanning Technique and Anatomy

In the neonate, vertebral ossification is not com-
plete. Hence in the first half of infancy before the 
spinous processes ossify and fuse, it is possible to 
image the spinal canal from a dorsal view. Later 
in life a paramedian approach can be used when 
the spinous processes are more ossified and lead 
to posterior acoustic shadowing hence preclud-
ing imaging in the midline sagittal plane. A high 
frequency 7–12 MHz linear array transducer is 
used. Images are obtained in sagittal/longitudinal 
and axial/transverse planes. Typically a sagittal 
and axial cine clip at the level of the conus in rest 
is obtained to document spinal pulsations due to 
Cerebrospinal Fluid (CSF) pulsation. Pulsation 
is restricted in tethered cord. However pulsation 
is best seen a couple weeks after birth. Typically 
scanning is done in the prone position in a well-
fed infant. Having the caregiver hold the baby 

in prone position just after feeding increases the 
chances of an easy motion free exam [1].

The lumbar vertebrae can be labeled by vari-
ous methods. One method is to assume that the 
last rib bearing vertebra is T12, another to assign 
the last square shaped ossified vertebra as S5 
and yet another uses the lumbosacral junction as 
L5-S1 with the vertebra at the end of the lumbar 
lordosis being L5. When counting the sacral and 
coccygeal bodies note that the coccygeal verte-
bras have a central ossification center compared 
to the square shaped ossification of the sacral 
vertebrae. All these methods are an approxima-
tion. Usually two or more of these criteria are 
used to determine the lumbar levels.

Normal Sonographic Findings

The cord appears hypoechoic to almost anechoic. 
The central canal of the spinal cord is visible as 
two echogenic lines in the center of the cord. 
Some believe this to be the interface between 
the anterior white matter commissure and me-
dian fissure [2]. The filum terminale, which is 
the fibrotic continuation of the spinal pia, below 
the conus may have a small cyst called the filar 
cyst as a normal variant [3]. The filum terminale 
is identified as an echogenic line that is thicker 
and straighter than the surrounding cauda equi-
na nerve roots. The filum terminale is normally 
1–2 mm thick and moves with CSF pulsations 
(Fig. 2.1).

© Springer International Publishing Switzerland 2016
S. Scholz, M. D. Jarboe (eds.), Diagnostic and Interventional Ultrasound in Pediatrics  
and Pediatric Surgery, DOI 10.1007/978-3-319-21699-7_2
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The position of conus is above the L2-3 disc 
in a normal term infant. Some accept up to the 
upper border or midbody of L3 to be within nor-
mal limits, if the filum is normal. Ventriculus 
terminalis is persistent focal dilation of the cen-
tral canal that is limited to the distal cord. It is a 
normal variant [3]. If there is question about the 
position of the conus, placing a radiographic skin 
marker at the level of the conus under ultrasound 
guidance and taking a subsequent radiograph of 
the spine to determine the vertebral level can be 
performed.

Simple coccygeal dimples or pits, which are 
shallow, 5 mm or smaller in diameter, located 
within 2.5 cm cephalad to the anal verge and 
without any associated suspicious skin lesions, 
are not associated with an increased risk for spi-
nal dysraphism (Fig. 2.2) [4–6]. No imaging is 
required for simple coccygeal pits.

The craniocervical junction can be imaged 
using the foramen magnum as a sonographic 
window. It is rarely performed, however it can be 
used to image the inferior cerebellum and proxi-
mal cervical cord [1].

Spinal Dysraphism

Spinal dysraphism is the term used for incom-
plete fusion of the posterior arch of the vertebrae. 
Closed spinal dysraphism is covered by skin and 
in open spinal dysraphism the spinal canal con-
tents are exposed without overlying skin.

Open spinal dysraphism can be of two major 
types: (1) Myelocele with a flat neural placode 

(distal end of the cord) exposed and flush with 
the surrounding skin; (2) Myelomeningocele 
where the placode is associated with herniated 
subarachnoid space and meninges. In both the 
defect is repaired with approximation of the skin 
within the first 72 h of birth (Fig. 2.3).

Myelomeningocele is virtually always associ-
ated with Chiari II malformation. Chiari II mal-
formation involves a small posterior fossa with 
downward herniation of cerebellar tonsils. In fetal 
life ultrasound demonstrates the bifrontal skull 
narrowing called lemon sign and crowding of cer-
ebellum around the brainstem, called banana sign. 
In the neonate sonographic scanning of the poste-
rior fossa and via the foramen magnum at the cra-
niocervical junction can demonstrate the herni-
ated cerebellar tonsils lying posterior to the upper 

Fig. 2.2  Simple coccygeal dimple. Sagittal ultrasound 
image of the coccygeal region. Hypoechoic line extend-
ing from the skin dimple to the distal coccyx. This finding 
is considered a normal variant and is not associated with 
spinal dysraphic anomalies

 

Fig. 2.1  Normal ultrasound of the spine. Sagittal (a) and 
axial (b). High-resolution ultrasound image of an infant 
on prone position. The conus medullaris (arrow), the 

filum terminale (small arrow) and the cauda equina nerve 
roots (*)
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cervical cord. Repair of the cerebellar herniation 
is only rarely performed in infancy [3]. The cord 
remains low in position after tethered cord release 
and closure of the myelomeningocele. It is very 
difficult to diagnose secondary tethering due to 
adhering scar tissue after surgery as the imaging 
findings overlap normal postoperative appear-
ance. Clinical assessment is of utmost importance 
when re-tethering is suspected.

A meningocele, whether in the cervical or 
more commonly lumbosacral region, contains 
only CSF-filled sac of dura mater without any 
neural elements. The cord can be tethered to the 
periphery of the sac. It is not associated with Chi-
ari II malformation. A terminal myelocystocele is 
a rare condition where the herniated CSF space 
communicates with the distal spinal canal. It is 
associated with more proximal cord syrinx. Ter-
minal myelocystoceles are associated with om-
phalocele, cloacal exstrophy, imperforate anus, 
and spinal anomalies (OEIS) complex [7].

Closed spinal dysraphism is covered by skin. 
Also called as occult spinal dysraphism it is not 
associated with an increase in maternal serum and 
amniotic fluid Alpha-feto Protein (AFP) levels. 
Most commonly it manifests as a midline spinal 
abnormality on physical examination in the new-
born. Bifurcation or asymmetry of the superior 
gluteal crease, skin covered hairy patch, skin tag, 
subcutaneous mass or lump (lipoma), abnormally 
pigmented patch, telangectasias, hemangiomas, 
and high sacral dimples may herald an underly-
ing spinal dysraphic anomaly [4, 8].

Spinal lipoma is the term given to a variety 
of spinal dysraphisms associated with a fatty 
component. Lipomyelocele is akin to a myelo-
cele, except that the neural placode is covered 
by a lipoma that is contiguous with the subcu-
taneous fat. The neural elements lie within the 
confines of the vertebral canal (Fig. 2.4). In a 
lipomyelomeningocele the subarachnoid spaces 
bulges out of the vertebral canal and pushes the 

Fig. 2.4  Lipomyelocele. Sagittal ultrasound image (a, b) 
and sagittal MRI T1 weighted image (c). Low-lying conus 
medullaris terminating at the level of L4 (arrow) with the 

distal spinal dysraphism covered by a lipoma that is con-
tiguous with the subcutaneous fat (*)

 

Fig. 2.3  Myelomeningocele. Axial ultrasound (a) and 
axial T2 MRI weighted image (b). The neural placode 

(arrows) and the meninges (*) protruding through the spi-
nal dysraphism
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neural placode and the overlying lipoma as well. 
The nomenclature of these defects can be easily 
understood as it represents the layer that is first 
encountered from the dorsal aspect [1].

Intradural lipoma is a lipoma in the subpial 
location that is typically attached to the dorsal 
spinal cord. Intradural lipomas occur more com-
monly in the thoracic spine, followed by the cer-
vicothoracic junction, and may cause symptoms 
related to cord compression. The intradural lipo-
mas located in the lumbosacral region, intimately 
related to the filum terminale, are named terminal 
lipomas and are often associated with tethered 
cord (Fig. 2.5). Terminal lipomas are frequently 
associated with sacral hypoplasia, anorectal mal-
formations, genitourinary malformations, and 
dorsal dermal sinus.

Lumbosacral dimple: High lumbosacral dim-
ples that are located higher than the gluteal cleft, 
more than 2.5 cm cephalad to the anal verge, have 
a higher risk of underlying spinal anomalies and 
tethered cord. They may represent the opening of 
dorsal dermal sinuses, which communicate with 
the underlying spinal canal and dura via a strati-
fied squamous epithelial-lined sinus tract and 
dysraphic spinous process. Dimples may or may 
not be associated with hair tufts or hemangiomas.

Tethered Cord

The caudal fixation of spinal cord which leads to 
stretching of the lower spinal cord and associated 
neurological dysfunction is the essence of teth-
ered cord (Fig. 2.6). When not treated, the neuro-
logical disability may progressively become irre-
versible. The cord can be tethered in a variety of 
conditions associated with occult and open spinal 
dysraphisms. In addition diastematomyelia, filar 
lipoma, and dorsal dermal sinus may lead to teth-
ering of the cord [3].

Diastematomyelia

Diastematomyelia can be recognized as a split 
cord which usually reunites distally and may be 
separated by a bony or fibrous septum. Scanning 
the entire cord can identify the level of the split 
and reunited cord.

Findings in Anorectal Malformation

Anorectal malformations may be associated with 
a variety of spinal anomalies.

Fig. 2.5  Terminal lipoma. Sagittal ultrasound images 
of the lumbosacral junction (a) and the sagittal MRI T1 
weighted image (b). Tethered cord terminating at the level 

of the lumbosacral junction (arrow) inseparable from an 
echogenic mass, consistent with the terminal lipoma seen 
on MRI T1-weighted image (*)
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Caudal regression syndrome is characterized 
by insult to the caudal cell mass that gives rise to 
the coccyx, distal sacrum and the lower lumbar 
spine. It is more common in infants of diabetic 
mothers [9]. Anorectal anomalies such as imper-
forate anus are typically associated. Bladder and 

renal anomalies may also be present. The spinal 
cord in caudal regression type 1 is high ending 
and blunted (Fig. 2.7). In type 2 caudal regres-
sion, which is less common, the cord is low lying 
and tethered to a fibrolipoma.

Fig. 2.6  Tethered cord with hydromyelia. Sagittal ultra-
sound images of the lumbosacral region (a) and the sagit-
tal MRI T2 weighted image (b). Tethered cord terminat-

ing at the level of L5-1 (arrow) with dilation of the distal 
ependymal canal, consistent with hydromyelia (*)

 

Fig. 2.7  Caudal regression syndrome. Sagittal ultrasound 
image of the thoracolumbar junction (a) and sagittal MRI 

T2-weighted image (b). High ending, blunted distal spinal 
cord (arrow) and dysplastic sacrum (*)
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The syndrome of Currarino is a rare congeni-
tal disorder that comprises a triad of dysplastic 
sacrum, anorectal malformation, and presacral 
mass (Fig. 2.8). Infants with Currarino syndrome 
may also have urogenital malformation. The pre-
sacral mass is commonly a teratoma, although 
anterior sacral meningocele or duplication cysts 
are also possible. The dysplastic sacrum is typi-
cally partial and one sided leading to a scimitar 
shaped sacrum. Agenesis, scalloping, and sacral 
hypoplasia are also described. Inheritance is au-
tosomal dominant [10].

The presence of cloacal anomalies, such as 
extrophy, cloacal malformations and, imperforate 
anus and ectopic anus are highly associated with 
spinal cord anomalies and dysraphism. OIES 
syndrome is associated with cloacal extrophy and 
terminal myelocystocele (vide supra).

Neoplasm

The most common spinal tumor of infancy is 
intraspinal extension of a neuroblastoma. Ultra-
sound can be used to evaluate the extent of intra-
spinal tumor and may demonstrate the extent of 
cord compression [1].

Sacrococcygeal teratomas form the next most 
common spinal tumors. They can have an intra-
pelvic and extrapelvic component. They were 
classified by Altman into four types that progres-
sively have an increase in the intrapelvic compo-

nent, with minimal intrapelvic extension in type 
I to predominantly intrapelvic in type IV. Up to 
50 % are of type I (Fig. 2.9). Saccrocoocygeal 
teratomas may be mature or immature on pathol-
ogy and the level of differentiation determines 
the malignant potential. These masses are typi-
cally heterogeneous in echotexture with solid and 
cystic components. Many are now diagnosed in 
prenatal life and up to 70 % are evident on neo-
natal exam as a lump or exophytic extrapelvic 
mass. Diagnosis may be delayed with Type IV 
sacrococcygeal teratomas. Delayed diagnosis is 
associated with a more complex surgery as well 
as higher incidence of malignant elements on pa-
thology [11].

In adults and older children intraoperative 
guidance with ultrasound can be useful to delin-
eate tumor from the spinal cord. Sonography is 
performed after laminectomy is done. A high fre-
quency transducer is used.

Spinal Trauma

Intraspinal hemorrhage after lumbar puncture 
may be seen as echogenic debris in the sub-
arachnoid space in infants. An epidural or sub-
dural hemorrhage may occasionally be seen as a 
fluid collection posterior to the cord. For bony 
fractures and more extensive traumatic insult in-
cluding traumatic infarcts of the cord, an MRI is 
more useful. Beyond infancy the value of spinal 

Fig. 2.8  Currarino syndrome. Sagittal ultrasound image 
of the lumbosacral region (a), axial contrast enhanced CT 
image (b) and anteroposterior radiograph of the pelvis 

(c). Heterogeneous presacral mass (arrow) and dysplas-
tic sacrum (small arrow) in an infant with the anorrectal 
malformation
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sonogram is rapidly reduced. It remains useful 
for evaluating posterior spinal collections and se-
romas after surgery [1].

With the recent focus on child abuse, a study 
by Edelbauer et al. suggests use of spine sonogra-
phy in less than 6-month-old infants for evaluat-
ing subdural collections. Spinal trauma with liga-
mentous injuries and cord insult are described 
with non-accidental trauma. Spinal subdural col-
lections are also common in the presence of sub-
dural haemorrhage in the cranium. Ultrasound 
may in future prove to be a valuable adjunct in 
evaluating extra-axial collection in the spinal 
canal in this patient group [12].

Prenatal Diagnosis

During second trimester routine screening fetal 
ultrasound scans the skin overlying the spine is 
evaluated for integrity. The spinous processes 
form a linear echogenic line. The absence of skin 
and the spinous process herald the presence of an 
open neural tube defect. The splayed ossification 
centers lateral to the defect is seen on axial imag-
ing. When the defect is covered by a thick sac, it 
may represent skin covering of a closed neural 
tube defect. Indirect signs of a myelomeningo-
cele in the brain in the form of frontal notching 

and small posterior fossa can be seen. Closed spi-
nal dysraphisms are generally occult and difficult 
to diagnose prenatally unless associated with a 
lipomyelomeningocele that protrudes signifi-
cantly away from the canal. Sporadically some 
of these have been diagnosed prenatally. Visu-
alizing the level of the conus prenatally is chal-
lenging, however a significantly low-lying conus 
below L3 may point towards underlying occult 
spinal dysraphism. Anterior sacral meningocele 
and sacrococcygeal teratomas are diagnosed pre-
natally in a large percentage of patients. Smaller 
defects, particularly closed spinal dysraphisms 
and intradural lipomas may not be apparent on 
prenatal scanning [13].

Summary

Vertebral ossification is not complete in the first 
half of infancy and sound beam transmits through 
the cartilage. This combination makes imaging 
the spinal canal with sonography possible. So-
nography is usually the first imaging exam to 
be performed in infants because of its simplic-
ity, low cost, and lack of deleterious effects. 
Another advantage of sonography over most im-
aging modalities is its capacity to visualize the 
motion of the filum terminale, which is restricted 

Fig. 2.9  Sacrococcygeal teratoma. Sagittal ultrasound 
image (a) and sagittal MRI T2-weighted (b) of the peri-
neal region. Exophytic, heterogeneous mass with solid 

and cystic components (arrows), consistent with type I 
sacrococcygeal teratoma
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in tethered cord. In this chapter, the ultrasound 
techniques, the indications and the imaging find-
ings of the most common disorders involving the 
infant’s spine are reviewed.
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Introduction

Ultrasound of the pediatric head and neck has al-
lowed clinicians to more quickly diagnose and 
manage their patients. In the office, real-time 
ultrasound has also allowed demonstration of 
pathology, or normality to the parents. Biopsies, 
should you wish to perform them, can also be 
performed more accurately and safely. Together 
these contemporarily performed procedures save 
both the patient’s and parent’s time [12]. Timely, 
efficient care of the highest quality are key com-
ponents of patient and family-centered care.

In the clinical setting, such as a hospital, the 
capabilities of pediatric ultrasound are further 
enhanced by the addition of anesthesia and seda-
tion. These adjuncts enhance our diagnostic and 
therapeutic options in our pediatric patient since 
fear, anxiety, and pain are no longer factors for 
the clinician to have to struggle with.

In order to perform a high-quality ultrasound 
of the neck, one must have an intimate knowl-
edge in many aspects of the diseases and use 
of technology. These include the clinical areas 
such as normal anatomy, clinical diseases, and 
anatomic pathology. Surgeons, and others, have 
this knowledge given the nature of their clini-
cal practice. While necessary, this knowledge is 

insufficient to perform pediatric head and neck 
ultrasound. The clinician’s knowledge must also 
extend to the ultrasound technology being used. 
This includes physics, use of equipment, set-
tings, and interpretation of images and artifacts. 
Finally, the technical aspects of performing the 
ultrasound examination must be mastered. The 
technical aspects must further be reinforced 
when procedures are planned under ultrasound 
guidance. When all knowledge and skills are 
correctly applied, interpretation of the images 
becomes possible and with sufficient experience 
fairly straightforward.

This chapter discusses the general approach to 
the ultrasound of the pediatric head and neck. We 
then discuss and illustrate different uses of ultra-
sound in the pediatric patients.

General Approach

Examination of any pediatric patient can be 
challenging and this can be associated with a 
significant degree of anxiety. Approaches to re-
lieve the anxiety will go a long way to making 
the examination experience better for the child, 
parents, and the clinician. As with all procedures, 
preparation is a key to success. In the office, es-
tablishing a rapport with the patient before the 
ultrasound exam is key. This involves building 
trust and often involves letting the patient see you 
perform part of the examination on yourself or 
the parents. The setting should be warm and the 
light dimmer, should ideally be located close to 

© Springer International Publishing Switzerland 2016
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your examination station. Distraction equipment 
is sometimes quite helpful [11]. Some offices 
have a dedicated ultrasound room while others 
move the machine. Either is acceptable so long 
as the quality of the imaging is not compromised.

After preparation, the patient is positioned 
for the examination. Ideally, this would be in the 
supine position or slight reverse Trendelenburg. 
The neck should be extended by placing a small 
roll under the shoulders. This position allows the 
best access to the neck. The cooperative patient 
will allow this and will also move as needed to 
access all aspects of the neck. Unfortunately, pe-
diatric patients do not read the same text you are 
reading now. A well laid out room and building 
trust can go a long way to achieving your goal 
of cooperation, however, this sometimes is not 
enough. In these cases, alternatives can be used 
such as having a parent hold the child in a par-
ent’s arm for comfort rather than restraint. This 
is followed by a limited examination that is nec-
essary to decide on care. In the end, the office-
based examination may have to be abandoned 
and repeated at another time or in another setting. 
The hospital or clinic setting that affords seda-
tion and anesthesia allows for a more thorough 
examination. This also allows procedures to be 
done more easily.

Equipment

The equipment today is relatively inexpensive 
and can be very portable. When selecting your 
equipment several factors must be considered. 
These are the particular machine and the trans-
ducer. Characteristics to consider for head and 
neck ultrasound are the portability and comput-
ing power of the machine. The selection of trans-
ducers that are available for that machine must 
also be considered. The portability is important 
for the utility in both the clinic and the hospital 
setting. Unless you have a dedicated room and do 
not need to move your machine often, portability 
must be considered. The portability is balanced 
against the image quality. Image quality is gener-
ated by the computing power of the machine and 
the transducers used. Today’s portable machines, 

though small, give excellent computing power 
to meet the needs of pediatric head and neck ul-
trasound. Other characteristics of the machine 
to consider include the ability to carry out high-
quality Doppler and color flow analysis. Again, 
most commercial machines allow these features, 
although the quality can vary. Figure 3.1 shows a 
portable ultrasound in an operating room.

The transducer must have several important 
characteristics. These include the frequency, the 
array, and the footprint. The most common trans-
ducer used for head and neck ultrasound is a lin-
ear array probe. Occasionally, a curvilinear probe 
may be used for wider field visualization but this 
is rarely needed in children. The footprint of the 
transducer must be appropriate to the patient. 
Given the varied size of the pediatric age group, 
generally two linear probes are used with differ-
ent footprints (Fig. 3.2a). This must be balanced 
against the price of the probes ranging from 
US $ 5–10,000. If only one probe is possible, 
then the small “hockey stick” type probe is the 
most versatile (Fig. 3.2b). Finally, the transducer 

 

Fig. 3.1  A portable ultrasound machine in the operating 
room
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must have a high frequency for the most detailed 
pictures. Given the thinness of the neck, a high-
frequency probe should be used to optimize the 
picture. This probe would ideally be 10–15 MHz 
although some use probes down to 7.5 MHz.

The final, and often overlooked, piece of 
equipment to be decided upon and used is the 
documentation system. Without documented 
images and an interpretation, the highest qual-
ity of care is not being ensured. This is both for 
the individual care and for the quality assurance 
methodology used in your practice. The capture 
and documentation may be part of an electron-
ic picture archiving and communication sys-
tem (PACS) within a hospital or a printer and a 
handwritten interpretation in an office chart. The 
principles, however, are the same. Representa-
tive images and an interpretation are needed to 
provide excellent patient care. Figure 3.3a, b 
demonstrates a patient with thyroiditis showing 

an enlarged and hypervascular gland. Documen-
tation of these images in the chart is critical for 
this patient’s ongoing care.

Once the equipment and the patient are pre-
pared, an approach to the patient is necessary. 
The first fundamental question to be asked is 
what is the purpose of the ultrasound examina-
tion? Are you doing a complete head and neck 
ultrasound or do you want a limited scan? What 
is the clinical indication? Is it to assess a mass? 
Is it to assess the patency of a vein? Is it to assess 
the thyroid gland? Each of these studies will have 
a different approach.

A complete examination of the head and neck 
must cover all anatomic structures and a general 
screen of the head and neck. There is no standard 
sequence within the profession [1]. Institutions 
or individuals must develop their own approach. 
However, an internal systematic approach must 
be done the same way every time. This system-
atic approach ensures that all organs and areas of 
the head and neck are examined. The complete 
examination is often done is an ultrasound de-
partment as part of a comprehensive examina-
tion.

While clinicians can do a comprehensive ultra-
sound examination, they often perform a focused 
examination to answer a clinical question and 
obtain any specific information. Further informa-
tion may be obtained on ultrasound depending on 
the initial findings. An example of this is assess-
ment of the lymph nodes when a thyroid mass 

Fig. 3.2  a and b. Two linear probes with different con-
figurations. The “hockey stick” probe

Fig. 3.3  a  A 4-year-old girl with a thyroid gland scanned in the transverse plane demonstrating coarse echotexture and 
edema suggestive of thyroiditis. b The same patient with color Doppler demonstrating hypervascularity
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is detected. Thus, clinicians are able to make a 
decision of further examination or intervention 
based on the data obtained real time. Beyond the 
technical aspects, more timely use of the new in-
formation is possible since the performing clini-
cian is often the primary clinical decision-maker 
for this patient. The scanning technique between 
a complete and focused examination is the same, 
it is merely a decision to focus the examination to 
answer a specific clinical question, such as what 
is this mass?

One of the most common conditions asked 
about in pediatric patients is the lump in the neck. 
The assessment of this involves a detailed history 
and physical examination, and ultrasound is used 
to confirm the diagnosis or to answer a specific 
question such as what is this mass or does lymph-
adenitis have a liquefied center?

In this chapter, we discuss some of the ultra-
sound characteristics that are helpful in diagnos-
ing these masses. However, as a clinician the ul-
trasound is an adjunct. We must never forget that 
the history and physical examination give us a 
plethora of information that will guide us to our 
differential diagnosis. The ultrasound adds more 
data to this clinical decision-making process.

Following the history and physical examina-
tion, one easy approach is to anatomically decide 
what region the lesion is in. Some lesions are in 
both. The anatomic location helps differentiate 
the possible lesions. Table 3.1 presents a differ-
ential diagnosis of neck masses based on loca-
tion being in the anterior neck (medial to the ster-
nocleidomastoid muscle (SCM)) or lateral neck 
(lateral to the SCM and including the SCM).

The anterior neck contains three normal struc-
tures; we will assess as we look at a mass. Masses 
can come from all three. These organs are the 
thyroid gland, parathyroid gland, and thymus. 
The thyroid gland is the easiest of the three to 
visualize. This bi-lobar structure curves over the 
trachea in the lower neck. It has an isthmus that 
projects superior in the midline. Scanning of the 
thyroid should be assessed in two planes. The 
probe is easily slid over the lobes and simple ma-
neuvers can allow scanning of the entire gland 
(Fig. 3.4).

Lesions of the thyroid are easily seen and 
can be solid or cystic. Often, there are multiple 
masses. No one characteristic is pathognomonic 
for neoplasia. However, size greater than 2 cm, 
microclacifications, and a completely solid le-
sion were predictive of neoplasia [15]. Given 
that neoplasia is much higher in the pediatric 
population, these findings warrant further inves-
tigations. If this was the lesion in question, ex-
amination can then be expanded to assess lymph 
nodes in both the anterior and lateral neck, as this 
is where regional spread would occur. This deci-
sion to further scan is made real time given your 
new information. Further, if the patient was old 
enough and cooperative, a fine needle aspiration 
under ultrasound control could be contemplated. 
The approach to interventional procedures will 
be discussed below.

The parathyroid glands are more difficult to 
identify and commonly are not seen. They are 
6 × 4 mm in adults and smaller in pediatric pa-
tients. The identification of parathyroid glands on 
ultrasound is suggestive of a pathologic process 
[13].

Table 3.1  Differential diagnosis of neck masses based on location
Anterior neck Lateral triangle

Congenital Lymphatic malformation Lymphatic malformation
Vascular malformation/hemangioma Vascular malformation/hemangioma
Thyroglossal duct cyst –
Brachial cleft cyst –

Acquired Lymphadenopathy Lymphadenopathy
Thyroid mass Lipoma
Parathyroid mass Paraganglioma
Thymus (ectopic or mass) Torticollis
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The thymus can be found in the inferior–an-
terior neck. The thymus is normally 2.5 × 3 cm 
in newborn babies. Its relative size dissipates as 
the child grows. However, abnormality of organ 
migration can lead to ectopic thymus. This mass 
will live in the anterior neck. Ultrasound can eas-
ily assess this mass. Thymic tissue has a course 
echostructure similar to liver. It is easily delin-
eated from the surrounding structures and has 
normal flow. It can have tissue going into the 
superior mediastinum. Besides ectopic normal 
thymus, cysts and occasionally masses will de-
velop. These masses appear markedly different 
compared to the normal surrounding thymus. 
They may be solid or cystic.

Besides the three normal organs, a common 
mass is found in the midline. This midline ante-
rior mass is a thyroglossal duct cyst. This supe-
rior cyst comes from the descent of the thyroid 
in the neck from the foramen cecum at the base 
of the tongue. Failure of obliteration of the thy-
roglossal duct can lead to cyst formation. Ultra-
sound has two roles in this disease process. The 
first is the diagnosis of the thyroglossal duct cyst. 
The second is to prove the existence of a normal 
thyroid since this midline mass may represent an 
ectopic thyroid and failure of decent. The thy-
roglossal duct cyst is a thin-walled midline cyst 
that is anechoic to hypoechoic. There is posterior 
enhancement present. This enhancement is an ar-
tifact from the fluid-filled cyst and is helpful in 
diagnosing fluid-filled structures (Fig. 3.5).

If the cyst has been infected, the wall is often 
thicker and the fluid may be more turbid. The lo-
cation of the cyst is infrahyoid in up to 65 % of 
the cases; however, it can also be suprahyoid. A 
small percentage can be intralingular [13]. Move-
ment of the tongue outward causes an upward 
movement of the cyst both on physical and ultra-
sound examination. Ultrasound when compared 
to computed tomography (CT) and magnetic 
resonance imaging (MRI) is the best imaging 
modality to diagnose thyroglossal duct cysts [7].

Another common cystic mass in the neck is 
lymphatic malformations. These are also known 
as cystic hygromas and lymphangiomas. These 
lesions can be in any part of the body including 
in all aspects of the head and neck. They are con-
genital in nature but may present well after birth 
with an increase in size due to infection or bleed-
ing. Ultrasound of the neck presents an ideal 
modality for both diagnosis and treatment of 
these complex lesions. These lesions present in 
a continuum from a microcystic relatively solid 
mass, to a macrocystic fluid-filled and typically 
multi-septated mass. The ultrasound characteris-
tics vary accordingly; however, some common 
features do prevail. The cyst of a lymphatic mal-
formation typically demonstrates a hypoechoic 
or anechoic nature with a simple wall (Fig. 3.6). 
If bleeding or infection has occurred, the indi-
vidual or multiple cysts may show debris within 
rather than a simple anechoic fluid. In the case of 

Fig. 3.5  A midline oval thyroglossal cyst in a 1-month-
old infant. Note the increased posterior acoustic enhance-
ment deep to the cyst confirming the fluid contents

 

Fig. 3.4  A normal thyroid scanned in the transverse plane
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bleeding as a presentation, layering of the clotted 
blood within the cyst may be seen.

After diagnosis of the lymphatic malforma-
tion, appreciation of the lesion in relation to the 
organs of the head and neck is important to plan 
therapeutic interventions. Therapeutically, ultra-
sound allows for aspiration and injection of a 
sclerosing agent into the cysts. Multiple agents 
have been used including sodium dodecyl sulfate 
(SDS) [5], tetracycline [5], OK-432 [8], and bleo-
mycin [17]. All sclerosing agents have a similar 
outcome and elicit an inflammatory response. All 
appear safe when used properly.

Our protocol involves aspiration of a near 
total volume from the cyst while leaving the nee-
dle in place. Bleomycin at a dose of 0.3–0.6 mg/
kg (maximum 30 mg) is diluted into 30 cc of 
normal saline (NS). This solution is then injected 
into the cyst or multiple cysts. The patient is then 
observed for 3 months, assessed and if neces-
sary another session of sclerotherapy is planned. 
These procedures can be done on an outpatient 
basis with same day discharge. Inflammation 
typically appears 1–5 days later and is treated 
with analgesia. The cysts then slowly dissipate 
over several months. Several factors appear to ef-
fect outcomes. Macrocystic disease is most effec-
tively managed with this therapy. There is 50 % 
complete resolution and 15–40 % significant 

improvement [5, 8]. Often multiple sessions are 
needed to achieve success in a patient with multi-
ple lesions and should be planned for. Microcys-
tic disease is less amenable to sclerotherapy but 
larger cysts can be considered for sclerotherapy.

Besides lymphatic abnormalities, another 
cyst can be located in the anterior neck at the 
border of the SCM, a branchial cleft cyst. This 
can be confused with a lymphatic abnormality. 
The most common is the second branchial cleft 
cyst. This solitary cyst is on the anterior border 
of the SCM and the tract ascends on a defined 
tract going through the bifurcation of the carotid 
vessels, then ending within the palatine tonsil. 
The third and fourth branchial cleft cysts are 
much rarer and may involve the thyroid. They 
are also called pyriform sinus fistulas. Real-time 
ultrasound again proves useful in these disease 
processes. A solitary cyst in the neck in the typi-
cal location differentiates this from a lymphatic 
malformation. The second brachial cleft cyst is 
located anterior to the SCM and lateral to the ca-
rotid vessels. The third or fourth branchial cleft 
cysts are located more inferior and often in prox-
imity to the thyroid. The cyst is often anechoic or 
hypoechoic with a thin wall. In this case, there 
is posterior enhancement (Fig. 3.7). If there has 
been infection, the fluid may be more turbid and 
the walls may be more heterogeneous. Thus, re-
al-time ultrasound can help differentiate between 
cystic masses that can appear identical in history 
and physical examination.

The final structures to talk about in the anteri-
or neck are the vessels, both arterial and venous. 
Vascular access, thrombosis, and ultrasound ap-
proaches will be discussed in a chapter dedicated 
to this common issue. Vascular diseases of the 
great vessels are rare in the pediatric age group. 
The classic arterial pathology is a carotid body 
tumor or paraganglioma, a rare tumor in the pe-
diatric age group. This is typically a lesion of the 
carotid bifurcation that is solid and about 1–5 cm 
in size. Color Doppler demonstrates high flow 
and hypervascularization [3, 18].

Carotid body tumors when discovered need a 
more extensive workup than can be provided by 
ultrasound alone.

Fig. 3.6  Lymphatic malformation in a 3-day-old female 
on the left neck scanned in the sagittal plane. Ultrasound 
demonstrates an anechoic fluid collection with septations 
and is compressible with minor pressure. Posterior en-
hancement is also present
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Vascular malformations of the head and neck 
are much more common and are the most com-
mon tumor of the head and neck in infancy. They 
can be found in all areas of the head and neck. Ul-
trasound features of vascular malformations are 
fairly classic. These lesions are heterogeneous 
and are either hypo- or echogenic. Proliferative 
hemagiomas are more solid, while vascular mal-
formations have more prominent vascular struc-
tures. Vascular flow on color Doppler demon-
strates multiple internal vessels. The velocity of 
flow is proportional to the amount of arteriove-
nous fistulization. As with lymphatic malforma-
tions assessing the relationship to other structures 
is critical [6].

Lateral Neck

Lymphatic malformations can be present in both 
the anterior and lateral neck. Another organ that 
can be present in both with a greater predomi-
nance in the lateral neck is pathologies of the 
lymph nodes. These lymphadenopathies can be 
infectious, immunologic, metabolic as well as 
neoplastic.

Lymphadenopathies are one of the most com-
mon reason for a pediatric head and neck ultra-
sound examination. Examination involves mul-
tidimensional scanning in grey scale as well as 
assessment of flow with Doppler. For very su-

perficial lymph nodes, a stand off gel pad will 
help bring the lesion into the focal zone of the 
ultrasound field. Multiple characteristics have 
been studied to try to distinguish neoplasia from 
inflammatory causes. These include number, 
size, shape, echogenicity, and the border char-
acteristics. Unfortunately, no characteristics are 
proven to be a distinguishing feature. These char-
acteristics must also be used along with the clini-
cal symptoms of the patient to decide about a di-
agnosis or next step. One unique but uncommon 
finding is calcifications in an abnormal lymph 
node. This finding is predictive of papillary thy-
roid cancer [10, 14].

With respect to the ultrasound findings, 
lymphadenitis from infectious causes typically 
appears as homogenous, hypoechoic, and round 
masses (Fig. 3.8). They may be matted together. 
They have an echogenic hilum and individually 
they are greater than 5 mm. The individual size 
can often be difficult as the mass of nodes be-
comes matted. As this inflammatory phlegmon of 
matted nodes progresses, the center can liquefy 
and need drainage. The ultrasound is superior 
at diagnosing liquefaction compared to physical 
exam especially in large edematous masses. The 
ultrasound characteristics of liquefaction demon-
srate a change from a homogeneous mass to a 
heterogeneous one. In the beginning of this pro-
cess, there are multilocular heterogeneous areas 
with debris and septations. Over time, these mul-
tiple locules often coalesce into one single large 

Fig. 3.8  Reactive lymphadenopathy in the right side of 
the neck in a 4-year-old child. Note the oval configuration 
and the fatty echogenic center of the nodes

 

Fig. 3.7  A 9-year-old female presents with recurrent left 
neck abscesses. A fourth branchial cleft cyst is identified. 
Note the location to the thyroid gland thus requiring a 
hemithyroidectomy
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abscess (Fig. 3.9). As the abscess forms, there is 
no flow in the center and a variable thickness of 
rim can develop. The ultrasound can then be used 
to facilitate needle aspiration for microbiologic 
diagnostic or therapeutic interventions.

Ultrasound unfortunately cannot differenti-
ate neoplastic from inflammatory and infectious 
causes of lymphadenopathy. Neoplastic lymph 
nodes may be multiple and separate or matted as 
a single mass. They are homogeneous and often 
do not have an echogenic hilum. Necrosis and 
liquefaction within the lymph node mass is rare.

Other than a site of primary tumor, the cervi-
cal lymph node may also be a site for metastatic 
spread of neoplasia. The most common of these 
is thyroid cancer, but the differential also include 
neurogenic tumors, rhabdomyosarcoma, and na-
sopharyngeal carcinoma. These lesions are often 
discreet and can be in multiple lymph nodes. 
Metastatic lymph nodes are homogeneous, echo-
genic, and nontender. If multiple lymph nodes 
are identified, the thyroid gland as well as the 
neck in general should be assessed for primary 
pathology. Further imaging and possible biopsy 
may be necessary.

Ultrasound can also be used to confirm other 
diagnoses in the clinic that, in prior decades, we 
may have felt that an ultrasound is not really 
needed given the requirement for another visit. 

An example of this is the sternocleidomastoid 
“tumor” of congenital torticollis. Congenital tor-
ticollis is a fibrotic process with shortening and 
thickening of the sternocleidomastoid (SCM) 
muscle. Babies with torticollis present in the first 
few months of life with a turned head and a thick 
and hard mass in the SCM muscle. The history 
often is characterized by prolonged or traumatic 
delivery. Physical examination demonstrates 
a thickened SCM muscle with a mass. Parents 
present worried and often have been told there 
is a suspicious mass in their young child’s neck. 
The diagnosis and treatment were often made in 
the past with no imaging. Many parents remain 
frightened, and cervical MRI under general an-
esthesia is a common modality requested by pe-
diatricians in this setting. The real time use of 
ultrasound has aided in care of the patients and 
family. This SCM tumor is characterized by its 
location within the body of the SCM and its bor-
ders fade into the normal muscle. It is echogenic 
and often heterogeneous depending on the fibro-
sis and stage of the mass. Figure 3.10 demon-
strates a normal SCM, while Fig. 3.11 shows the 
SCM tumor. The lesion can be anywhere in the 
SCM but often is in the lower half of the muscle. 
Once diagnosed, nonoperative management with 
active and passive stretching exercises guided by 
a physical therapist is needed, which almost al-
ways resolves the problem over time. This thera-
py does not result in immediate resolution of the 
mass and the ultrasound further reassures parents 
that their persistence is warranted.

Fig. 3.10  Normal sternocleidomastoid muscle in a 
1-month-old boy

 

Fig. 3.9  Sagittal view of the left neck in a 5-year-old boy 
with fever, tenderness, erythema, and swelling of the left 
neck. The ultrasound demonstrates an area of low echo-
genicity with no Doppler signal. This area extends to the 
surface and is within an area of adjacent enlarged lymph 
nodes
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Several other miscellaneous masses can arise 
in the neck in the pediatric age group. These are 
teratomas and neurogenic tumors. Teratomas 
contain all three germ cell layers. Thus, the tera-
toma can have a variety of tissue types. The ul-
trasound features show a mass that is typically 
round. It is located in both, the anterior or lateral 
neck. It is heterogenous given the solid and cystic 
nature of the tumor. Depending on the makeup 
of the particular mass there are often both, echo-
genic as well as hypoechoic areas. Sometimes, 
calcifications can be seen within the cyst.

Neurogenic tumors in children are most com-
monly neuroblastomas and neurofibromas. They 
are hypoechoic solid masses located in the para-
spinal area typically behind the vessels of the 
neck. The ultrasound cannot distinguish the two 
or the neoplastic process. Therefore, further im-
aging is required.

Interventions of the Neck

Until now we have primarily discussed the use 
of ultrasound as a diagnostic adjunct for the head 
and neck. There is an interventional use for ul-
trasound in the pediatric patient with head and 
neck pathology. Vascular access is discussed in 
another chapter. However, the technique of vas-
cular access is not different than that of accessing 
any lesion, either for biopsy or therapeutic inter-
vention. The concepts of in-plane (parallel) and 

out of plane (perpendicular) scanning approaches 
are the same. For biopsy purposes, a decision of 
a core biopsy or fine needle aspiration must be 
decided depending on the differential diagnosis. 
Most lesions, other than lymphoma, can be di-
agnosed with fine needle aspiration. Fine needle 
aspiration gives cytologic, while core biopsy 
give pathologic diagnosis with tissue architec-
ture. Both, fine needle aspiration and core biopsy 
should be carried out under real-time ultrasound 
control. Fine needle aspiration is relatively safer 
since the core biopsy needles take a larger piece 
of tissue and can damage nearby structures. This 
is especially important in the neck where many 
vital structures such as large vessels and nerves 
are very close together. Other than diagnostic bi-
opsy, ultrasound can also allow aspiration of liq-
uid for diagnostic testing such as culture.

Therapeutic interventions can also be carried 
out including aspiration of lymphadenitis that is 
liquefying as well as sclerotherapy for lymphatic 
malformations. We have discussed the effective-
ness of ultrasound guided sclerotherapy for lym-
phatic abnormalities [8, 9]. There is also a devel-
oping body of literature that ultrasound aspira-
tion of neck abscesses may be a superior therapy 
compared to traditional open drainage [2].

All of these procedures, while possible under 
local anesthesia, most frequently are carried out 
under sedation. In the vast majority of pediatric 
patients, this is best done under general anesthe-
sia since sudden movement during the procedure 
can be catastrophic.

Besides pure interventional work with the ul-
trasound and a needle, this technology has allowed 
for hybrid surgical approaches. Hybrid approach-
es use ultrasound to guide the open operations on 
neck lesions. With the use of intraoperative ultra-
sound, the incisions are directed to the lesion and 
an extended neck incision and dissection can be 
avoided. This technique is useful in selected cases 
such as biopsy of a deep lymph node or removal 
of a lesion that is hard to palpate. In parathyroid 
surgery, this approach has changed an entire ap-
proach to a disease process. Ultrasound and other 
localizing techniques have eliminated mandatory 
four gland exploration for primary hyperparathy-
roidism. Selective parathyroid exploration for 

Fig. 3.11  The same child has an enlarged SCM muscle 
compared to the normal side with increased enchogenicity 
on the effected side. SCM sternocleidomastoid muscle
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parathyroid adenoma is the gold standard with 
ultrasound having the most utility. After local-
izing studies demonstrate a solitary lesion ultra-
sound guidance with solitary parathyroidectomy 
can eliminate a significant operation with poten-
tial complications and make it into the technical 
equivalent of a lymph node biopsy [4, 16].

Summary

Pediatric surgical ultrasound of the head and 
neck allows the clinicians real-time access to 
data that can aid in their care of the patient. It 
improves timeliness of care and is an integral part 
of office- and hospital-based practice. Expertise 
in medical knowledge as well as the performance 
and interpretation of imaging is critical for the 
clinician to have optimal patient outcomes. Ul-
trasound represents one modality of imaging and 
is part of a continuum. Ultrasound has limitations 
and other modalities may be essential. The best 
care for these patients require all physicians in-
volved in imaging of our patients to collaborate 
more than ever before.
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Introduction

With limitations imposed by bone and air, the 
thorax at first seems to be an unforgiving place to 
perform ultrasound. Although the thoracic sonog-
raphy provides no overview of the entire thorax, 
it may provide valuable information in addition 
to other studies such as plain radiograph, com-
puted tomography (CT), and Magnetic resonance 
(MR) imaging or alone. Ultrasound is without ra-
diation exposure, noninvasive, inexpensive, and 
portable. Indications for thoracic ultrasound in-
clude opacities or other abnormality on chest ra-
diograph, detection and characterization of pleu-
ral effusion, a widened mediastinum or suspicion 
for mediastinal mass, in the workup of pleural, 
juxta-diaphragmatic, and peripheral chest le-

sions as well as the evaluation of diaphragmatic 
mobility [1].

Technical Requirements

For the ultrasound examination of the thorax, 
probes used in sonography of the abdomen, thy-
roid, or the vasculature can be suitable. Basic 
B-mode real-time ultrasound is generally all that 
is required. Probe selection varies by target ana-
tomic structure. A high-resolution linear trans-
ducer is required for the examination of superfi-
cial structures such as the chest wall and pleura 
as well as for neonates and young children. For 
deeper lung lesions in older patients, a lower fre-
quency probe is required. Sector transducers with 
small contact areas can be used intercostally, but 
these investigations are also possible with con-
vex transducers. It should be noted that device 
settings that are used for echocardiography are 
not suitable for the rest of the mediastinum; the 
contrast, the frame rate, and the grayscale depth 
compensation must be adjusted for mediastinal 
structures. In these cases, one should use linear or 
convex transducers, especially if there are near-
field processes [2, 3].

The use of M-mode imaging has proved help-
ful in the evaluation of pneumothorax and quan-
tification of diaphragmatic motion [4, 5]. Dop-
pler and color flow imaging should be used for 
all lesions close to the diaphragm. For instance, 
anomalous feeding vessels may be demonstrated 
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arising from the aorta in the abdomen in a sus-
pected pulmonary sequestration.

Ultrasound Examination

If the patient’s condition or cooperation permits, 
the investigation should be performed in a seated 
position by inspiration and expiration option-
ally combined with respiratory maneuvers such 
as coughing or “sniffing.” Respiratory excur-
sions may help to evaluate subpleural structures 
behind the ribs. Additionally, placing the hands 
behind the head may lead to an expansion of the 
intercostal spaces and may facilitate the access 
window.

Intrathoracic pathology is systematically ex-
amined using the longitudinal lines on the thorax 
as a guide. Acoustic windows may include: (1) 
supraclavicular, (2) suprasternal, (3) parasternal, 
(4) transsternal, (5) intercostals, (6) subxyphoid, 
and (7) subdiaphragmatic (Fig. 4.1 and Fig. 4.2), 

though this will be dictated by the pathology. In 
addition, the examination should follow oblique 
thoracic lines along the intercostal spaces from 
dorsal to ventral. Intercostal scanning allows im-
aging of the lung and pleura throughout the tho-
rax and of the posterior mediastinum. The poste-
rior chest must always be examined in suspected 
pleural effusions, as fluid tends to accumulate 
posteriorly whenever the patient lies supine in 
bed. Ventilated intensive care unit patients should 
be turned slightly to the side, so that both dorsal 
thorax sides become alternately accessible.

To evaluate the diaphragm and the inferior 
thoracic cavity, subdiaphragmatic and subxi-
phoid should be obtained using the liver, the 
spleen, or the fluid-filled stomach as an acoustic 
window. The examination of the thoracic inlet 
starts at the base of the lateral cervical triangle. 
The apex of the lungs and parts of the subclavian 
vessels can be evaluated via supraclavicular and 
transaxillar windows. For this examination, the 
patient’s shoulders are positioned on a pillow to 
help extend the neck for better access. With high-
er resolution probes (> 5 MHz) even branches 
of the brachial plexus can be evaluated [6]. The 
anterior mediastinum is examined with the supra-
sternal and parasternal views in the left and right 
lateral position. Suprasternal or supraclavicular 
approaches may also be useful in examining the 
anterior mediastinum and thoracic vessels [3].

Fig. 4.2  Demonstration of select acoustic windows for 
assessment of the pediatric chest. a Suprasternal, b Para-
sternal, c Subxiphoid, and d Transdiaphragmatic. [2]

 

Fig. 4.1  Acoustic windows for thoracic sonography: 1. 
supraclavicular, 2. suprasternal, 3. parasternal, 4. transste-
rnal, 5. intercostals, 6. subxyphoid, and 7. subdiaphrag-
matic
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The Mediastinum

The contents of the mediastinum are organized 
into three compartments: anterior (thymus, ves-
sels, lymphoid structures, and nerves), middle 
(trachea, mainstem bronchi, the heart and great 
vessels, and the hilar lymph nodes), and pos-
terior (aorta, esophagus, and the sympathetic 
nerve chains). Particularly suitable sonographic 
windows to the mediastinum are the parasternal 
plane, suprasternal plane, and transsternal plane, 
especially in babies, as the bones are not yet well 
ossified, which allows for improved ultrasound 
access to the chest. The anterior-superior medias-
tinum up to the aortopulmonary window is easily 
visible via transjugular ultrasound examination. 
As a supplement, transesophageal and transbron-
chial ultrasonography may offer valuable infor-
mation.

Anterior Mediastinum

Thymus
The thymus is the dominant structure within the 
upper pediatric chest and is critical in the devel-
opment of the immune system. It is located in 
the anterior superior mediastinum and consists 
of two lobes that are fused in the midline. The 
size, shape, and imaging finding of the normal 
thymus changes with age. The thymus appears 
largest relative to patient size at birth and may 
extend into the neck or down to the cardiac apex. 
It increases in weight through puberty, achieving 
maximal weight between 12 and 19 years. After 
puberty, the thymus slowly involutes [7].

The thymus is easily accessible for ultrasound 
examination. The normal thymus has a triangular 
shape in the longitudinal section, while in cross 
section it generally shows a trapezoidal or horse-
shoe like shape (Fig. 4.3a and 4.3b). The thymus 
is located in the anterior to the great vessels; cau-
dally it sits on the heart and sometimes extends 
to the diaphragm. Sonographically, a normal thy-
mus has a homogeneous and reticular echotex-
ture and is slightly less echogenic than the liver, 
spleen, and thyroid gland. It is hypovascular on 
Doppler imaging and has well-defined margins, 

as it is surrounded by a demarcating capsule. The 
abnormal sonographic thymus, therefore, will 
have an irregular or lobular margin, heteroge-
neous echogenicity, coarse echotexture, and cal-
cifications [8].

Thymic Aplasia/Hypoplasia
Thymic aplasia is a condition where no thymic 
tissue can be detected due to underdevelopment 
or involution of the organ. The ultrasound exami-
nation is the diagnostic method of choice and is 
superior to the chest radiograph. A diminished 
thymic size is seen in infants and children during 
physiologic stress; however, most of the times it 
is a pathologic state. Etiology may be a primary 
congenital defect as in DiGeorge syndrome or 
ataxia telangiectasia, or may be a secondary to 
long-term glucocorticoid therapy or human im-
munodeficiency virus (HIV) [9].

Thymic Hyperplasia
Thymic hyperplasia is a disorder whereby there 
is an increased production of the normal thymic 
tissue. It is usually a benign process related to a 
stress situation or disease, for example, burns, 
other severe systemic illness, chemotherapy, or 
radiation therapy. It is important to distinguish 
this from thymic or other mediastinal mass or 
neoplasm, which ultrasound is able to do read-
ily. Sonographically, the thymus maintains an 
echotexture and echogenicity which is identical 
compared to the normal thymus. The position of 
the thymus is normal in most cases, although the 
shape may be changed.

Thymic Masses
Primary thymic neoplasms in children are rare 
and usually incidental findings [10]. Thymomas 
occur in older children and adolescents who may 
present with paraneoplastic syndromes or myas-
thenia gravis [11]. These can be heterogeneous 
tumors with areas of necrosis and calcification 
(Fig. 4.4a, 4.4b, 4.4c), in contrast with thymoli-
pomas which are homogeneously echogenic due 
to their high fatty content.

Secondary neoplastic thymic infiltration 
is more common and occurs with leukemia, 
lymphoma, and Langerhans cell histiocytosis. 
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In these cases, the normal sonographic thymic 
pattern is replaced with variably echogenic and 
heterogeneous soft tissue and associated abnor-
mal lobulation of the thymic capsule (Fig. 4.5). 

An infiltrated thymus loses its normal compli-
ance and may be seen to displace and distort ad-
jacent structures instead of conforming to their 
shape [9].

Fig. 4.3  Images of normal thymic tissue. a Chest radiograph demonstrates opacity in the right upper lobe (star). b 
Ultrasound reveals normal thymic tissue (star). [2]
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Fig. 4.4  Thymoma. a Ultrasonogra-
phy shows a large mediastinal mass 
consisting of complex, septate, partly 
hyperechoic solid areas, and partly 
hypoechoic cystic areas. b and c CT 
scan confirms large mediastinal mass 
and heterogeneous nature
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Benign thymic cysts can arise from remnants 
of the thymopharyngeal ducts or result from de-
generation of the thymus itself after mediastinal 
trauma or surgery. Most congenital cases of thy-
mic cysts are diagnosed in childhood, presenting 
as slowly enlarging masses that may extend into 
the neck. Thymic cysts typically are unilocular 
with imperceptible walls and anechoic contents, 
though superimposed hemorrhage or infection 
produces cyst contents of variable echogenicity 
or even debris [8]. Sonographic demonstration of 
their continuity with the thymus allows diagnosis.

Lymphoma
The anterior mediastinum is a common site for 
neoplasms, in particular, lymphoma. The ma-

jority of children with lymphoma have anterior 
mediastinal involvement, more frequent with 
Hodgkin’s lymphoma than with non-Hodgkin 
lymphoma. Patients may present with constitu-
tional symptoms such as fever or weight loss, 
respiratory complaints. Sonographically, lym-
phomas may appear as discrete masses, nodal 
enlargement (Fig. 4.6), or with diffuse thymic in-
filtration. They tend to be hypoechoic and hypo-
vascular compared with inflammatory processes 
and other neoplasms [9].

Germ Cell Tumor
Teratomas and other germ cell tumors may arise 
in the anterior (Fig. 4.7a, 4.7b, 4.7c) or posterior 
(Fig. 4.8) mediastinum. The ultrasound appear-
ance of germ cell tumors is variable, ranging 
from purely soft tissue masses to heterogeneous 
masses containing fat, bone, and cystic elements. 
Tissue diagnosis is required before chemother-
apy. Compression of the airways often associ-
ated with large anterior mediastinal masses is a 
contraindication for general anesthesia due to 
the danger of airway collapse [12]. Ultrasound-
guided percutaneous biopsy is an excellent alter-
native in these patients and can be done safely 
under local anesthesia and mild sedation, even in 
critically ill patients.

Middle Mediastinum

Middle mediastinal lesions include cystic (bron-
chogenic, enteral duplication, pericardial, and 
lymphatic) and solid (lymphadenopathy) masses. 
Bronchogenic cysts are the most common intra-
thoracic cysts. They are thin-walled structures 
found around the carina that may compress or 
communicate with the trachea, resulting in col-
lapse of a lobe. Esophageal duplication cysts 
may have a hypoechoic muscular rim typical of 
gastrointestinal duplications. Pericardial cysts 
have a typical appearance on plain radiographs 
and ultrasound can confirm their cystic nature. 
Lymphatic malformations are usually comprised 
of multiple loculated cysts with thin bands of 
intervening soft tissue. Normally hypovascular, 

Fig. 4.5  Langerhans’ cell histiocytosis with thymic in-
volvement. Transverse ultrasound scan demonstrates dis-
ruption of normal thymic anatomy with cystic area and 
strongly echogenic irregular foci, which proved to be cal-
cifications on CT ( Th—thymus, H—heart). [40]
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lymphatic malformations may contain heman-
giomatous components that demonstrate flow 
on color Doppler. Lymphatic malformations are 
frequently found in the vicinity of the great ves-
sels and may cause compression of these vessels. 
Lymphadenopathy can arise from underlying 
neoplasia or infections, such as tuberculosis and 
fungal infections. Nodes appear abnormally en-
larged and hypoechoic, often with hyperemia on 
color Doppler [2].

Posterior Mediastinum

Posterior mediastinal masses can often be best 
visualized via a posterior thoracic or paraspinal 
approach. Most of these are solid masses that 
arise from neural crest cells within the sympa-
thetic ganglions. In order of decreasing malig-
nancy, these include neuroblastoma, ganglioneu-
roblastoma, and ganglioneuroma [13]. The sono-
graphic appearance of these tumors is nonspe-
cific although calcifications can be seen; CT and 
MR imaging are more commonly used and more 
sensitive than ultrasound in this setting. Teratoma 
or other germ cell tumors can also be seen in the 
posterior mediastinum [14]. Less common are 
neurenteric cysts, hypoechoic thin-walled struc-
tures that have failed to separate from the neural 
canal during development [2].

Large Vessels

Vessels close to the heart are major arteries (aorta, 
pulmonary artery, and brachiocephalic trunk) and 
major veins (superior and inferior vena cava, in-
ternal jugular, and subclavian veins). Color Dop-
pler ultrasound remains the principle method 
of investigation of vascular disease particularly 
within the subclavian and jugular vessels. Deep 
structures, such as the superior vena cava and 
the thoracic aorta, are difficult to evaluate sono-
graphically in older pediatric patients and in these 
cases MR or CT angiography may be favored.

Vessel stenosis, aneurysms, and arteriovenous 
fistulae may occur from trauma, vascular access 
complications, or one of the arteritides. Diagno-
sis is made with color Doppler ultrasonography 
of the vessels. Arteriovenous fistulas demonstrate 
high diastolic arterial flow with elevated and tur-
bulent venous flow. Stenoses demonstrate eleva-
tion of peak systolic flow through the narrowing, 
delayed systolic upstroke distal to the narrowing, 
and elevated diastolic flow due to downstream 
vasodilatation. Vascular malformations, intimal 
dissections, and other vascular anomalies can 
also be visualized directly by sonography.

The venous vessels are best visualized supra-
sternally. The most common indication for ve-
nous ultrasound is the evaluation of a suspected 
venous thrombosis. Acute thrombosis appears on 
ultrasound as hypoechoic material expanding the 

Fig. 4.6  Lymphadenopathy: Sagittal suprasternal ultra-
sound imaging in two children demonstrates lymphade-
nopathy. a A 3-year-old female lymphadenopathy (arrow) 
in zone A and b A 13-year-old male lymphadenopathy in 

zone D, which is echogenic in the center as compared to 
the echo-free vascular structures in recognized anatomical 
positions, that is, the aortic arch (Arch) and the left com-
mon carotid artery (LCCA). [41]
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vessel lumen (Fig. 4.9a, 4.9a, 4.9c, 4.9d, 4.9e). 
Since compression of the subclavian and deeper 
thoracic veins is not possible, color Doppler in-
vestigation of both sides is helpful in uncovering 
subtle flow differences to identify proximal ve-
nous thrombosis.

Thoracic Outlet Syndrome

Thoracic outlet syndrome produces neurologic 
or vascular symptoms from compression of neu-
rovascular structures in the upper chest. Anoma-
lous cervical or first thoracic ribs, the anterior 
scalene muscle, and vascular variants may all 
contribute and may be seen by ultrasound. MR 
imaging provides exquisite anatomic detail of the 
thoracic outlet, but duplex ultrasound may pro-
vide important physiologic information by dem-
onstrating alterations in arterial and/or venous 
flow, especially during reproduction of the posi-
tion in which symptoms occur. Arterial flow may 
show acceleration or dampening of flow, depend-
ing on the proximity to the stenotic segment. Ve-
nous flow is more commonly affected, and there 
may be engorgement of the lateral subclavian 
and axillary veins and loss of transmitted cardiac 
waveforms [15]. Thrombosis may complicate re-
petitive venous compression, a typical finding in 

Fig. 4.8  Germ cell tumor, posterior mediastinal tera-
toma—42-mm wide mass of mixed echotexture in the 
posterior mediastinum displacing the inferior vena cave 
(arrow) and the aorta (arrow) anteriorly. [14]

 

Fig. 4.7  Germ cell tumor, anterior mediastinal mixed 
germ cell. a CT scan and b chest radiograph demonstrate 
anterior mediastinal mass. Ultrasound c shows mass with 
mixed echogenicity, solid and cystic components
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Paget–von-Schrötter syndrome, which is readily 
diagnosable by duplex ultrasound [16].

Chest Wall

The chest wall consists of skin, subcutaneous 
tissue, muscles, bone, and cartilage. Pathology 
involving these superficial structures is often 
clinically apparent and is easily evaluated with 
high-frequency linear ultrasound transducers.

Ultrasound can be used in the diagnosis of 
many infectious or inflammatory pathologies. 
Osteomyelitis is seen as fluid adjacent to bone 
signifying exudative reaction (Fig. 4.10). Cellu-
litis appears as diffusely increased echogenicity 
while defined fluid collections secondary to 
abscess can be diagnosed and drained under ul-
trasound guidance [17]. Rib fractures are identi-

fied by ultrasound in victims of non-accidental 
trauma by demonstrating disruption of the rib’s 
cortical surface as well as adjacent hematoma or 
callous formation depending on the age of the 
injury ([18], Fig. 4.11a and 4.11b). Traumatic 
separation of the costochondral cartilage from 
rib ends is visible sonographically but missed on 
plain radiographs.

Ultrasound reliably details the important vari-
ables for chest wall masses, including the loca-
tion, size, contour, architecture, echographic 
pattern, compressibility, and relationship to 
other structures. Benign tumors, including hem-
angioma, lymphangioma, desmoid tumor, mes-
enchymal hamartoma, and lipoma, occur more 
commonly than malignant tumors [19]. Hem-
angioma can be diagnosed with a specificity of 
98 % using the criteria of vessel density greater 
than 5 vessels/cm2 combined with a maximum 

Fig. 4.9  Deep vein thrombosis of right internal jugular vein. Bilateral internal jugular veins are seen on sagittal (a and 
b) and transverse views (c and d)

 



36 C. M. Leeper et al.

systolic Doppler shift of greater than 2 kHz [20]. 
Lipomas are generally well-circumscribed echo-
genic masses usually located within the subcuta-
neous tissues. A lymph node can be identified by 
its echogenic fatty hilum containing the central 
nodal blood supply.

Other benign chest wall masses might not 
be easily diagnosed; tumors such as hemangio-
endotheliomas, tufted angiomas, and infantile 
myofibromatosis may share characteristics with 
hemagioma such that evaluation with CT, MRI, 
or biopsy is warranted for definitive diagnosis [8, 
19, 21].

Venous malformations appear as a spongy, 
bluish deformable mass beneath the skin. Blood 
flow may be too slow to produce pulsed or color 
Doppler signal but with gentle compression 
and release the slow inflow of blood can be de-
tected. Arteriovenous malformations are seen as 
jumbles of arteries and veins without associated 
mass. Lymphatic malformations have variably 
sized septated cystic components without flow 
on color Doppler most commonly found in the 
axillary region [22].

Malignant tumors of the chest wall most likely 
originate from bony structures, and may include 
Ewing sarcoma, rhabdomyosarcoma, and lym-

phoma [19]. Echogenicity of these malignant 
chest wall lesions is variable, and the margins 
may be distinct or infiltrative. Color Doppler 
flow of malignant chest wall lesions is usually 
increased. Chest wall and rib invasion can be 
detected as interruption of the normal muscular 
layers of the chest wall and loss of the normally 
smooth bony cortical surface. As with most other 
imaging, ultrasound is not histologically specific, 
and some benign lesions (such as abscesses and 
hematomas) may have aggressive sonographic 
appearances. Tissue sampling, often via ultra-
sound-guided biopsy, is usually needed for a de-
finitive diagnosis.

Pleura

The healthy visceral and parietal pleura are 
poorly visualized on ultrasound examination, 
and evaluation of these structures relies on so-
nographic artifacts. For instance, the acoustic 
interface of the chest wall with normal aerated 
lung provides a strong reflective surface and pro-
duces a characteristic reverberation within the ul-
trasound image. This horizontal artifact is called 
an A-line and indicates the normal lung surface. 
The thin chest wall of infants and small children, 
however, may not demonstrate this artifact. In ad-
dition, aerated lung is also seen to move along the 
parietal pleural surface with respiration, termed 
the gliding sign [2].

Pleural Effusion
Ultrasound is able to demonstrate pleural effu-
sions as small as 2–5 ml; therefore, it is much 
more sensitive in detecting pleural fluid than 
chest radiographs. The literature suggests that in 
most cases CT scan does not offer any advantage, 
and ultrasound may in fact be superior to CT for 
identifying debris or septated collections [23, 24] 
and in one study was associated with reduced 
need for VATS procedures and decreased read-
mission rates [25]. Ultrasound is a reasonable 
first-line modality for most patients with effu-
sion, and CT scan should be reserved for compli-
cated cases or preoperative planning.

Fig. 4.10  Osteomyelitis. Longitudinal ultrasound scan 
of the right chest wall at the site of the soft tissue swell-
ing. There is an obvious ovoid medium level echogenic 
structure around the ribs (r) indicating pericostal edema. 
C—chest wall, L—lung. [42]
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The normal pleural space contains a tiny 
amount of fluid, but fluid is seen with ultrasound 
in less than 50 % of normal healthy children. 
Small effusions may be visualized better while 
the patient is in an upright position. This tends 
to collect the fluid in the posterior costophrenic 
recess. The most suitable transducer positions are 
the cranially angulated subxiphoid cross section 
and the longitudinal section of the middle and 
posterior axillary line.

The most common etiology of a pleural effu-
sion is a reaction to an adjacent pneumonia, but 
other causes may include reaction to thoracic 
surgery or trauma, reaction to a subphrenic ab-
scess, or extension of mediastinal, retropharyn-
geal, or paravertebral infections [26]. An impor-
tant characteristic of effusion that will dictate 
management is the fluid composition or whether 
the collection looks simple (Fig. 4.12) or com-

plex (Fig. 4.13). There are three stages of orga-
nization for pleural effusion: exudative (simple, 
clear fluid), fibrinopurulent (loculations, fibrin 
strands, and empyema), and organized (thick 
rind) [26]. The sonographic appearance of pleu-
ral fluid changes depending on the stage and may 
range from completely anechoic, in the case of 
simple transudative collections, to collections 
with mobile echogenic debris in cases of infec-
tion and hemorrhage, to septated and more solid 
appearing collections with organizing infection. 
Simple non-loculated collections can be seen to 
change shape with patient breathing or change 
in position, while organizing fluid no longer 
changes with patient position or respiration. The 
distinction between echogenic fluid collections 
from more solid collections can be aided by the 
fluid color sign: With color Doppler, mobile de-

Fig. 4.11  Images in a 2-month-old boy with non-accidental trauma. Ultrasound a demonstrates a lateral left rib fracture 
(arrow) confirmed with CT b (arrow). [2]

 

Fig. 4.13  Pleural empyema. Ultrasound demonstrates 
complex fluid collection with debris, loculation, and sep-
tations

 

Fig. 4.12  Pleural effusion. Ultrasound demonstrates a 
mostly simple fluid collection with a few septations
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bris will produce color signal whereas nonmobile 
solid material does not [27].

In addition to establishing the diagnosis of 
pleural effusion as well as the extent and posi-

tion of the fluid, ultrasound may help to assess 
the exact position for fluid aspiration or drainage 
(Fig. 4.14a and 4.14b). Management of pleural 
effusion may range from drainage to fibrinoly-

Fig. 4.14  a and b Ultrasound is utilized for image-guided percutaneous drain placement
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sis to operative decortication depending on the 
stage.

Solid Pleural Masses
Malignant disease involving the pleural space is 
much less common in children than in adults. It 
can occur for instance with Wilms tumor, neuro-
blastoma, leukemia, and sarcomas. Primary chest 
wall neoplasms and pleural metastases are often 
accompanied by hemorrhagic pleural effusions, 
which appear as echogenic debris-filled fluid in 
sonography. The presence of pleural fluid aids in 
detection of solid masses adherent to the parietal 
or visceral pleura.

Diaphragm

The diaphragm is a thin muscle that separates the 
thoracic cavity from the abdominal cavity. The 
diaphragm presents best next to the cardia (ster-
nal section) and one may also visualize the dia-
phragm with high-resolution transducers cranial 
to the liver and spleen. Ultrasound is a valuable 
tool in assessing the diaphragm allowing delin-
eation of juxta-diaphragmatic masses, contour 
abnormalities and hernias, and evaluation of dia-
phragmatic motion.

Diaphragmatic Hernia

A diaphragmatic hernia is a defect of the dia-
phragm that permits displacement of abdominal 
contents into the chest (Fig. 4.15a, 4.15b, 4.15c, 
4.15d, 4.15e). Diaphragmatic hernias in infants 
are generally congenital, representing the most 
common intrathoracic anomaly seen in the fetus. 
In older children, they may also be acquired as a 
result of trauma.

Congenital diaphragmatic hernias (CDHs) 
(incidence 2.4:10,000) are located on the left 
in 80 % of patients, are more common in males, 
and are often associated with other congenital 
anomalies. Survival ranges from 50 to 90 % with 
major morbidity resulting from pulmonary hypo-
plasia [26].

Approximately 50–70 % of CDH are diag-
nosed antenatally by obstetric ultrasound. Fetal 
ultrasound features include polyhydramnios, 
intrathoracic bowel loops or stomach, an echo-
genic chest mass or mediastinal shift. The diag-
nosis can be made as early as 11 weeks, but most 
may not be evident until 16 weeks or later [28]. 
Postnatally, the diagnosis of CDH is often evi-
dent on chest radiograph with intestine visualized 
in the chest cavity. In cases that are equivocal, 
especially with right-sided hernias, ultrasound 
(sagittal and coronal scanning) becomes a useful 
modality for confirmation and further character-
ization. Ultrasound will demonstrate abdominal 
tissue extending into the thoracic cavity. While a 
herniation of liver or spleen is easily identifiable, 
the reliable detection of air-filled bowel or stom-
ach might be more challenging.

Diaphragmatic Eventration/
Diaphragmatic Paresis

Eventration is an abnormal elevation of the dia-
phragm resulting from the incomplete develop-
ment of the central tendon; this results in para-
doxical motion during respiration which inhibits 
normal pulmonary function. This defect may be 
a congenital lesion or may be a complication of 
a birth trauma, mediastinal tumor, or cardiotho-
racic surgery [26].

The movement of the diaphragm has tradi-
tionally been examined by fluoroscopic screen-
ing, however, the use of ultrasound for this pur-
pose in children is increasing due to the many 
advantages it affords [29]. The ultrasound must 
be performed with the child in quiet respiration. 
Difficulties arise for the sonographer when the 
child is on a ventilator as the ventilator fills the 
lungs with air causing the diaphragms to move 
down with inspiration even when paralyzed. In 
this case, it is best to assess the diaphragms for a 
short period of spontaneous breathing.

Sagittal or coronal imaging of the upper ab-
domen provides information about that particu-
lar hemidiaphragm, whereas transverse imaging 
allows comparison of both hemidiaphragms and 
evaluation for paradoxic motion with unilateral 
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paralysis. With M-mode recording, ultrasound 
can provide quantitative information about dia-
phragmatic excursion as diaphragmatic move-

ment appears as a sinusoidal curve (Fig. 4.16). 
Diaphragmatic excursion is normal when greater 
than 4 mm and symmetric between the leaflets of 

Fig. 4.15  Congenital diaphragmatic hernia, prenatal and 
neonatal ultrasound. a Sagittal ultrasound image of the 
right fetal chest; dome of the liver (arrow) was adjacent to 
the thoracic apex, with a small crescent of pleural fluid in 
the intervening space (arrowhead). b Sagittal ultrasound 
image of the left fetal chest; left lobe of the liver (arrow) 
was herniated into the thoracic cavity, although not as 
severely as the right lobe. Pleural effusion was present. 
c. X-ray of the chest and abdomen reveals a large cen-

tral intrathoracic mass (arrows). d Transverse ultrasound 
image of the neonatal chest demonstrated bilateral pleural 
fluid which extended around the heart (curved arrow) and 
communicated with ascitic fluid. The liver (arrow) and 
gallbladder fundus (arrowhead) were identified at this 
level. e Transverse neonatal ultrasound of the right upper 
quadrant of the abdomen; a small rim of diaphragm was 
seen posterolateral to the liver, with an abrupt termination 
(arrows). [43]

 



414 The Thorax

the diaphragm (less than a 50 % difference). Nor-
mal excursion will be toward the transducer with 
a subxiphoid approach [30]. Intraindividual com-
parisons in the course of a disease can be very 
useful. Typical sonographic signs of diaphrag-
matic paresis are: (1) limited or lack of mobil-
ity in the longitudinal and cross-sectional view, 
(2) reduced or zero amplitude in M-mode, and 
(3) in cross section, greater distance between the 
transducer and the diaphragm line on the affected 
side [28].

Lung

Consolidation—Atelectasis, 
Pneumonia, Abscess

Airless lung can appear sonographically similar 
to liver (hepatization) (Fig. 4.17) [31]. Despite 
the lack of air in the consolidated lung, the un-
derlying internal architecture of the lung is pre-
served, allowing differentiation from masses or 
other processes.

In pneumonia, branching linear echogenici-
ties representing air bronchograms are often seen 
[32] (Fig. 4.17). Entrapped fluid or mucoid mate-

rial within bronchi in necrotizing or postobstruc-
tive pneumonias produces hypoechoic branching 
structures— the sonographic fluid bronchogram 
[33]. Pulmonary vascular flow is preserved in 
simple pneumonic consolidation and is readily 
demonstrated with color Doppler. If there is an 
effusion present, the diagnosis of consolidation 
can be aided by the presence of an effusion; an 
aerated lung lobe will float over the effusion, 
while a consolidated lobe will swim within the 
effusion (the jellyfish sign) [34].

In atelectatic lung, air bronchograms are also 
present. Blood vessels become crowded togeth-
er and display an orderly linear and branching 
structure that distinguishes this entity from the 
more irregular vasculature found in neoplasms.

Distinguishing pneumonic consolidation from 
simple atelectasis can be difficult radiographi-
cally. It has been suggested that ultrasound can 
be more specific than CT scan in this situation. 
If there is movement of the air within bronchi, 
this usually indicates pneumonia, whereas the air 
bronchograms in atelectasis are most often static. 
In one study, this dynamic air bronchogram had a 
sensitivity of 61 % and a positive predictive value 
of 97 % in distinguishing pneumonia from atelec-
tasis [35].

Fig. 4.16  Right eventration. Excursion of the diaphragm is reduced on dynamic imaging, and amplitude is greatly 
decreased in M-mode
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Abscesses form as a complication of lung in-
fection. Parenchymal necrosis, indicated by de-
creased echogenicity with lack of color Doppler 
flow within a region of pulmonary consolidation, 
is a characteristic finding of early abscess. Devel-
oped abscesses display a thick wall and air fluid 
levels. If abutting the pleura, lung abscesses are 
sonographically visible, and ultrasound-guided 
aspiration and drainage can play an important 
role in diagnosis and treatment [26].

Pneumothorax

Ultrasound is popular for the diagnosis of pneu-
mothorax in trauma patients, ventilated patients, 
and those undergoing lung procedures amongst 
others [36]. Characteristic signs such as lung 
sliding [37], comet tail artifacts (Fig. 4.18a and 
4.18b) [38], the A-line sign [38], and lung point 
[39] have been described for the sonographic di-
agnosis of pneumothorax. Sensitivity and speci-
ficity of this diagnosis is operator dependent, 
with some reports as high as 100 % in one study 
of 285 patients.

Tumors

Primary lung neoplasms are very rare in chil-
dren. Pulmonary blastoma is the most common 
and usually starts as a peripheral lesion, often at-
taining large size before becoming clinically ap-
parent. Other less common tumors include mu-
coepidermoid carcinoma, hemangiopericytoma, 
leiomyosarcoma, rhabdomyosarcoma, and bron-
chogenic tumors. If the tumor is fully surrounded 
by aerated lung tissues, it might be sonographi-
cally invisible; a reliable sonographic evaluation 
of intrathoracic tumors is only possible if they 
are next to the chest wall or diaphragm or if they 
are surrounded by a pleural effusion. As with 
pleural lesions, if a lung mass is sufficiently pe-
ripheral and abuts the lung surface, percutaneous 
ultrasound-guided biopsy is a safe and effective 
method for obtaining a tissue diagnosis.

Bronchopulmonary Malformations 
(BPM)

Congenital parenchymal masses include con-
genital pulmonary airway malformation (CPAM) 

Fig. 4.17  Images in a 4-year-old boy with pneumonia. a 
Frontal radiograph of the chest shows opacity at the right 
lung base (star). b CT and c US images show hepatization 

of the right lower lobe (star) with air bronchograms (long 
arrow) and surrounding pleural effusion (short arrows). 
[2]
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and sequestration. Although often regarded as 
separate entities, these malformations are part of 
a spectrum of CPAMs and may have overlapping 
imaging and histologic features. These masses 
may be detected prenatally by ultrasound or MR 
imaging, appearing as variably solid or cystic 
structures. Postnatally, plain radiographs usually 
show the lesion as incidental finding or on im-
ages taken for respiratory symptoms.

CPAM

CPAM is the most common BPM (incidence 
0.66:10,000) [26]. CPAM is a congenital hamar-
tomatous lesion of the lung resulting in a mass of 
disorganized lung tissue that is localized to a sin-
gle bronchial tree segment. CPAMs can be classi-
fied into two categories: (1) macrocystic lesions 
containing single or multiple cysts that are at 
least 5.0 mm in diameter and (2) microcystic le-
sions presenting as a solid echogenic mass. Most 
CPAMs derive their blood supply from the pul-
monary artery and drain via the pulmonary veins, 
with the exception of hybrid lesions, which can 
have a systemic blood supply. Importantly, they 
normally communicate with bronchial tree [26].

CPAMs are typically diagnosed antenatally on 
fetal ultrasound or in the early postnatal period 
with chest radiograph. Ultrasound will usually 
demonstrate an area of hyperechogenic tissue 
with or without hypoechoic cysts that vary in 
number and size (Fig. 4.19a, 4.19b, 4.19c). Signs 
of mass effect may be seen, such as mediastinal 

shift, diaphragmatic eversion, and polyhydram-
nios. With very large lesions, heart failure (hy-
drops) due to mediastinal shift and cardiac com-
pression can occur [26]. Ultrasound can also con-
tribute to the evaluation of these patients when 
there is a suspected sequestrated segment in as-
sociation with the CPAM.

Pulmonary Sequestration

Pulmonary sequestration is a segment of lung 
which does not function, has an anomalous arte-
rial blood supply from the systemic circulation, 
and has no communication with the tracheobron-
chial tree. It is due to a developmental abnormal-
ity in which there is an accessory tracheobronchi-
al foregut bud. There are two types of pulmonary 
sequestration: intralobar, which shares visceral 
pleural investment with normal lung and drains 
into the pulmonary venous system, and extralo-
bar, which has a separate pleural investment and 
may have either systemic or pulmonary venous 
drainage [26].

Many pulmonary sequestrations are diagnosed 
prenatally but some are diagnosed in children 
with the typical clinical presentation of a lower 
lobe consolidation that never clears completely. 
In those patients, color Doppler sonography is 
diagnostically reliable. Due to the typical loca-
tion, one will be able to visualize the sequestra-
tion best from subxiphoidal or subcostal in most 
patients. It has an echogenicity similar to liver 
tissue with occasional central hypoechoic areas. 

Fig. 4.18  a and b US images of the right and left lung bases demonstrate absence ( arrowheads) and presence ( arrows) 
of comet tail sign, indicating right-sided pneumothorax. [2]
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Fig. 4.19  Congenital pulmonary 
airway malformation (CPAM). a 
CT scan and b chest radiograph 
demonstrate intrathoracic mass. c 
Ultrasound shows hyperechogenic 
tissue with cysts
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Since the sequestration has no connection to the 
bronchial system, it does not show reflexes with 
high echogenicity. The key diagnostic feature 
of sequestration is demonstrating systemic arte-
rial supply, usually from the descending aorta. 
In cases of blood supply originating from the 
abdominal aorta, the visualization of the feeding 
vessel is often possible (Fig. 4.20a and 4.20b). 
Contrast-enhanced CT and MR imaging are often 
required in unclear cases or in older patients with 
limited acoustic windows.

Intralobar sequestrations have pulmonary 
venous drainage and variable degrees of hyper-
echogenicity by ultrasound. They are always as-
sociated with the lower lobes and are distinguish-
able by the absence of pulmonary arterial inflow. 
Extralobar sequestrations (Fig. 4.21) occur more 
commonly in males and are four times more 
common on the left. Over 60 % of patients have 
associated anomalies (e.g., diaphragmatic de-

fect, CPAM). They appear as homogeneous 
hyperechoic masses at any level in the pleural 
space and can be found within or beneath the 
diaphragm [26] (Fig. 4.22). They are found in a 

Fig. 4.21  Extralobar sequestration. Longitudinal view of 
solid triangular mass (S) in the chest, separated from the 
liver (L) (K—right kidney). [44]

 

Fig. 4.20  Extralobar sequestration. Longitudinal, 
oblique ultrasound scan of the mid-abdomen. Aberrant 
vessel ( arrows) anterior to the abdominal aorta a for bet-
ter comparison, the scan is presented in the same position 

as the lateral angiogram ( SM—superior mesenteric artery, 
C—celiac axis, H—head, F—feet), b Abdominal aorto-
gram, lateral view demonstrating the aberrant artery ( ar-
rows) supplying the sequestration (compare with a). [44]
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paraspinal location with systemic blood supply 
and systemic venous drainage identified by color 
Doppler.

Cysts

Other cystic masses are displayed as hypoechoic 
areas. They can be visualized by ultrasound if 
they are located peripherally, but reliable identi-
fication may require additional imaging modali-
ties in many cases. Differential diagnoses include 
abscesses in the final stage, bronchogenic cysts, 
echinococcal cysts, pericardial cysts, and arterio-
venous fistulas. The latter can be distinguished 
using color Doppler sonography.

Summary

Ultrasound is the most important imaging modal-
ity in children and can play an important role in 
evaluation of the pediatric chest. It can be used 
as an adjunct or the sole diagnostic modality for 
a variety of congenital and acquired conditions. 
The mediastinum, lungs, chest wall, diaphragm, 
and the major intrathoracic vessels can all be 

evaluated with ultrasound imaging. Ultrasound 
permits dynamic, real-time assessment of these 
structures without risk or radiation exposure.
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Introduction

The use of ultrasonography during the initial 
evaluation of a child with a liver mass allows 
the pediatric surgeon to instantly narrow the dif-
ferential diagnosis and determine the next line 
of imaging or interventional modality. Based on 
anatomical findings, resectability is determined 
and the operative strategy developed. However, 
many of our patients have a limited ability for 
meaningful cooperation during an ultrasound ex-
amination and hence a combination of patience 
and skills is required to obtain adequate images.

Normal Anatomy and Hepatic Variants

Intimate knowledge of the segmental anatomy of 
the liver is essential to the pediatric hepatobili-
ary surgeon not only to plan a resection but also 
to precisely document and communicate find-
ings. The French anatomist Couinaud first de-
scribed the hepatic segmental anatomy based on 

its vascular watershed in 1957 [1]. The currently 
most widely accepted nomenclature based on this 
description was defined at a consensus meeting in 
Brisbane, Australia, in 2000 [2]. The plane along 
the gallbladder fossa and the middle hepatic vein 
known as Cantlie’s line divides the liver into a left 
and right hemi-liver. The caudate lobe represents 
segment 1. The umbilical fissure divides the left 
hemi-liver or left hepatic lobe into the left lateral 
section or sector (segments 2 and 3) and the left 
medial section (segment 4), which is subdivided 
into a superior segment 4A and inferior segment 
4B. The right hepatic lobe is divided by the right 
hepatic vein into the right anterior section (seg-
ments 5 and 8) and the right posterior section (seg-
ments 6 and 7) (Fig. 5.1). Hepatic venous drainage 
is rather consistent via the right, middle, and left 
hepatic veins into the inferior vena cava (IVC). 
The left hepatic vein often joins the middle he-
patic vein before entering the IVC which can be 
a critical detail when assessing for resectability of 
masses near the confluence. The proper hepatic 
artery (HA) divides into left and right artery sup-
plying the respective lobes. The left HA enters the 
umbilical fissure where it gives off a branch sup-
plying segment 4 before terminating in the left lat-
eral section. The right HA divides into right ante-
rior and posterior sections as well as a cystic artery 
branch [3]. The hepatic arterial anatomy has sev-
eral rather common variants of great importance 
for surgical planning. A completely replaced right 
HA arises directly from the superior mesenteric ar-
tery and traverses behind the head of the pancreas 
and posterior and right lateral to the common bile 
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duct into the porta hepatis and is the sole supply 
to the right lobe. This configuration is called ac-
cessory right HA if it is in addition to a right sided 
branch arising from the proper HA. A replaced or 
accessory left HA arises from the left gastric ar-
tery before it traverses the gastrohepatic ligament 
and enters the umbilical fissure as either the sole 
or additional blood supply to the left lobe. Anoma-
lous right or left hepatic arterial configurations are 
present in up to 40 % of individuals and have to be 
recognized prior to any liver resection [4].

Scanning Technique

A systematic approach will be presented which 
will cover the required components of a sono-
graphic liver examination. It is crucial that the 
operator or sonographer establishes a routine by 
conducting the examination in the same sequence 
every time to avoid missing any critical findings.

Porta Hepatis

Structures of interest include:

• Portal vein—deepest of the three structures 
and usually most prominent (unless there is 
underlying pathology)

• HA proper and right and left branches
• Common bile duct

Technique

The transducer should first be oriented transverse-
ly over the right upper quadrant. Because a large 
portion of the liver is usually situated posterior to 
the ribs and the lung base, one must ask the patient 
to hold a deep inspiratory breath. The transducer 
must then be angled parallel to the structures of the 
porta hepatis, usually accomplished by rotating it 
clockwise from the transverse position (so that the 
part of the transducer previously pointing to the 
right side of the patient, or 9 oʼclock, then points 
roughly at 10–11 oʼclock).

At this point, the three main portal structures 
should be readily identifiable. The portal vein is 
the deepest of the structures and usually the most 
prominent unless there is underlying disease 
such as stenosis or chronic thrombosis. Activat-
ing color and spectral Doppler will allow confir-
mation of monophasic or nonphasic waveforms 
in the portal vein. In contradiction, the adjacent 
HA is normally characterized by pulsatile wave-
forms, characteristic for any healthy systemic ar-
tery. Finally, the common bile duct is void of any 
flow with Doppler interrogation.

Systematic Evaluation

Grayscale
The caliber of the main portal vein, HA, and their 
right and left branches should be assessed. While 
Doppler evaluation will allow for confirmation 
of blood flow through a vessel, the more rapid 
frame rate of grayscale images is helpful to point 
out caliber changes. If there is a caliber change, 
a potentially significant hemodynamic effect can 
be assessed with Doppler.

Color Doppler
The main portal vein should fill with color if it is 
patent and should fill with the same color as the HA 
(Fig. 5.2). If colors on opposite sides of the color 
spectrum (e.g., red and blue with many vendors) 
are seen in the same segment of a vessel within 

Fig. 5.1  Segmental anatomy of the liver based on vascu-
lar supply (inferior vena cava, right hepatic vein, middle 
hepatic vein, left hepatic vein, portal vein (PV) (http://
www.siopel.org)
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one heart beat, then this means that blood is mov-
ing towards and away from the transducer during 
the cardiac cycle—in other words, portal flow is 
not unidirectional. This can be further detailed 
with spectral Doppler as below. Please note that it 
is normal to find colors on the opposing side of the 
spectrum even in contiguous vessels; this occurs 
when they physically point in different directions 
as in the example where one may see “blue” flow 
(away from the transducer) in the main portal vein 
and “red” flow in the right portal vein (or towards 
the transducer). This is simply the product of the 
main portal vein pointing away and the right portal 
vein pointing towards the transducer and does not 
imply bidirectional flow (Fig. 5.3).

The HA, in contradistinction to the portal 
vein, will appear pulsatile with color Doppler, 
and this will also be further characterized with 
spectral Doppler.

Spectral Doppler
Waveforms are helpful for identifying structures 
and including and excluding disease.

Main portal vein waveforms should be unidi-
rectional and therefore on only one side of the 
baseline on the displayed color graph (Fig. 5.4). 
The wave should be monophasic (synonymous 

with nonphasic), but some degree of phasicity 
is allowed. Pressure is partially transmitted to 
the portal venous branches from the right atrium 
and hepatic veins across the hepatic parenchyma. 
However, a portal vein wave, which reaches base-
line or crosses baseline (i.e., hepatofugal flow) 
should raise concern for portal hypertension. 
Unidirectional flow with increased phasicity or 
pulsatility raises concern for right-sided cardiac 
disease, shunting as can be seen in cirrhosis, or 
potentially arteriovenous fistula in the appropri-
ate setting. Finally, absent flow is concerning for 
occlusion whether by bland or tumor thrombus; 
again, a confirmatory study (such as computed 
tomography (CT) or magnetic resonance imaging 
(MRI)) should be considered before definitely di-
agnosing complete occlusion because slow flow 
can remain occult even with power Doppler.

HA waveforms are normally pulsatile and low 
resistance. That is, a sharp upstroke is seen dur-
ing systole, and the end-diastolic velocity should 
be well above baseline with some leeway in post-
surgical cases where parenchymal edema may in-
crease the resistance in vascular circuit. The cited 
normal range of resistive index (RI) varies from 
publication to publication, but a reasonable range 
of normal can be considered 0.55–0.70 [5]. An 

Fig. 5.2   Normal filling of the portal vein with color Doppler. The adjacent hepatic artery (HA) is also red in color indi-
cating that flow is in the same direction, as normally expected, in both vessels
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Fig. 5.3  Normal color Doppler appearance of the main, 
right, and left portal vein branches. Notice that the blue 
flow of the right portal vein with waveforms below base-
line should not be mistaken for flow reversal. This is an-
tegrade flow and is explained by the direction of the right 
portal vein towards the transducer, whereas the left and 

   

Fig. 5.4  Main portal vein waveforms stay on one side of 
the baseline and are thus termed monophasic, synonymous 
with nonphasic. The blood flow is antegrade moving away 
from the transducer and is represented with “red” flow in 
the color spectrum and waveforms above the baseline. 
Please refer to comments in Fig. 5.3 and note that the 

color and position of the waveforms relative to baseline 
represent the direction of flow relative to the transducer 
(and not direction of flow relative to the liver). In Fig. 5.3, 
antegrade flow in the right portal vein is moving towards 
the transducer, while in this figure antegrade flow moves 
away from the transducer.

main portal veins are physically pointing away from the 
transducer. Incidentally, the right portal vein waveforms 
show increased phasicity due to increased pressure trans-
mitted from the inferior vena cava (IVC), hepatic veins 
and liver parenchyma in this cardiac patient
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RI below 0.55 is said to be related to decreased 
resistance which can be caused by upstream 
stenosis or atherosclerosis. An RI above 0.70 
is said to be high resistance and can be caused 
by downstream stenosis; parenchymal disease 
(which results in microvascular compression or 
disease) including cirrhosis, hepatitis, and re-
jection; and hepatic venous congestion such as, 
in cardiac disease or occlusive disease such as 
Budd-Chiari Syndrome [6].

Color Versus Power Doppler
Compared to power Doppler, color Doppler has 
the distinct advantage of depicting directionality 
of flow in real time. Power Doppler is more sen-
sitive to flow and is therefore particularly advan-
tageous in areas where flow is not depicted with 
color Doppler but flow nonetheless suspected. In 
such cases, the direction of flow is less important 
and therefore sacrificed in power Doppler to gath-
er evidence for complete occlusion. If flow is seen 
with power Doppler but not with color Doppler, 
this is usually said to be related to “slow flow.” 
If no flow is seen with either technique, then this 
speaks heavily for complete occlusion and a con-
firmatory imaging study such as computed tomog-
raphy angiogram  (CTA) may be considered.

Hepatic Veins and IVC

Moving the transducer cranially and oblique 
along the subcostal margin will allow visualiza-
tion of this region.

Grayscale
This mode of imaging will allow for rapid assess-
ment of the anatomy. After the right, middle, and 
left hepatic veins are identified, they should be 
followed to the confluence with the IVC.

Color Doppler
Unlike in the main portal vein and HA system de-
scribed above, it is normal to find colors on both 
sides of the color spectrum in the hepatic veins 
within one cardiac cycle. This is because hepatic 
vein and IVC flow is bidirectional and directly 
related to the cardiac cycle as detailed below.

Spectral Waveforms
Hepatic vein and IVC flow can be characterized 
four different waveform components, namely, A, 
S, D, and V waves (shown in Fig. 5.5a, b) and 
are therefore called triphasic or tetraphasic (de-
pending on whether or not the V wave crosses the 
baseline). Triphasic and tetraphasic waveforms 
are both characteristic in normal cases. Rather, it 

Fig. 5.5   a A, S, D, and V waves represented in 
diagrammatic fashion. The A wave represents a small 
amount of flow towards the liver during the atrial kick. 
The S wave represents flow towards the heart due to de-
crease in pressure in the atrium during ventricular con-
traction. The V wave represents atrial overfilling as the 
ventricle starts to relax; this wave can be below, at, or  

above baseline in normal patients, but if its amplitude is 
greater than the S wave, consider right heart or valvular 
disease. Finally, the D wave represents flow towards the 
heart during passive filling of the right atrium and ven-
tricle after the tricuspid valve opens. b Normal A, S, D and 
V waves in a middle hepatic vein
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is the individual characteristics of the waveforms 
which point towards the possibility of disease, 
but this topic is beyond the scope of this text [6, 
8]. A description of these waves in the normal 
condition is as follows:

The A wave is seen during early systole as the 
result of the “atrial kick.” Although the atrial kick 
serves to propel blood into the right ventricle, a 
small amount of retrograde flow is directed to-
wards the liver and thus towards the transducer. 
The S wave lies on the opposite side of the base-
line relative to the A wave and is related to an-
tegrade flow of blood (towards the heart). This 
wave represents the relative decreased pressure 
generated by the contraction of the right ventricle 
and movement of the tricuspid annulus [7, 8]. 
The V wave is the result of atrial overfilling as 
the right ventricle starts to relax and the relative 
pressure in the right atrium begins to increase as 
the tricuspid annulus begins to return towards its 
resting diastolic position. The D wave represents 
antegrade passive filling of the right atrium and 
ventricle during diastole (see Fig. 5.5a and b).

Diffuse Parenchymal Changes/
Metabolic Disorders

Diffuse parenchymal changes can be best ap-
preciated by comparison to the features of a 
normal liver noticing anomalies. A normal liver 
will allow the fibrofatty tissues around the por-
tal veins to appear echogenic, and detail in the 
posterior aspect of the liver will be preserved 
(Fig. 5.6a). Chronic parenchymal disease such as 

fatty infiltration from obesity or alcoholism will 
usually cause the liver parenchyma to become 
more echogenic thus reducing the contrast be-
tween the parenchyma and the echogenic borders 
of the portal structures (Fig. 5.6b). In addition, 
the increased acoustic attenuation in the more 
echogenic tissues will cause the parts of the liver 
furthest from the transducer (often the posterior 
liver with routine scanning technique) to appear 
more hypoechoic (Fig. 5.6c).

The liver’s response to insult is often similar 
regardless of the insult, and the resultant fibrosis/
cirrhosis will appear the same regardless of the 
underlying cause. For example, it should not be 
surprising that there is no consistent imaging fea-
ture that would allow one to distinguish diffuse 
hepatic disease from Wilson’s disease from other 
types of hepatocyte injury.

Benign Focal Changes

When evaluating a focal mass, it is useful to keep 
a few principles in mind. Fluid is anechoic; thus, 
fluid containing structures such as cysts or cystic 
components of complex masses will also be an-
echoic. Fatty tissue, despite what one may read 
elsewhere, is anechoic to hypoechoic to soft tis-
sue; for proof, simply notice the low echogenicity 
of the hypodermis on any ultrasound study. How-
ever, when fat is encountered as a component of a 
mass or connective tissue (i.e., angiomyolipoma 
and perinephric fat), it appears hyperechoic. The 
reasons for this are beyond the scope of this text, 
but it is helpful to consider that the ultrasound 

Fig. 5.6  a Normal liver parenchyma. Notice how the pa-
renchymal detail can be seen and nicely contrasts against 
the echogenic periportal fibrofatty tissues (small arrow). 
Also, the detail in the posterior liver parenchyma is pre-
served (large arrow). b Hepatic steatosis. The liver de-

tail is lost and the periportal fibrofatty echogenic tissue 
contrasts less with the surrounding parenchyma. c Hepatic 
steatosis. The liver at the posterior aspect of the scan field 
is hypoechoic due to increased sound attenuation through-
out the parenchyma
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does not interpret echogenicity simply based on 
tissue type but rather the speed of sound in the 
path of the sound wave which is altered by com-
plex tissue interfaces. Because a mixture of fat 
and other tissue create complex echoes, such fat-
containing areas will appear echogenic.

Cysts

Cysts are circumscribed structures which are 
predominantly anechoic with posterior acoustic 
enhancement. A simple cyst will be completely 
anechoic. Any septations or solid components 
within a cyst will usually appear anything but 
anechoic and probably obvious against the back-
ground of the anechoic fluid in the cyst and such 
findings expand the differential beyond the sim-
ple cyst. We defer to other more detailed sources 
for further description of cystic lesions, but the 
following brief synopsis may prove helpful:

• Simple cyst—completely anechoic with pos-
terior acoustic enhancement and usually not 
overtly numerous.

• Biliary hamartoma (von Meyenburg com-
plex)—numerous and small, less than 1.5 cm 
in diameter [9, 10].

• Polycystic disease—larger and multiple cysts.
• Biliary cystadenocarcinoma—thick septations 

in an anechoic background.
• Abscess—thick walls with internal echoes 

and/or septations.
• Biloma—associated with a history of trauma 

or surgery. Otherwise, it is virtually identical 
to a simple cyst on sonography.

Liver Tumors

Primary liver tumors are rare in pediatric patients 
occurring in less than three per million children 
in the USA. Approximately two thirds of these 
tumors are malignant with hepatoblastoma (HB) 
and hepatocellular carcinoma (HCC) being the 
most common (Fig. 5.7). Abdominal ultrasonog-
raphy is the imaging modality of choice to confirm 
a clinical suspicion for a liver mass and screen for 
involvement of major vessels or biliary dilatation. 

While the vast majority of cases will require ad-
ditional CT or MRI imaging for definitive diag-
nosis, proper oncologic workup and preoperative 
planning, intraoperatively ultrasonography is the 
dominating imaging tool to guide successful and 
safe anatomic and nonanatomic resections. Fol-
lowing liver resection, diagnosis and treatment of 
bile collections or hematomas as well as evalua-
tion of vascular patency can efficiently and reli-
ably be accomplished by ultrasound.

Benign Tumors

Benign liver tumors are often incidental findings 
in asymptomatic patients. Generally, they have 
distinct delineation, increased echogenicity, and 
are often hypervascular.

Hemangioendothelioma

The infantile hemangioendothelioma (IH), also 
known as simply the infantile hemangioma, is a 
benign mesenchymal lesions and represents the 
most common benign vascular tumor of the liver 

Fig. 5.7  Tumors of the liver. (Lopez-Terrada D. and Fi-
negold M.J. In Suchy F.J., and Sokol R.J. (eds): Liver 
Disease in Children, (ed 4). Cambridge, UK: Cambridge 
University Press, 2014. pp. 728–729)
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in infants [11, 12]. They are usually high-flow 
lesions, true neoplasms, and the most common 
symptomatic liver tumor in the first 6 months of 
life presenting with congestive heart failure due 
to the rapid growth, consumptive coagulopathy 
and thrombocytopenia. On ultrasound examina-
tion, the lesions appear most commonly multi-
focal, hypoechoic, and inhomogeneous. Small, 
fine calcifications may be seen in up to 36 % of 
cases [13]. Color and spectral Doppler will typi-
cally show a pulsatile waveform consistent with 
a high-flow lesion with little diastolic variation, 
consistent with arteriovenous shunting [14, 15]. 
In the setting of congestive heart failure, the HA 
may be enlarged with increased peak velocities 
up to 200 cm/s (Fig. 5.7a, b, c).

Cavernous Hemangioma

Hepatic cavernous hemangiomas of infancy and 
childhood, also known as capillary hemangiomas, 
are venous malformations that mostly occur in as-
sociation with their superficial or deep cutaneous 
counterpart within the first few weeks of life [16]. 
Unlike the IH, this is not a true neoplasm and 
considered a venous malformation (a slow-flow 
lesion). The cavernous hemangioma appears well 
defined, variably echogenic, homogeneous with 
posterior enhancement in the parenchyma pe-
riphery. Calcifications are atypical and reported 
in larger lesions [17], although nonhepatic coun-
terparts will often have calcifications in the way 
of phleboliths. Small cystic or dilated sinusoidal 
areas give it a more heterogeneous appearance. 
Generally, low flow characteristics make blood 
flow difficult to detect with Doppler ultrasound, 
but blood flow may be seen peripherally on power 
if not color Doppler studies [18] (Fig. 5.8).

Focal Nodular Hyperplasia (FNH) and 
Adenoma

Focal nodular hyperplasia (FNH) is a benign hy-
perplastic hepatic proliferation believed to arise 
from circulatory abnormality with predominantly 
arterial supply and limited portal flow. It may be 
seen in association with congenital porto-system-

ic shunt which is why patency of the portal vein 
and hepatopetal flow should be confirmed when-
ever a FNH is detected, and vice versa. FNH is 
composed of elements found in the normal he-
patic parenchyma. Thus, a common sonographic 
presentation of this entity is that one will not be 
able to see it at all because it will blend in with 
the surrounding liver tissue. However, ultrasound 
may be able to find a solitary mass, rather hyper-
echoic and heterogeneous (Fig. 5.9a). Doppler 
US may demonstrate a characteristic “spoke and 
wheel pattern” around a hyperechoic central scar. 
While a well-published feature in the literature, 
the central scar is not entirely sensitive or spe-
cific. That is, many FNH lesions do not demon-
strate a central scar, and many other types of le-
sions have also been described with a central scar 
including large hemangiomas and malignancies 
[19, 20]. Some institutions especially in Europe 
have contrast-enhanced ultrasound available, and 
this may be a viable option to those so fortunate 
to have access to this modality. Ultimately, the 
appearance of FNH on ultrasound is most often 
nonspecific, and other cross-sectional imaging 
such as CT and MR are needed to differentiate 
FNH from a hemangioma based on contrast-en-
hancement characteristics (Fig. 5.9b, c).

Hepatic adenomas are very rare during 
childhood and are usually associated with a 
high-estrogen environment in teenage females 
or predisposing conditions such as glycogen 
storage disease Type 1 or Fanconi’s anemia. On 
ultrasound, hepatic adenomas may appear hypo-, 
iso-, or hyperechoic [11]. Areas of increased 
echogenicity may reflect fat, hemorrhage, or cal-
cifications (the latter may present with or with-
out posterior acoustic shadowing depending on 
the size of the calcifications with larger, calcified 
foci more prone to exhibit posterior shadowing). 
Hypo- to anechoic areas suggesting fluid may re-
flect necrosis.

Mesenchymal Hamartoma

Mesenchymal hamartomas (MH) are the second 
most common benign liver tumors typically pre-
senting in patients less than 2 years of age. They 
are considered malformations rather than true 
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neoplasms and may go through phases of growth 
and regression. On ultrasound the mass typically 
appears heterogeneous, septated, and multicystic 
with a well-defined margin. However, less com-
monly a predominantly solid lesion with only 
few cysts seen [10] (Fig. 5.10). These appear 
more hyperechoic than the surrounding hepatic 

parenchyma. MH are most often confined to one 
hepatic lobe which is more commonly the right 
[21, 22]. Although generally benign lesions, sev-
eral cases of HB and sarcoma after non-oncolog-
ic resection have been reported. Complete surgi-
cal resection is the widely accepted standard of 
care for MH.

Fig. 5.8  a Infantile hemangioma (hemangioendothelio-
ma). This mass presents as a heterogeneously hypoechoic 
mass relative to the surrounding liver with linear echo-
genic structures. b Flow around but not clearly within this 
lesion was observed although this entity can present with 
sonographically detectable internal blood flow. c A sepa-

rate lesion in the same liver as in 5.6a demonstrates pul-
satile (arterial) flow within the lesion. d For comparison, 
the same patient and liver containing the multiple infan-
tile hemangiomas in 5.8a, b c care shown on this arterial 
phase CT image. Notice the characteristic uninterrupted 
centripetal enhancement of the lesions

Fig. 5.9  a The Focal nodular hyperplasia (FNH) is easy 
to dismiss on this particular image. b On a separate image, 
the echogenicity of this FNH allows it to contrast against 

the normal hepatic parenchyma. c No flow is detectable 
by ultrasound in this particular FNH lesion
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Malignant Tumors

Hepatoblastoma (HB)

Hepatoblastoma (HB) is the most common pri-
mary hepatic malignancy in childhood account-
ing for almost half of all pediatric liver tumors. 
Most patients present with an abdominal mass 
before the age of three but non-specific symp-
toms such as vague abdominal symptoms, failure 
to thrive, anemia, or emesis may be associated as 
well. Abdominal ultrasonography is the imaging 
modality of choice for the initial workup. Tumor 
extent and caval, portal, and hepatic venous in-
volvement can be assessed. Most lesions are soli-
tary but can be multifocal. Margins appear well 
delineated, heterogeneous with slightly increased 

echogenicity compared to normal hepatic pa-
renchyma (Fig. 5.11a, b). Calcifications causing 
acoustic shadows can be seen in up to half of the 
patients. Cystic and/or necrotic areas will appear 
anechoic with varying levels of internal echoes. 
Focal areas of increased echogenicity may reflect 
hemorrhage into the lesion although very early 
hemorrhage can appear hypoechoic. Color Dop-
pler often shows increased vascularity. Intrahe-
patic portal and hepatic vein branches structures 
often are “wrapped” around the mass but may 
demonstrate tumor invasion, thrombus and abrupt 
discontinuation of Doppler signal indicative of a 
malignancy. While oncologic treatment strategies 
for HB differ between Europe and North America, 
assessment for resectability is uniformly the first 
step of the surgical algorithm. The PRETreatment 

Fig. 5.10  a Mesenchymal hamartoma. Although usually 
predominantly cystic, these lesions contain a preponder-
ance of stromal components and they present as solid 

masses. b No intrinsic flow is seen within this lesion dur-
ing ultrasound-guided biopsy

Fig. 5.11  a Hepatoblastoma. This grayscale ultrasound 
image shows a heterogeneously echogenic mass. b Cor-
responding delayed contrast-enhanced CT image shows 

heterogeneous attenuation including fluid density areas 
suggestive of necrosis
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Intraoperative Ultrasound (IOUS)

The advantage of intraoperative use of ultrasound 
during liver resections has been established in the 
adult literature [26, 27] and some evidence is pub-
lished in the pediatric patient population in very 
small case series [28, 29]. IOUS can provide ad-
ditional detail on tumor extent, margins and vas-
cular involvement. Preoperative MRI and CT have 
limitations in smaller patients and subcentimeter 
lesions [30]. IOUS has been shown to correct the 
preoperative resection strategy based on real time 
intraoperative assessment and lead to more accu-
rate and liver sparing resections [31]. In addition, it 
is the authors preference after nonanatomic resec-
tion to confirm portal and hepatic arterial inflow 
and assess adequate hepatic venous drainage in 
bordering segments to recognize the risk for post-
operative tissue necrosis or venous congestion.

Transplantation

Ultrasonography is an integral part of pre-, intra-, 
and postoperative management of pediatric liver 
transplant patients. Preoperatively, patency and 
size of the portal vein and anatomic variations of 
the cava and HA can accurately be assessed by 
ultrasonography and allow the surgeon to deter-
mine an appropriate graft and possible need for 
vascular conduits. Portal vein thrombosis without 
sizable and patent superior mesenteric vein is a 
contraindication for transplant. IOUS is frequent-
ly used during the transplant procedure particular-
ly when using technical variant grafts or complex 
vascular reconstructions (Fig. 5.13). Confirming 
adequate portal venous and arterial duplex signals 
in all parts of the graft can help differentiate arte-
rial spasm from technical anastomotic error and 
lead to immediate revision. Postoperative vascu-
lar complications, particularly arterial thrombosis 
have devastating consequences and may require 
retransplantation if uncorrectable. Early recogni-
tion is paramount and scheduled postoperative 
bedside ultrasonography is part of every trans-
plant protocol. Besides assessment of graft perfu-
sion and vascular patency, presence of a biloma or 
hematoma can also be detected.

EXTent of disease (PRETEXT) is a staging sys-
tem using the number of involved liver sections 
([23], Fig. 5.12) CT scan or MRI of the chest and 
abdomen is the most widely utilized preoperative 
imaging modality of choice but thorough hepatic 
ultrasound can provide adequate PRETEXT in-
formation as well [24].

Hepatocellular Carcinoma (HCC)

Hepatocellular carcinoma (HCC typically affects 
teenage children and is associated with conditions 
predisposing to cirrhosis such as biliary atresia, 
hemochromatosis, hereditary tyrosinemia, infan-
tile cholestasis, glycogen storage disease, and 
hepatitis B. Sonographically, HCC has impre-
cise delineation with a heterogeneous structure. 
A fine network of blood vessels surrounding the 
tumor nodule resembling a “basket pattern” may 
be observed. The vessels cling to the tumor and 
develop many fine branches around and within 
the tumor nodule. [25].

Fig. 5.12  PRETreatment EXTent of disease PRETEXT 
I-IV staging system for liver lesions. (http://www.siopel.
org)
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Summary

Ultrasonography is an essential tool in the hands 
of a pediatric hepatobiliary and transplant sur-
geon. It is an integral part of the preoperative 
workup of liver lesions and prospective trans-
plant candidates. Intraoperatively, it guides re-
section margins and detects potential vascular 
anastomotic compromise or graft hypoperfusion. 
Following surgery ultrasonography is an ideal 
noninvasive screening modality for post resec-
tion complications as well as vascular patency.
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Introduction

Ultrasound is the preferred initial imaging mo-
dality for investigating right upper quadrant 
pain, jaundice, and any suspected pathology of 
the gallbladder and the biliary system. It is non-
invasive, portable, relatively inexpensive, and 
does not carry the risk or radiation burden that 
accompanies computed tomography (CT) scan or 
general anesthesia for infants and children under-
going magnetic resonance imaging (MRI). Ultra-
sound has high sensitivity, specificity, and pre-
dictive value for many abnormal findings within 
the hepatobiliary tree. Many clinicians rely upon 
ultrasound as an adjunct or the definitive diag-
nostic tool in the workup of pediatric gallbladder 
and bile duct pathology.

Scanning Technique and Anatomy  
and Normal Sonographic Findings

Similar to the liver, the gallbladder is typically 
scanned in a supine position with the addition of 
prone and upright in selective cases. The edge of 
the right lobe of the liver and the liver hilum can 
be used as landmarks during the examination. 
Asking the child to take a deep breath may bring 
the gallbladder down below the liver edge for 
better visualization [1]. The patient should have 
fasted for 4–6 h to fill the gallbladder, which con-
tracts and empties after a fatty meal. Using the 
liver as a sonographic window, the gallbladder 
can easily be found on ultrasound and is a good 
point of orientation for scanning the upper abdo-
men and the liver. After fasting, the normal size 
of the gallbladder measures > 2 cm in a neonate, 
about 4 cm at 4 years of age, and about 6 cm at 
10 years.

As part of a complete gallbladder evaluation, 
the wall thickness should always be measured 
(normally < 3 mm when fasted and filled). Thick-
ening of the gallbladder wall is nonspecific and 
is caused by gallbladder or surrounding inflam-
mation (cholecystitis, hepatitis, and pancreati-
tis) and other acute or chronic diseases such as 
hepatic cirrhosis, mucoviscidosis, or right heart 
failure. Importantly, the normal gallbladder wall 
thickness may measure more than 3 mm when 
contracted and empty.

In the right subcostal plane, the gallblad-
der can be seen as a round or oval hypoechoic 
structure seemingly within the liver parenchyma. 

© Springer International Publishing Switzerland 2016
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Moving the probe cranio-caudally, the gallblad-
der turns toward a ventro-lateral direction. The 
longitudinal view can be obtained by turning the 
probe into an almost sagittal direction. The probe 
is slightly moved medially and laterally and 
angled to scan the complete gallbladder lumen 
not to miss any intraluminal structures such as 
polyps or echogenic sludge or stones. For better 
visualization of small stones, a high frequency 
probe (> 5 MHz) may be used. Folds of the gall-
bladder wall are commonly seen and normal, but 
may be confused with intraluminal polyps. A 
Phrygian cap is a relatively common inversion of 
the distal fundus into the body of the gallbladder 
[2] (Fig. 6.1).

Next, the cystic and common bile ducts (CBD) 
are identified, which runs parallel to the portal 
vein as an anechoic tube with hyperechoic bor-
ders. Intrahepatic ductal dilatation is indicative 
of distal obstruction (Fig. 6.2). Color Doppler 
aids in differentiation of vascular structures and 
extra- and intrahepatic bile system. When dilated 
in the setting of choledocholithiasis, pancreatitis 
or type 1 choledochal cyst, the common bile duct 
can be easily followed into the pancreatic head 
and to the duodenum with the ultrasound probe. 
The size of the CBD is age-dependent; in adults, 
the upper limit of 6 mm is frequently used, but 
a study of healthy pediatric patients less than 13 
years of age found that all had a CBD size less 
than 3.3 mm, and children less than 3 months had 
a CBD size less than 1.2 mm [3]. After cholecys-
tectomy, the bile duct tends to enlarge by a few 
millimeters.

The intrahepatic bile system is examined as 
part of the liver scan. The fine ducts follow the 
intrahepatic arterial system and may be differenti-
ated by color Doppler. When not dilated, the ducts 
are hard to follow into the periphery of the liver. 
Segmental or general lobular or cystic dilatation 
is reported and may be caused by acquired distal 
or intrahepatic obstruction or congenital anoma-
lies such as type 4 and 5 choledochal cysts [2].

Fig. 6.2  Intrahepatic biliary ductal dilatation as a sign of distal bile duct obstruction

 

Fig. 6.1  Normal gallbladder shaped as a Phrygian cap
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Malformation of the Biliary System

Biliary Atresia

Biliary atresia is an obstructive condition caused 
by progressive sclerosis of the extrahepatic bile 
ducts that, if untreated, leads to cirrhosis, liver 
failure, and eventually death. It is a relatively 
rare condition (incidence 1:15,000) with a vari-
able incidence based on ethnicity and a slight 
female preponderance. The etiology of this en-
tity remains unknown, though some postulate 
intrauterine viral infection, genetic mutation, 
vascular or metabolic insult, or dysfunctional 
immune response. There are three main types of 
biliary atresia: atresia of the CBD (type I), atresia 
of the common hepatic duct (type IIa) or atresia 
of the CBD and the common hepatic duct (type 
IIb), and atresia of all extrahepatic bile ducts up 
to the porta hepatis (type III). A great majority 
of patients have type III. A cystic form of biliary 
atresia can be confused with a type 1 choledochal 
cyst.

First described in the literature in 1891, bili-
ary atresia was a universally fatal disease until 
the development of the Kasai hepatic portoenter-
ostomy procedure in the 1950s, which allowed 
for drainage of the biliary system. The Kasai 
procedure continues to be the primary operation 

with liver transplant being the secondary option 
if the Kasai is unable to reverse the bile stasis and 
thereby suspend the cirrhosis progression. Early 
intervention within the first 2 months of life im-
proves patient outcomes, with overall 5-year pa-
tient survival currently approaching 90 % [4].

The clinical presentation for biliary atresia is 
a jaundiced infant with hepatomegaly and pale 
stools. The diagnosis of biliary atresia is made 
with a battery of tests that includes liver function 
tests, hepatitis serologies, tissue biopsy and hepa-
tobiliary ultrasonography, as well as transcystic 
cholangiogram. Ultrasound demonstrates several 
characteristic features of biliary atresia. In a study 
of 30 neonates, absence of the common bile duct 
had an 83 % sensitivity, 71 % specificity, positive 
predictive value of 90 %, and negative predictive 
value of 56 % [5]. However, this criterion should 
not be used in isolation as a patent distal CBD 
can be found in up to 20 % of biliary atresia cases 
[6]. A study of 56 infants evaluated the diagnostic 
value of the “triangular cord,” a triangular or band-
like periportal echogenicity (3 mm or greater in 
thickness), which corresponds clinically to a cone-
shaped fibrotic mass cranial to the portal vein 
bifurcation (Fig. 6.3a and b). This finding has a 
diagnostic accuracy of 94 %, with 84 % sensitivity, 
and 98 % specificity [7]. In patients with biliary 
atresia, the gallbladder is absent or shrunken and 

Fig. 6.3  (a) and (b) “Triangular cord” sign in an infant with biliary atresia, a triangular or bandlike periportal echo-
genicity (3 mm or greater in thickness), which represents a cone-shaped fibrotic mass cranial to the portal vein bifurca-
tion. Transverse (a) and longitudinal (b) views (with permission from Poh et al. Biliary atresia: making the diagnosis by 
the gallbladder ghost triad. Pediatr Radiol 2003; 33:311–315, license number 3637101328502)
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irregular. Tan and colleagues describe the “gall-
bladder ghost triad” diagnostic criteria, defined as 
gallbladder length < 1.9 cm, lack of smooth/com-
plete echogenic mucosal lining with an indistinct 
wall, and irregular/lobular contour (Fig. 6.4a, b, c 
and d). Out of 31 patients with biliary atresia, 30 
met all three sonographic criteria [8].

After the Kasai procedure, ultrasound is utilized 
to monitor the patency of the hepatic vessels and 
health of the native liver. The sonographic find-
ing of the bile lakes (Fig. 6.5), or clusters of fused 
damaged bile ducts that form as a result of bile sta-
sis and inflammatory destruction of the bile ducts 
[9], is thought to be associated with poor progno-
sis. In one study, the presence of bile lakes predict-
ed a greater number of episodes of cholangitis in 
the long term [10]. This finding can also be seen in 
Caroli’s disease, or Type 5 choledochal cyst.

Ultrasound is a vital component in the workup 
of patients with biliary atresia yielding valuable 

information in this challenging patient popula-
tion, and should not be replaced by liver biopsy 
or hepatobiliary iminodiacetic acid (HIDA) scan 
only. Ten percent of children with biliary atresia 
can have associated anomalies, including poly-
splenia, azygous continuation of the inferior vena 
cava, preduodenal portal vein, hepatic arterial 
anomalies, and bilaterally bilobed lungs—these 
diagnoses would be missed with a more limited 
imaging modality [11]. Ultrasound also has the 
benefit of excluding other causes of jaundice such 
as choledochal cyst or inspissated bile syndrome.

Choledochal Cyst

A choledochal cyst is a congential or acquired 
dilation of the bile duct. Infants typically present 
with jaundice or an abdominal mass, while older 
children can present with abdominal pain and 

Fig. 6.4  (a–d) The “gallbladder ghost triad” in patients with biliary atresia. Longitudinal scans of the gallbladder in 
a (a) 2-week-old male, (b) 3-week-old female, (c) 5-week-old male, and (d) 6-week-old male, demonstrating a short 
gallbladder length, an irregular or lobular contour, and a relatively indistinct lining and wall (with permission from Poh 
et al. Biliary atresia: making the diagnosis by the gallbladder ghost triad. Pediatr Radiol 2003; 33:311–315, license 
number 3637101328502)
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vomiting. The most commonly utilized classifi-
cation schema by Todani includes five types of 
choledocal cyst—Type I: dilation of the CBD, 
Type II: diverticulum of the CBD, Type III: cho-
ledochocele (dilatation of the terminal CBD with-
in the duodenal wall), Type IV: multiple cysts of 
the extrahepatic and intrahepatic ducts, and Type 
V: single or multiple intrahepatic duct cysts (Car-
oli disease). Type I is by far the most common, 

followed by Type IV. Pancreatitis and cholangitis 
are known complications of choledochal cysts; 
malignant transformation has been described 
but is rare and typically limited to adults. Surgi-
cal management involves complete cyst excision 
with a bilio-enteric anastomosis [12].

Ultrasound is the first-line imaging study of 
choice for diagnosis and description of chole-
dochal cysts (Figs. 6.6 and 6.7). It permits com-

Fig. 6.5  Bile lakes ( arrow) in the left lobe of a patient with biliary atresia after Kasai procedure

 

Fig. 6.6  Choledochal cyst, Type 4, adjacent to head of the pancreas ( portal vein = PV) (the intrahepatic dilated bile 
system is not well pictured here)
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plete assessment of the shape, size, and position of 
the cyst, as well as an evaluation of the proximal 
ducts, vascular anatomy, and hepatic parenchyma 
[12]. Ultrasound can accurately classify the type 
of choledochal cyst in a cost-effective and reli-
able manner. Some literature suggests that ultra-
sound may be the only imaging modality needed 
in cases where no intrahepatic biliary ductal dila-
tation is visualized [13]. However, when dilated 
intrahepatic ducts are encountered on ultrasound, 
additional imaging by magnetic resonance cholan-
giopancreatography (MRCP) should be performed 
in order to distinguish between Type I and Type 
IV choledochal cysts, as this distinction may alter 
the operative approach. MRCP is accurate and 
noninvasive [14]; however, it is more costly and 
requires the patient to be still and cooperative 
and has to performed under general anesthesia in 
young children. Endoscopic retrograde cholangio-
pancreatography (ERCP) offers complete charac-
terization of the cyst and ductal anatomy, though 
it is invasive and can be complicated by perfora-
tion, pancreatitis, and hemorrhage [15]. Contrast-
enhanced CT may be considered in some patients 
if an associated tumor is suspected [12].

Disorders of the Gallbladder

Cholelithiasis

With the wide use of abdominal ultrasound in the 
workup of pediatric abdominal complaints, symp-
tomatic and asymptomatic cholelithiasis are in-
creasingly common diagnoses in pediatric patients. 

Older studies report an estimated incidence of 
cholelithiasis in children between 0.13 and 0.22 % 
[16, 17]. A more recent study, however, reports an 
incidence of 1.9 %, with an additional 1.5 % hav-
ing gallbladder sludge [18]. Cholelithiasis can be 
idiopathic or secondary to known contributing fac-
tors. In infants, stones are usually secondary to a 
variety of factors, such as obstructive congenital 
anomalies of the biliary tract, total parenteral nu-
trition, furosemide treatment, phototherapy, dehy-
dration, infection, hemolytic anemia, and short-gut 
syndrome. In older children, gallstones can be as-
sociated with sickle cell disease, bowel resection, 
hemolytic anemia, and choledochal cyst [19].

The incidence of pediatric gallbladder disease 
is increasing, due in large part to the rising child-
hood obesity epidemic. Previously, hemolytic 
disease was the most common risk factor for gall-
bladder disease in children. However, recent data 
demonstrates that obesity is associated with 39 % 
of gallstone disorder [20]. The cholecystectomy 
rate in children without the diagnosis of hemolytic 
anemia has doubled in the USA in recent years, 
with an increased percentage undergoing a laparo-
scopic procedure [21]. Laparoscopic cholecystec-
tomy enjoys a low complication rate in pediatric 
patients. It is the treatment of choice for symptom-
atic cholelithiasis, and at some centers even for 
asymptomatic gallstones [22, 23]. However, many 
advocate for a more selective treatment approach 
given the fact that many children will continue to 
be asymptomatic without intervention [18].

Ultrasound is the gold standard for detect-
ing cholelithiasis. The diagnosis is made by vi-
sualizing an echogenic focus within gallbladder 
lumen, typically with prominent posterior acous-
tic shadowing (Figs. 6.8 and 6.9). A change in 
patient position will frequently result in gravity 
dependent movement of the stone. One ultra-
sound finding associated with cholelithiasis is 
the “twinkle artifact,” which refers to an artifact 
on color Doppler demonstrating alternating col-
ors behind a gallstone that mimic turbulent blood 
flow. Another possible finding is the “wall-echo-
shadow” sign, which refers to the layered appear-
ance of a gallbladder filled with stones (hyper-
echogenic line representing the gallbladder wall, 
hypoechoic space representing a small amount of 
bile, hyperechogenic line representing the near 

Fig. 6.7  Choledochal cyst, Type 1
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surface of gallstones, acoustic shadowing distal 
to the surface of the gallstones).

Cholecystitis

Cholecystitis may be a challenging diagnosis to 
make in children. This inflammatory condition 
occurs secondary to gallbladder outlet obstruc-
tion, often caused by a stone impacted in the 
cystic duct neck, and the resulting increased in-
traluminal pressure. Pediatric patients often do 
not present with the “classic” symptoms of fever, 
right upper quadrant pain, and leukocytosis [24]. 
Especially in younger children, abdominal pain 
may be vague and diffuse [12]. Calculous chole-
cystitis is more common, as acalculous cholecys-
titis is almost exclusively associated with post-
operative complications, sepsis, burns, trauma, 
transfusion, or infection [16].

Ultrasound is a first-line modality for diagnos-
ing acute cholecystitis. There are no mandatory 
criteria, rather the diagnosis relies on a combina-
tion of nonspecific signs including wall thickness 
> 3 mm, dilation of the gallbladder, pericholecys-
tic fluid, wall hyperemia on color Doppler, and 
a positive sonographic Murphy’s sign (point of 
maximal tenderness over the visualized gallblad-
der), which should be always reported with the 
ultrasound report (Fig. 6.10). In advanced chole-
cystitis, ultrasound may demonstrate emphysema 
(hyperechoic intramural air), gangrene (thick 
streaky gallbladder wall or sloughed membranes), 
or frank perforation (disruption of the gallblad-
der wall) [25]. In adults, the best predictor is the 
Murphy’s sign [26], however in children this may 
be more difficult to elicit and signs such as cho-
lelithiasis and gallbladder sludge (Fig. 6.11) may 
be more reliable indicators of cholecystitis. All 

Fig. 6.9  Cholelithiasis ( transverse view)

 

Fig. 6.8  Cholelithiasis with posterior acoustic shadow-
ing ( longitudinal view)

 

Fig. 6.11  Gallbladder sludge in a patient on TPN

 

Fig. 6.10  Acute cholecystitis—distended sludge-filled 
gallbladder with wall thickening (6.2 mm). Notation indi-
cates positive sonographic Murphy’s sign during the exam
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sonographic indicators of pediatric cholecystitis 
have lower sensitivities and predictive values as 
compared to those for adults [27], therefore nu-
clear medicine studies are important adjuncts. In 
a HIDA scan that is positive for acute cholecysti-
tis, the radioactive tracer is excreted in the liver, 
but does not accumulate in the gallbladder due to 
obstruction of the cystic duct by stone or edema.

Choledocholithiasis

Ultrasound can also diagnose dilation of the 
CBD secondary to an obstructing stone, or cho-
ledocholithiasis. Choledocholithiasis is uncom-
mon in children with an incidence of 2–7 % [16, 
28]. The CBD may be followed distally toward 
the duodenum to evaluate for impacted stones 
as the underlying pathology. Intraductal stones 
are hyperechoic and immobile. Shadowing is 
evident in some cases but may be absent in oth-
ers due to the lack of surrounding bile. Of note, 
a dilated CBD can be confused with the portal 
vein, in which case color Doppler may be helpful 
to clarify whether the structure contains vascular 
flow [25] (Figs. 6.12 and 6.13). The management 
of choledocholithiasis includes antibiotics and 
ERCP for biliary tree decompression followed 
by cholecystectomy.

Cholangitis

Cholangitis is a rare entity in children with typi-
cal hepatobiliary anatomy; diagnosis may be 
challenging as pediatric patients who present 
with this disease may not meet all criteria of the 
classic Reynold’s pentad (right upper quadrant 
pain, jaundice, fever, hypotension, and altered 
mental status). In the case of ascending chol-
angitis caused by distal obstruction, ultrasound 
may demonstrate dilation of the common bile 
duct and possibly visualize the impacted stone. 
Of note, biliary dilatation is not always present 
in the early stages of bile duct obstruction and 
MRCP may be required to diagnose the cause and 
level of biliary tree obstruction [29]. Cholangitis 
in pediatric patients is also an uncommon com-
plication of hepaticoenterostomy that has been 
performed after choledochal cyst excision, liver 
transplant, or treatment for another hepatobiliary 
pathology [30]. Cholangitis after portoenteros-
tomy for biliary atresia is a clinical diagnosis and 
carries no sonographic correlate.

Summary

Ultrasound is an important diagnostic tool in 
the pathology of the gallbladder and biliary sys-
tem. It is reliable and accurate in the detection of 

Fig. 6.13  Dilated common bile duct (1.36 cm) in a pa-
tient with choledocholithiasis. Color Doppler has been 
applied to clarify portal structures

 

Fig. 6.12  Normal common bile duct (0.36 cm)
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hepatobiliary malformations such as choledochal 
cysts, as well as gallbladder disease including 
cholelithiasis, cholecystitis, choledocholithia-
sis, and cholangitis. It plays an important role in 
the evaluation of biliary atresia. Abdominal ul-
trasound should be used as a first-line imaging 
modality in the workup of suspected gallbladder 
or biliary disease.
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7The Pancreas

Julia Scholsching and Oliver J. Muensterer

Introduction

Obtaining high-quality sonographic images of 
the pancreas in children is challenging in many 
aspects. Most importantly, the retroperitoneal lo-
cation of the pancreas makes it difficult to visual-
ize without good respiratory cooperation of the 
patient. Furthermore, pathologies of the pancreas 
in children are rare and may be misinterpreted 
easily. However, with high-resolution modern 
ultrasound devices, the resulting images have 
improved, and sonographic examination of the 
pancreas has become somewhat more routine. 
This chapter describes instructions for choosing 
the appropriate equipment, preparing the patient, 
and systematically scanning the pancreas in order 
to obtain clinically relevant pictures.

Scanning Techniques

Position of the Patient

Imaging of the pancreas is achieved with the 
curvilinear and linear array transducer. A sec-
tor transducer can be useful in neonates. Fasting 
of 4–6 h in older children or 3 h in neonates is 

mandatory for best results since air in the colon 
or bowel may limit visualization. It is advisable, 
however, to have non-carbonated water or other 
clear liquids available on-site to fill the stomach 
as an acoustic window.

Usually, ultrasound imaging of the pancreas 
starts in a supine position but can be changed 
throughout the examination for best results. 
A slight left lateral decubitus angulation of the 
patient facilitates imaging of the body and tail, 
whereas a right lateral position enhances the 
view on the pancreatic head.

In a compliant child, locating the pancreas 
is best achieved during maximum inspiration, 
which places the left hepatic lobe over the pan-
creas to act as an acoustic window. Gentle pres-
sure with the probe can be used to disperse any 
overlying intestinal gas.

A useful adjunct for creating an acoustic win-
dow is to fill the stomach with non-carbonated 
clear liquids. This should be done at the end of a 
complete abdominal scan, and it is advisable to 
postpone imaging for 15 min to allow air bubbles 
ingested when swallowing the liquids to resolve. 
Changing the position of the patient thereafter 
leads to a shift of liquid from the gastric antrum 
to the duodenum and can thereby improve visu-
alization of the pancreatic head.

Anatomical Features/Sonographic 
Neighborhood/Probe Placement

The pancreas is located in the retroperitoneum 
extending from the duodenum to the splenic 
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hilum. Closest to the duodenum is the pancre-
atic head (Latin, caput). Overlying the vertebral 
column is the body (corpus), and the tail (cauda) 
extends towards the spleen. Vessels dominate the 
sonographic “neighborhood” of the pancreas and 
serve as important landmarks. The pancreatic 
head is surrounded by duodenum laterally, with 
the superior mesenteric artery and vein running 
along the posterior aspect of the head, anterior 
to the uncinate process. The splenic vein accom-
panies the posterior wall of body tail in a mostly 
parallel fashion, joining the superior mesenteric 
vein forming the portal vein in a retropancreatic 
location between the head and body. The supe-
rior margin of the corpus and cauda is marked by 
the splenic artery. Left to the spine is the aorta, 
which is typically round on transverse sections 
and gives off the two renal arteries at this level. In 
contrast, the vena cava is usually teardrop shaped 
and located to the right of the spine.

These landmarks are used to localize the pan-
creas: Initially, the probe is placed beneath the 
xhiphoid process, starting with a transverse epi-
gastric view. By angulating the probe downward 
slightly, the celiac trunk is seen superior to the 
pancreas and the splenic vein running along in 
parallel to the gland. With the probe in transverse 
position, the splenic vein appears like a hockey 
stick, whereas the celiac trunk often impresses 
with a dove-like shape. The pancreas can be fully 
visualized by moving the probe slowly from the 
upper transverse epigastric view downward to a 
subgastric angulation. In addition, the longitudi-
nal depiction—a “head to tail” survey—should 
be performed with the probe in sagittal orienta-
tion, completed by an oblique subcostal view 
with slow rotation of the probe in a clockwise 
manner.

The main pancreatic duct is displayed paral-
lel to the splenic vein, but is often hard to visu-
alize if not dilated. Changes in diameter related 
to obstruction due to a tumor, postinflammatory 
stenosis, or choledocholithiasis should be noted 
on the ultrasound report. Normal age findings of 
the diameter of the main pancreatic duct in chil-
dren have been poorly investigated, but the upper 
limit for a non-dilated duct range from 1 mm in 
1–6-year-olds up to 2 mm in teenagers [1], see 

Table 7.1. Everything above 2 mm, particularly 
when associated with an elevation of serum am-
ylase and clinical findings of abdominal pain, 
should be considered highly suspicious for acute 
or chronic pancreatitis.

Examination of the pancreas should always be 
considered as an integral part of a comprehen-
sive evaluation of the hepatobiliary system, in 
addition to the mandatory examination of the bile 
duct, gallbladder, and liver parenchyma.

Age-Dependent Size and Echogenicity

The size of the pancreas is age dependent, with a 
high interindividual variability [2, 3]. Measure-
ments of the pancreas, particularly during routine 
scans in otherwise healthy children without pan-
creatic disorders, are optional and usually have no 
clinical significance. The corpus of the pancreas 
is usually the easiest part to assess. When taking 
measurements, the anterior–posterior diameters 
of all parts of the pancreas should be obtained 
and reported (see age-depending dimensions in 
Table 7.2). The most substantial growth of the 

Table 7.1  Average approximate age-dependent sono-
graphic measurements of the pancreatic duct in millime-
ters. (Adapted from [1])
Age (years) Normal Acute pancreatitis Chronic 

pancreatitis
 1–3 1.13 1.9 n.a.
 4–6 1.35 2.07 n.a.
 7–9 1.67 2.13 2.42
10–12 1.78 2.34 2.77
13–15 1.92 2.56 2.91
16–18 2.05 2.63 3.15

Table 7.2  Average approximate age-dependent sono-
graphic measurements of the pancreas in centimeters. 
(Adapted from [1])
Age (years) Normal Acute pancreatitis Chronic 

pancreatitis
 1–3 0.98 1.15 n.a.
 4–6 1.01 1.22 n.a.
 7–9 1.04 1.30 1.05
10–12 1.06 1.35 1.15
13–15 1.11 1.37 1.15
16–18 1.18 1.43 1.20
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pancreas occurs in the first year of life [2, 3]. 
Pathologic increase in size at a young age mostly 
occurs in cases of acute pancreatitis or congenital 
hyperinsulinism (formerly known as nesidioblas-
tosis). Patients with chronic pancreatitis often 
have normal or decreased pancreatic caliber due 
to fibrosis [1]. In cases of insulin-dependent dia-
betes mellitus (IDDM), studies have shown that 
long duration of the disease was associated with 
a reduction in the size of the pancreas at all ages. 
Furthermore, the decrease in the size was corre-
lated with the severity of insulin deficiency due 
to fibrosis [4].

In healthy children, the echo structure of the 
pancreas appears “cobblestone-like” on high-
resolution ultrasound imaging. In infants, the 
echogenicity initially appears similar to liver, 
becoming more hyperechogenic with increasing 
age (Fig. 7.1a, b). In newborns, however, the pan-
creas may also be transiently slightly hyperecho-
ic [5]. Reasons for diffuse hyperechoicity include 
fibrosis, fatty degeneration, long-term corticoste-
roid or cytostatic therapy, Shwachman–Diamond 
syndrome, congenital hyperinsulinism, chronic 
pancreatitis, edematous pancreatitis, hemosider-
osis, parenteral nutrition, Cushing’s disease, and 
obesity. Focal alterations of the size and echo-
genicity are described separately below.

Sonographic Pathology  
of the Pancreas

Pancreatic Embryology  
and Related Anomalies

The embryological fusion of the pancreas from 
a ventral and dorsal bud gives rise to a certain 
variance in the anatomy of the major and minor 
pancreatic duct. Note that in 60 %, the two ducts 
insert separately into the duodenum, whereas in 
about 30 %, the individual ducts unite before the 
main pancreatic duct drains into the duodenum in 
a single location. Pancreatic duct anomalies can 
predispose to recurrent pancreatitis.

Pancreas divisum is the most common ana-
tomical variant and occurs if no or only incom-
plete fusion of the ventral and dorsal bud takes 

place. The major portion of the pancreatic secre-
tion drains into the duodenum through the minor 
papilla via the dorsal duct. It can be a reason for 
recurrent pancreatitis due to relative obstruction, 
but the need of therapy in asymptomatic cases is 
still controversial. Ultrasound is the first diagnos-
tic tool to rule out pancreatitis or pancreatic pseu-
docysts as a manifestation of pancreas divisum. 
In order to clearly evaluate the ductal anomaly, 
ultrasound should be complemented by endo-
scopic retrograde cholecystopancreatography 
(ERCP) or magnetic resonance cholecystopan-
creatography (MRCP). However, new ultrasound 
techniques, including secretin-stimulated ultra-
sonography (US) [7] or endoscopic ultrasonog-
raphy (EUS) [8], have also been employed and 
may be more accurate.

Fig. 7.1  a Normal pancreas (P) imaged through the left 
lobe of the liver (L). The pancreatic duct is partially vis-
ible (D), while the tail is obscured by the gas-containing 
stomach (S). b Transverse ultrasonography (US) image 
shows the measurements of the head, body, and tail of the 
pancreas in a child. [6]
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Annular pancreas can cause congenital duode-
nal obstruction, seen on ultrasound as the typical 
“double bubble” appearance as an indirect sign 
of the diagnosis.

Acute Pancreatitis

Acute pancreatitis in children is rare, but recent 
studies found that the prevalence is increas-
ing, possibly due to improved diagnostic tools 
or higher awareness [9]. It is associated with a 
high mortality and morbidity [10]. While idio-
pathic in 23 % of cases, the most common causes 
are trauma (22 %), structural anomalies (15 %), 
multisystem disease (14 %), drugs and toxins 
(12 %), as well as viral infections (10 %). Cho-
lelithiasis causing pancreatitis due to obstruction 
has previously been considered unusual [11], but 
lately the incidence has been increasing, in part 
due to a rise in pediatric and adolescent obesity 
(Fig. 7.2) [12].

Acute pancreatitis is defined by an acute onset 
of symptoms (abdominal pain, vomiting, paralyt-
ic ileus, rebound tenderness, jaundice), elevated 
levels of serum/urine amylase, and a pathologi-
cal ultrasound with compromise of pancreatic 
structure and function. Factors secondary to the 
pancreatitis itself may obscure the sonographic 
diagnosis, particularly in children. For example, 
increased intestinal gas due to paralytic ileus or 
lack of compliance due to pain can negatively 
impact the examination.

Ultrasound may show an increase in ante-
rior–posterior diameter of the pancreas, usually 
because of edematous swelling with diffuse or 
focal-elevated echogenicity. Organ enlargement, 
however, can be absent in up to 50 % of cases. 
Peripancreatic fluid is another typical finding 
(Fig. 7.3). As mentioned beforehand, dilation 
of the pancreatic duct greater than 1.5 mm in 
children between 1 and 6 years, 1.9 mm at ages 
7–12 years, 2.2 mm at ages 13–18 years is sig-
nificantly associated with the presence of acute 
pancreatitis [1].

In summary, diagnostic accuracy of acute pan-
creatitis by native ultrasound depends on sever-
ity, the presence of complications such as para-
lytic ileus, typical associated findings, including 
a pancreatic pseudocysts, as well as operator 
experience. Increased diagnostic accuracy can 
be achieved with contrast-enhanced ultrasound, 
which is particularly useful to detect ischemic 
areas seen with pancreatic necrosis [13]. Using 
ultrasound elastography to gain information 
about organ stiffness not accessible to exterior 
palpation could also increase the rate of correct 
diagnosis in the future, but is currently mostly 
experimental [14].

When in doubt, the diagnostic tools can be 
extended to MRCP with full imaging of the 
pancreatic duct system, discovering structural 
anomalies. In most young children, sedation or 
full anesthesia is needed for this study, and visu-

Fig. 7.3  Doppler study of acute pancreatitis. The head 
(H) and body of the pancreas are visible, with the splen-
ic artery (SA) serving as a landmark. The spine is in the 
background (S). There is peripancreatic fluid (F) visible 
as a sign of inflammation

 

Fig. 7.2  Gallstone pancreatitis. The pancreatic head 
(PH) is echogenic and swollen. The pancreatic duct (1) 
is mildly dilated. The mesenteric artery is visible (A) as 
a landmark
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alization of ducts with a diameter less than 1 mm 
is still difficult [15].

Chronic Pancreatitis

In chronic pancreatitis—which is rather rare in 
children—the etiology includes cystic fibrosis, 
fibrosing pancreatitis, hereditary chronic pancre-
atitis, inborn errors of metabolism, or structural 
anomalies (Fig. 7.4). Chronic pancreatitis is de-
fined as a combination of clinical symptoms such 
as abdominal pain, exocrine (malabsorprion, ste-
atorrhea, etc.) and endocrine dysfunction (diabe-
tes mellitus), along with imaging findings char-
acteristic of the irreversible morphologic damage 
of the pancreatic parenchyma [10, 16–18].

The sonographic examination of chronic pan-
creatitis may show inhomogeneous echogenicity 
and prominent margins caused by progressive fi-
brosis and fatty injections of the gland. The size 
of the pancreas can be normal or reduced. The 
duct appears dilated and sometimes irregular in 
its course, with intermittent dilation and stenosis. 
Ultrasound-guided fine needle aspiration biopsy 
to confirm the diagnosis has been found to have 
a lower complication rate (1 %) than ERCP [15]. 
Potential complications of chronic pancreatitis 
are pseudocystformation, focal calcifications, 
and recurrent intraductal stones (Fig. 7.5).

Cystic Fibrosis

Pancreatic involvement in patients with cystic 
fibrosis occurs more often than liver disease (85–
90 %) with progressive fatty tissue replacement 
and atrophy resulting in exocrine insufficiency 
[17]. In most cases, the pancreas appears as a 
homogeneous hyperechoic band representing 
the lipomatosis and overall decreased size due to 
progressive atrophy. The pancreatic duct can be 
dilated or inhomogeneous in size because of cell 
debris, scarring, and obstruction. Multiple small 
pancreatic cysts, calcifications, and focal hy-
poechoic areas representing fibrosis can be pres-
ent. Detection of very small cysts with diameters 
of less than 1–3 mm can be difficult. Contrast-
enhanced US or EUS may increase detection of 
very small lesions. Despite the mentioned risk 
factors, pancreatitis is actually rarely (1.2 %) 
seen sonographically in patients with cystic fi-
brosis [15].

Pseudocysts

In children, pancreatic cysts are usually second-
ary to pancreatitis caused by blunt abdominal 
trauma but can also occur in pancreatitis of other 
origin or genetic diseases such as cystic fibrosis. 
Solitary, congenital cysts are rare and may be re-

Fig. 7.5  Transverse ultrasound of the pancreas in an 
older with chronic pancreatitis. The liver is used as a so-
nographic window. Note the two large stones obstructing 
the dilated pancreatic duct (arrows). (Case courtesy of Dr 
Maulik S. Patel, radiopaedia.org)

 

Fig. 7.4  Transverse ultrasonography (US) image in a 
5-year-old boy with chronic hereditary pancreatitis shows 
the typical features of chronic pancreatitis: calcifications 
(small arrows) and dilatation of the pancreatic duct (large 
arrow). C confluence of the superior mesenteric and 
splenic veins [19]
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lated to ductal anomalies with a higher incidence 
in patients with von Hippel–Lindau syndrome or 
polycystic kidney disease [20].

Sonographically they appear as anechoic, 
round, thin-walled structures which are well dis-
tinguishable from the surrounding tissue.

Pancreatic Neoplasms

The most common pancreatic tumors in children 
are adenomas, insulinoma, and so-called solid 
pseudopapillary (or Frantz) tumors (Fig. 7.6). 
On ultrasound, the two former entities usually 
present as round areas of uniform echogenicity. 
The latter are usually well marginated with solid 
and cystic areas surrounded by a well-demar-
cated, fibrous capsule [21]. Solid pseudopapil-
lary tumors are more common in girls and usu-
ally behave like a very low-grade malignancy 
[23]. Therefore, complete removal is the treat-
ment of choice. Ultrasound is an ideal modal-
ity for postoperative follow-up to rule out local  
recurrence.

Other, but much less common tumors of the 
pancreas in children are pancreatoblastoma and 
adenocarcinoma. The sonographic imaging fea-
tures are those of a large heterogeneous tumor 
that invades into adjacent tissues and is not well 
demarcated. A sonographer who discovers a pan-
creatic tumor in a child should think of the pos-

sible association with Type 1 multiple endocrine 
neoplasia (MEN).

Intraoperative ultrasound may be useful to 
detect pancreatic tumors during surgery and to 
determine resection margins more accurately  
[24].

Blunt Pancreatic Trauma

The pancreas itself is not assessed during the 
focused assessment with sonography in trauma 
(FAST) scan. A comprehensive ultrasound exam, 
however, in a stable pediatric trauma victim 
can aid in the diagnosis, although the sensitiv-
ity for traumatic injuries of the pancreas may 
be lower than that of computed tomography  
[25].

Pancreatic lacerations may present as a low-
echogenic gap in the continuity of the organ. Free 
fluid may be visible in the retroperitoneum as a 
sign of ductal disruption (Fig. 7.7a, b). Moore 
et al. have proposed a grading system of blunt 
pancreatic trauma [26], which is adaptable to so-
nographic findings (Table 7.3).

Traumatic injuries of the pancreas that in-
volve the duct may lead to pseudocyst formation 
(Fig. 7.8a, b, c, d; [27]). Ultrasound is an ideal 
modality for the follow-up of these sequellae 
since size, wall thickness, and surrounding tissue 
reaction can be assessed. Once formed, pediat-
ric pseudocysts are drainable under endoscopic 
ultrasound guidance with a high success rate  
[28, 29].

Future Tools and New Horizons  
in Pancreatic Sonography

Endoscopic Ultrasound

In recent years, endoscopic ultrasound has been 
employed and established for a variety of pedi-
atric indications, including pancreatitis, pancre-
atic masses, cystic lesions, suspected annular 
pancreas, suspected common bile duct stones, 
abdominal pain, and ampullary adenoma [31]. 

Fig. 7.6  Heterogenous mass at the junction of the pancre-
atic head and the caudate lobe of the liver [22]
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Furthermore, therapeutic interventions guided by 
endoscopic ultrasound, and sometimes combined 
with ERCP, have been performed successfully in 
children [32]. The technique entails placement 
of the ultrasound probe endoscopically into the 
stomach or duodenum to obtain high-resolution 

real-time ultrasound pictures of the pancreas. 
The main disadvantage is that the intervention 
is more invasive than transabdominal ultrasound 
and mostly requires sedation or even general an-
esthesia in children.

Ultrasound Elastography

As mentioned above, ultrasound elastography is 
currently being investigated to add tissue elas-
ticity to the conventional morphologic and flow 
information acquired during the sonographic 
exam. In children, elastographic techniques have 
been used to assess for pancreatic fibrosis in pa-
tients with cystic fibrosis [33] and the degree of 
inflammation in patients with acute pancreatitis 
[19], some of which were children as young as 
6 years old.

Table 7.3  Grading of blunt pancreatic injuries. (Adapt-
ed from [25])
Grade Description
1  Minor contusion or superficial laceration with-

out duct injury
2 Deep contusion or laceration without duct injury 

or tissue loss
3 Distal transection or parenchymal injury with 

duct injury
4 Proximal (right of the superior mesenteric vein) 

transection
5 Complete disruption of the pancreatic head

Fig. 7.7  a Young boy with history of blunt abdominal 
trauma showing bulky and heterogenous pancreas with 
linear anechoic laceration in the region of body of pancre-
as (arrow) with minimal free fluid around pancreas [22]. 

b Typical location for pancreatic trauma due to the under-
lying spine. (Courtesy of S. Ledbetter and R. Smithuis, 
Acute Abdomen—Role of computed tomography (CT) in 
Trauma. www.radiologyassistant.nl)
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Summary

Sonographic imaging of the pancreas in a child 
is challenging. Although computed tomography 
may be the more accurate imaging modality for 
pancreatic pathology in children, the lack of ra-
diation and universal availability make sono-
graphic imaging an attractive alternative. Certain 
preparatory steps can increase the accuracy of 
pancreatic sonography, and it is applicable for 
a wide variety of pathology. New developments 
such as endoscopic ultrasound and ultrasound 
elastography may enhance the applicability for 
diagnostic and therapeutic applications regarding 
the pancreas in children in the future.
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Introduction

Except when grossly enlarged, the spleen is usu-
ally non-accessible in the clinical examination. 
Ultrasound, however, offers a very sensitive and 
specific noninvasive imaging tool for a variety of 
pathological conditions in the pediatric popula-
tion of every age group, from trauma to tumors. 
Hence, examination of the spleen should be an 
integral part of every standardized abdominal 
scan.

Obtaining high-quality sonographic images 
of the spleen is no easy task, due to its location 
high in the left upper quadrant under the ribs. 
This chapter offers hints to produce optimal ul-
trasound pictures of the most common pediatric 
splenic pathologies.

Scanning Techniques

Position of the Patient

Imaging of the spleen should be done with a cur-
vilinear or linear transducer of lower frequency 
(2–5 MHz) capable of color-flow Doppler imag-

ing. The spleen is best accessed through the 9th–
11th intercostal space, between the anterior and 
posterior axillary lines. A first overview of the 
spleen can be obtained with the child in a supine 
position. Individual anatomical variation requires 
that the operator search for the best acoustic win-
dow in a dynamic, flexible fashion.

Often it is helpful to angle the patient left side 
up which facilitates a more posterior access. This 
can be accomplished by having the patient roll 
sideways actively, or by placing a roll or a pillow 
under the left flank.

Elevation of the left arm maximizes the in-
tercostal space. If the patient can follow instruc-
tions, having the patient raise the arm behind 
their head is sufficient. In nonverbal patients, 
parents can manipulate the arm gently, according 
to the scanner’s instructions.

Another point to remember is that the probe 
needs to be angled slightly along the intercostal 
spaces to prevent shadows of the ribs. Again, the 
amount of angulation is highly variable and pa-
tient dependent.

Patient Preparation and Coaching

It is helpful to have the patient inhale or exhale to 
provide different views of the spleen. Naturally, 
breathing is hard to control in young and nonver-
bal children, but an experienced sonographer will 
sense and benefit from their natural respiratory 
cycle. Older children should be appropriately 
coached to inhale or exhale in a way to offer a 

© Springer International Publishing Switzerland 2016
S. Scholz, M. D. Jarboe (eds.), Diagnostic and Interventional Ultrasound in Pediatrics  
and Pediatric Surgery, DOI 10.1007/978-3-319-21699-7_8



84 J. Scholsching and O. J. Muensterer

good view of the spleen. It can be helpful to show 
schoolchildren and teenagers a live image of their 
scan during the process as feedback, to let them 
participate actively in the process.

Normal Sonographic Findings

Age-dependent Splenic Size

Splenic length is measured as the largest diam-
eter of the organ independent of hilum location 
with a convex transducer via an intercostal win-
dow (Fig. 8.1). Splenic width is measured per-
pendicular to this line at the level of the hilum.

Nomograms for splenic length as a function 
of age, height, weight, and body surface area 
have been published [1]. These show a complex, 
nonlinear relationship. Splenic dimensions are 
highly variable, but the average length ranges 
from 4.5 cm in 0–3-month-old to 10.5 cm in 
14–17-year-old children (Table 8.1).

Echogenicity

In routine sonographic evaluation, healthy chil-
dren demonstrate homogenous splenic echo-

genicity that is slightly lower than that of healthy 
liver tissue. Detailed discrimination between red 
and white splenic pulp can be accomplished by 
using a higher-frequency linear transducer (10–
13 MHz). The white pulp is typically lower in 
echogenicity. It is important to remember that the 
lymphatic system and lymphatic follicles are not 
completely formed in newborns and infants, so 
the volume of the white pulp increases with age.

Blood Supply

A complete ultrasonographic evaluation of the 
spleen should always include Doppler flow stud-
ies of the surrounding and intraparenchymatous 
vessels. The architecture of the spleen is predom-
inantly determined by the vascular structure. The 

Table 8.1  Approximate age-dependent normal splenic 
lengths [1]
Age Mean (cm) Standard deviation
0–3 months 4.5 0.7
3–6 months 5.5 0.7
6–12 months 6.5 0.7
3 years 7.5 0.9
7 years 8.5 0.9
11 years 9.5 0.9
15 years 10.5 1.0

Fig. 8.1  Splenic length is measured as the maximal distance between the cranial and caudal poles of the spleen
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spleen is mainly supplied by the splenic artery, 
which arises from the celiac trunk and in most 
(80 %) cases traverses along the upper border 
of the pancreas. Close to the hilum, it separates 
into two (80 %) or three (20 %) lobar arteries. 
These lobar arteries supply segments that typi-
cally do not form any collaterals between each 
other, which are important for spleen-preserving 
surgery. The spleen also obtains some blood from 
the short gastric vessels arising from the gastro-
epiploic artery.

Venous drainage is accomplished via the 
hilum into the splenic vein, which joins the mes-
enteric vein to form the portal vein. Therefore, 
splenomegaly may result from portal hyperten-
sion. Normal spleen size, however, does not rule 
out portal hypertension. Therefore, evaluation 
of the splenic drainage should always include a 
careful evaluation of the liver as well.

Contrast Enhanced Ultrasound

Contrast enhanced ultrasound for splenic indica-
tions has not been well studied in children. In a 
study that included some children, contrast en-
hancement increased the sensitivity for detection 
of splenic lacerations after blunt abdominal trau-
ma from 59 to 96 % [2]. The main disadvantage is 
that intravenous microbubbles of sulfur hexaflu-
oride gas must be infused shortly before imaging.

Anomalies

Splenomegaly

In general, the spleen must increase in size at 
least twofold to be clinically palpable [3]. Clini-

cal splenomegaly is defined by the organ being 
palpable under the left costal angle in the mid-
clavicular line. However, the spleen may be 
palpable in healthy newborns in up to 17 % of 
cases [4]. A good indicator for splenomegaly is 
the spleen–kidney ratio. The length of the spleen 
should not surpass the length of the kidney by 
125 % [5]. Another age-independent criterion for 
splenomegaly is caudal extension of the spleen 
beyond the lower pole of the kidney. The most 
common reasons for splenomegaly are listed in 
Table 8.2.

Asplenia, Polysplenia, and Topographic 
Anomalies

Asplenia/polysplenia, as well as the single right-
sided spleen, belong to a very heterogeneous 
group of laterality defects including extreme 
variants such as total situs inversus. The exact 
cause remains widely unknown, but chromo-
somal aberrations are sometimes identified (i.e., 
Kartagener syndrome). Laterality defects are 
usually accompanied by congenital heart defects 
and major other anomalies such as biliary atresia, 
intestinal malrotation with microgastria, or isom-
erism of the lungs (bilateral left or right lung).

Accessory Spleen

Accessory spleens can be found in 7–20 % of 
patients at autopsy or in computed tomography 
series [6, 7]. The most common location is the 
splenic hilum (75 %; Fig. 8.2) and pancreatic tail 
but accessory tissue can be found anywhere in 
the abdomen. Ultrasound usually shows an oval 
mass of the same parenchymal structure and 

Table 8.2  Common reasons for splenomegaly
Reason Example
Increased hemolysis Spherocytosis, thalassemia, sickle cell anemia
Cancer Leukemia, lymphoma, histoplasmosis
Autoimmune diseases Rheumatoid arthritis, lupus erythematosus, autoimmune hemolytic anemia, sarcoidosis
Infectious Mononucleosis, leishmaniasis, malaria, tuberculosis, abscess, ehrlichiosis, echinococcosis
Portal hypertension Liver cirrhosis, hepatic vein obstruction (Budd–Chiari syndrome), portal vein obstruction
Storage diseases Gaucher, Hurler, Hunter, Niemann–Pick disease
Benign tumors Hemangioma, hamartoma, epidermoid cyst
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echogenicity as the spleen, sometimes with a 
visible feeding artery from the splenic arteria. In 
cases of torsion, the ultrasound shows a homoge-
neous hypoechoic mass without evidence of per-
fusion or, in cases of recurrent torsion, signs of 
infarction with inhomogenic parenchyma. Free 
intra-abdominal fluid can be a sign of rupture.

Wandering Spleen

The ectopic location of the spleen occurs either 
in missing ligamental fixation, laxity, or malde-

velopment of the splenic ligaments. In very rare 
cases, the absent ligamental fixation can lead 
to torsion of the wandering spleen. This may 
manifest as an acute abdomen with no detectable 
spleen in the typical location, and an abdominal 
mass with spleen-like echostructure on the initial 
ultrasound instead. Lack of perfusion of the ab-
dominal mass in Doppler imaging, as well as an 
elevated resistive index in the proximal splenic 
artery is highly suspicious for torsion of the wan-
dering spleen.

In all cases of splenic ectopia, ultrasound re-
mains a noninvasive, easily accessible imaging 
method. In symptomatic unclear cases, however, 
further imaging with magnetic resonance imag-
ing or computed tomography should be consid-
ered before surgical exploration.

Diffuse Changes of the Splenic 
Parenchyma

Diffuse parenchymal changes (Fig. 8.3) may be 
a sign of hematopoietic diseases, storage disor-
ders, infections, autoimmune disorders, sequel-
lae of trauma, or portal hypertension (Table 8.2). 
Further investigation with cross-sectional ra-
diographic or nuclear scans may be indicated in 
these cases.

Fig. 8.3  Diffuse complex parenchymatous changes may result from a variety of disorders. They can also appear as 
sequellae to trauma, as in this case

 

Fig. 8.2  An accessory spleen is identified at the splenic 
hilum (*). The mass has an oval shape and is similar in 
echotexture to the spleen itself
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Cysts, Abscesses, Tumors

Fluid-filled anomalies are readily visible on ultra-
sound examination. They include cysts (Fig. 8.4), 
abscesses (Fig. 8.5), and post-traumatic pseudo-
cysts (Fig. 8.6). Solid and mixed tumors are also 
easily picked up because their structural appear-
ance contrasts sharply to the even echogenicity 
of the spleen in most of the cases (Fig. 8.7). If 
indicated, cysts and masses can be accessed 
percutaneously under sonographic guidance to 
aid in diagnosis [8], but simple percutaneous 
drainage of most cysts almost always results in  
recurrence [9].

Traumatic Injury

Focused assessment with sonography in trauma 
(FAST) has become a standard practice in the 
adult setting and is increasingly used in children 
as well. It comprises taking standardized ultra-
sound images of the hepatorenal recess, the blad-
der, the pericardium, and the perisplenic space 
(Fig. 8.8). A positive FAST implies the detection 
of free peritoneal or pericardial fluid or obvious 
solid organ injury, but is not used for solid organ 
injury staging. The sensitivity and specificity of 
FAST in children ranges from 33 to 93 % and 85 
to 97 %, respectively [10–12]. In cases of known 
splenic laceration or avulsion, ultrasound in gen-
eral is a very good diagnostic tool for further 
monitoring, especially in the pediatric popula-
tion, because there is no need for sedation and no 
exposure to ionizing radiation.

Splenic Laceration and Avulsion

Splenic laceration is the second most common 
solid organ injury in blunt pediatric trauma. 
Careful scanning of the spleen is quite sensitive 
to pick up splenic lacerations (Fig. 8.9), although 
sonography has never been validated for grading 
the injury. Besides splenic morphology, indirect 
signs of trauma such as perisplenic or free intra-
peritoneal fluid, as well as focal pain during the 
examination itself should be taken into consid-
eration. It is also mandatory to perform a color 
Doppler examination of the organ (Fig. 8.10), 
since avulsion of the spleen can be picked up by 
the lack of perfusion.

Post-traumatic Arteriovenous Fistula

Splenic lacerations close to the hilum may re-
sult in a post-traumatic arteriovenous fistula 
(Fig. 8.11). These usually heal spontaneously, but 
in some refractory cases with pronounced blood 
flow, transarterial embolization may be indicat-
ed. Ultrasound is an ideal method to follow such 
changes over time.

Fig. 8.5  Abscesses are usually smaller than primary 
splenic cysts and may be loculated. They also may con-
tain echogenic debris

 

Fig. 8.4  Splenic cysts may be congenital or acquired. 
Epidermoid splenic cysts have typical trabeculation in the 
cyst wall
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Fig. 8.7  Solid and mixed tumors of the spleen include hemangiomas and vascular malformations. Doppler studies 
may be useful to differentiate them from malignancies such as lymphoma

 

Fig. 8.6  Post-traumatic splenic cysts are common. Most of them can be observed, but persistent ones may require 
resection
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Summary

Ultrasound is an ideal modality to image the pe-
diatric spleen, although obtaining high-quality 
images can be challenging due to location and 
lack of patient cooperation. Splenomegaly is 
easily picked up on ultrasound, as are cystic and 
solid lesions, as well as trauma. Comprehensive 
imaging of the spleen should always include 
color Doppler studies.

Fig. 8.10  Doppler imaging of the same patient as in 
Fig. 8.9 shows the relationship of the laceration (dark 
line) to the left of the vessels. Free fluid is also seen at the 
hilum, and below the diaphragm (lentiform dark line in 
the lower left corner of the scan)

 

Fig. 8.9  B-mode ultrasound of the spleen after blunt ab-
dominal trauma. The laceration in this case is hypoechoic 
and extends from the hilum to the periphery

 

Fig. 8.8  Positive FAST scan with fluid in the splenorenal 
fossa (1) and around the lower pole of the spleen (2)

 

Fig. 8.11  This Doppler study shows a large, hemodynamically important post-traumatic arteriovenous fistula that did 
not improve with time. It was eventually coiled by interventional radiology
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Abdominal Vessel Anatomy

Every abdominal organ and its vascular supply 
can be assessed using ultrasound. Color and spec-
tral Doppler can be employed to measure flow 
characteristics and detect or monitor pathologies 
or postoperative results.

The aorta supplies arterial blood to the ab-
dominal viscera and has several feeding vessels 
supplying the structures in the abdomen. The 
first major trunk is the celiac artery, which usu-
ally gives rise to the left gastric, splenic, and 
common hepatic arteries, although there is wide 
anatomic variation (Fig. 9.1a, b). The common 
hepatic artery gives off the right gastric artery 
and the gastroduodenal artery before it becomes 
the proper hepatic artery. It then divides into the 
left and right hepatic branches. The cystic artery 
commonly branches off the right hepatic artery. 
The gastroduodenal artery gives rise to the su-
praduodenal artery, the right gastroepiploic ar-
tery, and the superior pancreaticoduodenal artery. 
The right and left gastric arteries join along the 
lesser curve of the stomach. The splenic artery 

gives rise to the short gastric arteries and the left 
gastroepiploic arteries that supply the stomach.

The superior mesenteric artery (SMA) is the 
next major trunk off the aorta (Fig. 9.2a, b). This 
artery supplies the midgut with blood. The SMA 
first gives rise to the middle colic artery and then 
the right colic artery as well as the ileocolic ar-
tery. The SMA also gives rise to the several arcu-
ate arteries that provide most of the blood to the 
small intestine. The middle colic artery gives rise 
to the marginal artery of Drummond, which sup-
plies the transverse and the left colon.

The left and right renal arteries also originate 
from the aorta, most commonly inferior to the 
SMA and superior to the inferior mesenteric ar-
tery (IMA), though there is wide anatomic varia-
tion here as well. Most often the renal arteries 
are single, but they can be double or have early 
and varied branching. The adrenal glands receive 
their blood supply from suprarenal arteries that 
branch directly off of the aorta as well, usually 
superior to the main renal arteries.

Inferior to the SMA are the gonadal arteries, 
which supply the testicle or ovary, and the IMA. 
The IMA arises proximal to the bifurcation of the 
aorta. The main branches of the IMA are the left 
colic artery, which anastomoses with the afore-
mentioned marginal artery of Drummond, and 
the colosigmoid artery. Distal to the take off of 
the colosigmoid is the origin of the rectosigmoid 
artery. The superior rectal arteries are the final 
branches of the IMA.

© Springer International Publishing Switzerland 2016
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and Pediatric Surgery, DOI 10.1007/978-3-319-21699-7_9
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The main venous drainage systems of the ab-
domen are the inferior vena cava (IVC) and portal 
vein (PV). The superior and inferior mesenteric 
veins drain the intestines; the superior mesenteric 
vein (SMV) merges with the splenic vein to 
form the PV. This confluence usually occurs just 
dorsal to the pancreas. The gonadal veins have an 
asymmetric drainage, with the left gonadal vein 
draining into the left renal vein (LRV) and the 
right gonadal vein draining into the IVC directly. 
Similarly, the left suprarenal vein drains into the 

LRV, and the right suprarenal vein drains directly 
into the IVC above the renal veins.

Scanning Technique

For best results, exams should be done in the 
morning when possible. The patient should 
not have eaten since the previous midnight and 
refrain from chewing gum to reduce the amount 

Fig. 9.2  a Color Doppler image of the aorta and the SMA. 
b Grayscale and color Doppler images show the origin 
of the normal right renal artery from the abdominal aorta 
(Ao), just below the origin of the superior mesenteric ar-
tery. It takes careful adjustment of the wall filter settings 
to remove the motion artifacts from the aortic pulsations, 
with appropriate pulse repetition frequency (PRF) set-
tings to get a good color flow image of the right renal 

artery. The right renal artery is seen coursing behind the 
IVC after an antero-lateral origin from the aorta (Ao). The 
left renal vein (LRV) is also seen traversing anterior to the 
abdominal Ao and between it and the SMA. The above 
images are transverse sections through the epigastrium. 
The liver provides a good window to view these vessels 
(http://www.ultrasound-images.com/vascular.htm)

 

Fig. 9.1  a During sonography, look for the vertebral body 
in the transverse plane. The aorta and inferior vena cava 
(IVC) will be anterior to it. The IVC is compressible. The 
aorta will be anechoic with a pulsating circle. In the proxi-
mal aorta, the celiac trunk can be seen with its branches 
(seagull sign—hepatic and splenic arteries are the wings). 

b Sagittal epigastric view of the aorta and its branches, 
celiac artery (CA), splenic artery (SA), left gastric artery 
(LGA), and the superior mesenteric artery (SMA). The 
splenic vein (SV) is visualized below the transverse cut of 
the pancreas (https://carmenwiki.osu.edu/display/10337/
AAA)
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of gaseous distention of the intestine, which can 
limit ultrasonography of the abdominal vessels. 
To reduce bowel gas further, the patient can be 
asked to drink some water immediately prior to 
the exam.

Abdominal vessels are typically imaged in 
several planes (Fig. 9.3). By switching the orien-
tation of the probe, it is possible to measure the 
diameter of the vessels, the origin of vessels, and 
their angles as they take off from the abdominal 
aorta. Use of pulse-wave and color Doppler ul-
trasound allows measurement of flow in the ves-
sels, with the measurement of velocity, resistive 
index, and turbuluence of flow. Color Doppler 
waveforms can provide information about the 
direction and quality of blood flow through the 

vessels. Waveforms can distinguish between the 
arterial and venous blood flow.

Malrotation and Midgut Volvulus

Intestinal malrotation refers to the incomplete 
rotation of the small intestine in utero. It can re-
sult in midgut volvulus, or the complete torsion 
of the small bowel around the SMA axis, causing 
acute obstruction requiring prompt surgical inter-
vention. Early recognition of symptoms—bilious 
emesis—and appropriate, prompt imaging can 
lead to earlier diagnosis and operation, improv-
ing outcomes. The anatomical repositioning of 
the SMA and SMV during malrotation lends it-
self to sonographic and especially Doppler diag-
nosis. Normally, the SMV lies right and ventral 
to the SMA; in malrotation, that positioning is 
switched. A large study of 337 patients demon-
strated that left/right reversal had a higher sensi-
tivity and specificity for malrotation than ventral/
dorsal switching [1–6]. It is possible to have mal-
rotation of the intestines without SMA/SMV re-
versal, and SMA/SMV reversal can exist without 
malrotation. In addition this SMA/SMV reversal 
can be persistent after a Ladd’s procedure [7, 8]. 
The best early study, a prospective comparison 
of US versus UGI in 427 children, found SMA/
SMV reversal to have a 70 % sensitivity, 96 % 
specificity, 62 % positive predictive value, and 
97 % negative predictive value [9].

An additional sonographic sign consistent 
with malrotation is the “Whirlpool sign” [10]. 
This finding reflects the clockwise rotation of  
the SMV around the SMA axis as a part of the 
malrotation. A subsequent study confirmed both 
the importance of the clockwise orientation 
(with counterclockwise orientation commonly 
reflecting nonspecific hemorrhagic enteritis) 
and the value of this finding [11]. Early reports 
documented sensitives in the 90th percentiles and 
specificities approaching 100 % [12, 13]. While 
specificities remain high, reports of whirlpool 
sign in patients without malrotation have also 
emerged [14]. Figure 9.4 contains an example il-
lustration [15].

Fig. 9.3  Schematic representation of the abdominal ves-
sels and their relationships to abdominal viscera. Left: 
Sagittal view of abdominal aorta, celiac, SMA, and renal 
artery origins and the pancreas, liver, and spleen with 
splenic artery and vein. Right: Each panel from top to bot-
tom corresponds with a schematic of the ultrasound im-
ages that would be seen with the probe positioned in the 
line marked with the arrow in the left panel
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An alternative strategy for diagnosing malro-
tation with ultrasound involves assessing the po-
sition of the third portion of the duodenum (D3). 
Normally, D3 rests in the retroperitoneum. In 
malrotation, D3 will be intraperitoneal and ante-
rior to the mesenteric vessels [16]. Sonographic 
demonstration of a retroperitoneal D3 effectively 
excludes the diagnosis of malrotation and thus 
that of midgut volvulus [17–19]. This technique 
is simple and efficient for diagnosis of malroata-
tion in newborns.

Ultrasound has some limitations. Bowel 
gas can be problematic. Most series report an 
inability to perform sonography on around 15 % 
of the patients due to bowel gas interference 
[20]. Multiple studies have demonstrated a sig-
nificant false-negative rate with ultrasound, cor-
responding to sensitivities in the 70–80 % range 
[21]. Given these detractions and the serious 
consequences of a volvulus diagnosis, clinicians 
strongly suspicious of malrotation with volvulus 

should continue to order upper gastrointestinal 
radiological studies (UGIs), even after a negative 
ultrasound. However, the low-cost, noninvasive-
ness, lack of radiation, and strong specificity of 
several sonographic features—especially whirl-
pool sign—make ultrasound an excellent screen-
ing modality where positive findings may allow 
the surgeon to skip additional diagnostic steps 
and proceed directly to the operating room.

Compression Syndromes

Compression syndromes are products of ana-
tomic variants in abdominal vasculature that 
result in compression of intra-abdominal organs 
to produce a pattern of symptoms. The difficult 
evaluations for these conditions have been sim-
plified by the use of abdominal US of the vessels 
in question.

Fig. 9.4  Midgut volvulus diagnosed using ultrasound 
(US) in an 83-day-old boy evaluated for hypertrophic py-
loric stenosis. Gray-scale (a) and Doppler US (b) dem-
onstrate the “whirlpool sign” of the peripheral swirling 

superior mesenteric vein (SMV) around the SMA ( arrow). 
UGIs (c), which followed the US, shows the corkscrew 
sign of midgut volvulus, which was confirmed during sur-
gery [15]
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Median Arcuate Ligament Syndrome

Median arcuate ligament syndrome (MALS), 
also called the celiac artery compression syn-
drome and Dunbar syndrome, occurs when the 
median arcuate ligament compresses the celiac 
axis and celiac ganglion, typically producing ab-
dominal pain. It was first identified by Harjola in 
1963 [22]. The median arcuate ligament connects 
the right cura and the left cura of the diaphragm, 
forming the anterior border of the aortic hiatus.

Inexpensive, noninvasive, rapid, and with-
out the risks of contrast and radiation, Doppler 
ultrasound provides an effective alternative to 
the angiography and CT-angiography. Two pro-
spective trials in adults comparing the Doppler 
Ultrasound to the lateral abdominal aortography 
confirmed the accuracy of this modality in diag-
nosing the condition. The more recent investiga-
tion confirmed 100 % sensitivity of the Doppler 
ultrasound for identifying clinically significant 
(> 70 %) celiac artery stenosis. Specificity, posi-
tive predictive value, and negative predictive 
value were 87, 57, and 100 %, respectively [23, 
24]. A later retrospective analysis on children and 
adolescents further substantiated the suitability 
and value of the Doppler ultrasound in diagnos-
ing MALS.

For the examination, patients should fast for 
a minimum of 8 h prior to the study. Given the 
vague clinical presentation, the entire mesenteric 
system should be evaluated. Lower frequency (in 
the range of 3–7.5 MHz) and harmonic imaging 
provide clearer images. All velocity measure-
ments should be obtained with angle correction 
of less than 60° [25]. Wolfman et al. have demon-
strated the importance of acquiring both supine 
and erect Doppler images, noting a tendency of 
pathological values to normalize when children 
are positioned erect. The stage of the respiratory 
cycle dramatically affects the results, with much 
higher peak velocities observed at peak expira-
tion than peak inspiration due to the dorsal move-
ment of the aorta upon inhalation. One study in 
adults suggested that 73 % of the patients with 
end-expiration celiac artery stenosis observed via 
ultrasound demonstrated at least partial resolu-

tion of the pathology at end-inspiration [26, 27]. 
Consensus for the proper moment in the respira-
tory cycle to examine the patient has not been es-
tablished, with authors alternatively opting for ei-
ther the best-case or worst-case ultrasonagraphic 
results. Examinations require fewer than 20 min 
for experienced ultrasongraphers to complete.

While normal blood flow velocities for adults 
and neonates are available, such data are not 
well-established for children, and no rigorously 
verified criteria for defining MALS in the pe-
diatric population exist. For adults, prospective 
studies have shown that peak systolic velocities 
greater than 200 cm/s in the celiac artery (or no 
flow detected) correlate with at least 70 % steno-
sis of the vessel, with 75 % sensitivity and 89 % 
specificity [25]. Most subsequent publications 
have adopted these standards, even for children, 
and have demonstrated their reliability in di-
agnosing the MALS [24]. The largest series of 
children with MALS ( n = 59) entertained more 
liberal criteria, including greater than twofold ac-
celeration in flow between the aorta and celiac 
artery, but a lack of confirmatory data prevents 
us from endorsing this expanded definition. Fig-
ure 9.5 illustrates the findings in MALS.

When appropriate, surgical intervention can 
proceed via either open or laparoscopic means. 
For either approach, the use of intraoperative ul-
trasound can confirm the efficacy of the repair 
and the resolution of the stenosis by showing de-
creased peak velocities in the celiac artery [28]. 
Thus, for screening, diagnosis, and post-treat-
ment verification, Doppler ultrasound is a highly 
effective, inexpensive modality well-suited for 
the pediatric population.

Superior Mesenteric Artery Syndrome 
(SMAS)

SMAS (also referred to as Wilkie’s disease, cast 
syndrome, arterial mesenteric duodenal com-
pression) occurs when the SMA and aorta entrap 
and compress the third portion of the duodenum. 
It was first noted by Rikitansky in 1842 and 
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more completely described by Wilkie in 1927  
[29].

Ultrasound has now assumed an important 
role in screening for the condition. A 2005 con-
trolled prospective study in adults clearly dem-
onstrated the ability of ultrasound to match CT 
scans in accurately identifying the vascular fea-
tures of this syndrome [30, 31]. Exams are per-
formed after an overnight fast and during the ex-
piratory phase of respiration. Low MHZ probes 
provide the best images. There was no significant 
difference between conducting the exam in the 
supine or standing positions, although the lateral 
position was less sensitive.

Ultrasound can help diagnose SMAS by as-
sessing the angle between the aorta and the SMA 

(Fig. 9.6a and b) as well as the distance from the 
aorta to the SMA at the level of the duodenum 
[32]. In adults, these values have been well stud-
ied, and while measurements vary, the literature 
generally considers a normal angle to be between 
25 and 60° and a normal distance to be between 
10 and 28 mm. These values in children have 
recently been studied in 205 consecutive pedi-
atric abdominal CT scans in patients presenting 
without suspicion for SMAS. This series showed 
the mean angle to be 45.6 ± 19.6° [33]. The few 
published cases demonstrating the utility of ultra-
sound to diagnose SMAS in young patients with 
otherwise unexplainable abdominal pain have 
used adult measurements [34]. However, the study 
of 205 pediatric abdominal CT scans revealed 

Fig. 9.6  Superior mesenteric artery syndrome (SMAS). A 
normal aortomesenteric angle is approximately 45°, and 
an aortomesenteric angle of 6–25° confirms the diagno-
sis. This angle can be readily measured on ultrasound. a 
To measure the aortomesenteric angle, first obtain a sag-

ittal view of the aorta and delineate landmarks: Ao, CA, 
and SMA. Measure the SMA angle as it takes off from the 
aorta. b A normal aortomesenteric distance is 10–28 mm. 
An aortomesenteric distance < 8–10 mm suggests SMA 
syndrome in the appropriate clinical setting [32]

 

Fig. 9.5  Median arcuate ligament syndrome (MALS). a the angle between the celiac axis and the SMA is seen and 
measured erect and supine as well as in deep inspiration. b The velocity measured is >  200 cm/s
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that over 20 % of the cases demonstrated angles 
less than 8°—values that meet diagnostic criteria 
for SMAS, yet the patients denied any symptoms 
of the syndrome [33]. Moreover, other data show 
significant inter-operator variability with Dop-
pler measurements of the SMA, challenging the 
reliability of test. Clearly, clinicians must have 
a high index of suspicion to evaluate for SMAS 
and use imaging to confirm clinical assessment 
rather than solely relying on angles and distanc-
es. At present, ultrasound serves well as a screen-
ing modality for SMAS, but CT scans ought to be 
obtained to confirm the diagnosis and clarify the 
anatomy, particularly if operative intervention is  
planned.

Nutcracker Syndrome

Nutcracker syndrome refers to an array of symp-
toms associated with the compression of the 
LRV. It is crucial to distinguish the syndrome 
from nutcracker phenomenon, which refers to 
anatomical and radiological evidence of such 
constriction without any corresponding symp-
toms. Anatomists have recognized compression 
of the LRV between the aorta and SMA since the 
1930s [35, 36], but the condition of nutcracker 
syndrome was not elucidated until the 1970s 
[37]. Children suffering from the disease report 
flank and/or abdominal pain, gross hematuria, 
and varicoceles; some present with asymptomat-
ic proteinuria or microhematuria [38]. Today, ul-
trasound has an important role in establishing the  
diagnosis.

Prior to ultrasound, renal venography with 
pressure gradients established the presence of 
the disease, with pressure differentials of greater 
than 3 mm Hg between the LRV and vena cava 
confirming the disease. This methodology re-
mains the gold-standard, if rarely implemented. 
(Normal pressure differentials in children have 
not been established, forcing clinicians to rely on 
adult parameters). The invasiveness, radiation, 
and contrast load, not to mention cost, render this 
technique unappealing, especially in children. In 

1986, Wolfish et al. proposed using ultrasound as 
an alternative [39]. Specifically, they suggested 
a 50 % increase in the diameter of the LRV be-
tween the renal hilum and the aorta compared 
to the segment between the aorta and vena cava 
reflected compression. The first recorded case 
of the nutcracker syndrome diagnosed by ultra-
sound occurred in 1988 in Japan using Wolfish’s 
criteria [40]. Further Japanese studies established 
clear guidelines for the diagnoses nutcracker 
phenomenon based on LRV dilation ratios [41, 
42], but additional investigation revealed normal 
LRV diameter varied too much in children to rely 
on it for diagnostic purposes [43, 44].

The advent of Doppler technology offered a 
new option in measuring blood flow. However, 
the anatomy of pediatric patients complicated its 
initial deployment. With a very short LRV that 
runs almost perfectly horizontal, children chal-
lenged the acquisition of acceptable Doppler an-
gles [45]. As such, early Doppler investigations 
relied on the identification of the collateral veins 
to diagnose nutcracker phenomenon, which had a 
relatively low sensitivity (78 %) but 100 % speci-
ficity when observed [46, 47]. Rarely found on 
CT scans, Doppler-identified collateral veins re-
main useful in confidently diagnosing nutcracker 
phenomenon.

More recently, Doppler-acquired flow veloci-
ties have demonstrated reliability and accuracy in 
identifying the nutcracker phenomenon. With the 
advent of new technology and the introduction of 
techniques like instructing patients to drink water 
prior to the exam (thus eliminating bowel gas and 
creating clearer windows), Doppler exams be-
came more feasible. A 1996 South Korean study 
compared Doppler ultrasound directly to LRV 
pressure gradient measurements in adult patients 
with the nutcracker syndrome verses controls and 
found significant differences in the peak velocity 
of blood flowing in the LRV between the vena 
cava/aorta and aorta/hilum [48]. The ratio of ve-
locity differences Kim elucidated has since be-
come the foundation of Doppler-diagnosed nut-
cracker phenomenon. Subsequent investigators 
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worked to apply these findings to children [49], 
and in 2001, the first child was diagnosed with 
the nutcracker syndrome based on this ratio [50].

Since Kim et al. established the ratio, other 
groups have worked to refine the value and apply 
it to children. Kim et al. established the cut off 
ratio for adults to be 5.0 [50]. Pediatric studies 
have suggested ratios ranging from 4.1 to 4.8, 
with sensitivities of 100 % and specificities rang-
ing in the low 90s [51–53]. These ratios have 
proven accurate enough and are so widely ac-
cepted that physicians reporting continued use of 
other modalities like MRA and CT-A scans have 
been criticized in the literature [54]. Which exact 
number to use remains debatable, and the ethnic 
homogeneity of all subjects in these studies is 
less than ideal, but the repeatability of the results 
and the relatively narrow range of ratios strongly 
substantiate the methodology. More recent inves-
tigations have also looked to the measuring the 
aorta–SMA angle as an adjunct to help diagnose 
nutcracker phenomenon, but given (a) the high 
sensitivity and specificity of ratios; (b) the de-
pendence of the angle on child positioning; and 
(c) the aforementioned wide variability of this 
angle in children, clinicians need not pursue this 
additional measurement.

Several well-controlled studies have clearly 
demonstrated the ability of Doppler ultrasound to 
diagnose nutcracker phenomenon in children by 
comparing the peak velocities of blood flow in 
different segments of the LRV. Ultrasound pro-
vides a welcome advance from the invasive, ex-
pensive, radioactive methods of the 1980s, and, 
based on the above investigations, can be used 
exclusively to diagnose the LRV compression 
characteristic of the nutcracker syndrome.

Stenosis, Aneurysm, Collaterals,  
and Thrombosis

Renal Artery Stenosis

Ultrasound can be used to evaluate the causes 
of renovascular hypertension, specifically renal 

artery stenosis, often induced by Takayasu’s ar-
teritis in children [55]. Typically, the patient is 
placed in a lateral decubitus position, with an 
angle of insonation of about 60°. A velocity in 
the renal artery > 200 m/s is consistent with renal 
artery stenosis, and a difference in the resistive 
indices > 0.05 between the two kidneys with the 
lower resitive index (RI) being on the side of the 
kidney with the elevated velocities is consistent 
with renal artery stenosis of > 60 %.

Aneurysms

Abdominal aneurysms are uncommon in chil-
dren and most often occur with Kawasaki’s dis-
ease [56], pancreatitis [57], or after trauma to the 
liver and spleen [58]. Ultrasound can be used to 
evaluate for pseudoaneurysm or true aneurysm 
and is a useful technique to monitor success after 
intervention. Ultrasound can reliably measure the 
dimensions of the aneurysm and characterize the 
flow of blood in the lesion.

Collaterals and Portosystemic Shunts

Portal hypertension is caused by a number of 
conditions that create an increase in the PV pres-
sure. These are generally classified as pre-he-
patic, post-hepatic, or sinusoidal (intra-hepatic). 
There are a number of physiologic sequelae to 
prolonged portal hypertension. In pediatric sur-
gery, pre-hepatic causes can be due to PV throm-
bosis after umbilical vein catheterization (al-
though more often from unclear etiology). If por-
tal hypertension progresses, appropriate flow can 
become hepatofugal in direction, and ultimately 
there is shunting of portal blood flow to the sys-
temic veins that return blood to the heart via the 
inferior vena cava. Ultrasound can be used to 
document and follow shunts and collaterals that 
develop in patients with the chronic portal hyper-
tension. Ultrasound can demonstrate changes in 
flow through portosystemic shunts [59], along 
with changes in the characteristics of flow (i.e., 
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reliably demonstrative of loss of variation with 
respiration or changes in Doppler waveform pat-
terns).

As an example, Fig. 9.7 demonstrates a spl-
enorenal shunt. In the top panel, the spleen is 
measured and noted to be enlarged with normal 
parenchyma. The tortuous splenic collaterals are 
seen at the hilum. In the middle panel, the cen-
tral PV is not identified. However, hepatopedal 
(appropriate directional) portal venous flow is 
detected within the parenchyma. The hepatic 
veins demonstrate gross patency. In the bottom 
panel, the limited image of the left kidney dem-
onstrates no abnormality. Flow is toward the kid-
ney, compatible with a splenorenal shunt. This is 
patent and demonstrates flow above and below 
the baseline. Peak velocity ranges between 50 
and 100 cm/s. The main renal vein is grossly  
patent.

Thrombosis

Duplex sonography is the main radiographic 
method for detecting and monitoring thrombosis 
of the larger veins. All major veins can be eas-
ily visualized and examined for flow characteris-
tics except the superior vena cava (SVC) and the 
more distal SMV, which are often obscured by air 
from lungs or bowel. To evaluate the SVC, MRA, 
or venous phase CTA are needed for optimal 
evaluation. Clinically, thrombosis is common in 

the femoral, iliac, internal jugular, and subcla-
vian veins, mostly secondary to central venous 
catheters [60] (Fig. 9.8). Extent and resolution 
after anticoagulation therapy is preferably moni-
tored with the ultrasound, which can even be per-
formed as a bedside study in the intensive care 
unit (Fig. 9.9). Ultrasound-guided placement of 
vena cava filters is standard of care in many cen-
ters for adolescents with increased risk of periph-
eral deep venous thrombosis to prevent a large 
pulmonary embolus [63]. The exact position for 
deployment just inferior to the confluence with 
the renal veins is paramount when placing these 
devices (Fig. 9.10).

Fig. 9.7  Splenorenal shunt. a Ultrasound identifies the 
dilated vessels at the splenic hilum and documents the 
splenomegaly. b Hepatopetal flow identified in the splen-

ic parenchyma. c Close proximity of flow between the 
liver and kidney, patent renal vein

 

Fig. 9.8  Thrombus visualized within the right internal 
jugular vein (RIJV) (arrow). The vessel could not be com-
pressed. RCCA right common carotid artery [61]
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Summary

Ultrasonography of abdominal vessels aids in 
the workup of many abdominal conditions in 
children. Simple to employ with no risks to the 
patient, ultrasound has become a very important 

implement in the physician’s armamentarium for 
diagnostic workup and management decisions 
involving the major vessels. Every abdominal 
organ, their vascular supply, and the large central 
vessels are able to be imaged with ultrasound, 
making it a very versatile tool. Color Doppler can 
picture and quantify pathology within the vascu-
lature itself. As ultrasound involves no contrast 
or radiation and is noninvasive and repeatable, it 
is a logical study to be included in the workup 
of the many diagnoses involving the abdominal  
vasculature.
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Introduction

Abdominal and gastrointestinal (GI) problems 
in children comprise a large part of routine daily 
practice of pediatricians and pediatric surgeons. 
In many cases, history and physical examination 
can be pathognomonic, but the correct diagnosis 
can often be confirmed by a general or focused 
ultrasound examination of the abdomen. For 
children, ultrasound plays a dominant role under 
imaging methods either for screening or for defi-
nite diagnosis. In many parts of the world, it is 
considered as the “stethoscope of the surgeon.” 
As a dynamic real-time method, sonography can 
be performed at the bedside, has no ionizing ra-
diation, and can be easily repeated. It succeeds 
as a child-friendly nonintimidating imaging tech-
nique and enjoys high acceptance with parents.

The ultrasound examination of the GI tract 
poses relatively high demands on the expertise 
of the examiner. Pathologies can only be rec-
ognized if one is familiar with the sonographic 
appearance of normal structure and function. The 
intestine offers a great variation of its normal 
anatomy. Further, structures can be very subtle 
and the scanning field can be confusing due to 
the lack of landmarks needed for orientation. 
However, the learning curve even for providers 
untrained in advanced sonographic techniques 
can be steep and the skill can be acquired with 
little practice [1, 2].

Routine clinical practice in pediatric centers is 
changing. Today, focused abdominal ultrasound 
is used to confirm the clinical suspicion of hyper-
trophic pyloric stenosis (HPS) and intussuscep-
tion rather than clinical examination alone (the 
palpable “olive” or a sausage-like palpable mass, 
respectively), abdominal radiograph or upper GI 
contrast study under fluoroscopy. Sonographic 
screening abdominal examinations can be per-
formed quickly and it can successfully discover 
many problems such as mesenteric, pancreatic, 
or choledochal cysts, localized fluid collections 
and general ascites, or hemorrhage.

One example for which abdominal ultrasound 
has largely replaced computed tomography (CT) 
scan as a first-line study in many pediatric cen-
ters is for the diagnosis of acute appendicitis. 
The goal is to visualize and measure the appen-
dix directly, with success rates directly linked 
to the examiner’s patience, skill, and experi-
ence. Peri-appendiceal fluid can be detected as 
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well as a fecalith and, once found, the appendix’ 
compressibility is directly tested. A focal sono-
graphic “Murphy’s sign” directly over the appen-
dix can confirm the clinical and sonographic sus-
picion (Murphy’s sign is traditionally reserved 
for focal tenderness elicited over the gallbladder 
by the ultrasound probe in the setting of acute 
cholecystitis). Perforated appendicitis leading to 
a phlegmon or an abdominal or pelvic abscess 
can be detected. Alternative diagnoses such as 
kidney stones or ovarian pathology can be ruled 
out relatively easily.

In centers dedicated to the care of children, 
abdominal ultrasound has become a mainstay 
of the diagnostic algorithm for many common 
clinical questions. The expertise of examiners is 
growing and may open the door for more sophis-
ticated sonographic applications.

Scanning Technique and Normal 
Anatomy

Ultrasound scanning of the abdomen should be 
performed with a linear probe capable of color-
flow Doppler imaging since the wide area of con-
tact allows painless compression of the abdomi-
nal wall. Individual anatomical variations require 
the operator to search for the best acoustic win-
dow in a dynamic, flexible fashion. Compression 
of the abdominal wall pushes intestinal gas side-
ways to allow scanning of the abdominal con-
tents without artifacts. In addition, the distance 
between the probe and the target area is short-
ened resulting in a higher-quality picture since a 
higher-frequency probe can be used.

Fine abdominal structures require high-
resolution imaging, ideally with a linear probe 
of 7 MHz or higher. This frequency allows dif-
ferentiation of the intestinal wall up to a scan-
ning depth of 4–5 cm, which is sufficient for in-
fants and children up to 15 years of age. Older 
or adipose children require a 5-MHz-probe, 
which limits resolution and does not allow fine 
differentiation of the intestinal wall. Even with 
this relatively low-frequency probe a number of 
pathological problems can be identified such as a 
peri-appendiceal abscess or thickened intestinal 

wall in active Crohn’s disease. A sector or curved 
array ultrasound probe is needed for the examina-
tion of the distal esophagus, the cardia, and the 
rectum. A 5-MHz-probe is sufficient since the 
exact differentiation of the intestinal wall is usu-
ally not needed.

There is a large variability in the sonomor-
phology of the intestinal tract and the abdomen. 
Anatomical knowledge is a prerequisite to recog-
nize pathological findings.

The stomach cannot be evaluated without 
preparation due to severe gas artifacts. The pa-
tient has either to be fasting or to have taken only 
clear liquids. A fasting study may also be of ad-
vantage for examining the upper abdomen since 
the picture is not disturbed by air artifacts or in-
creased peristalsis of the small bowel. Standard 
examination of the remainder of the intestinal 
tract does not require special preparation of the 
patient but examination about 1–2 h postprandi-
ally will yield the best results.

The examination is performed in a supine 
position. The arms should be positioned par-
allel to the body and not behind the head; this 
would place the abdominal wall under tension 
and interfere with abdominal compression with 
the probe. A shallow pillow under the head can 
help to relax the abdominal wall as can pulling 
the knees towards the chest. The ultrasound gel 
should be warmed before the examination, either 
in the microwave or in a bottle warmer. A small 
child can be distracted with a bottle, a pacifier, or 
by reading a book. School-age children and teen-
agers can be shown the live image of their scan as 
a feedback to let them actively participate in the 
process and assure their cooperation. The patient 
can be turned to move gas out of the scanning 
field and improve visualization.

A systematic screening examination of the 
abdomen should include all the four quadrants 
and also the parenchymatous organs to exclude 
alternate pathological findings. This should not 
take longer than 10 min during which the patient 
gains confidence.

The gastroesophageal junction can be 
visualized and measures about 18 mm in new-
borns and 34 mm in children. The esophagus 
is usually empty and decompressed unless a 
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pathology such as a stricture or achalasia is sug-
gested. A dynamic evaluation can be performed 
while pressing on the stomach to give a quantita-
tive impression of the severity of gastroesopha-
geal reflux disease (GERD).

The gastric wall has a hypoechoic muscularis 
propria, a hyperechoic submucosa, a hypoechoic 
muscularis, and an echogenic serosa. The thick-
ness of the stomach wall varies depending on its 
amount of filling from 1 to 9 mm. When fasted, 
the antrum is always found empty and can be lo-
cated between the left lobe of the liver and the 
pancreas. Postprandially, the antrum is filled with 
gas and food and hard to evaluate by ultrasound, 
especially in infants.

The pylorus, found between the antrum and 
duodenal bulb, opens to allow the passage of 
food. Once the transverse plane of the pylorus 
is identified and the thickness of its hypoechoic 
muscle wall is measured, the probe can be turned 
by 90° to find the longitudinal plane to measure 
its length.

To scan the intestine, ultrasound should be 
performed with slightly increasing pressure al-
ways moving sideways. The bowel should be 
characterized by the diameter of its lumen, intes-
tinal contents, peristalsis, morphology, and thick-
ness of the wall. The upper limit of the bowel 
wall thickness is 1.5 mm for ileum and 2.0 mm 
for colon [3].

Passing the pylorus, the duodenal bulb can be 
seen. Its wall has the typical three-layered struc-
ture with a thin muscle layer (1.0 mm), mostly 
filled with a small amount of air. The distal 
duodenum is usually contracted with an empty 
lumen. In the left mid abdomen, the jejunum can 
be found with a wall thickness around 1.0 mm 
and good peristalsis. There is a great variability 
depending on food content or gas. The probe is 
moved through the right mid and lower abdomen 
to examine the ileum and its variable morphol-
ogy. It can be very hard to differentiate intestinal 
loops due to gas artifacts. The terminal ileum is 
often empty and contracted. It can be seen over-
lying the psoas muscle, has no high folds typi-
cal for jejunum and a similar wall thickness of 
1.0 mm. If conditions are good, the ileocecal 
valve is visualized resembling lips protruding 

into the cecum. The valve is closed at baseline, 
but stool passage can be observed at times.

The cecum has a large lumen filled with gas 
and stool, and lacks peristalsis. Look for the ap-
pendix around the cecum and the ileocecal valve 
area as a short blind ending part of the intestine 
with its own lumen. The appendix can often be 
found more medially between the cecum and the 
ileum and is much easier to find when inflamed 
and enlarged. The normal appendiceal wall mea-
sures 3.0 mm in thickness with a total diameter 
up to 6.0 mm.

The ascending colon is up to 2.0 mm thick 
with very little peristalsis and has a more echo-
genic submucosa. Its taenia can be seen as a 
circumscript wall thickening in the axial plane. 
Axial planes are obtained for the evaluation of the 
colon. Moving upwards along the colon, turn the 
ultrasound probe 90° to evaluate the transverse 
colon below the liver edge which often appears 
contracted and narrow with little gas. Again, turn 
the probe 90° to evaluate the descending colon in 
left abdomen which is often filled with gas and 
also has little peristalsis. Use a sector or curved 
array probe to find the sigmoid colon and the rec-
tum. Evaluate the wall morphology and thickness 
of the colon by ultrasound, it may be filled with 
fluid by enema.

In general, there is great variability within 
the intestine and pathologies can be difficult to 
detect by ultrasound. Abnormal wall thickening 
and atypical wall morphology, a pathological 
size of the lumen, unexpected intestinal contents 
(foreign bodies, magnets), or changes in normal 
peristalsis could indicate an underlying problem

Gastroesophageal Reflux

GER in infants and children is diagnosed through 
the use of multiple modalities; abdominal ultra-
sound is not recommended for use as an isolated 
diagnostic test [4–6]. However, ultrasound can be 
used in conjunction with other tests to aid in di-
agnosis and has a role in the anatomic and func-
tional evaluation of the upper GI tract. Important 
anatomic criteria in the diagnosis of GER include 
shorter length of the abdominal esophagus and 
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more obtuse angle of His, both of which are reli-
ably measured by ultrasound [6, 7].

Ultrasound offers the clinician functional 
information as well. This is particularly valuable 
in the context of GER, where ultrasound per-
mits direct visualization of reflux episodes with 
assessment of frequency, duration and charac-
teristics, and correlation with patient symptoms. 
Further, nonacid reflux events and other upper 
GI issues that share symptoms with GER like 
intestinal obstruction, masses, malrotation, HPS, 
and hiatal hernia may be identified at the time of  
ultrasound [8].

Hiatal Hernia

A hiatal hernia occurs when a portion of the stom-
ach traverses an abnormally widened esophageal 
hiatus of the diaphragm into the mediastinum. It 
is important to perform ultrasound under defined 
and consistent clinical conditions, as variables 
such as stomach volume can affect data acquisi-
tion [9]. In addition to shorter length of the ab-
dominal esophagus and more obtuse angle of His 
previously discussed in relation to the diagnoses 
of GER, some diagnosticians also cite a “beak 
sign” or widening of the stomach end of the gas-
tric triangle as an indicator of hiatal hernia [7]. 
Cakmakci and colleagues suggest that absence of 
the periesophageal fat pad sign is another indi-
cator of hiatal hernia. Hiatal hernia is clinically 
relevant as its presence is associated with degree 
of reflux severity [10]. Ultrasound findings for 
hiatal hernia correlate well with CT [11].

Hypertrophic Pyloric Stenosis

HPS is relatively common (incidence: 1.5–
3:1000) with an increased incidence in firstborns, 
males, and children with a family history of HPS 
[12]. The classic presentation is a 2–12 week 
old with projectile nonbilious emesis after en-
teral feeds, the physical examination finding of a 
“palpable olive” in the midepigastric region, and 
laboratory evidence of a hypokalemic hypochlo-
remic metabolic alkalosis. For reasons thought to 

be related to abnormal innervation of the muscu-
lar layer of the intestine that remain incomplete-
ly explained, the pylorus becomes abnormally 
thickened, resulting in narrowing and elongation 
of the pyloric channel and producing a gastric 
outlet obstruction with compensatory gastric hy-
perperistalsis [13]. The treatment is fluid resusci-
tation followed by surgical pyloromyotomy.

Ultrasound is currently the imaging study 
of choice for diagnosis of HPS. Recommended 
probe selection includes 6–10 MHz linear array 
mid-high frequency or 6–8 MHz small foot print, 
high-frequency annular array, or curvilinear 
probes. Scanning should start medial to gallblad-
der with localization of the fluid-filled stomach. 
The stomach may be followed distally to the py-
lorus, which will be lateral and anterior to the 
aorta–superior mesenteric artery (SMA) junction.

Ideally, the patient has to fast for 4 h to mini-
mize gas interference. A warm room and warm 
gel are essential for patient comfort; crying in-
creases gas in the stomach making visualization 
much more difficult. The baby should then be fed 
(water is best for a good acoustic window), which 
will allow the stomach to be seen as hypoechoic 
with small hyperechoic air bubbles. Milk is sub-
optimal as it appears as echogenic heterogeneous 
material.

The thickness and the length of the hy-
poechoic pyloric muscle make the diagnosis of 
HPS. A pyloric muscle thickness of greater than 
3 mm (100 % sensitive and 99 % specific), and 
pyloric canal length greater than 14 mm (100 % 
sensitive and 97 % specific) are considered ab-
normal (Fig. 10.1a—normal, b—HPS). The py-
loric channel will also be filled with crowded 
and redundant mucosa in HPS. If the stomach is 
filled with gas, use of gravitational maneuvers 
during an ultrasound examination may be useful 
with placement of the patient in a right anterior 
oblique position or left posterior oblique position 
to reveal the hypertrophied pylorus [14]. During 
the ultrasound examination, the pyloric channel 
should be observed for the passage of any gas-
tric contents and this should also be a part of the 
study report. Passage of large amounts of gastric 
contents during a 10–15 min-long examination 
contradicts the diagnosis of pyloric stenosis.
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Malrotation and Volvulus

Malrotation (incidence 1:6000) is caused by failure 
of the intestine to undergo the normal 270° coun-
terclockwise rotation around the SMA during em-
bryologic development. Midgut volvulus results 
from torsion of the bowel around an abnormally 
narrow mesentery that results from malrotation 
and improper fixation of the bowel. It can result in 
catastrophic necrosis and loss of a majority of the 
intestine if not recognized and treated promptly 
with surgical derotation. The typical patient is a 
previously healthy term infant in the first month 
of life who presents with sudden onset bilious 
emesis. Traditionally, the diagnosis is made with 
abdominal radiograph and upper GI studies [15].

Currently, ultrasound is utilized in some cen-
ters when the diagnosis of malrotation or acute 
midgut volvulus is equivocal. Color Doppler is 
employed to demonstrate the “whirlpool” sign, a 
swirling of the blood vessels caused by the twist-
ing of the mesentery (Fig. 10.2), or an inversion 
of the location of the SMA and superior mesen-
teric vein [16]. Malrotation is often accompanied 
by dilation of the duodenum. There is a potential 
role for diagnosing malrotation based on the po-
sition of the duodenum relative to the SMA and 
aorta. Yousefzadeh and colleagues demonstrated 
the feasibility and validity of this technique in 
33 neonates [17]. If normal anatomy is seen on 
abdominal ultrasound, additional studies and 
radiation exposure may be avoided.

Intussusception

Intussusception, or intestinal invagination is the 
process by which one segment of proximal bowel 
telescopes onto the adjacent distal segment. It 
can result in obstruction, abdominal pain, and 
ultimately ischemic bowel due to compromised 
blood flow. Abdominal ultrasound, first de-
scribed for the evaluation of this entity in 1977, 
is the primary imaging modality for diagnosis of 

Fig. 10.1  a Normal pylorus b Hypertrophic pyloric stenosis—4-week-old male who presented with forceful nonbilious 
emesis. Pyloric muscle measured 4 mm (triangles), pyloric channel measured 17 mm (circles)

 

Fig. 10.2  Malrotation with volvulus—color Doppler ul-
trasound demonstrates “whirlpool” sign
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intussusception today. The hallmark sign is the 
“target” or “doughnut” sign (Fig. 10.3), an image 
seen in the transverse plain that demonstrates 
bowel wall and mesenteric fat within the intus-
susceptum forming rings of high and low echo-
genicity. Another characteristic finding is the 
“pseudokidney” sign (Fig. 10.4), an image seen 
in the longitudinal plain that demonstrates the 
edema in the walls of the intussusceptum trapped 
inside the intussuscipiens [18].

Intussusception can be reduced with normal 
saline hydrostatic enema under ultrasound guid-
ance. Many centers utilize air enema and fluoros-
copy to confirm reduction. However, ultrasound 
can visualize the reduction of the ileo-ileocolic 
intussusception as well as the development of 
any pneumoperitoneum should perforation com-
plicate the procedure [19]. Inability to complete 
the reduction under ultrasound guidance should 
prompt an attempt at conventional air/contrast 
enema reduction.

Intestinal Atresia

Intestinal atresias are congenital obstructions 
of the lumen of the duodenum, jejunum, or 
ileum thought to be due to vascular accidents in 
utero. They represent a relatively common eti-
ology of neonatal bowel obstruction (incidence 
1.3–2.8:10,000) and are frequently diagnosed 
on antenatal ultrasound. Duodenal atresia is reli-
ably diagnosed prenatally through recognition of 
the classic “double bubble” sign, but identifying 
jejunal and ileal atresias can be more challeng-
ing with lower and more variable rates of prena-
tal diagnosis. Imaging characteristics including 
polyhydramnios and dilated bowel may not be 
present at the time of ultrasound [20].

For neonates who carry a diagnosis of sus-
pected atresia, many centers utilize abdominal ul-
trasound as confirmatory testing and to evaluate 
for additional anomalies [21]. Characteristics of 
duodenal atresia include massive dilation of the 
stomach and normal pylorus with decompressed 
distal intestine (Fig. 10.5).

Characteristics of intestinal atresia on ultra-
sound may include dilated loops of proximal 
bowel and decompressed distal bowel seg-
ments; direct visualization of the atretic segment 
is also possible (Figs. 10.6 and 10.7). In previ-
ously healthy neonates who present with symp-
toms of bowel obstruction, a variety of imaging 
techniques are employed for evaluation includ-
ing plain radiograph, upper GI series, contrast 
enema, and ultrasound, among others. Ultrasound Fig. 10.4  Intussusception—5-month-old male who pre-

sented with fussiness, drawing legs up to chest, and blood 
per rectum. Ultrasound showed ileocolic intussusception, 
“pseudokidney” sign

 

Fig. 10.3  Intussusception—5-month-old male who pre-
sented with fussiness, drawing legs up to chest, and blood 
per rectum. Ultrasound showed ileocolic intussusception, 
“target” sign
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has the advantage of not only demonstrating the 
intestinal atresia but also ruling out ascites, per-
foration, abdominal masses, or other etiology of 
obstruction.

Meckel Diverticulum

Meckel diverticulae represent the most com-
mon anomaly of the GI tract with prevalence in 
the general population from 1 to 4 %. The clini-
cal presentation can be variable and includes GI 
bleed, obstruction, diverticulitis, perforation, and 
volvulus [22]. An inflamed Meckel’s diverticu-
lum functions commonly as the lead point of a 
nonreducible intussusception, then diagnosed 
and resected in the operating room. Abdominal 
ultrasound is frequently obtained in the evalu-
ation of pediatric abdominal pain, particularly 
when patients present with symptoms that are 
nonspecific. A Meckel’s diverticulum appears 
on ultrasound as a long tubular structure and can 
mimic a duplication cyst. It can also be confused 
for an acutely inflamed appendix, as in the case 
of Meckel’s diverticulitis (Fig. 10.8). If a diver-
ticulum is the lead point causing intussusception, 
ultrasound will reveal a “double-target sign,” 
a target-shaped mass of rings of high and low 
echogenicity with an additional central area of 
hyperechogenicity.

Fig. 10.5  Duodenal atresia—5-day-old male with emesis 
and no passage of stool. Ultrasound showed hugely dis-
tended stomach containing anechoic fluid, anatomically 
and functionally normal pylorus that opened well to allow 
passage of a small amount of gastric contents into the duo-
denum seen during the scanning process

 

Fig. 10.8  9-year-old male with Meckel’s diverticulitis—
distended, blind-ending tubular structure in right lower 
quadrant consistent with the appendix which measures 
1 cm in diameter. Several loops of dilated bowel with wall 
thickening are also seen. Additionally, free fluid is identi-
fied in the right lower quadrant and in Morison’s pouch

 

Fig. 10.7  Jejunal atresia: 2-day-old male with intestinal 
atresia type 4, total of 15 atretic segments. Ultrasound 
shows multiple dilated loops of bowel

 

Fig. 10.6  Jejunal atresia: 2-day-old male with intestinal 
atresia type 4, total of 15 atretic segments. Ultrasound 
shows multiple dilated loops of bowel
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Abdominal Cysts

Enteral Duplication Cyst

Intestinal duplication cysts are uncommon con-
genital anomalies (incidence 1–2:10,000) that 
can be seen throughout the GI tract (Figs. 10.9 
and 10.10), but are most commonly found in the 
ileum. Most are diagnosed before age 2 after 
the patient presents with obstructive symptoms, 
vague pain or constipation, or rarely with GI 
bleeding or malignant degeneration. The treat-
ment is surgical excision of the lesion. Ultra-
sound diagnosis is made by the “double wall” 
appearance (Fig. 10.11)—a hyperechoic edge 
surrounding the mucosal wall inside and a hy-
poechoic wall surrounding the smooth muscular 
layer outside, which are continuous with the cor-
responding structures of the adjacent bowel [23].

Mesenteric Cysts

Mesenteric cysts are a rare anomaly (incidence 
1:100,000) with only 25–30 % of these diagnosed 
in children [24]. They can be found in small or 
large bowel mesentery after patients present with 
abdominal pain and undergo imaging to rule 
out other presumed pathology like appendici-
tis. Ultrasound evaluation is sensitive and spe-
cific, and can be used for diagnosis as well as 
to follow lesions of uncertain etiology. Imaging 
characteristics include a multiloculated septated 
cystic mass and ascites may or may not be pres-
ent (Fig. 10.12). Sequential images may show 
increased size, increased fluid echogenicity, and 
thickening or multiplication of septae [25]. Surgi-
cal excision is the treatment of choice; pathology 

Fig. 10.12  Mesenteric cyst—multiloculated, septated 
cystic intra-abdominal mass

 

Fig. 10.11  Ileal duplication cyst with “double wall” ap-
pearance

 

Fig. 10.10  Gastric duplication cyst at the level of the fun-
dus, adjacent to the spleen—transthoracic view

 

Fig. 10.9  Gastric duplication cyst at the level of the fun-
dus, adjacent to the spleen—abdominal view
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typically reveals benign tissue though complica-
tions may arise from cyst growth over time [26].

Necrotizing Enterocolitis

Necrotizing enterocolitis (NEC) is a multifactori-
al disease that leads to disruption of intestinal in-
tegrity followed ultimately by bowel necrosis and 
bacterial translocation. Birth weight is inversely 
associated with incidence (1:1000) and mortality 
(15–30 %). Younger gestational age is also a pre-
dictor of poor outcome. The clinical presentation 
of NEC includes feeding intolerance, abdominal 
distention, and often bloody stool [27].

Currently, abdominal radiograph remains the 
preferred modality of choice for diagnosis and 
classification of NEC. However, abdominal ul-
trasound is increasingly being applied in NEC 
diagnosis and management for the advantages 
it offers over standard radiographs. Ultrasound 
permits visualization of bowel wall thickness and 
echogenicity, peristalsis, free fluid, and bowel 
wall perfusion [28]; this may allow for earlier 
diagnosis of bowel compromise and expedition 
of needed surgical intervention when bowel is 
threatened, but before actual perforation or frank 
necrosis occurs.

Pneumatosis intestinalis (PI) has been used as 
a marker for the condition. Most often observed 
in the ileum and colon, the finding is almost 
pathognomonic for NEC, though its presence 
ranges between 13 and 100 % of cases, depend-
ing on the study examined. Ultrasound has prov-
en superior in the early diagnosis of PI. In a study 
of 40 neonates with Bell stage I NEC, ultrasound 
located PI in all 40, despite the lack of such find-
ings on abdominal radiographs, demonstrating 
the value of ultrasound in making an early, de-
finitive diagnosis [29]. However, for patients in 
≥ Bell stage II NEC, abdominal radiographs have 
been shown, in some studies, to be superior in 
identifying pneumatosis. Given this variation, 
more studies are needed to clarify the role of ul-
trasound in diagnosing PI in neonates with NEC.

The protocol for ultrasound of the abdomen 
for NEC has been well described by Faingold 
et al. [30] and includes evaluation of the intestine 

for increased wall echogenicity, wall thicken-
ing (greater than 2.7 mm) suggestive of edema, 
wall thinning (less than 1.0 mm) suggestive of 
ischemia, intramural gas (PI; Fig. 10.13), bowel 
wall perfusion on color Doppler, and bowel 
peristalsis. The peritoneal cavity of the abdo-
men and pelvis is then evaluated for free-fluid or 
discrete-fluid collections, and the liver and portal 
venous system are evaluated for portal venous 
gas (Fig. 10.14). The splanchnic and hepatic cir-
culation should then be assessed via Doppler for 
flow and perfusion. The sensitivity, specificity, 

Fig. 10.14  Necrotizing enterocolitis—portal venous gas

 

Fig. 10.13  Necrotizing enterocolitis—intramural gas
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positive predictive value, and negative predictive 
values of sonography for the detection of bowel 
necrosis were reported to be 100, 95, 80, and 
100 %, respectively [31].

Appendicitis

Ultrasound is a reliable tool in the workup of 
pediatric abdominal pain and diagnosis of acute 
appendicitis (sensitivity 72.5 % (95 % CI = 58.8–
86.3 %) and specificity 97.0 % (95 % CI = 96.2–
97.9 %)) [32, 33]. It is now the standard of care 
in pediatric centers to obtain ultrasound imaging 
as the first-line modality with selective use of CT 
scan in some cases. This demonstrates a change 
in practice that has decreased the burden of ion-
izing radiation in pediatric patients without an 
increase in the negative appendectomy or missed 
appendectomy rates [34, 35].

The sonographic criteria to diagnose acute ap-
pendicitis in children include visualizing a blind-
ending tubular structure that is noncompressible 
(Fig. 10.15) and lacks peristalsis, with an appen-
dicular diameter greater than 6 mm and/or a wall 
thickness greater than 2.0 mm.

Other signs to support the diagnosis of appen-
dicitis include the lack of air in the appendiceal 
lumen, periappendiceal fat stranding, presence 
of appendicolith, complex right lower quadrant 
mass, enlarged mesenteric lymph nodes, and 
presence of free fluid [36] (Fig. 10.16). Recent 

evidence suggests that using a cutoff point of 
7.0 mm appendicular diameter and 1.7 mm wall 
thickness [37] may be more predictive of acute 
appendicitis in pediatric patients.

Ultrasound is operator dependent and is 
limited by the lie of the appendix. In up to one 
third of the cases, the appendix may be nonvi-
sualized on ultrasound imaging with the pa-
tient in the traditional supine position. Some 
protocols recommend turning the patient to left 
posterior oblique position in an attempt to iden-
tify a potentially retrocecal appendix [38]. In the 
absence of a leukocytosis, patients with a nonvi-
sualized appendix can be safely observed without 
the immediate need for additional imaging [39].

Fig. 10.16  Appendicitis—enlarged tubular blind-ending 
structure in right lower quadrant with fecalith visible at 
the base, longitudinal view

 

Fig. 10.15  Appendicitis—sagittal view of noncompressible enlarged appendix
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Anorectal Malformations

Anorectal malformations are a complex group 
of congenital anomalies with an incidence of 
approximately 1:5000 births. The most com-
mon presentation in males is imperforate anus 
(anal atresia) with a rectourethral fistula, and in 
females imperforate anus with a rectovestibular 
fistula [39]. Some patients are diagnosed ante-
natally after visualizing dilated distal bowel or 
rectum on obstetric ultrasound [40, 41], though 
the technical difficulty in making that diagnosis 
means that most patients are identified by physi-
cal examination on the first day of life. Ultra-
sound plays many roles in the care of patients 
with anorectal malformations, including diag-
nosis and preoperative planning, intraoperative 
guidance, and postoperative assessment.

For children with imperforate anus, early 
diagnosis and clarification of the patient’s anato-
my is critical in planning the appropriate surgical 
intervention. The distance from bowel to skin is a 
determining factor in the type of procedure that is 
indicated: for a low defect (< 1 cm bowel-skin dis-
tance), an anoplasty typically can be done without 
a colostomy; but for an intermediate or high defect 
(> 1 cm bowel-skin distance), a decompressive 
colostomy may be created before posterior sagit-
tal anorectoplasty described by Pena [42]. Both 
radiographs (invertogram and prone cross-table 
lateral views) and ultrasound can be utilized to ob-
tain this information. Transperineal ultrasound is 
feasible and valid for determining bowel-skin dis-
tance with sensitivity 100 % and specificity 86 % 
with an error in distance measurement of 0.12 cm 
(± 0.33) [43, 44] (Fig. 10.17).

Another important consideration in patients 
with imperforate anus is the location of fistulae 
to adjacent anatomic structures. Transperineal ul-
trasound can be utilized to identify the presence 
of multiple types of fistulae including rectoure-
thral, rectovaginal, rectovestibular, rectovesical, 
and rectocloacal [45, 46]. Finally, preoperative 
evaluation is not complete without identification 
of any associated anomalies that frequently ac-
company imperforate anus—a thorough evalu-
ation typically includes abdominal, pelvic, and 
spine ultrasound [46].

Fig. 10.17  a and b Imperforate anus—a Transperineal 
ultrasound shows blind-ending rectum of a low imper-
forate anus without fistula (note the round shape of the 
rectal tip), the ruler measures the bowel-skin distance ( A 
= skin); b Transperineal ultrasound of a different patient: 
the position of the rectum, the rectourethral fistula and the 
urethra can be clearly differentiated. To aid identification 
of the urethra, placement of a Foley catheter is helpful
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Laparoscopy-assisted sagittal anorectoplasty 
with intraoperative ultrasound is an alternative to 
the traditional open procedure in some centers. 
A transperineal ultrasound probe in addition to 
electrical stimulation of the anal sphincter com-
plex is applied to aid in identification of anatomic 
structures and creation of the pull through canal 
[47, 48].

Endoanal ultrasound may also be useful fol-
lowing repair of anorectal malformations. An 
evaluation of the presence and function of the 
internal and external anal sphincters can guide 
therapy such as feedback training for symptoms 
like constipation or incontinence with the goal of 
improving quality of life [49].

Hirschsprung’s Disease

Hirschsprung’s disease (HD; incidence 1:5000) 
is the congenital absence of ganglion cells in 
the myenteric and submucosal plexuses of the 
intestine. In over 80 % of the cases, the affected 
location is the rectum or rectosigmoid. The diag-
nostic pathway at present includes either a con-
trast enema or anorectal manometry followed by 
confirmation with tissue biopsy [50]. Abdomi-
nal ultrasound is not a first-line test in HD but, 
if utilized, will show massively dilated colon, 
possibly filled with meconium, and a contracted 
and empty rectum [51]. Orno and colleagues 
validated the use of ultrasound in visualizing the 
rectoanal inhibitory reflex, the reflex relaxation 
of the internal anal sphincter caused by distention 
of the normally innervated rectum that is absent 
in HD. The internal anal sphincter is viewed as 
a hypoechoic structure that decreases in diam-
eter and allows passage of injected contents in 
a reactive test, but does not contract or result in 
movement of rectal contents in an inconclusive 
or nonreactive test [52].

Peritoneal Fluid

Ultrasound can detect as little as 5–10 mL of 
fluid within the abdominal cavity. The differ-
ential diagnosis for intraperitoneal fluid is vast; 

sonographic characteristics of the fluid, such as 
wall structure, contour, and echogenicity, can 
aid in determining the underlying etiology [53]. 
A fluid collection may be anechoic (acute hem-
orrhage, ascites; Fig. 10.18), hypoechoic (old 
hematoma, bile, and pus; Fig. 10.19), or hyper-
echoic (air). A collection may be fixed (mass) 
or mobile (fluid), well circumscribed or poorly 
defined [54] (Fig. 10.20). Abdominal ultrasound 
is capable of providing an accurate depiction of 
peritoneal fluid which can greatly impact the 
management of the pediatric patient.

Fig. 10.19  Organized hematoma—large, irregular, com-
plex fluid collection in the pelvis displacing loops of in-
testine

 

Fig. 10.18  Ascites—anechoic, mobile fluid overlying the 
liver
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Abscess

Ultrasound is useful in both the diagnosis and 
management of abdominal and pelvic abscesses. 
The etiology is attributed to the introduction of 
enteric microorganisms into the peritoneal com-
partment. This may occur from perforated ap-
pendicitis, inflammatory bowel disease (IBD), 
and NEC, or ischemic enteritis; it may also occur 
after direct contamination from surgery or trau-
ma. Mixed aerobic and anaerobic flora are typi-
cally found within the abscess [55].

Walled-off fluid collections can be localized 
by scanning the subhepatic, subdiaphragmatic, 
pelvic, and interloop locations. Diagnosis is 
made through the identification of a hypoechoic 

mass with irregular contour or an extraluminal 
air fluid level, with or without a localized ileus 
(Fig. 10.21). Ultrasound in the diagnosis of ab-
scess is sensitive but not very specific, meaning 
that it is difficult to exclude abscess with ultra-
sound alone.

Traditional ultrasound can be used to guide 
transabdominal percutaneous drainage of these 
abscesses with published success rates of any-
where from 33 to 100 % depending on abscess 
location and etiology [55]. Transrectal ultrasound 
can also be used for localization and drainage 
of deep pelvic abscesses. Transrectal aspiration 
and/or drain placement can be accomplished with 
high success rates and low incidence of compli-
cation [56].

Inflammatory Bowel Disease

Crohn’s disease (annual incidence 1–8.5:100,000) 
and ulcerative colitis (annual incidence 
1–4.3:100,000) are common GI pathologies in 
pediatric patients. Diagnosis can be delayed due 
to the nonspecific nature of patient complaints 
and often relies on a variety of imaging studies as 
well as endoscopy, tissue biopsy, and laboratory 
testing [57]. The low cost, lack of radiation, and 
high-negative predictive value make abdominal 
ultrasound an important initial imaging modality 
in the workup of suspected IBD. It can also be 

Fig. 10.20  Free fluid—anechoic, mobile, ill-defined 
pelvic fluid adjacent to bladder, associated with acute ap-
pendicitis

 

Fig. 10.21  Abscess—17-year-old female patient who presented with ruptured appendicitis, ultrasound demonstrated 
an irregular, localized, hypoechoic fluid collections in the pelvis and left lower quadrant (pictured)
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used to surveil patients who carry a diagnosis of 
IBD for active inflammation and complications 
like abscess or stricture [58] (Fig. 10.22). Accu-
racy for diagnosing the number and site of small 
bowel lesions is enhanced when oral contrast is 
given [59]. Importantly, limitations to the use 
of ultrasound in IBD include the fact that many 
findings are nonspecific, the intestine cannot be 
assessed over its entire length, and the quality of 
the images and interpretation are operator depen-
dent [57].

Other Diseases

Ultrasound may also demonstrate nonspecific 
findings including dilated, fluid-filled loops 
of intestine, wall thickening or hyperemia 
(Fig. 10.23). These findings are seen across a 
range of pathology and may indicate infectious 
or inflammatory enteritis, partial obstruction, or 
other issue. Imaging in this case is not diagnostic 
but can help to guide the clinician in conjunction 
with the clinical history, laboratory testing, and 
physical examination.

Abdominal ultrasound is a common first-line 
test for pediatric patients presenting with general 
abdominal pain, and consequently may identify 
unusual pathology that is more commonly associ-
ated with other imaging modalities. For instance, 
a patient with Henoch–Schönlein purpura who 

presented with hematochezia was found to have 
severe bowel-wall thickening throughout the ab-
domen, consistent with intramural hemorrhage 
(Fig. 10.24a and b). A bezoar can be detected as 
an intraluminal mass with a hyperechoic curved 
surface and an acoustic shadow [60]. In devel-
oping regions where certain infectious etiologies 
are more common and in patients who offer a 
history of travel to such locations, the differen-
tial must include parasitic and tuberculin disease. 
Intestinal ascariasis may be diagnosed after vi-
sualizing echogenic structures within the lumen 
at multiple locations, arranged in a thin line or 
coil [61]. Intestinal tuberculosis may appear as 
bowel-wall thickening with intramural abscesses, 
with or without fistula; there may also be evi-
dence of mesenteric thickening accompanied by 
enlarged mesenteric lymph nodes [62]. Hydatid 
cysts, commonly located in the abdomen or the 
liver, show a typical ultrasound appearance.

Summary

Abdominal ultrasound is a popular modality for 
the screening and diagnosis of GI pathology in 
pediatric patients. There is a steep learning curve 
for the operator given the challenges of imaging 
the dynamic and variable intestine; however, pro-
ficiency can be achieved with training and expe-
rience. Ultrasound can be utilized to identify a 
broad spectrum of pathology.

Fig. 10.23  Nonspecific finding of mildly dilated, thick-
ened loops of small bowel

 

Fig. 10.22  Perianal abscess—Transrectal ultrasound 
demonstrates a perianal, heterogeneous, localized fluid 
collection measuring 6.3 × 3.3 × 5.9 cm that is surrounded 
by hyperemia
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Fig. 10.24  a and b Henoch–Schoenlein purpura—extreme wall thickening consistent with intramural hemorrhage
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Introduction

Abdominal and retroperitoneal masses in chil-
dren and adolescents present the clinician with 
diagnostic and therapeutic challenges. Because 
of the number of different structures in the ab-
domen, the differential diagnosis is quite broad. 
Further, the management of these lesions may in-
volve biopsy, drainage, or resection of the mass. 
For all of these reasons, ultrasound may serve as 
a valuable diagnostic and therapeutic tool for the 
surgeon.

Diagnosis

The most common entities in early childhood 
arise from the retroperitoneum. As children 
age, the lesions trend towards intra-abdominal. 
Ultrasound is often used as the initial study for 
pediatric abdominal masses and will, in most 
instances, at least narrow the differential di-
agnosis. Ultrasound is advantageous for this 
purpose as it is widely available, noninvasive, 

and provides information without the use of 
ionizing radiation. Important aspects of the ul-
trasound examination include identifying the 
location of the lesion—whether it is located in 
the abdomen, retroperitoneum, or the pelvis. 
This, along with the patient’s age, will guide 
the focus to the most likely organ of origin. 
Echogenicity and vascularity of the mass can 
further differentiate between solid and cystic 
masses. Also, continuity with adjacent ab-
dominal organs or mass effect on adjacent vas-
culature may aid in determining the origin of 
the abdominal mass. Further information can 
be gained by examining for vascular invasion, 
adjacent solid organ involvement, lymphade-
nopathy, or vessel thrombosis.

After examining the sonographic characteris-
tics of the mass and adding that information to 
the sex, age, and location of the mass, a narrow 
list of differential diagnoses can be made. We 
will now examine the imaging characteristics of 
cystic and solid abdominal and retroperitoneal 
masses, subcategorized by organ or origin and 
age at diagnosis to aid in the creation of a diag-
nostic algorithm.

Cystic Masses

Retroperitoneal

Kidney
Up to two third of abdominal masses in the neo-
nate are renal in origin, with hydronephrosis and 
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simple cysts accounting for most of the benign 
masses [4]. Common causes of hydronephrosis 
in the neonate are ureteropelvic obstruction, 
vesicoureteral reflux, posterior urethral valves, 
or ureterovesicular junction obstruction. A de-
tailed discussion of these is beyond the scope of 
this chapter, but should be accounted for when 
evaluating cystic renal masses. Cystic masses 
in the neonate can also be caused by multicys-
tic dysplastic kidney (MCDK), autosomal re-
cessive polycystic kidney disease (ARPKD), 
and congenital mesoblastic nephroma (CMN), 
which we will discuss further.

Multicystic Dysplastic Kidney
Most renal cysts detected in childhood are sec-
ondary to congenital cystic diseases of the kid-
ney. MCDK is the most likely cystic disease to 
present as a palpable abdominal mass in child-
hood [20]. Sonographic examination will show 
multiple, noncommunicating anechoic struc-
tures of varying sizes. In general, no ureter or 
collecting system will be seen in the involved 
kidney. In fact, no discernible normal renal 
parenchyma is typically visualized. Further 
evaluation with renal scintigraphy would show 
a nonfunctioning kidney. Continued follow-up 
ultrasound will show eventual involution of the 
involved kidney.

Autosomal Recessive Polycystic Kidney 
Disease
ARPKD usually presents with bilateral enlarged 
kidneys, detected on prenatal ultrasound. Renal 
enlargement is secondary to hyperplasia of the 
remaining collecting tubules. Sonographic ap-
pearance is variable, but typically demonstrates 
bilaterally enlarged, echogenic kidneys with 
multiple anechoic spaces and poor corticome-
dullary differentiation caused by dilated collect-
ing ducts [21]. This pathology, i.e., numerous 
tiny cysts that are smaller than the sonographic 
resolution, results in multiple acoustic inter-
faces of the ultrasound beam, and hence, hyper-
echogenicity.

Abdominal

Liver

Mesenchymal Hamartoma
Mesenchymal hamartomas are benign hepatic tu-
mors that typically present as a palpable abdomi-
nal mass between birth and 10 years of age, most 
often occurring between 15 and 20 months [7]. 
These tumors arise from the mesenchyme of the 
periportal tracts, and thus have cystic and stro-
mal architecture. Sonography demonstrates an 
anechoic, cystic structure with interspersed solid, 
echogenic septations representing the stromal 
component.

Biliary/Gallbladder

Choledocal Cyst
Choledocal cyst (CC) refers to dilation of the 
common bile duct (CBD), the intrahepatic bile 
ducts, or both. It is believed to be secondary 
to an abnormal junction of the pancreatic duct 
with the CBD, resulting in reflux of pancreatic 
enzymes into the CBD followed by chemical 
cholangitis and dilation of the ducts [5]. Con-
genital CCs are classified based on the location 
and type of dilation. Most patients with CC pres-
ent in the first decade of life, and the “classic” 
triad of episodic abdominal pain, jaundice, and 
right upper quadrant mass is present in only one 
fourth of patients. Ultrasound evaluation will 
show dilation of either the extrahepatic ducts, 
intrahepatic ducts, or both, depending on type 
of CC [17]. The diagnosis is made by the pres-
ence of a cystic structure near the porta hepatis. 
Visualization of multiple planes on ultrasound 
is necessary to confirm that the CC is in con-
tinuity with the CBD, a requirement for the di-
agnosis [10]. Further evaluation with magnetic 
resonance cholangiopancreatography (MRCP) 
is usually performed prior to surgical therapy.
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Bowel

Duplication Cyst
Enteric duplication cysts are rare congenital cysts 
that may occur anywhere along the gastrointesti-
nal (GI) tract, but are most common in the small 
intestine. They arise from the mesenteric side of 
the intestine and range from a few centimeters in 
length up to the size of the entire bowel [2]. The 
most common presenting signs and symptoms 
include a palpable abdominal mass, intestinal 
obstruction, or hemorrhage. Additionally, they 
may serve as a lead point for intussusception. 
Ultrasound examination will show a hypoechoic 
to anechoic cystic structure. The wall of the cyst 
may show an echogenic inner mucosal layer and 
a hypoechoic outer mucosal layer. Layering of 
debris within the cyst can often be seen. [23]

Lymphangioma
Abdominal lymphangiomas are benign mes-
enteric (Fig. 11.1) or omental cysts that occur 
secondary to congenital malformations of the 
abdominal and/or retroperitoneal lymphatic 

tissue (Fig. 11.2). They are most commonly 
found in the mesentery, followed in frequency 
by the omentum, mesocolon, and retroperito-
neum [11]. Ultrasound will demonstrate a thin-
walled, hypo- to anechoic structure with poste-
rior acoustic enhancement. They may also have 

Fig. 11.2  Transabdominal ultrasound of cystic retroperi-
toneal mass ( arrows) demonstrating multicompartmental 
collections filled with fluid adjacent to the kidney. Lesion 
was noted by CT scan to be consistent with retroperitoneal 
lymphatic malformation

 

Fig. 11.1  Transabdominal ultrasound of cystic abdomi-
nal mass demonstrating an anechoic, irregularly shaped 
cystic lesion at midline located anterior to the SMA 
and SMV and inferior to the pancreas. Lesion mea-

sured 8 × 3 cm and was compressible ( arrows). Surgery 
demonstrated this to be a mesenteric cyst. SMA superior 
mesenteric artery, SMV superior mesenteric vein
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some internal echoes from debris, hemorrhage, 
or infection [13]. Usually, a computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) 
is necessary to determine involvement of adja-
cent structures prior to surgical resection [19].

Pseudocyst
A meconium pseudocyst forms secondary to an 
intestinal perforation during fetal life. The in-
flammatory reaction from this chemical perito-
nitis causes the perforation to seal, and the me-
conium that was released into the peritoneal cav-
ity is walled off into a pseudocyst. Ultrasound 
examination will demonstrate a cystic mass with 
heterogeneous echogenicity [3]. There may also 
be calcifications present, causing shadowing of 
the cyst, which can sometimes be seen on plain 
radiographs.

Urachal Cyst
Urachal cysts are most frequently seen in in-
fants and young children. They arise when the 
urachus obliterates at the umbilicus and the 
bladder, but not in between. Most urachal cysts 
remain asymptomatic, but some may present 
as a palpable abdominal mass, an infection of 
the cyst, or as symptoms from compression of 
adjacent structures. Ultrasound demonstrates a 
hypoechoic, thick-walled cystic structure, often 
just superior to the bladder wall. [18]

Pelvis

Uterus/Ovaries

Ovarian Cysts
Ovarian cysts are common in the neonatal pe-
riod, likely secondary to in utero hormone ex-
posure [22]. They may be diagnosed on prena-
tal ultrasound, or present symptomatically with 
pain, abdominal distension, or fever—usually 
as a result of torsion or hemorrhage. Sonogra-
phy of ovarian cysts (Fig. 11.3) usually dem-
onstrates a simple cyst with no internal echoes, 
and a thin wall. If there has been torsion or hem-
orrhage, the inner part of the cyst will contain 
echogenic debris. Doppler ultrasound may dif-

ferentiate a hemorrhagic cyst from other ovar-
ian neoplasms, as the latter would demonstrate 
internal flow. Ovarian torsion may be demon-
strated by the whirlpool sign, which represents 
the twisted pedicle of the ovary [14]. Doppler 
flow to the ovarian parenchyma may be absent 
(Fig. 11.4) but this absence should not be used 
to rule out torsion since some studies have dem-
onstrated Doppler flow in up to 50 % of torsed 
ovaries. Simple cysts that are less than 4 cm 
and have no solid component may be monitored 

Fig. 11.4  Transabdominal ultrasound of the pelvis dem-
onstrating an enlarged left ovary with small peripherally 
displaced follicles and heterogenous stromal echogenicity. 
Ovary measure 3 × 2 × 4 cm. Color and spectral Doppler 
demonstrated no arterial or venous flow. Laparoscopic 
detorsion was performed immediately thereafter

 

Fig. 11.3  Transabdominal ultrasound of the pelvis dem-
onstrating an anechoic cyst near an ovary measuring 
11.6 × 4.7 cm. Laparoscopic examination demonstrated 
this to be a paratubular cyst, which was excised
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with serial ultrasound examinations [16]. Re-
moval of cysts is generally reserved for large, 
symptomatic, or torsed cysts.

Solid Masses

Retroperitoneal

Kidney

Wilms’ Tumor
Wilms’ tumor is the most common renal ma-
lignancy in childhood. The majority of patients 
are between 1 and 5 years of age, and present 
with an asymptomatic abdominal mass. The 
diagnosis of Wilms’ tumor is associated with 
various conditions, including Beckwith–Wei-
demann syndrome, sporadic aniridia, Drash 
syndrome, and hemihypertrophy [8]. In fact, it 
is recommended that patients with either Beck-
with–Weidemann or hemihypertrophy should 
be screened with an abdominal ultrasound 
every few months due to their increased risk 
of Wilms’ tumor. Ultrasound examination of 
Wilms’ tumor will reveal an echogenic, solid 
mass within the kidney that may contain some 
cystic areas (Fig. 11.5). Increased tumor vascu-
larity will be noted with Doppler sonography. 

Careful attention should be paid to the extent of 
tumor involvement in regard to the perinephric 
space, inferior vena cava (IVC) (Fig. 11.6), and 
rarely, the right atrium. Peritoneal lymphade-
nopathy may also be seen. Further staging via a 
CT scan is recommended following the diagno-
sis of Wilms’ tumor in order to determine tumor 
rupture, contralateral kidney involvement, and/
or lung involvement.

Congenital Mesoblastic Nephroma
CMN is the most common renal neoplasm of 
infancy, with 85 % of CMNs diagnosed prior 
to 6 months of age [15]. Presentation is often 
with a palpable abdominal mass and, occasion-
ally, with a paraneoplastic syndrome such as 
hypertension or hypercalcemia. Sonography 
demonstrates a large, solid renal mass with het-
erogeneous echogenicity. Color Doppler will 
demonstrate internal flow. Often, there is a cen-
tral area of necrosis that is hypoechoic in na-
ture. Though this tumor may extend beyond the 
renal capsule, involvement of the renal vein is 
uncommon. CMN may be similar in appearance 
to Wilms’ tumor, but is differentiated based on 
age of presentation given that Wilms’ tumor is 
rarely seen in neonates.

Fig. 11.6  Transabdominal ultrasound of patient with a 
renal tumor and associated large IVC tumor thrombus 
( arrows). Patient was treated with preoperative chemo-
therapy and subsequently underwent nephrectomy with 
tumor thrombectomy

 

Fig. 11.5  Transabdominal ultrasound of a diffusely en-
larged and heterogenous left kidney ( arrows)
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Adrenal Gland

Neuroblastoma
Neuroblastomas are tumors derived from neural 
crest cells, and have an incidence of 1:10,000 
live births in the USA. Advances in prenatal 
ultrasound have increased the prenatal detection 
of neuroblastoma. Furthermore, screening ultra-
sound in early neonates may also reveal adrenal 
masses, such that 30 % of neuroblastomas may 
be diagnosed in the neonatal period [9]. It was 
unknown if some of the early detection of these 
lesions was merely a result of increased sensitiv-
ity of the screening ultrasound, and therefore not 
clinically significant. Indeed, ultrasound screen-
ing performed in Japan and Quebec has dem-
onstrated that many of these small lesions will 
regress spontaneously [12]. Such screening has 
been discontinued as the lesions detected early 
were low-staged tumors and the program did 
not alter the overall survival in the entire cohort. 
Ultrasound findings of neuroblastoma tend to 
vary with the stage of the tumor. In lower-stage 
tumors, ultrasound reveals a homogeneous or 
slightly heterogeneous solid mass that replaces 
the adrenal gland. At more advanced stages, this 
mass tends to have a much more heterogeneous 
echotexture, increased vascularity, and multiple 
intralesional calcifications [1]. All patients with 
neuroblastoma should receive a staging CT and 
a metaiodobenzylguanidine (MIBG) scan to de-
termine the extent of involvement. Treatment is 
based on tumor stage, and certain neuroblastomas 
(4S) may be followed with serial ultrasound or 
CT to determine regression and need for surgery.

Abdominal

Liver

Infantile Hepatic Hemangioma
Hemangioma is the most common benign liver 
mass in infants and children, with a peak pre-
sentation between 3 and 6 months of age [5]. 
Presenting signs and symptoms range from a 

palpable abdominal mass to congestive heart 
failure and thrombocytopenia as a result of Ka-
sabach–Merritt syndrome. Sonography will dem-
onstrate a complex, solid mass with heteroge-
neous echotexture (Fig. 11.7) and robust Doppler 
flow. Infantile hemangiomas typically increase in 
size until 9–10 months of age, and then slowly 
involute [6]. Medical therapies for those that do 
not involute spontaneously include the use of 
propranolol and corticosteroids. Embolization 
or surgical removal is reserved for those that do 
not involute with medical therapy, or for patients 
with severe complications.

Hepatoblastoma
Malignant tumors comprise the majority of he-
patic masses in children, with the most com-
mon tumor being hepatoblastoma [5]. Hepa-
toblastoma typically presents in children be-
tween the ages of one and three as a palpable 
abdominal mass. Initial ultrasound evaluation 
typically shows a well-defined, heterogeneous 
tumor often with cystic areas caused by ne-
crosis and calcifications. Use of a high-fre-
quency (> 7 MHz) linear transducer will aid 
in the evaluation of portal and hepatic venous 

Fig. 11.7  Transabdominal ultrasound of infant with large 
right hepatic mass with cystic spaces and increased blood 
flow. Patient also had congestive heart failure. Image and 
presentation is typical of a large, symptomatic hepatic 
hemangioma. The child was started on oral propranolol 
and has had significant improvement in symptoms and 
resolution of the liver mass
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involvement. The tumor may invade the venous 
system, or cause the formation of an echogenic 
tumor thrombus within the lumen of the ves-
sels. The intraluminal material may be exam-
ined with Doppler sonography, and if there is 
arterial flow within the intraluminal material, 
venous invasion by the tumor is likely.

Hepatocellular Carcinoma
Hepatocellular Carcinoma (HCC) is the second 
most common type of childhood liver tumor, 
and is more often found in older children (me-
dian 10–12 years of age) compared to hepato-
blastoma [5]. Ultrasound examination of HCC 
will demonstrate a hyperechoic, solid mass 
with a thin, hypoechoic capsule that resembles 
a halo around the mass. As with hepatoblasto-
ma, evaluation of invasion into portal structures 
is paramount when evaluating HCC. Unfortu-
nately, only 18–36 % of HCCs in children are 
amenable to complete surgical resection. Often, 
chemotherapy, embolization, and/or radiofre-
quency ablation are used to shrink the tumor in 
hopes of subsequent resection, or as palliative 
therapy.

Bowel

Lymphoma
Non-Hodgkin’s Lymphoma (NHL) often pres-
ents in extranodal sites in children. The bowel 
is the most common extranodal site involved in 
NHL, up to one third of the time [4]. The pre-
sentation may be of a palpable abdominal mass, 
or the lymphoma may serve as a lead point for 
intussusception. Because of this, any intussus-
ception in a child older than 5 years must be 
evaluated for intestinal lymphoma. Sonography 
will demonstrate a lobular, solid mass within 
and extending from the bowel wall. There may 
be circumferential involvement, and often there 
is internal vascularity on Doppler ultrasound. 
If intestinal NHL is suspected via ultrasound, a 
CT must be performed for initial staging.

Rhabdomyosarcoma
Rhabdomyosarcoma is the fourth most common 
solid tumor of childhood, and the genitourinary 
(GU) tract is the second most common site for 
rhabdomyosarcomas, behind the head and neck 
[9]. Median age at presentation, which is usually 
that of a palpable abdominal mass, is approxi-
mately 7 years. Ultrasound examination can help 
to identify the tumor as well as to evaluate the 
other pelvic and abdominal organs to determine 
the origin of the tumor. The sonographic appear-
ance of rhabdomyosarcomas is variable, but most 
often is a solid mass with heterogeneous echo-
genicity. There are frequently hypoechoic areas 
within the tumor, signifying previous hemor-
rhage and necrosis.

Pelvic

Ovary

Germ Cell Tumors
Ovarian germ cell tumors account for up to two 
third of all pediatric ovarian tumors (Figs. 11.8 
and 11.9). Similar to simple cysts, they may 

Fig. 11.8  Transabdominal ultrasound demonstrating 
large soft tissue peritoneal implants in close contigu-
ity to the right ovary. There is a large amount of ascites 
noted with multiple other peritoneal implants. Resection 
of these masses followed with histological assessment re-
vealed papillary serous cystadenoma
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present as a palpable abdominal mass, or with 
signs of ovarian torsion [16]. Ultrasound find-
ings will vary based on the type of germ cell 
tumor. Teratomas are formed from all three 
embryonic germ layers, and as such may have 
complex internal components, i.e., hair, mucus, 
or calcium deposits. Most commonly, there will 
be a cystic structure with echogenic foci and 
variable internal acoustic shadowing. Often, the 
dermoid mesh sign can be seen, which shows 
areas of linear hyperechogenicity. Doppler flow 
is used to determine the location of the involved 
ovary. Surgical removal is recommended for 
ovarian germ cell tumors based on the increased 
risk for ovarian torsion.

Therapeutic

Masses that are either cystic or solid may require 
ultrasound to help perform drainage, sclerother-
apy, or biopsy. Care must be taken to consider 
the whole picture and involve all interested care 
providers. Further, ultrasound may be used intra-
operatively to help identify vascular structures to 
aid dissection and resection.

Percutaneous Drainage

Selected lesions, i.e., those that are either diffi-
cult to resect or infected and need drainage, will 
benefit from percutaneous ultrasound-guided 
drainage. The most common example of this 
would be perforated appendicitis with associ-
ated abscess, where drainage will allow at least 
partial treatment of the infectious process, and 
either obviate or alter an urgent need for an elec-
tive operation. Also, percutaneous drainage may 
be considered therapy for lymphatic malforma-
tion when used in conjunction with a sclerosant 
agent (Figs. 11.10 and 11.11).

Biopsy

In situations where it is deemed unwarranted 
for initial resection of a mass (due to large size, 
adjacent or involving other structures, or metas-
tasis), a biopsy is often undertaken to obtain tis-
sue for diagnostic purposes. In these scenarios, 
ultrasound guidance is often helpful whether 
it be by transabdominal, open, or laparoscopic 
means. Biopsy may be performed with a Tru-cut 
(core) biopsy needle, whereby the ultrasound is 

Fig. 11.10  Ultrasound-guided insertion of needle into a 
retroperitoneal lymphatic malformation. Ultrasound al-
lowed for positioning of the needle, wire, and drain into 
the largest fluid pocket to provide access for sclerotherapy 
with doxycycline

 

Fig. 11.9  Transabdominal ultrasound demonstrat-
ing a large, solid, heterogenous, hypervascular mid-
line pelvic mass posterior to the uterus measuring 
10.1 × 11.4 × 7.0 cm. There are multiple echogenic foci 
within the mass, and the tumor caused anterior displace-
ment of the uterus and posterior wall of the bladder. Mass 
was resected and histologically determined to be a dysger-
minoma of the ovary
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used to identify and then follow the passage of 
the needle (Fig. 11.12). Doppler may be useful 
in order to identify and avoid vascular structures 
to minimize bleeding from the biopsy proce-
dure. Prior to biopsy, the clinical team must al-
ways consider a working diagnosis, as a biopsy 
is not recommended in all clinical situations and 
may result in an upstaging of the tumor (e.g., 
Wilms’ tumor).

Intraoperative Guide

Surgical resection requires the operator to be 
able to identify what should and should not be re-
sected. While preoperative imaging is extremely 
helpful in most instances, the operator sometimes 
requires real-time imaging to guide the surgical 
resection. The added benefit of using ultrasound 
as a real-time imaging modality is clear: tools are 
commonplace, radiation is avoided, Doppler ul-
trasound can identify vessels, and the study can 
be easily repeated if needed. Examples of clinical 
scenarios in which ultrasound may be beneficial 
include:
• Identification of vascular anatomy in liver 

resections—in situations in which the tumor is 
adjacent to hepatic or portal veins (Figs. 11.13 
and 11.14), the use of ultrasound has been key 
to determining the extent of resection, often 
leading to the conversion of what might oth-
erwise be an extensive resection into a smaller 
one. Alternatively, ultrasound may identify sit-
uations where a resection is not possible, and 
therefore hasten the conclusion of surgery.

• Identification of vascular and collecting sys-
tem anatomy in partial renal resections—
there are well-established clinical scenarios 
in which a partial nephrectomy is warranted 
(e.g., bilateral renal tumors to preserve neph-

Fig. 11.11  Fluoroscopic image of the pigtail retroperi-
toneal drainage with contrast within the retroperitoneal 
lymphatic malforamation

 

Fig. 11.13  Intraoperative cavitary ultrasound demon-
strating hepatic mass adjacent to the hepatic veins. Mass 
is identified by the arrow. MHV middle hepatic vein, RHV 
right hepatic vein

 

Fig. 11.12  Transabdominal ultrasound-guided liver bi-
opsy with Tru-cut core needle ( arrow)
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rons; syndromic patients where future resec-
tions are likely; horseshoe kidney; renal cell 
carcinoma). In these situations, intraoperative 
ultrasound may provide valuable real-time 
assessment of whether a partial nephrectomy 
is feasible (Fig. 11.15).

Summary

Abdominal and retroperitoneal masses in chil-
dren and adolescents present the clinician with 
diagnostic and therapeutic challenges. Ultra-

sound is a valuable diagnostic and therapeutic 
tool that should become part of the surgeon’s 
repertoire. Ultrasound can often be used as the 
first diagnostic test for many intra-abdominal 
and retroperitoneal masses in children and ne-
onates. Importantly, ultrasound can be used to 
determine the size, location, vascularity, and 
cystic versus solid nature of the mass. Using the 
sonographic characteristics of a mass, coupled 
with the age, sex, and history of the patient, 
often leads to a precise narrowing of the differ-
ential diagnosis. In this chapter, we reviewed the 
sonographic findings of some of the most com-
monly seen cystic and solid intra-abdominal 
and retroperitoneal masses of infancy and child-
hood. Following diagnosis, ultrasound is often 
an important adjunct for bedside procedures as 
well as in the operating room. The chapter also 
discussed descriptions on how ultrasound is use-
ful when performing biopsies, guided drainage 
procedures, and as an intraoperative guide for 
tumor resection.
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Ultrasound (USN) has been an integral, but poorly 
understood, adjunct in the care of the acutely 
injured patient for decades. Use of ultrasound in 
the evaluation of blunt abdominal trauma is very 
well accepted, such that it has even become an 
extension of the physical exam. Although USN 
was used as early as the 1970s in Europe, it did 
not achieve widespread use in North America 
until the introduction of the American College 
of Surgeons Focused Abdominal Sonography for 
Trauma (FAST) exam, which has been an inte-
grated part of Advanced Trauma Life Support 
(ATLS) since the early 1990s. USN is prized for 
its noninvasive, rapid, reproducible, safe, and 
inexpensive qualities. With the recent increased 
attention and awareness of the potential risks of 
malignancy in children with the use of ionizing 
radiation, USN has become an even more attrac-
tive modality in the evaluation of the pediatric 
trauma patient with suspected intra-abdominal 
injury (IAI). However, whereas the accuracy and 
utility of the FAST exam in adults is well docu-
mented, its usefulness and sensitivity in children 
has remained less clear, and therefore widespread 

usage of this potentially important technology is 
lacking. A survey published in 2009 showed use 
of FAST in 96 % of adult trauma centers, but only 
in 15 % of freestanding children’s hospitals [1]. 
This is paradoxical, as the pediatric surgical and 
emergency medicine communities have histori-
cally been on the forefront of the effort to mini-
mize ionizing radiation exposure in children, and 
USN may be a key to achieving this goal. Part 
of the reluctance to embrace a new diagnostic 
modality may be due to the fact that pediatric 
surgeons have also been leaders in development 
of nonoperative management of IAIs, making the 
diagnosis of these injuries less likely to change 
the clinical course of the child. It is also well 
described that one third of children with solid 
organ injury after blunt trauma have no intra-
abdominal free fluid, which is the diagnostic 
hallmark of a positive FAST exam. Furthermore, 
well-designed studies that are likely to demon-
strate accuracy of USN in children are unlikely 
to show a statistically significant change in the 
clinical course of injured children.

Despite these challenges, we suspect USN 
will play an ever-expanding role in the evalu-
ation of children with blunt abdominal trauma, 
especially as more and more surgeons become 
comfortable with the performance of the FAST 
exam. In this chapter, we will demonstrate the 
proper technique in detail, briefly review the 
existing literature in regards to the academic 
evaluation of the use of USN in injured chil-
dren, and detail the authors’ proposed algorithm 
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for including USN into the pediatric blunt torso 
trauma evaluation.

Technique

The FAST exam is typically performed with the 
patient in the supine position and the sonogra-
pher on the right side of the patient with a cur-
vilinear transducer in his or her right hand. The 
ultrasound machine should be set to B-mode 
imaging on a preconfigured abdominal setting, 
if available. The sequence principally comprises 
four views: hepatorenal, splenorenal, suprapubic, 
and pericardial. An extended version of the FAST 
(eFAST) also includes bilateral views of the chest 
for hemo- and pneumothorax, but this technique 
is not well studied in children and will not be dis-
cussed here.

The hepatorenal recess of the subhepatic 
space, also known as Morison’s pouch, is the 
most dependent area of the supramesocolic peri-
toneum and is thus the most sensitive for upper 
abdominal trauma. For this view, the probe is 
placed in the right posterior axillary line at the 
most inferior intercostal spaces and positioned 
to provide a coronal view of the interface be-
tween the liver and the right kidney (Fig. 12.1). 
The probe marker should point cephalad, and 
the probe adjusted to the intercostal space in 
which both organs can be clearly seen. In a nor-
mal examination the renal, or Gerota’s, fascia 
will directly abut the liver and may appear as a 
bright stripe. In the presence of free abdominal 
fluid, the classic finding is an anechoic band 
between kidney and liver.

The splenorenal fossa is in an analogous 
position on the left side of the abdomen and 
is often relevant in the setting of suspected 
splenic trauma. The probe is placed in the left 
posterior axillary line at the inferior intercos-
tal spaces and positioned to provide a coronal 
view of the interface between spleen and left 
kidney (Fig. 12.2). The entirety of the spleen 
can be seen with slight translation and rotation 
of the probe in this fashion. Positive findings 
again entail anechoic areas representing free in-
traperitoneal fluid in either the splenorenal or 

splenodiaphragmatic spaces. If difficulties are 
encountered visualizing either the hepatore-
nal or splenorenal views, asking the patient to 
hold full inspiration, if possible, can slide the 
area of interest more inferiorly and into better 
view. More posterior positioning of the probe to 
the extent that the bed or gurney allows is also 
often helpful in avoiding bowel gas.

Fig. 12.1  Transducer positioning for the hepatorenal area 
(a), normal view of Morison’s pouch (b), and an abnormal 
exam with free fluid between liver and kidney denoted by 
white arrow (c). Panel c courtesy of Geoffrey E. Hayden, 
MD, RDMS
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Suprapubic positioning of the probe allows 
assessment of the dependent areas of the inframe-
socolic peritoneum, which are the rectovesicular 
pouch in males and the rectouterine pouch (of 
Douglas) in females. The transducer is placed 
immediately cephalad to the pubic bone and the 
array angled inferiorly into the pelvis (Fig. 12.3), 
where the bladder is generally easily seen. Longi-
tudinal and transverse images are both typically 

obtained, with particular attention paid to the 
posterior border of the bladder, where fluid can 
be seen as an anechoic stripe.

Finally, interrogation of the pericardial 
space is a useful benefit of the FAST exam in 
blunt trauma. Hemopericardium and the resul-
tant tamponade can be a consequence of either 
direct sternal impact or a deceleration injury 

Fig. 12.3  Transducer positioning for the suprapubic area 
(a), normal view of the bladder (b), and an abnormal 
exam with free fluid around bladder and freely floating 
bowel loops, denoted by white arrow and arrowhead, re-
spectively (c). Panel c courtesy of Geoffrey E. Hayden, 
MD, RDMS

 

Fig. 12.2  Transducer positioning for the splenorenal area 
(a), normal view of the recess (b), and an abnormal exam 
with free fluid between spleen and kidney denoted by 
white arrow (c). Panel c courtesy of Geoffrey E. Hayden, 
MD, RDMS
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that coincides with subxiphoid abdominal im-
pact. There are two acceptable ways in which 
cardiac views can be obtained by ultrasound. A 
subxiphoid approach entails placing a transduc-
er just inferior to the xiphisternum and direct-
ing it towards the left shoulder with the probe 
marker pointed to the right shoulder to aquire a 
four-chamber view of the heart and surrounding 
pericardium (Fig. 12.4). However, this requires 
a fair amount of deep pressure into the abdo-
men and may not be tolerated by all patients. 
Alternatively, a parasternal long-axis view can 
be achieved by orienting the probe in a parasag-
ittal axis just to the left of the sternum and lo-
cating an interspace that permits identification 
of the heart. In either view, finding more than 
trace fluid in the dependent posterior pericardi-
al space is abnormal and should be considered 
a positive finding.

The FAST can easily be employed as a rou-
tine part of the secondary trauma survey, and is 
often performed in parallel to other therapeutic 
and resuscitative care. By giving immediate real-
time images of the most commonly injured solid 
abdominal organs as well as the dependent areas 
in which fluid accumulates, ultrasound is a valu-
able adjunct to trauma diagnostic algorithms. 
Serial examinations may be appropriate in many 
instances, as hemoperitoneum can take time to 
accululate. We particularly recommend FAST in 
time-sensitive situations in which the decision 
must be made to manage critical illness follow-
ing trauma in either an intensive care unit or in 
an operating room.

Review of Literature

Many authors have attempted to evaluate the 
usefulness of the FAST exam in the clinical 
practice of pediatric trauma. Scaife et al. re-
ported a well-designed study where surgeons 
received intensive ultrasound training, and then 
compared the FAST findings to CT scans that 
were subsequently obtained [1]. The overall 
sensitivity of FAST was only 36 % when all four 
views were taken into account, and of the eight 

patients in the study with significant intra-ab-
dominal injury, four had a negative FAST exam. 
Of note, at the conclusion of the study, the usage 
of FAST by the pediatric surgeons quickly 
dropped from 70 to 30 % of patient of trauma 
evaluations. The authors concluded that reliable 

Fig. 12.4  Transducer positioning for subxiphoid view of 
pericardium (a), normal four-chamber view of the heart 
(b), and pericardial tamponade with pericardial fluid and 
right ventricular collapse denoted by white arrow and ar-
rowhead, respectively (c). Panel c courtesy of Geoffrey E. 
Hayden, MD, RDMS
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FAST exam required a significant commitment 
to surgeon training, and the benefit gained from 
that expenditure remained unclear.

Holmes et al. [2] performed a large meta-anal-
ysis on all studies of pediatric ultrasound to eval-
uate the test performance of FAST. They reported 
that the exam has only a modest sensitivity (80 %) 
for the detection of hemoperitoneum in children, 
but that when only the most methodologically 
rigorous studies were included, that sensitivity 
dropped to 66 %. Of interest, the authors discuss 
several studies where an attempt was made to add 
imaging of solid organs to the performance of the 
standard FAST exam, but with only a modest in-
crease in sensitivity for IAI, and no data was ob-
tained as to how well non-radiologists could be 
trained to interpret solid organ imaging. The au-
thors concluded that the FAST exam has a highly 
questionable role as the only diagnostic test when 
IAI was suspected.

Few would argue that FAST should be (or 
will become) the sole diagnostic test for blunt 
traumatic injuries. Sola et al. in 2009 published 
a study on the addition of elevated liver trans-
aminases to the FAST exam as a screening tool 
for blunt abdominal trauma. They retrospective-
ly reviewed 400 patients who had all received 
FAST, abdominal CT, and transaminases. They 
found that FAST had a sensitivity of only 50 % 
on its own for identifying IAI confirmed by 
CT scan. This increased to 88 % when the ad-
dition of an AST or ALT value over 100 U/L 
was included in the analysis with the positive 
FAST scans. They concluded that children with 
a negative FAST and liver transaminases under 
100 U/L should not undergo CT scanning given 
the low risk of missed injuries.

Menaker and the authors of the Pediatric 
Emergency Care Applied Research Network 
(PECARN) [3] evaluated the usage of FAST and 
its effect on Abdominal CT scanning in a retro-

spective study of 20 PECARN pediatric trauma 
centers. They found high levels of variation in the 
usage of FAST, but definite decrease in the use 
of Abdominal CT in patients considered low risk 
for IAI when the FAST exam was normal. The 
results of the FAST did not influence physician 
behavior, however, when the clinical suspicion 
for injury was higher.

One of the clinical challenges in treating chil-
dren with IAI is that the majority of injuries are 
not of clinical significance. Most children are 
managed with nonoperative therapy, so the im-
portance of correctly diagnosing IAI is unclear. 
Several authors have responded to this challenge 
by proposing a clinical predication model to 
identify children who will have a higher likeli-
hood of a significant injury. The six high-risk 
variables from the study by Holmes et al. are 
listed in Table 12.1.

Abdominal CT scanning presents a significant 
risk of malignancy. The risk of a fatal cancer is 
estimated to be as high as 1 per 1000 pediatric CT 
scans, or a 0.18 % lifetime risk for a 1-year-old 
child [4]. Therefore, it is clear that the usage of this 
modality must decrease in the standard clinical 
practice of pediatric trauma, and that CT scanning 
must be reserved for children where the manage-
ment will change based on the results of the scan, 
and not simply to satisfy physician curiosity nor 
to practice defensive medicine. We believe that 
FAST scanning, despite its limitations, will play 
a key role in this practice management change. 
Below, we propose an algorithm developed using 
the concept that FAST is valuable, but will only 
increase in value the more it is utilized and per-
fected (Fig. 12.5). Pediatric Emergency provid-
ers, trained in the American College of Surgeon’s 
Ultrasound course, should be expected to perform 
FAST on all pediatric trauma evaluations. The re-
sults of the FAST should then be considered in 
light of the previously described clinical predic-

Age-adjusted hypotension
Abnormal abdominal physical examination
Presence of femur fracture
Elevated hepatic transaminases (AST > 200 U/L or ALT > 125 U/L)
Microscopic hematuria (> 5 RBCs/HPF)
Hematocrit on presentation less than 30 %

Table 12.1  Predictors of 
clinically significant blunt 
intraabdominal injury



138 S. Goldstein and F. D. Stewart

tion model. Patients with both a positive FAST 
and positive clinical predictors would be the most 
appropriate for CT scanning. Patients with nega-
tive FAST and no concerning factors would be 
most likely discharged to home. A combination 
of the two results will result in patients undergo-
ing observation, possibly a dedicated USN exam 
by an ultrasonographer, or CT scanning. We also 
believe that parents should be involved in the 
decision-making, so they are aware of the risks 
of malignancy with CT scanning, and understand 
that their child may need a longer period of ob-
servation, hospital admission, NPO status, etc., in 
an attempt to rule out clinically significant injury 

without ionizing radiation. Continued studies of 
such decision-making algorithms are crucial to 
prove the safety of these new clinical pathways, 
and to produce a culture change in pediatric emer-
gency rooms that have for too long practiced 
over-reliance on CT imaging.

Summary

In conclusion, FAST scanning is likely to play 
a larger role in the evaluation of the pediatric 
blunt abdominal trauma patient as the risks of CT 
scanning become better understood. Encourage-
ment of consistent and routine FAST scanning 
in academic centers should be the standard, as 
the FAST exam will likely become more valu-
able when it is performed by more experienced 
providers. Incorporation of the FAST results into 
clinical decision pathways using validated pre-
dictors can achieve the goal of discovery of in-
juries without the overuse of harmful radiation.
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Introduction

Ultrasonography (US) is the most fundamental 
tool in the armamentarium of the pediatric urolo-
gist. US allows excellent visualization of the 
kidney and bladder and is a well-tolerated mo-
dality with few adverse effects on the patient. As 
ultrasound is highly dependent on the experience 
of the technician, experience with the pediatric 
population improves the quality and utility of the 
imaging.

Scanning Technique and Normal 
Sonographic Findings

Pediatric patients are generally thin with more 
superficial positioning of the kidneys and there-
fore require a higher frequency probe (7 MHz) 
for quality imaging. Warmed ultrasound gel can 
be useful in avoiding distress in young patients. 
All patients should be well hydrated prior to the 
study. Examination of the bladder is a critical 

part of the ultrasound and should be performed 
with the bladder distended. All children past the 
age of toilet training should have pre- and post-
micturition imaging. Hydronephrosis may par-
tially improve with micturition depending on the 
underlying pathology. In younger children, the 
bladder should be examined first, as pressure, 
cold ultrasound gel, and stimulation often lead to 
reflex micturition. If the bladder is empty, then 
the scan can proceed, hoping for refilling of the 
bladder during this period. Abnormalities of the 
bladder wall may be clearer when viewed with 
and without bladder distention. Normal bladder 
thickness is less than 3 mm in the well-distended 
bladder, and increased bladder thickness suggests 
the possibility of a bladder outlet obstruction or 
acute urinary tract infection (UTI). Documenta-
tion of the post-void residual volume is of im-
portance in the assessment of lower urinary tract 
symptoms. Bladder volume pre- and post-mictu-
rition can be estimated by the formula: volume 
(ml) = 0.9 × depth × height × width in centime-
ters, however this formula is not reliable in very 
irregular bladders [1]. This can be compared to 
the expected bladder capacity by age using the 
formula: capacity = 30 × (age in years + 1) in 
milliliters [2]. An extensive discussion of blad-
der imaging and lower urinary tract dysfunction 
is beyond the scope of this chapter. Care should 
be taken to search for dilated ureters behind the 
bladder. The normal, nondilated ureter should not 
be visible on US.

The renal ultrasound scan requires imaging 
of both kidneys in the coronal and transverse 
planes, usually imaged from the midaxillary line. 

© Springer International Publishing Switzerland 2016
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However, actual transducer positioning is deter-
mined by the unique requirements of each indi-
vidual patient. Younger patients are often unable 
or unwilling to cooperate with the instructions to 
hold breath, requiring flexibility on the part of the 
operator. The kidneys lie in the retroperitoneum 
in close proximity to the liver and duodenum on 
the right and the spleen, pancreas, and colon on 
the left. Kidney dimension should be measured 
in the longitudinal view. The normal kidney in an 
adult measures 9–11 cm. Nomograms have been 
published establishing the reference ranges for 
kidney size in the pediatric population, includ-
ing preterm infants [3, 4].A small kidney falling 
below the expected size for age may suggest renal 
scarring or other pathologic process and warrant 
further inquiry [5]. Solitary kidneys are expected 
to display significant compensatory growth and 
can be expected to fall more than two standard 
deviations above the expected renal length for 
age. This can be estimated using the equation: 
length (cm) = 0.4 × age (years) + 7 [6]. Kidney 
growth should be monitored serially over time 
to ensure proper growth velocity in selected pa-
tients. Measurement of the anteroposterior diam-
eter (APD) of the renal pelvis, an important mea-
sure of hydronephrosis, is facilitated by a clear 
coronal image of the kidney, showing the point 
where the renal pelvis exits the parenchyma.

Anatomically, the renal cortex is clearly visu-
alized at the periphery of the kidney. The renal 
medulla is arranged in columns (the columns of 
Bertin) with the base of the pyramids adjacent to 
the cortex and the apex projecting into the cen-
ter of the kidney (Fig. 13.1). The renal pyramids 

are hypoechoic in comparison to the renal cor-
tex, and renal fat located in the sinus is brightly 
echogenic (although not visible in the very young 
due to a relative paucity of renal fat) [7]. The dif-
ference in echogenicity between the cortex and 
medulla is the cause for the corticomedullary dif-
ferentiation seen on a normal renal ultrasound. 
Although the kidney is typically hypoechoic to 
the liver and spleen, it is normal for the newborn 
kidney to be isoechoic or hyperechoic [8]. This 
is believed to be due to an increased density of 
glomeruli in the cortex. The density decreases to 
its typical hypoechoic appearance within the first 
several months after birth. The spleen may serve 
as a useful reference for density in patients who 
may have altered liver density due to intrinsic 
liver disease. Hyperechoic renal parenchyma is 
often reflective of underlying medical renal dis-
ease, even in newborns, but may be present in 
normal kidneys (Fig. 13.2). Fetal lobation may 
be seen as a multiple, smooth, rounded contours 
outlining the lobes of the kidney in neonates 
[7]. This may be confused for scarring, but the 
boundary of the lobes lies between the medullary 
pyramids instead of overlying them.

Doppler US can be a useful adjunct in the as-
sessment of vascular problems of the kidney (see 
below) and is an essential part of the evaluation 
for renal transplants. Doppler US relies on the 
frequency shift of blood or other fluid in mo-
tion to determine the speed and direction of flow. 
Flow altering conditions in vessels, such as renal 

Fig. 13.2  Hyperechoic kidney in congenital nephrotic 
syndrome. Compare the echogenicity to the adjacent liver

 

Fig. 13.1  Normal neonatal kidney
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artery stenosis, may be suspected based on altera-
tions in velocity pre- and post-stenosis. Imaging 
of the native renal vessels may be complicated by 
overlying bowel gas, and thus fasting beforehand 
can be helpful [9].

Renal Agenesis and Cystic Dysplasia

Congenital absence of one kidney occurs in ap-
proximately 1 in 1000 patients [7]. It is due to 
agenesis of the Wolffian duct or lack of induction 
of the metanephros during development. When 
agenesis is suspected on ultrasound, a careful 
search for ectopic renal tissue should be made. 
In females, unilateral renal agenesis may be as-
sociated with gynecologic abnormalities such as 
unicornuate uterus, obstructed hemivagina and 
ipsilateral renal agenesis (OHVIRA) syndrome, 
and Mayer–Rokitansky syndrome [10, 11]. Mag-
netic resonance imaging (MRI) may be indicated 
if there is a clinical suspicion of other gynecolog-
ical abnormalities. Forty percent of the patients 
with a solitary kidney have other urinary tract 
anomalies such as vesicoureteral reflux (VUR), 
and a voiding cystourethrogram (VCUG) should 
be considered [12].

Regardless of whether a solitary kidney is 
the result of unilateral agenesis, dysplasia, or 
nephrectomy, long-term follow-up is indicated. 
The lower limits of acceptable glomerular filtra-
tion rate (GFR) in pediatric patients with a soli-
tary kidney, representing two standard deviations 
below the norm, have been reported to be 78 ml/
min/1.73 m2 in children under 2 years, 73 ml/
min/1.73 m2 in girls older than 2 and boys 2–13 
years old, and 70 ml/min/1.73 m2 in boys older 
than 13 [13]. Patients falling below these levels 
should have more in-depth evaluation. Experi-
mental data suggest that decreased nephron mass 
leads over time to possible hyperfiltration injury 
and ongoing kidney damage [14]. Patients with 
a solitary kidney may demonstrate higher blood 
pressure and increased proteinuria or microal-
buminuria [15]. On the other hand, some stud-
ies have not found this association [16]. Higher 
renal vascular resistive indices have also been 
reported in young children with a solitary kidney, 

of unclear significance [17]. Thus, although the 
overall prognosis of patients with a solitary kid-
ney is excellent, they should receive long-term 
follow-up of blood pressure, proteinuria, and kid-
ney function.

Multicystic dysplastic kidney (MCDK) rep-
resents an anomaly of ureteral formation during 
early development and is the most common neo-
natal abdominal mass (Fig. 13.3). MCDK is often 
associated with an atretic or absent ureter [18]. 
It is characterized by multiple cysts of varying 
size that do not communicate [19]. There may or 
may not be visible renal parenchyma. Involution 
is common and may lead to confusion with renal 
agenesis if not detected until after involution is 
complete. Involution appears to occur most rap-
idly soon after birth. Serial US is an excellent 
modality for long-term monitoring. The need for 
nephrectomy in patients whose MCDK does not 
completely involute is a matter of debate [20]. 
Increased risk of hypertension has traditionally 
been used as an argument in favor of nephrec-
tomy, but recent data suggest that this risk is only 
5 in 1000, similar to the general population [21].

Other cystic disorders may be diagnosed by 
US. Simple renal cysts, which are quite common 
in adults, are unusual in children. Simple cysts 
are anechoic without evidence of septae or de-
bris. Cystic changes in the setting of end stage 
renal disease (ESRD) are common and appear 
to relate to the duration of dialysis [22]. Annual 
ultrasound surveillance of pediatric patients on 
dialysis is prudent due to long-term risk of malig-
nant degeneration. Genetic cystic renal diseases 
are rare but often suggested by the ultrasound 

Fig. 13.3  Multicystic dysplastic kidney
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appearance of the kidneys. Identification of mul-
tiple cysts in the kidneys should lead to an ul-
trasonographic survey of other abdominal solid 
organs, as many cystic renal diseases involve 
other organs.

Autosomal dominant polycystic kidney dis-
ease (ADPKD), the most common genetic cystic 
disease, generally does not manifest itself until 
adulthood, but changes may be visible even 
prenatally. Recently, a fetal pattern of a hyper-
echoic cortex and hypoechoic medulla has been 
described with this condition, but the signifi-
cance of this remains unclear [23]. A few scat-
tered cysts may be evident early in childhood. In 
a child with a known family history, two or more 
cysts on ultrasound are diagnostic. Although 
liver cysts commonly develop, significant he-
patic dysfunction is rare. The natural history of 
this disorder is progression of the cystic disease 
and development of renal insufficiency in young 
adulthood [24].

Autosomal recessive polycystic kidney dis-
ease (ARPKD) is generally symptomatic early in 
childhood and may lead to in utero or neonatal 
death due to pulmonary hypoplasia and Potter 
sequence. The kidneys are massively enlarged, 
and the cysts are often small enough that the 
kidneys appear solid on ultrasound, with loss of 
corticomedullary differentiation (Fig. 13.4). This 
condition is associated with hepatic fibrosis and 
portal hypertension. Perinatal mortality is 30 %, 
but some patients with a milder phenotype may 
maintain renal function into adulthood [25]. A 
variety of rarer pediatric cystic renal diseases 

exists; a combination of clinical suspicion and 
genetic analysis may be necessary to diagnose 
these in the correct clinical setting [26].

Anomalies of Renal Fusion and Rotation

Anomalies of renal fusion and rotation are rela-
tively common. The kidneys form in the pelvis 
and rise by differential growth, and failure of as-
cent leads to ectopic positioning of the kidney. 
This is commonly in the pelvis below the level 
of the aortic bifurcation, but may occur at any 
point along the line of ascent of the kidney. In 
rare cases, the kidney can be located in the tho-
racic cavity. This frequently but not exclusively 
occurs in association with a congenital diaphrag-
matic hernia [27, 28]. Fusion of the lower pole 
of the developing kidneys across the midline can 
lead to horseshoe kidney, which occurs in 1 in 
400–500 patients [29]. The ascent of a horseshoe 
kidney is typically arrested below the inferior 
mesenteric artery, leading to a low position. It is 
also possible for both kidneys to ascend ipsilater-
ally, known as crossed ectopia, and these kidneys 
may be fused or unfused. In both horseshoe kid-
ney and crossed ectopia, the ureters of each renal 
moiety drain to their respective sides of the blad-
der (the ureters originate from the trigone in the 
normal positions). Malrotation of the pelvis is a 
common accompanying finding in all forms of 
renal ectopia, and this may predispose to uretero-
pelvic junction (UPJ) obstruction [30].

Ultrasound is easily able to identify the loca-
tion and orientation of ectopic and fused kidneys. 
The blood supply of these kidneys may be very 
unusual, with feeding vessels originating at a va-
riety of levels. Doppler US can evaluate the vas-
culature of the kidneys; however, magnetic reso-
nance angiogram (MRA) or computed tomogra-
phy angiography (CTA) may be indicated to more 
precisely delineate the vascular anatomy prior to 
an operative intervention. Ectopic kidneys have 
a relatively high incidence of associated urologic 
abnormalities, including vesicoureteral reflux 
(VUR) (20–30 % or more), and a VCUG should 
be considered [31]. Isolated renal ectopia itself 
is asymptomatic and has no long-term impact on 
kidney function or hypertension [32].

Fig. 13.4  Autosomal recessive polycystic kidney disease 
(ARPKD) in a neonate. The kidney measures 9 cm (nor-
mal for this age is 4.5 cm)
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Duplex Kidney

A duplex kidney is composed of two separate 
pelvicalyceal systems, with either complete or 
partial ureteral duplication. This is a common 
finding, occurring in 1:125 patients. It is a variant 
of normal anatomy, and patients are often entire-
ly asymptomatic. However, duplex kidneys carry 
an increased risk for VUR or obstruction. They 
may be difficult to identify if not associated with 
dysplasia or hydronephrosis. Suggestive findings 
on ultrasound include dilated ureter, the presence 
of a ureterocele in the bladder, or significant hy-
dronephrosis of one pole (Fig. 13.5). Presence 
of more than one of these features increases the 
likelihood of a duplex kidney. According to the 
Weigert–Meyer law, in which the upper pole ure-
ter inserts into the bladder caudally and more me-
dially than the laterally placed lower pole ureter, 
upper pole moieties are associated with uretero-
cele and obstruction while lower pole moieties 
are associated with VUR. A full discussion on 
the management of duplex kidney is beyond the 
scope of this chapter.

Hydronephrosis

Hydronephrosis represents the lion’s share of 
renal pathology presenting to a pediatric urolo-
gist. Antenatal hydronephrosis is very common, 
and the majority of patients never requires sur-

gical intervention [33]. Evaluation of hydrone-
phrosis is complicated by the fact that the sever-
ity can vary according to the patient’s hydration 
status, and description of hydronephrosis is often 
subjective and vague. Terms such as “mild,” 
“moderate,” or “severe” may have very different 
meanings depending on the observer. The Soci-
ety of Fetal Urology has established a classifica-
tion system for the description of hydronephrosis 
in the neonatal population [34]. This is designed 
to be used only after the exclusion of VUR, but 
in practice is commonly used to describe the ul-
trasound findings without regard to diagnostic 
status. Grade 0 represents no hydronephrosis, 
grade 1 only the renal pelvis is seen, grade 2 a 
few calyces are visualized, and in grade 3 virtu-
ally all calyces are dilated. Grade 4 additionally 
demonstrates cortical thinning. Whenever pos-
sible,  the Society of Fetal Urology (SFU) criteria 
or objective measurements such as the APD [35] 
and should be used to minimize the subjective 
nature of descriptive terminology.

The pattern of dilation seen on the ultrasound 
often suggests the underlying etiology. Massive 
dilation of the renal pelvis with a normal ureter is 
very suspicious for UPJ obstruction (Fig. 13.6). 
Follow-up with a diuretic renogram is generally 
indicated in moderate to severe hydronephrosis 
in order to confirm the diagnosis, assess the de-
gree of obstruction, and determine differential 
renal function [36]. Congenital hydronephrosis 
can often be managed conservatively, but in-
creasing hydronephrosis (particularly with an 

Fig. 13.6  Ureteropelvic junction obstruction with mas-
sive hydronephrosis

 

Fig. 13.5  Duplex kidney with upper pole hydrouretero-
nephrosis
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APD > 3 cm) and deteriorating differential renal 
function on mercaptoacetyltriglycine (MAG3) 
renogram indicate UPJ obstruction which re-
quires operative intervention [37].

Hydronephrosis with concomitant hydroureter 
is suggestive of a congenital megaureter which 
can be either obstructive or refluxing (Fig. 13.7). 
Lower grades of VUR that are not associated 
with dilation are easily missed on US. Formal 
diagnosis of VUR is typically made with a void-
ing cystourethrogram (VCUG) or radionuclide 
voiding cystography (RVC). Both these methods 
involve exposure to radiation and placement of a 
urethral catheter. In toilet-trained children, VUR 
can be diagnosed via indirect radioisotope cysto-
gram using intravenous injection of MAG3.

Although several groups have attempted to 
identify US methods of diagnosis that might 
allow avoidance of both radiation and urethral 
catheterization, at this date none has been found 
to be sufficiently sensitive to replace VCUG or 
RVC [38]. Contrast-enhanced ultrasound has 
been advocated as a diagnostic tool to avoid ra-
diation exposure. In this technique, a complete 
renal and bladder ultrasound is performed prior 
to the instillation of microbubble ultrasound con-
trast into the bladder via urethral catheter. The 
US is repeated several times before and after 
voiding. The presence of microbubbles in the 
ureter supports the diagnosis of VUR. A grad-
ing system has been established corresponding 
to the traditional VCUG classification of VUR. 
Microbubbles in the ureter alone represents grade 
I reflux, while microbubbles in the renal pelvis 

with hydronephrosis and tortuous ureters repre-
sents grade V reflux [39]. VUS is highly operator 
dependent, does not image the urethra, and the 
study time is prolonged. Additionally, the cost of 
ultrasound contrast is much greater than that of 
fluoroscopic contrast. These factors have limited 
its widespread adoption, and at this point VCUG 
remains the gold standard imaging test [40].

Bilateral hydroureteronephrosis in a male in-
fant should raise suspicion of posterior urethral 
valves (PUV) [41]. The partial urethral obstruc-
tion caused by the congenital valves leads to a 
thick-walled, “keyhole” bladder that can be seen 
on ultrasound, and careful scanning from the per-
ineal approach may demonstrate the dilated pos-
terior urethra proximal to the valves. Catheter de-
compression followed by VCUG is the first line 
of management and should be performed prior to 
hospital discharge for any infant with suspected 
valves.

Infection

UTI is very common and represents a significant 
health care burden; 6.6 % of girls and 1.8 % of 
boys develop a UTI by age 6 [42]. Despite the 
frequency of this problem, the indication for 
imaging and timing of imaging remain a matter 
of considerable debate in the pediatric urology 
community, particularly with regard to the use of 
VCUG after UTI. Although a complete discussion 
of this topic is beyond the scope of this chapter, 
a brief discussion of the application of renal so-
nography to UTI is warranted. UTI can be divid-
ed into lower tract infection (cystitis) and upper 
tract infection (pyelonephritis). In the setting of 
lower UTI, US may demonstrate thickening of 
the bladder wall or debris within the bladder. This 
generally does not add much information to the 
history and physical exam, urinalysis, and urine 
culture, and routine use of US to diagnose cys-
titis cannot be recommended. However, US has 
the utility in identifying anatomic abnormalities 
such as hydronephrosis or ureterocele that may 
require intervention. Recommendations vary as 
to the indication for and timing of ultrasound 
after UTI. American Academy of Pediatrics 

Fig. 13.7  Severe hydronephrosis due to grade V vesico-
ureteral reflux
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guidelines currently recommend that all infants 
2–24 months old with febrile UTI have a screen-
ing renal ultrasound performed at some point fol-
lowing treatment [43]. The National Institute for 
Health and Care Excellence (NICE) guidelines in 
the UK recommend a renal ultrasound within 6 
weeks for infants less than 6 months old with an 
uncomplicated UTI and imaging during the acute 
episode for infants with a recurrent UTI or severe 
illness. For children older than 6 months, US is 
recommended in the acute setting for seriously ill 
children and within 6 weeks for a recurrent UTI. 
No ultrasound is recommended for simple UTI in 
children older than 6 months [44].

Diagnosis of pyelonephritis as opposed to 
cystitis may be made based on clinical and radio-
logic criteria. Pyelonephritis is typically associ-
ated with fever and flank pain, with or without 
symptoms of cystitis [45]. US is often normal in 
the setting of acute pyelonephritis, but there are 
several suggestive findings. Inflammation of the 
renal pelvis and ureter may be seen, and edema 
of the kidney parenchyma can lead to increased 
renal volume. Corticomedullary differentiation 
may be focally lost in the acute setting [46]. If 
clear documentation of acute pyelonephritis is 
clinically warranted, a dimercaptosuccinic acid 
(DMSA) scan to detect renal cortical perfusion 
abnormalities is indicated [47]. CT may also 
reveal wedge-shaped hypodensities in contrast 
uptake due to acute infection. Several investi-
gators have explored the use of Doppler US in 
the diagnosis of acute pyelonephritis [48, 49]. 
Doppler US had good ability to detect renal cor-
tical involvement, with 87–89 % sensitivity and 
53–92 % specificity but was not as accurate as 
DMSA overall.

US may reveal layering echoes in the de-
pendent portions of the infected collecting sys-
tem, which may represent clot, sediment, or 
pus. These echoes shift with changes in patient 
position. With clinical evidence of significant 
infection and echogenic urine on ultrasound, ur-
gent decompression of the pyonephrosis should 
be considered by nephrostomy tube or internal 
stenting.

The long-term sequelae of pyelonephritis can 
include renal scarring, and this risk is increased 

in the presence of VUR [50]. Although the gold 
standard investigation for renal scarring is a 
DMSA scan, several findings on US may suggest 
the presence of scar. A globally small kidney may 
represent diffuse renal scarring or alternatively 
hypoplasia (Fig. 13.8). Focal renal scars may be 
evident by locally thinned cortical parenchyma, 
irregular outline, and calyceal dilatation [51]. 
If clinically indicated, a DMSA scan at 6–12 
months post infection can be used to confirm the 
presence of scarring [47].

Xanthogranulomatous pyelonephritis (XPN) 
is a severe chronic renal inflammatory disorder 
of uncertain origin that is associated with kidney 
stones, urinary obstruction, and infection [52]. 
The end result of XPN is a burnt out, nonfunc-
tional kidney characterized by granulomatous in-
flammatory infiltrate with xanthomatous histio-
cytes [53]. It is unknown why urinary obstruction 
due to a stone leads to XPN in some circumstanc-
es and not others. Staghorn calculi are common 
[54]. Although this is usually a process involving 
the entire kidney, it may occur in a focal form 
(unassociated with urinary obstruction). Ultra-
sound may show an enlarged, heterogenous kid-
ney suspicious for a mass. Evidence of urinary 
obstruction and renal or ureteral stones are often 
present. Presence of local calcifications may sug-
gest the true diagnosis, but XPN may be mistak-
en for a neoplastic process. CT scan is generally 
obtained for better characterization of the process 
and demonstrates abscess, pyonephrosis, renal 

Fig. 13.8  Small globally scarred right kidney in 5-year-
old boy with unilateral grade IV vesicoureteral reflux and 
multiple urinary tract infections

 



146 O. L. Sanchez et al.

atrophy, and inflammatory changes of the peri-
nephric fat or accumulation of perinephric fat. 
Treatment is generally nephrectomy, although 
there have been case reports of successful treat-
ment of the focal form of XPN in the pediatric 
population with long-term intravenous antibiot-
ics [55]. Laparoscopic nephrectomy is being in-
creasingly attempted but the conversion rate to 
open nephrectomy remains high due to the severe 
inflammation [56].

Fungal infections of the kidney, particularly 
candidiasis, are rare but potentially devastating. 
Preterm infants and immunosuppressed patients 
are most at risk for fungal involvement of the 
urinary tract [57]. The classic finding of fungus 
balls within the collecting system is rare but 
highly suspicious for candidiasis. These appear 
as hyperechoic round densities in the collecting 
system which do not have an acoustic shadow, 
differentiating them from stones. This finding 
should prompt an evaluation for systemic funge-
mia including blood cultures and ophthalmologic 
exam. In severe cases, bilateral fungal balls or 
unilateral fungal balls in a solitary kidney may 
lead to acute renal failure [58]. Fungal obstruc-
tion of the bladder outlet has also been described 
[59]. The mainstay of treatment is systemic anti-
fungal therapy with fluconazole or amphotericin 
B, but surgical removal of fungal balls may be 
required in severe or refractory cases [60].

Renal Vascular Disorders

The early onset of severe hypertension in a pe-
diatric patient should raise suspicion of renal 
artery stenosis (RAS). RAS is usually due to fi-
bromuscular dysplasia in children and as a result 
commonly involves segmental renal arteries. It is 
bilateral in 30 % of cases [61]. Other pathologies 
leading to renal or aortic stenosis include Takaya-
su’s arteritis and mid-aortic syndrome (stenosis 
of the abdominal aorta) in neurofibromatosis 
type I. Angiography remains the gold standard 
for diagnosis [62], but duplex ultrasound is com-
monly used as an initial screening test. Doppler 
interrogation of the renal waveforms suggests 
stenosis by an elevated peak systolic velocity 

above 2 m/s or the presence of a tardus et par-
vus waveform, where the peak systolic velocity 
is low and slow to reach its maximum. Branch 
vessel stenoses may be missed if they are distal 
to the point where the systolic velocities are mea-
sured. As branch vessel involvement is common 
in pediatric RAS, this represents a serious cause 
of false negative studies. Chhadia and colleagues 
compared duplex ultrasound in the pediatric pop-
ulation to renal artery angiogram. The sensitivity 
of US was only 64 %. The majority of patients 
with missed RAS had branch vessel involvement 
and severe hypertension, leading the authors to 
recommend that in the clinical setting of severe 
hypertension, consideration should be made to 
proceeding with a diagnostic angiogram despite a 
negative US study [63]. Endovascular techniques 
are being increasingly applied to RAS. Angio-
plasty has been widely used. Stenting has tradi-
tionally been avoided in fibromuscular dysplasia 
as well as in the pediatric population in general, 
but has been used with some reported success 
[64]. In the event of unsuitable anatomy or ste-
nosis refractory to endovascular therapy, open 
repair may be required. Ex vivo repair may be 
necessary in the case of complex branch vessel 
stenosis [62].

Renal and Adrenal Neoplasms

US often represents the first-line imaging modal-
ity in the diagnosis of abdominal masses. Cys-
tic masses of the kidney are commonly MCDK 
(discussed above), although cystic nephroma is a 
rare tumor of the kidney. More commonly, a solid 
renal tumor may contain cystic components. An-
tenatal or neonatal detection of a solid renal mass 
by physical exam or ultrasound should raise the 
suspicion of a congenital mesoblastic nephro-
ma (CMN). These masses are generally large 
and often associated with polyhydramnios. The 
tumor exhibits low echogenicity and often has 
concentric hyper- and hypoechoic rings. CMN 
is characterized by infiltration of surrounding 
renal parenchyma without infiltration of the renal 
vein. Further imaging with CT or MR is indicat-
ed prior to definitive surgical excision, but clear 



14713 The Kidney

differentiation from a Wilms’ tumor may not be 
possible preoperatively. These tumors have low 
malignant potential, except in the case of the cel-
lular form of CMN. Cellular CMN has cytoge-
netic similarity to congenital fibrosarcoma and 
may exhibit more aggressive behavior [65].

Wilms’ tumor (WT) appears as a large heter-
ogenous lesion arising from the kidney, without 
calcifications (although calcifications may be 
present in 5–10 % of WT). Unlike in CMN, there 
tends to be a well-defined pseudocapsule [66]. 
Anechoic components represent necrosis, hem-
orrhage, or cysts within the tumor. Doppler US 
is very helpful in the assessment of venous ex-
tension of tumor into the renal vein and inferior 
vena cava. Vessel patency must be interrogated 
to the level of the hepatic veins. Nephrogenic 
rests may sometimes be observed; however, on 
ultrasound these have similar echogenicity to the 
renal parenchyma and may be missed. Once the 
diagnosis of tumor is made by US, current Chil-
dren’s Oncology Group (COG) and Society of 
Paediatric Oncology (SIOP) protocols mandate 
appropriate cross sectional imaging (MRI or CT) 
for further characterization of the tumor and op-
erative planning.

Other rarer renal tumors include clear cell sar-
coma of the kidney, rhabdoid tumor, and juvenile 
renal cell carcinoma. Renal medullary carcinoma 
is a highly lethal tumor associated with sickle 
cell trait [65]. US cannot reliably distinguish be-
tween these renal tumors. Further imaging and 
biopsy are generally necessary. Angiomyolipoma 
is a hamartomatous tumor associated with tuber-
ous sclerosis. The classic defining feature is the 
presence of fat, which lends a very hyperechoic 
appearance to the tumor on US. Approximately 
33 % of small angiolipomas demonstrate some 
degree of posterior acoustic shadowing [67].

Renal US is indicated for screening purposes 
in genetic syndromes associated with WT, such 
as Beckwith–Wiedemann syndrome and Simp-
son–Golabi–Behmel syndrome. Screening is 
generally performed every 3 months for the first 
several years of life, typically at least until the 
age of 8 [68].

Renal Transplantation in the Pediatric 
Population

Ultrasound has an excellent track record in the 
evaluation of renal allograft function and as-
sessment of complications after transplantation. 
Transplant kidneys are typically placed in the ret-
roperitoneum, generally in the right iliac fossa, 
with vascular anastomoses to the external iliac 
arteries. Small pediatric patients do not have ad-
equate space in the retroperitoneum for an adult 
kidney, and in this situation the kidney is placed 
intraperitoneally with vascular anastomoses to 
the aorta and inferior vena cava [69]. Most trans-
plant surgeons obtain an initial baseline ultra-
sound within 1–2 days postoperatively.

Vascular complications are the most feared 
in the early postoperative period. Renal artery 
thrombosis is rare (< 1 %) but devastating. It 
typically occurs within 1 week and is visualized 
as absence of flow distal to the renal artery in a 
hypoechoic kidney. Segmental thrombosis can 
occur with wedge-shaped areas of the kidney that 
lack flow on Doppler [70]. Absence of renal vein 
flow with reversal of arterial flow during dias-
tole is a sign of renal vein thrombosis. Significant 
vascular compromise in the immediate postoper-
ative period generally requires urgent operative 
revision. RAS of the transplant artery usually de-
velops within a year of transplant and shows the 
same signs as in the native kidney, with increased 
systolic velocity and tardus et parvus waveforms 
[71].

Ultrasound is very sensitive in the detection 
of perinephric fluid collections, but cannot reli-
ably distinguish between hematoma, urinoma, 
and lymphocele. Generally, hematomas appear in 
the immediate postoperative period, while urine 
leaks often present after several days and lym-
phoceles after several weeks [72]. Hematoma 
tends to have a very heterogenous appearance 
on ultrasound as opposed to the simple anechoic 
fluid of lymphocele or urinoma. In the case of 
ongoing diagnostic uncertainty, aspiration of 
the fluid may be helpful in determining the eti-
ology as a urine leak demonstrates a very high 
creatinine level in the aspirated fluid, while a 
lymphocele has a composition similar to serum. 
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Urine leak from an intraperitoneal kidney leads 
to ascites. Treatment of a urine leak may include 
percutaneous nephrostomy or stenting to divert 
the urine flow and allow for healing of the ure-
teral anastomosis, but open surgical revision is 
necessary in large leaks or where ureteral necro-
sis is suspected. [73] Lymphoceles are frequently 
septated on US and benefit from image-guided 
drainage with or without concomitant sclerosis, 
but operative marsupialization may be necessary 
if persistent [74].

Measurement of the vascular resistive index 
(RI) is an essential part of the transplant assess-
ment. It is measured at the arcuate or interlobar 
arteries and is calculated by the formula (peak 
systolic velocity—end diastolic velocity)/peak 
systolic velocity [70]. Less than 0.7 represents a 
normal value. Elevated RI may be found in acute 
tubular necrosis, rejection, renal vein thrombosis, 
and renal dysfunction due to immunosuppressive 
toxicity from calcineurin inhibitors. Unfortunate-
ly, rejection, calcineurin toxicity, and acute tubu-
lar necrosis all have nonspecific imaging find-
ings and elevated RI, and renal biopsy is often 
needed in the case of graft dysfunction without 
clear vascular abnormalities [9, 75].

Ultrasound Guidance in Renal Biopsy

Ultrasound represents an ideal modality for 
image-guided biopsy of native or transplant 
kidneys. Ultrasound guidance allows selection 
of a safe track for core needle biopsy of kidney 
parenchyma, avoiding injury to vessels via use 
of Doppler imaging. Spring-loaded biopsy guns 
allow easy acquisition of cores of tissue for histo-
logic analysis. The patient is placed in the prone 
or lateral position (for native kidneys) or supine 
position (for transplant kidneys), and an initial 
ultrasound survey with Doppler examines the 
orientation of the kidney and vessels. The lower 
pole is the preferable target in the native kidney. 
After appropriate skin preparation, a small punc-
ture incision is made to allow easy passage of the 
biopsy gun, passed through a needle guide on the 
ultrasound probe. The needle should be directed 
with the tip away from the renal hilum, towards 

the corticomedullary junction. A tangential ap-
proach, with the needle aimed 45–60° from the 
renal capsule, has been advocated [76]. Several 
passes may be taken to maximize the specimen 
available for pathologic analysis.

The reported complication rate of renal biopsy 
varies widely from 2–32 % [77]. Most complica-
tions are evident within several hours of the pro-
cedure. Hematuria represents the most frequent 
complication of biopsy (5–7 %) and is usually 
self-limited. It typically presents with the first 
void. Arteriovenous fistula is a more serious 
complication and may require embolization to 
correct. Perirenal hematoma is another possible 
outcome of biopsy and can require blood trans-
fusion. A postprocedure ultrasound is very accu-
rate at identifying arteriovenous (AV)fistulae and 
hematoma and determining which patients may 
require embolization. Despite these risks, renal 
biopsy is generally quite safe and performed as 
an outpatient procedure [78].

Renal Trauma

The kidney is frequently injured in pediatric trau-
ma, but the vast majority of even severe kidney 
injuries can be managed nonoperatively [79, 80]. 
The focused assessment with sonography in trau-
ma (FAST) scan is a widely used screening tool 
in the urgent evaluation of the pediatric trauma 
patient. Images are taken in four windows (peri-
cardial, pelvic, perihepatic, perisplenic) to iden-
tify the presence of free fluid [81]. The FAST 
scan is designed to evaluate for intraperitoneal 
blood, but by definition it is not sensitive for ret-
roperitoneal injuries and cannot be used to rule 
out renal injury [82, 83]. The finding of gross or 
microscopic hematuria (> 50 red blood cells per 
high-powered field) in a pediatric trauma patient 
requires additional investigation with a defini-
tive study. The gold standard evaluation for renal 
trauma is CT with intravenous contrast, which 
clearly delineates renal vasculature, parenchymal 
lacerations, and perirenal fluid collections [84]. 
Delayed imaging during the excretory phase im-
proves detection of urine leaks. Ultrasound is 
not as sensitive as CT in the diagnosis of renal 
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injury. While perinephric collections can be seen, 
it is difficult to distinguish between hematoma 
and urinoma by US. Parenchymal contusions are 
often missed on ultrasound. However, the desire 
to avoid unnecessary radiation exposure—the “as 
low as reasonably achievable” principle [85]—
has motivated further investigation into the use 
of ultrasound as a primary modality in the in-
vestigation of blunt pediatric trauma patients. 
The rationale for this is that although ultrasound 
is overall less sensitive than CT, clinically sig-
nificant injuries are likely to be apparent [86]. 
Doppler interrogation of the vessels is critical as 
part of this evaluation to ensure that the kidney 
has not been devascularized. Amerdorfer recom-
mends the use of primary US with Doppler im-
aging in patients with minor or moderate trauma 
who are stable. Patients with a normal examina-
tion or minor pathology undergo a follow-up US 
within 24 h, while patients with inconclusive or 
severely abnormal scans receive a CT [87]. Re-
cent recommendations of the European Society 
of Radiology recommend the use of US with 
Doppler as a first-line modality in minor to mod-
erate trauma and in severe trauma isolated to the 
flank in a stable patient [88]. CT may be used 
where additional information is expected to alter 
the treatment plan. Application of these protocols 
in clinical practice is dependent on the quality of 
pediatric US available at a given institution.

Although its use as a primary imaging modal-
ity remains debatable, US is recommended for 
serial examinations of documented renal injury 

to avoid further radiation exposure caused by 
routine repeat CT scan [88]. Ultrasound is sensi-
tive in the detection of perinephric fluid collec-
tions and hence the detection of an expanding 
urinoma or hematoma requiring treatment. Eeg 
presented a series of 73 patients with CT-docu-
mented renal injury who underwent reevaluation 
with ultrasound 36–48 h after injury. No missed 
complications were identified in this cohort [89]. 
Other authors have also published favorable ex-
periences with the use of US for reevaluation of 
documented renal injury [90].

Urolithiasis

Stone disease represents an increasing problem 
in the pediatric population. Seven percent of 
all stones are found in patients younger than 16 
(Coran), and emergency department visits for 
pediatric renal colic have doubled between 1999 
and 2008 [91]. The main etiologies for stone 
formation are metabolic disease, drug-induced 
calculi, anatomic anomalies causing obstruction 
or stasis, foreign bodies (stents), and infections, 
but around 12 % are idiopathic. Nearly 70 % of 
pediatric patients suffer a recurrence of stone dis-
ease over a 5-year period [92], and this presents 
concern for radiation exposure in the setting of 
repeated CT scans. Many authors consider US 
to be the primary investigation for suspected uri-
nary tract calculi in the pediatric population [93–
95] Clinical presentation depends on age with 
abdominal or loin pain, hematuria, and infection 
being the typical presenting symptoms.

The diagnosis of a urinary tract stone re-
quires the presence of a hyperechoic focus with 
an acoustic shadow (Fig. 13.9). Specificity of 
stone detection is greater in the ureter than in the 
kidney due to surrounding tissues in the kidney 
which can be mistaken for stones, while sensitiv-
ity is greater in the kidney due to bowel gas and 
other intervening tissues obstructing the visual-
ization of the ureter [94]. The mid ureter is the 
most difficult location to visualize stones, but is 
also the least likely site of stone impaction in a 
pediatric patient [96]. Stones are most common 
in the distal ureter and renal pelvis. Following the 

Fig. 13.9  Staghorn renal calculus with posterior acoustic 
shadowing
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hydroureter to the point of obstruction may help 
find an otherwise obscure calculus [97]. The ana-
tomical localization of a stone inside the kidney 
may be difficult to assess in the absence of pelvi-
calyceal dilation [98]. The measurement of stone 
size is essential to help decide on the therapeutic 
approach, and this is based on the maximum re-
corded length. Stone size can be overestimated 
when using only US [94].

US has a broad reported sensitivity from 
44–90 % in all age groups, as compared to 
94–99 % in CT [95]. There are several associ-
ated findings that can improve the effectiveness 
of the initial sonographic investigation [94, 99]. 
Obstruction of the upper urinary tract induces 
changes in the intrarenal blood flow which can 
be evaluated by measuring the RI. An RI > 0.70 
or a difference, when comparing both sides, of 
> 0.06 is suggestive of obstruction and increases 
specificity and sensitivity when investigating for 
a suspected stone [100]. This is less valid if the 
patient is taking nonsteroidal anti-inflammatory 
drugs, in the setting of acute obstruction (< 6 h), 
or in partial obstruction. Documentation of fre-
quency, peak velocity, and duration of the ure-
teral jets has been described to have a very high 
sensitivity and good specificity when looking for 
obstruction, and confounding effect of poor hy-
dration can be overcome by comparing jets from 
both sides [101]. Comparison of a plain abdomi-
nal film to the initial US helps improve sensitiv-
ity and specificity of the radiological workup, 
more so in the presence of ureteral stones where 
US detection rate is around 38 % [102] , with 
results of the combined modalities approaching 
what is expected from CT investigations [99]. 
In the clinical setting where a stone is strongly 
suspected but not observed on US, CT should be 
considered as it remains the gold standard evalu-
ation and has better sensitivity for small stones 
and ureteral stones [103].

Summary

Renal US is a fundamental tool in the arma-
mentarium of the pediatric surgeon and urolo-
gist. Renal ultrasound should routinely include 
evaluation of the kidneys, ureters, and bladder, 

both pre- and post-micturition. Doppler imaging 
adds valuable information about vasculature. US 
defines unusual renal anatomy and has a criti-
cal role in the evaluation of hydronephrosis and 
hydroureter. It is the initial imaging study in the 
evaluation of abdominal masses. It serves a valu-
able role in postinjury evaluation of the renal 
trauma patient and is a cornerstone of evaluation 
of the renal transplant patient. US contributes 
functional information to the evaluation of uro-
lithiasis.
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Introduction

Ultrasound (US) performed with high-frequency 
(5.0 or 7.5 MHz) transducers provides high-res-
olution images of the normal adrenal glands in 
neonates and young infants due to the relatively 
large size of the glands in relation to the kidney 
size and the small amount of retroperitoneal fat. 
It can identify lesions as small as 1 cm in size 
in all age groups and allows assessment of the 
nature of the lesions. US imaging in children is a 
safe, effective, and inexpensive diagnostic imag-
ing tool and is used as a first-line modality. Com-
puted tomography (CT) can often be less useful 
to diagnose adrenal abnormalities due to the 
small amount of retroperitoneal fat in infants and 
the limited ability of CT to distinguish between 
different soft tissue densities. Magnetic reso-
nance imaging (MRI) has excellent soft tissue 
differentiation and is the modality of choice for 
adrenal tumor characterization and staging [1].

Development, Function, and Anatomy

Fetal Development of the Adrenal 
Glands

The adrenal glands are endocrine organs com-
posed of two entities: the steroid hormone-
producing cortex (aldosterone, cortisol, and 
androgens) and the catecholamine-synthesizing 
medulla, which have a dual embryological ori-
gin. Around the 5th week of gestation, the cortex 
develops from the mesoderm of the urogenital 
ridge that later develops into the pro-, meso-, and 
metanephros. The medulla arises from the neural 
crest. In the fetus, the cortex is further divided 
into a wide inner fetal cortex and an outer zone 
that later becomes the adult cortex. This occurs 
via hemorrhagic and then necrotic involution of 
the fetal cortex and proliferation of the adult cor-
tex towards the center of the gland which causes a 
30–50 % reduction in the gland weight (Fig. 14.1) 
[2, 3]. Prior to this, the adrenal glands are 10–20 
times larger than adult glands in relation to the 
total body weight and approximately one third 
the size of the neonatal kidney [4]. After involu-
tion of the fetal cortex, the infant adrenal glands 
measure between 1 and 3.6 cm (mean 1.5 cm) in 
length and between 2 and 5 mm (mean 3 mm) in 
thickness [5, 6]. The adult cortex continues to de-
velop until 3 years of age into three zones: zona 
glomerulosa, fasciculata, and reticularis.

© Springer International Publishing Switzerland 2016
S. Scholz, M. D. Jarboe (eds.), Diagnostic and Interventional Ultrasound in Pediatrics  
and Pediatric Surgery, DOI 10.1007/978-3-319-21699-7_14



156 N. Kremer and J. H. Squires

Anatomy

The adrenal glands are located within the fascia 
of Gerota, superior and medial to the upper pole 
of the kidneys; however, their exact location can 
be quite variable, making them more challenging 
to locate with decreasing relative size [7]. Typi-
cally, the left gland is located slightly lower and 
more anteriorly while the right gland is posterior 
to the inferior vena cava and slightly higher [1]. 
Heterotopic adrenal glands, horseshoe adrenal 
glands, and unilateral adrenal gland agenesis 
have been described, but are rare [8].

The arterial blood supply is provided by the 
inferior phrenic artery, the aorta, and the renal ar-
tery. These arteries further subdivide into small 
channels that span over the capsule of the gland 
and form a rich plexus within the gland. There 
is a single draining vein, but smaller accessory 
veins are usually found following the anatomic 
course of the smaller arteries [6].

Ultrasound Appearance of the Normal 
Adrenal Glands

The glands have a pyramidal or triangular shape 
and lie just above the upper pole of the kidneys. 
During infancy, the shape of the adrenal limbs is 
more bulbous or convex, while in older children 
the contour tends to have straight or even con-
cave margins. The surface of the glands is usu-
ally smooth or mildly undulated. With ipsilateral 
renal agenesis, the adrenal gland retains a flat or 

discoid appearance and can be easily confused 
with renal tissue [9, 10]. Corticomedullary dif-
ferentiation can be identified on US imaging but 
varies greatly with age [1, 11]. The cortex has 
lower echogenicity than the medulla and is prom-
inent in normal newborns because of the thick 
transient fetal cortical zone. This zone shows a 
narrow hyperechoic central stripe which repre-
sents the congested sinusoids, the central vein, 
and the small medulla [12]. The adult cortex at 
this age can be seen with high-resolution US as 
an echogenic line along the peripheral gland [10, 
13]. In the weeks after birth, as the fetal cortex at-
rophies and is replaced by fibrous tissue, the hy-
perechoic central stripe becomes broader, while 
the hypoechoic fetal cortex thins [12].

Solid Tumors of the Adrenal Gland

Primary adrenal neoplasms can be categorized by 
their origin and function. They arise from either 
the medulla or cortex, and they are usually non-
functioning or hyperfunctioning. Medullary neo-
plasms originate from the neural crest cells and 
therefore can occur anywhere along the sympa-
thetic neural chain. These neoplasms include neu-
roblastoma, ganglioneuroblastoma, ganglioneu-
roma, and pheochromocytoma. Neoplasms aris-
ing from the adrenal cortex include adrenocortical 
carcinoma and adenoma and are very uncommon 
in children. The rarer adrenal neoplasms of child-
hood include teratoid rhabdoid tumor and smooth 
muscle tumors in patients with AIDS. In addition 
to masses of adrenal origin, extra-adrenal masses 
in the suprarenal fossa may be difficult to differ-
entiate from primary masses of the adrenal glands. 
The most common examples are retroperitoneal 
lymphatic malformations and intra-abdominal ex-
tralobar pulmonary sequestrations [7].

Medullary Neoplasms

Neuroblastoma

Neuroblastoma is the second most common in-
tra-abdominal neoplasm after Wilms’ tumor and 
the third most common pediatric tumor after leu-

Fig. 14.1  Ultrasound performed on an 11-day-old male 
with a possible renal cyst seen on prenatal ultrasound 
screening demonstrates the normal appearance of the right 
adrenal gland with prominence of the cortex (left image). 
Follow-up ultrasound at 8 weeks of life demonstrates in-
terval decrease in size of the adrenal gland (right image)
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kemia and tumors of the central nervous system 
(CNS), accounting for 10 % of all pediatric neo-
plasms [14]. The majority (75 %) of neuroblasto-
mas arise in the abdomen, with one third of these 
in the adrenal glands. The remainder of the neu-
roblastomas can occur anywhere along the sym-
pathetic nerve chain, from the neck to the pelvis 
[15]. Over 90 % of the patients present between 1 
and 5 years (median 2 years). Prenatal diagnosis 
occurs more frequently due to a rising number 
of fetal imaging, and currently 20 % of all neuro-
blastomas are diagnosed prenatally or within the 
first 3 months of life [16].

Clinically, neuroblastoma most commonly 
presents as a palpable mass, but can be an inci-
dental finding on US or sequential imaging. If 
symptomatic, children can present with signs of 
increased adrenal medullary hormone production 
or symptoms from direct tumor growth or meta-
static disease.

Local invasion can occur into the liver, kid-
neys, and through the neural foramina into the 
spinal canal, causing cord compression symp-
toms. Neuroblastomas typically show encase-
ment or displacement of the vascular structures 
and only rarely invade the vasculature or ureter, 
which can be helpful to distinguish them from 
Wilms’ tumor. Distant metastases are present in 
half the cases at the time of diagnosis and are 
most commonly found in lymph nodes, bone 
marrow, liver, and skin [7].

US is often the first diagnostic imaging tool 
applied and can also be helpful in the diagnosis 
of metastatic disease, especially in liver involve-
ment. On US, the neuroblastoma usually ap-
pears as a heterogeneous mass, with hyperechoic 
areas caused by calcifications, with or without 
posterior acoustic shadowing. Hypoechoic and 
anechoic areas in neuroblastoma correspond to 
cystic, hemorrhagic, or necrotic changes and 
are less common than in Wilms’ tumor. Larger 
cystic areas are more often present in newborns, 
in whom bilateral cystic neuroblastoma with 
intracystic hemorrhage may occur (Fig. 14.2)  
[17].

Diagnosis of neonatal neuroblastoma is often 
more challenging for several reasons. Sono-
graphic findings may resemble neonatal adrenal 

hemorrhage, and, in addition, tests specific to 
neuroblastoma such as metaiodobenzylguanidine 
(MIBG) scintigraphy and sampling of urine cat-
echolamines are not reliable in this age group. 
Urinary catecholamines are increased in 90 % of 
the cases beyond infancy, but only in half of the 
cases in the first year of life. However, neuroblas-
toma in neonates usually shows a 4-year survival 
of greater than 95 % and is associated with a high 
rate of spontaneous regression, so that an expect-
ant approach with serial short-term follow-up US 
with Doppler is often the only recommended test-
ing [18]. If the mass does not decrease in size or 
enlarges, and/or shows increasing echogenicity, 
a more aggressive form of neuroblastoma should 
be considered [19].

Other differential diagnoses in the neonatal 
period include intra-abdominal extralobar pul-
monary sequestrations. Helpful hints are the 
location and morphology, with sequestrations 
being more commonly located in the left supra-
renal region, while neonatal neuroblastoma is 
more commonly located on the right side and is 
more heterogeneous in morphology. Calcifica-
tions occur in neuroblastoma and have not been 
reported in sequestrations. Additionally, feeding 

Fig. 14.2  Longitudinal ultrasound in a 29-day-old with 
a suprarenal mass noted on prenatal ultrasound demon-
strates a heterogeneous cystic- and solid-appearing mass 
in the right adrenal gland. A posterior whole-body image 
from nuclear medicine I-123-MIBG study demonstrates 
intense uptake within the mass, consistent with neuroblas-
toma. No metastatic foci were seen
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arteries are common in sequestrations. Neuro-
blastoma does not occur prior to the third trimes-
ter of gestation because the neural tissue in the 
adrenal gland is too underdeveloped to give rise 
to neuroblastoma, therefore alternative diagnoses 
should be considered in an adrenal region mass 
discovered in this age group [7].

Ganglioneuroblastoma and 
Ganglioneuroma
Ganglioneuroblastomas arise from both, the ma-
ture ganglion cells and immature cells resem-
bling neuroblastoma cells, resulting in a poten-
tially malignant behavior. One third of the tumors 
arise in the adrenal gland, one third in the retro-
peritoneum, and the remaining one third in the 
posterior mediastinum, with only rare manifesta-
tions in the neck or pelvis [12].

Ganglioneuromas are the most mature neural 
crest tumors and are histologically benign. One 
third of the cases are located in the retroperito-
neum, and only rarely do they arise in the adrenal 
gland. Ganglioneuromas occur in older children, 
can be completely asymptomatic, and are often 
incidental findings on US or chest radiographs. 
When they invade the spine, neurologic symp-
toms can occur related to cord compression. 
Ganglioneuroblastomas and Ganglioneuromas 
cannot be distinguished from neuroblastoma with 
imaging alone, and therefore there is no standard 
imaging protocol for follow-up [12].

Pheochromocytoma
Pheochromocytoma is an uncommon pediatric 
neoplasm. It accounts for less than 1 % of all tu-
mors seen in pediatric centers and is rarely diag-
nosed in infancy with the mean age at diagnosis 
being 11 years in children [20]. In the pediatric 
age group, 80 % of pheochromocytomas occur in 
the adrenal gland with bilateral involvement in 
25 % [20, 21]. In the 20 % of extra-adrenal cases, 
the most frequent site is the upper abdomen [22]. 
Less common extra-adrenal sites include the 
sympathetic chain in a cervical, thoracic, or pel-
vic location, and, in rare cases, they may occur 
in the urinary bladder, spinal cord, and vagina. 
When occurring outside the adrenal gland, the 
tumors are usually referred to as paragangliomas. 

Multiple tumors are present in 30–70 % of the pa-
tients, especially in those with a positive family 
history for pheochromocytoma and in association 
with multiple endocrine neoplasia (MEN) type 
II, neurofibromatosis 1, or von Hippel–Lindau 
disease. In addition to age at presentation, the 
clinical presentation also differs from neuro-
blastoma, as pheochromocytoma arises from the 
chromaffin cells of the medulla that are actively 
producing epinephrine and norepinephrine and 
occasionally vasoactive intestinal peptide (VIP). 
The first-line imaging modality is US, on which 
pheochromocytoma may present as a homo-
geneous soft tissue mass measuring 2–5 cm on 
average, but it may also contain heterogeneous 
areas, caused by hemorrhage, necrosis, or calci-
fications (Fig. 14.3) [7]. The tumor is often well 
encapsulated and color Doppler examination re-
veals hypervascularization [23]. MIBG scanning 
is more sensitive than US and can be positive, 
even when US shows no abnormalities [17].

Cortical Neoplasms

Primary tumors of the adrenal cortex are ex-
tremely rare in children, and their clinical pre-
sentation and outcome can differ greatly from the 
adult-onset disease. Adrenocortical carcinoma is 
rarely reported, and there are no reports of Conn’s 

Fig. 14.3  A 14-year-old female with hypertension and 
elevated urine metanephrines. Longitudinal ultrasound 
demonstrates a heterogeneously hypoechoic mass in the 
left adrenal gland. Sagittal T2-weighted fast spin-echo 
magnetic resonance image demonstrates a heteroge-
neously hyperintense T2 mass. Pheochromocytoma was 
confirmed at surgical resection
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syndrome resulting from aldosterone-producing 
adenomas in a pediatric patient.

Adrenocortical carcinoma has an overall in-
cidence of 1–1.5/million/year, peaking in child-
hood and in the fifth decade of life. The outcome 
tends to be more favorable when the diagnosis 
is made under the age of 4; however, the over-
all 5-year survival of less than 30 % is poor [1, 
24]. As opposed to adults, where adrenocortical 
neoplasms are usually nonfunctioning, most pe-
diatric patients present with hormonally active 
tumors, displaying endocrinologic abnormalities. 
These include virilization in girls or precocious 
puberty and Cushing’s syndrome in both sexes. 
Physical exam often will not reveal a palpable 
tumor; if they are large enough to be found on 
clinical exam, they are often carcinomas rather 
than benign neoplasms. US is the first-line im-
aging method and can be helpful in determining 
local invasion of the vena cava (Fig. 14.4) [7].

Other Tumors

Other tumors of the adrenal gland are often in-
cidental findings with no further clinical inter-
vention needed. These include myelolipomas 
and angiomyolipomas that are extremely rare in 
children [5]. Angiomyolipomas arise from the 
perivascular epithelioid cells and are typically 
found in the kidneys. They can be associated 
with tuberous sclerosis and appear as multiple 

masses of varying echogenicity depending on the 
fat content [25]. Myelolipomas contain fatty as 
well as hematopoietic elements and appear rather 
homogenous and hyperechoic with no substantial 
vascularity. They can look impressive on im-
aging as they can reach sizes reported as large 
as 10 cm; however, they are benign in nature 
(Fig. 14.5) [26].

Other adrenal masses that are nonneoplastic in 
nature include hemorrhage, cysts, and abscesses. 
They are generally rare and often incidental find-
ings [7].

Hemorrhage

Neonatal Adrenal Hemorrhage

Neonatal adrenal hemorrhage is a rare event 
commonly presenting within the first week of life 
with unexplained hyperbilirubinemia. Clinical 
findings can be subtle and vary. Reports include 
newborns with hypovolemia, anemia, abdomi-
nal mass, or even scrotal or inguinal ecchymo-
sis [27]. Infants at risk are usually macrosomic 
newborns who underwent stressful delivery, with 
a higher incidence in vaginal deliveries. In addi-
tion, single reports mention an association with 
anoxia, sepsis, bleeding disorders, and maternal 
diabetes [28]. Hemorrhage more commonly oc-
curs in the right adrenal gland than left. In the 
acute phase, US will reveal a heterogeneously 
hypoechoic mass with a hyperechoic rim [5]. 

Fig. 14.4  A 2-year-old with abdominal distention and 
weight gain. Longitudinal ultrasound demonstrates a large 
heterogeneous mass in the left adrenal gland (arrow). 
Coronal post-contrast T1 with fat saturation demonstrates 
heterogeneous enhancement of the mass. Pathologic 
evaluation at surgical resection confirmed adrenal cortical 
carcinoma

 

Fig. 14.5  Longitudinal ultrasound in a 25-year-old fe-
male with a urinary tract infection shows a relatively hy-
perechoic circumscribed mass in the right adrenal gland. 
The fat-attenuation mass did not enhance following con-
trast administration on computed tomotgraphy (CT), con-
sistent with adrenal myelolipoma
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However, infants often have a delayed presenta-
tion, and the sonographic appearance varies de-
pending on the age of the hemorrhage. Typically, 
as it resolves, the hematoma will increase in size 
and become more hypoechoic, although there are 
reports of increased echogenicity [29]. Serial US 
exams are mandatory to distinguish hemorrhage 
from a tumor, most importantly, neuroblastoma 
(Fig. 14.6) [5]. Color Doppler interrogation usu-
ally shows no vascular flow within the hemor-
rhage in contrast to a tumor mass. Also, hemor-
rhage will gradually decrease in size over time 
with complete resolution within 3 weeks to 6 
months of life. Calcifications can be a late find-
ing after neonatal hemorrhage on long-term fol-
low-up, but the adrenal gland should maintain an 
adreniform rather than a lobular shape (Fig. 14.7) 
[29]. Calcification does not occur in the neonatal 

period. Calcification, mass-like calcification, or 
Doppler flow in an adrenal mass in a patient of 
any age should raise suspicion for a solid tumor 
[30].

Adrenal Hemorrhage in the Older Child

Adrenal hemorrhage may be seen in association 
with sepsis and shock due to infection with bac-
teria such as Neisseria meningitides, Haemophi-
lus influenzae, and Streptococcus pneumoniae 
(Waterhouse–Friderichsen syndrome). It has also 
been reported as a result of anticoagulation ther-
apy and in the setting of heparin-induced throm-
bocytopenia and in patients with antiphospho-
lipid syndrome or other coagulopathies [31–34]. 
Most commonly, adrenal hemorrhage in these 
cases is an incidental finding upon sequential 
imaging for other causes in a usually severely 
ill patient. US will demonstrate a heterogeneous 
mass with areas of hypoechoic necrosis, usually 
in the cortex, that ultimately heals by the process 
of fibrosis [31].

Traumatic Adrenal Hemorrhage

Similar to adrenal hemorrhage in the setting of 
acute illness, adrenal trauma in children is often 
an incidental finding. However, to the increasing 
numbers of CT imaging for evaluation of blunt 
abdominal trauma, the diagnosis of traumatic ad-
renal hemorrhage is on the rise. In cases where 
US is obtained, adrenal hemorrhage presents as a 
well-circumscribed hypoechoic mass superior to 
the kidney, surrounded by an ill-defined hyper-
echoic material [1, 35, 36].

As with neonatal hemorrhage, the right adre-
nal gland is more commonly involved. The liver 
is the most common associated organ injured. 
The natural history of adrenal hemorrhage is usu-
ally self-limited and of little clinical importance 
with only single reports of adrenal insufficiency 
in the setting of massive hemorrhage [35]. If per-
sistent extravasation is documented, only very 
few cases will require intervention. Angiographic 

Fig. 14.7  A 2-year-old male with lethargy and incidental-
ly noted calcifications in the region of the adrenal glands 
on screening chest radiograph (arrows). Longitudinal ab-
dominal ultrasound demonstrates mild non-mass-like en-
largement of the right adrenal gland with multiple calcifi-
cations (arrow). The left adrenal gland (not shown) had a 
similar appearance. No etiology was identified

 

Fig. 14.6  A 7-day-old infant with polycythemia and hy-
pertension. Longitudinal ultrasound demonstrates a het-
erogeneous, predominantly hypoechoic mass in the left 
adrenal gland. Follow-up imaging at 1.5 months of life 
demonstrates decreased size of the mass and a small focus 
of possible calcification (arrow), compatible with hemor-
rhage evolution
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embolization of adrenal hemorrhage as well as 
surgical exploration has been reported [37].

Adrenal Cysts

Cystic lesions of the adrenal gland are in general 
rare, usually found in older children, and often 
asymptomatic. Most adrenal cystic lesions are 
lymphatic malformations or hemorrhagic pseu-
docysts (39 %) [38]. Simple cysts are round an-
echoic lesions with an imperceptible wall and 
have increased through-transmission. Lymphatic 
malformations may be hypoechoic or anechoic, 
and there may be internal septae. US in the longi-
tudinal plane and MRI in the coronal plane have 
been found to be most useful to distinguish cystic 
lesions of the adrenal gland from renal or hepatic 
cysts [38]. Management depends on age and is 
usually conservative [7].

Nonneoplastic Changes of the Adrenal 
Glands

Congenital Adrenal Hyperplasia

The syndromes of congenital adrenal hyperplasia 
(CAH) result from a series of autosomal reces-
sive enzymatic defects in the synthesis of adrenal 
steroids with different presentations depending 
on the affected enzyme and the severity of the 
enzyme deficiency. Adrenal hyperplasia in these 
syndromes results from insufficient production 
of mineralo- and glucocorticoids, leading to the 
buildup of precursors and subsequent pituitary 
adrenocorticotropic hormone (ACTH) over-
stimulation of the cortex. The most common de-
ficiency affects the enzyme 21-hydroxylase and 
is responsible for approximately 95 % of all cases 
of CAH [39]. Affected individuals have varying 
symptoms of cortisol deficiency, including aldo-
sterone deficiency with salt wasting, and excess 
androgen production with signs of virilization, 
presenting as ambiguous genitalia in females. 
Deficiency of 11b-hydroxylase accounts for ap-
proximately 5 % of all cases of CAH and is as-
sociated with increased production of androgens 

and deoxycorticosterone, leading to virilization 
and hypertension [31, 40, 41].

While the diagnosis of CAH is mainly made 
by clinical presentation and hormonal testing, 
it can be supported by sonographic assessment 
of the glands. Few infants with CAH will have 
completely normal-appearing adrenal glands on 
US, but the findings may be subtle. At the same 
time, normal-sized adrenal glands do not exclude 
the diagnosis of CAH. Sequential studies and 
thorough assessment of all planes in search for 
these characteristics can be helpful especially 
in newborns due to the variable size of the nor-
mal adrenal glands. In these studies, the width 
of the gland is often reported a more reliable 
measurement, and a width greater than 0.5 cm 
is suspicious for CAH [5]. A wrinkled or cere-
briform-appearing cortex has been described in 
infants with CAH with or without enlargement 
of the adrenal glands. Due to the high varia-
tion in size measurement, some centers find the 
alteration of echogenicity to be more specific 
with the most common pattern reported being 
replacement of the central hyperechoic stripe by  
diffusely stippled echoes involving the entire ad-
renal gland (Fig. 14.8). Characteristics of size, 

Fig. 14.8  A 2-day-old infant with congenital adrenal 
hyperplasia. Longitudinal ultrasound demonstrates dif-
fuse nodular enlargement of the left adrenal gland with a 
wrinkled, “cerebriform” appearance
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shape, and echogenicity are considered sufficient-
ly sensitive and specific to make the diagnosis of 
CAH if two out of three characteristic criteria are  
met.

Generally, US changes appear to be complete-
ly reversible with introduction of steroid replace-
ment therapy, and fetuses who receive intrauter-
ine therapy can have sonographically normal-
appearing adrenal glands at birth [12].

In rare untreated cases of CAH in an older 
child, adrenal enlargement manifests as diffuse 
hyperplasia or with nodular cortical hyperplasia 
related to adenoma development resulting from 
chronic ACTH stimulation [1, 42].

Storage Diseases

Wolman’s disease (primary familial xanthoma-
tosis) is a rare lipid storage disorder caused by 
an autosomal recessive deficiency of lysosomal 
acid lipase [31, 41, 43]. Patients develop bilateral 
adrenal enlargement with small calcifications, 
hepatosplenomegaly, diarrhea, severe failure to 
thrive due to malabsorption, and death within 6 
months of life [44]. Adrenoleukodystrophy (Ad-
dison–Schilder’s disease) is a rare, X-linked re-
cessive disorder characterized by progressive de-
myelination of the central and peripheral nervous 
systems and by adrenal cortical insufficiency 
[31]. The role of adrenal imaging studies in adre-
nocortical insufficiency is limited.

Interventional Ultrasound

Abscess formation in the adrenal gland is un-
common in young infants and neonates [45]. 
Bacterial colonization of an adrenal hematoma 
is presumably the most likely cause, and timely 
diagnosis and adequate treatment are of key im-
portance. Surgical exploration is still considered 
standard treatment; however, reports exist of US- 
or CT-guided percutaneous drainage with good 
results [46].

Summary

US imaging of the infant adrenal gland is a very 
helpful diagnostic tool in the initial assessment 
of a suspected adrenal pathology. With increasing 
age, the importance of US decreases as the adre-
nal glands are harder to visualize; however, US 
remains the preferred imaging modality in child-
hood for the initial assessment of the parenchy-
mal organs of the abdomen and retroperitoneum. 
In the neonate with a suspected adrenal mass, US 
performed serially over time is often the only im-
aging necessary to distinguish between a benign, 
self-limited adrenal hemorrhage and neuroblas-
toma that may require further investigation and 
treatment. In experienced hands, US may be used 
as imaging guidance of percutaneous adrenal 
procedures.
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Introduction

Diagnosis of genital pathologies in the female 
pediatric population is largely dependent on im-
aging. Ultrasound (US) is considered the key 
screening modality for the diagnosis of ambigu-
ous genitalia, pelvic masses, pelvic pain, and dis-
orders of puberty. Sonography is also the initial 
modality in the investigation of the urinary blad-
der. The purpose of this chapter is to review the 
sonographic features of the normal and abnormal 
female pelvis and the urinary bladder in children 
and adolescents.

Female Pelvis—Uterus

Scanning Techniques

Ultrasonography is a key tool in the evaluation 
of the pediatric pelvis. With its low cost, lack 
of radiation, and no need for sedation, US is a 
great screening tool and may also be the only 
modality needed to confirm a diagnosis. For 

female pelvis US imaging, a full urinary blad-
der acts as an acoustic window. The distended 
bladder displaces air-filled loops of bowel al-
lowing for improved transmission of the sound 
waves and easier identification of the uterus and 
ovaries [1–3]. In most children, oral hydration 
prior to the examination is sufficient to distend 
the bladder. When the oral route is not possible, 
catheterization for bladder filling is an option 
[1–3]. Overfilling of the urinary bladder should 
be avoided as it can distort the appearance of 
the uterus and can also displace or obscure the 
ovaries.

Particularly in neonates, the examination typi-
cally utilizes a small foot print high-frequency 
transducer [1–3]. With larger children, lower-
frequency curvilinear transducers with better 
penetration are usually needed, sacrificing some 
near-field resolution [1–3]. Transvaginal scan-
ning is not usually performed and is only done in 
older girls who are sexually active [3].

Longitudinal and transverse images should 
be obtained through the regions of the genital 
organs in relationship to the axis of the organs 
[4]. The uterus is located posterior to the uri-
nary bladder and is measured in three dimen-
sions [4]. Anteroposterior measurement is ob-
tained on the longitudinal view at both, the fun-
dus and the cervix. The thickness of the endo-
metrium is measured, if visible. Images of the 
bilateral kidneys are also obtained to confirm 
their presence [4].

The vagina and the vaginal cuff are not typi-
cally evaluated on a routine pelvic evaluation. 
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Targeted evaluation can be performed when 
there is a clinical need. The vagina is generally 
not well visualized on a routine US and filling of 
the vagina with a saline infusion may be neces-
sary [1, 7].

As there continues to be technological ad-
vances in the field of ultrasonography, additional 
techniques, such as 3-D and 4-D sonography, can 
be applied to help problem solve.

Normal Anatomy

The uterus changes in size and morphology as 
a child ages. In neonates, the fundus is more 
prominent in size compared to the cervix, due 
to the presence of maternal and placental hor-
mones (Fig. 15.1a) and measures between 2.3 
and 4.6 cm (mean 3.4 cm) in length [4]. The 
maximum anteroposterior diameter is between 
0.8 and 2.2 cm [2]. The endometrium is also 

more prominent and visible [1, 3, 5]. The uterus 
then decreases in size with loss of the maternal 
and placental hormones with the fundus becom-
ing smaller than the cervix and also loses the 
endometrial differentiation (Fig. 15.1b) [1, 3, 
5]. The uterus then begins to grow and assumes 
a tubular morphology with the fundus now sim-
ilar in size to the cervix (Fig. 15.1c). The prepu-
bertal uterus measures between 2.5 and 3.3 cm 
in length and about 0.4–1.0 cm in maximum 
anteroposterior diameter [2]. With the onset of 
puberty, the uterus again grows and obtains the 
typical shape of an adult uterus with the fundus 
larger than the cervix with a prominent endo-
metrium (Fig. 15.1d) [1, 3, 5]. The uterus also 
descends in the pelvis and loses its neutral po-
sition to become anteverted or retroverted [3]. 
The postpubertal uterus length ranges between 
5 and 8 cm and has a maximum anteroposterior 
dimension of about 1.6–3 cm [2].

Fig. 15.1  a Ultrasound of a newborn demonstrates a 
more prominent fundus of the uterus in comparison to 
the cervix. The endometrium is also more prominent and 
visible. b Ultrasound of a 6-month-old shows a uterine 
fundus smaller than the cervix. c Ultrasound of an 8-year-

old demonstrates a tubular appearance of the uterus with 
the fundus and cervix similar in size. d Ultrasound in a 
15-year-old shows a typical postpubertal appearance of 
the uterus with a prominent fundus in relationship to the 
cervix as well as a prominent endometrium
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Clinical Problems

Ambiguous Genitalia Ambiguous genitalia 
requires a complicated diagnostic evaluation. 
However, the role of sonography is straightfor-
ward to prove or disprove the presence of the 
uterus and to describe the degree of hypopla-
sia or agenesis, if applicable. Müllerian duct 
abnormalities affect the proximal two thirds of 
the vagina, cervix, and uterus [6]. The distal 
third of the vagina develops from the urogenital 
sinus [7]. US should also look for and describe 
the gonadal structures, if visible. Evaluation of 
the adrenal glands and kidneys is also neces-
sary, as abnormalities of those organs can be 
linked.

Uterine Malformations Uterine malformations 
result from the disruption of the fusion of the 
Müllerian ducts during development [6]. Cur-
rently, magnetic resonance imaging (MRI) is 
the preferred means of evaluation. Ultrasonog-
raphy, however, can provide a rapid, inexpen-
sive, and relatively risk-free assessment. The 
US can evaluate the uterine contour, the shape 
of the endometrial cavity, and if there is dupli-
cation of the cervix and/or vagina. An arcuate 
uterus is demonstrated by a mild indentation of 
the endometrium at the fundus with a normal 
fundal contour [6]. If the endometrial cavity is 
further divided while maintaining the fundal 
contour, the uterus is considered septated [6]. 

Both didelphys and bicornuate uterus are char-
acterized with a duplicated endometrial cavity 
as well as a fundal cleft [6]. Uterus didelphys 
also duplicates the cervix and proximal vaginas 
(Fig. 15.2a and b) [6]. In bicornuate uterus, the 
cervix may be duplicated (bicornuate bicollis) 
or without duplication (bicornuate unicollis) 
[6]. A unicornuate uterus is more easily char-
acterized due to the presence of a single uterine 
horn with agenesis or hypoplasia of the contra-
lateral horn [6].

Pelvic Mass Sonography is the initial exami-
nation of choice for evaluating a patient with a 
suspected pelvic mass. Primary tumors of the 
uterus and vagina are unusual in the pediatric 
population and are commonly malignant [3]. 
Rhabdomyosarcoma can arise from the uterus 
or vagina and has a nonspecific US appear-
ance; the diagnosis is usually suggested by 
the location rather than a specific appearance. 
It typically exhibits as a well-circumscribed 
hypoechoic inhomogeneous mass and also has 
vascularity on color Doppler imaging [1]. Clear 
cell adenocarcinoma can arise from the vagina 
in children younger than 2 years of age who 
have a history of exposure to diethylstilbestrol 
in utero [2]. It has a similar appearance to rhab-
domyosarcoma [2].

More commonly, genital tract obstruction 
presents as a pelvic mass in the pediatric popula-
tion. The vagina (hydrocolpos) or the vagina and 
uterus (hydrometrocolpos) can become distended 

Fig. 15.2  a 3-D ultrasound demonstrates a uterus with 
two separate endometrial cavities and two cervixes. b A 
didelphys uterus is confirmed with the presence of dupli-
cation of the vagina. The first vagina is distended with 

complex fluid consistent with blood products. A tampon 
demonstrating acoustic shadowing is present in the sec-
ond vagina
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with fluid and appear as a tubular cystic midline 
mass (Fig. 15.3) [2, 3, 5]. The uterus can be iden-
tified because of the thickness of its wall [3]. The 
obstruction is typically due to an imperforate 
hymen, but can also be secondary to cloacal or 

urogenital sinus malformations [2, 3, 5]. If the 
uterus is obstructed alone (hydrometra), this is 
usually due to cervical agenesis or obstruction of 
one horn of a bicornuate uterus [3]. If distended 
with blood, then the term is hematocolpos, hema-
tometrocolpos, or hematometra.

Syndromes Pelvic anomalies are not always iso-
lated findings. Congenital malformations may 
involve a part or all of the Müllerian or Wolffian 
duct, which can lead to associated anomalies. In 
Mayer–Rokitansky–Küster syndrome there is 
complete agenesis of the uterus and the upper 
two thirds of the vagina. Patients can have asso-
ciated malformations including unilateral renal 
aplasia, ectopic locations of the kidney, horse-
shoe kidney, double ureter, and vertebral mal-
formations [7].

Herlyn–Werner–Wunderlich syndrome is 
another constellation of anomalies affecting the 
Müllerian and Wolffian duct. The syndrome is 
characterized by uterine didelphys (Fig. 15.4a 
and b), obstructed hemivagina (Fig. 15.4b and 
c), and ipsilateral renal agenesis (Fig. 15.4e) 
[8].

Fig. 15.4  a Transverse ultrasound view of the pelvis 
demonstrates a uterus with duplicated uterine bodies. b 
MRI coronal STIR sequence shows duplication of the 
uterine body and cervix consistent with uterine didelphys. 
c Traverse ultrasound view shows duplication of the vagi-
na with distension of the right hemivagina with echogenic 

fluid consistent with right-sided hematocolpos. d MRI 
axial STIR sequence shows a duplicated vagina with dis-
tension of the right hemivagina with blood products con-
sistent with right-sided hematocolpos. e MRI coronal T2 
with fat saturation shows right-sided renal agenesis. STIR 
short tau inversion recovery

 

Fig. 15.3  Ultrasound shows a distended uterus and va-
gina with complex fluid representing blood products con-
sistent with hematometrocolpos
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Disorders of Puberty With precocious puberty, 
pubertal delay, or amenorrhea, US is commonly 
used to evaluate the uterus and ovaries. The 
developmental morphology of the uterus can be 
identified with US and compared to the patient’s 
level of sexual development. Uterine and ovar-
ian volume can be measured and compared to a 
reference of normal volumes at a given age. The 
number and size of ovarian follicles can also be 
assessed.

Others Occasionally, targeted sonographic 
assessment is performed to evaluate the vaginal 
cuff. In the pediatric population, the common 
clinical indication is a site of inflammation and/
or a palpable abnormality. With cellulitis of the 
labia, US can determine if there is an underlying 
fluid collection to suggest an abscess (Fig. 15.5). 
Vaginal cysts can also be identified, which can 
have superimposed infection. If US detects a cys-
tic structure at the anterolateral wall of the vagina, 
above the inferior border of the pubic symphysis, 
this represents a Gartner duct cyst, which results 
from incomplete regression of the Wolffian ducts 
[9]. A cystic structure seen at or below the level 
of the pubic symphysis corresponds to a Bartho-
lin gland cyst, which develops from obstruction 
of the gland’s duct [9]. If the cystic structure is 
identified in the periurethral area, then this repre-
sents a Skene gland cyst, which is also secondary 
to obstruction of the gland [9].

Female Pelvis—Ovaries

Normal Appearance

The size of the ovary is traditionally reported in 
length, width, and depth, with an approximate 
ovarian volume calculated by multiplying the 
product of these numbers by 0.523 [2]. Ovarian 
size varies with age, and neonatal ovarian vol-
ume correlates with birth weight and length [10]. 
Neonatal ovaries, like the uterus, are larger due 
to maternal estrogen stimulation and can contain 
multiple follicles. Ovarian volume can reach up 
to 3 cm3 during the first 3 months of life, decreas-
ing in size over the first 2 years of life to a mean 
volume of approximately 0.67 cm3. Ovaries re-
main small until about 6 years of age, at which 
time they begin to grow again, continuing their 
enlargement through the prepubertal and preme-
narchal stages. Postmenarchal ovarian volume 
averages 8 cm3 with a wide range of normal 
volumes [11, 12]. Cystic spaces within ovaries 
are extremely common at all ages, usually rep-
resenting follicles or functional cysts, and nearly 
all resolve spontaneously [11, 12]. The size and 
number of follicles generally increase throughout 
childhood.

The paired ovaries are best seen transab-
dominally through a fully distended bladder 
(Fig. 15.6). Longitudinal images can be obtained 
by scanning through the full bladder angled out 
toward the iliac vessels, and transverse images 
can be obtained through the bladder at around 
the level of the uterine fundus. In the neonate, 
the ovaries may be in an unsuspected higher and 
more ventral location within the abdomen [1, 2]. 

Fig. 15.6  Normal ovaries in an 18-year-old female seen 
through the fluid distended bladder

 

Fig. 15.5  Ultrasound of the left labia shows a complex 
fluid collection consistent with an abscess. There is also 
surrounding inflammatory changes and hyperemia
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Ovarian detail is best seen transvaginally in adult 
patients, but endovaginal US is not used in rou-
tine pediatric practice [5].

Ovarian Torsion

Ovarian torsion may present with acute or sub-
acute lower quadrant or pelvic pain, pelvic US 
is the imaging test of choice to evaluate for the 
presence of torsion. Torsion is common in pedi-
atric patients due to the relative mobility of the 
ovary during childhood, and even more common 
in patients with predisposing lesions, such as 
cysts or neoplasms [12]. The ovarian salvage rate 
is overall low, largely due to delayed diagnosis 
and intervention.

US findings of ovarian torsion include marked 
enlargement, increased or decreased echogenici-
ty, and decreased vascularity when compared to 
the unaffected side [1, 12]. The absence of flow 
on color Doppler US is not a reliable diagnostic 

criterion, and this phenomenon may be explained 
by the dual ovarian blood supply [12]. Multiple 
follicles at the periphery of the ovary may also 
indicate torsion (Fig. 15.7) [1, 12]. The ovary 
may be displaced superiorly and/or ventrally, 
and ascites may be present [1]. The presence of a 
predisposing lesion, such as a cyst or neoplasm, 
may complicate evaluation for torsion [1, 5]. In 
utero, ovarian torsion may be suggested by the 
presence of fluid-debris levels or septations seen 
in previously diagnosed prenatal ovarian cysts 
(Fig. 15.8) [2]. When torsion is suspected and the 
sonographic appearance of the ovary is equivocal 
or not definitely normal and symmetric, emer-
gent diagnostic laparoscopy may be required [1].

Ovarian Cysts

Functional or follicular ovarian cysts are com-
monly seen at all ages, accounting for 60 % of 
the pediatric ovarian masses, and nearly all invo-

Fig. 15.8  a and b An 8-day-old female with bilateral ovarian cysts with fluid-debris levels and history of prenatal 
ovarian cysts, found to have bilateral in utero ovarian torsion on laparoscopy

 

Fig. 15.7  a–e An 8-year-old female with pelvic pain ini-
tially thought to have pelvic mass, found to have enlarged 
left ovary with peripheral follicles, lacking internal Dop-

pler flow, suggestion of central hypodense region found 
to have ovarian torsion with infarcted and gangrenous left 
ovary and fallopian tube intraoperatively
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lute spontaneously [12]. These appear as uncom-
plicated anechoic ovarian lesions with posterior 
acoustic enhancement that lack internal flow on 
color Doppler imaging, and these may be bilater-
al [2, 5]. Follicular size varies, but is often greater 
than 1 cm in neonates, less than 5 mm in infants, 
and up to 4 cm after puberty, depending on the 
phase of the menstrual cycle [1]. Management 
is typically conservative with or without serial 
US, and cystectomy or cyst aspiration is reserved 
for large or symptomatic cysts, typically greater 
than 5 cm [5], which may predispose to torsion. 
Autonomous ovarian follicular cysts may secrete 
estradiol and result in precocious puberty, but 
these are also often treated conservatively with 
symptoms regressing spontaneously along with 
the ovarian cyst on serial US [5, 12].

A hemorrhagic cyst consists of hemorrhage 
within a functional ovarian cyst. The presence of 
a hemorrhagic cyst may be suggested by severe 
acute pelvic pain at the midpoint of the menstrual 
cycle. On US, the hemorrhagic cyst appears as a 
complex or complicated adnexal or ovarian mass 
with increased through-transmission and absence 
of internal flow on color Doppler imaging [12], 
which can simulate torsion (Fig. 15.9). Hemor-
rhagic cysts may be homogenous and mimic a 
solid lesion, such as an ovarian tumor, may have 
a fluid-debris level, or may have a “retracting” 
angulated internal clot [5]. Differentiation from 
an ovarian tumor may be difficult, as a hemor-
rhagic cyst may appear solid [5], and follow-up 
US examinations may be necessary to differenti-

ate the two [2]. Free fluid is often observed and 
may be complex. Treatment is often conserva-
tive, and serial US may demonstrate the cyst be-
coming anechoic as it regresses in size, unlike the 
ovarian tumors that do not change or decrease in 
size (Fig. 15.10) [2]. Occasionally, the presence 
of active bleeding resulting in acute abdomen 
and/or shock may warrant surgical intervention 
(Fig. 15.11).

Ovarian Neoplasms

The clinical manifestations of ovarian neoplasms 
include abdominal pain, palpable abdominal or 
pelvic mass, nausea, vomiting, anorexia, weight 
loss, constipation, and urinary frequency, al-
though lesions are also often detected inciden-
tally in an asymptomatic patient [13]. Depending 
on the age of the patient, evidence of endocrine 
abnormality may be the presenting feature in 
hormone-producing tumors, including preco-
cious puberty, menstrual irregularity, and viril-
ization [13]. Characterization of a pediatric ovar-
ian neoplasm is crucial to the planning of surgi-
cal resection with potential ovarian salvage and 
fertility preservation [13], but US alone is often 
inadequate in reliably differentiating benign and 
malignant lesions and is complimented by com-
puted tomography (CT) or MRI [5].

Ovarian neoplasms account for 40 % of the 
pediatric ovarian masses, and most are benign. 
Up to two thirds are benign mature teratomas 

Fig. 15.9  a and b An 11-year-old female with midcycle 
left lower quadrant pain found to have enlarged, echo-
genic left ovary lacking internal Doppler flow. Initially 

thought to be torsion, but was unruptured hemorrhagic 
cyst on laparoscopy without torsion
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Fig. 15.11  a–c A 16-year-old female with acute midcycle 
left lower quadrant pain found to have free fluid and large 
left ovarian cyst lacking internal Doppler flow. Initially 

thought to have ovarian cyst with torsion, was found to 
have ruptured hemorrhagic cyst with hemoperitoneum 
without torsion on laparoscopy

 

Fig. 15.10  a–c A 14-year-old female with acute midcycle 
right lower quadrant pain found to have an echogenic le-
sion in the right ovary that lacked internal Doppler flow, 

but flow was found in normal surrounding ovarian tissue. 
Hemorrhagic cyst was suspected, and this completely re-
solved on follow-up 4 weeks later (c)
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[5, 12]. Approximately 10 % of the benign ma-
ture teratomas are bilateral, and up to 30 % ulti-
mately result in ovarian torsion [12, 13]. Malig-
nant transformation occurs in only 1–2 % [13]. 
The appearance of benign mature teratomas 
on US is highly variable depending on the his-
tologic composition and ranges from cystic to 
solid and from homogenous to heterogeneous 
(Fig. 15.12). Common findings include unilocu-
lar (88 %) or multilocular cysts, mural nodules 
(55 % of cases), and shadowing echogenic foci 
(44 % of cases) relating to internal calcification, 
hair, or adipose elements [12, 13]. Additional 
US features that may support the diagnosis of 
benign mature teratoma include echogenic mass 
relating to internal sebaceous elements, thin 
echogenic bands attributable to hair, fat–fluid 
levels, and floating debris [13].

Benign serous and mucinous cystadenomas 
are the second most common benign pediatric 
ovarian mass, and these occur almost exclusive-
ly in postmenarchal patients [13]. US findings 
include unilocular or multilocular cystic lesions 

with thin wall or septa and no intracystic solid 
portion. Solid portions, large size (greater than 
10 cm), thick wall or septa, and papillary pro-
jections are more indicative of a borderline or 
malignant cystadenoma (Fig. 15.13) [2, 13].

Up to 30 % of the ovarian neoplasms are ma-
lignant with 60–75 % representing germ cell tu-
mors (including immature teratomas), 10–20 % 
representing epithelial tumors, and 10 % repre-
senting stromal tumors [5, 12], although histo-
logically mixed lesions are not uncommon [13]. 
US features that may favor malignancy include 
a predominantly solid or heterogeneous mass as 
well as large size (Fig. 15.14). Additional US 
findings that may indicate malignancy include 
ascites, peritoneal implants, lymphadenopathy, 
pleural effusion, and hepatic metastases [12]. 
Careful scrutiny of the unaffected ovarian tissue 
is crucial, as coexisting ipsilateral and contra-
lateral ovarian lesions can occur and may affect 
surgical planning [13]. Tumor markers includ-
ing alpha-fetoprotein (AFP), beta human chori-
onic gonadotropin (β-HCG), and cancer antigen 

Fig. 15.13  a and b A 14-year-old female with abdominal and pelvic swelling and palpable mass found to have large 
left cystic ovarian mass that represented an ovarian borderline mucinous tumor upon surgical resection

 

Fig. 15.12  a and b A 13-year-old female with 31 cm mature cystic teratoma arising from left ovary. Resected speci-
men contained elements of skin, hair, rudimentary teeth, fat, and bone
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125 (CA-125) are elevated in only 54 % of the 
cases of pediatric ovarian malignancy [13].

Pediatric Urinary Bladder

Scanning Techniques

Imaging of the urinary bladder is performed with 
a high-frequency curvilinear or linear transducer 
in the transverse and sagittal planes. The blad-
der is examined when moderately distended. 
Bladder filling is accomplished by having the 
patient drink and not to void in the hour prior 
to the examination. In non-toilet trained infants, 
the bladder should be imaged before the kid-
neys and ureters, because the child may urinate 
as the transducer is moved over the abdomen. 
The patient is examined in the supine position. 
Mobility of intravesical contents such as stones, 
clots, or dependent debris is documented using 
cine capture while rolling the patient sideways. 
Color Doppler imaging is used to evaluate blood 
flow in thickened bladder wall and focal lesions, 

twinkle artifact in bladder or vesicoureteric junc-
tion calculi, and to demonstrate the ureteric jets. 
New techniques can further enhance sonographic 
potential such as echo-enhanced US for detection 
of vesicoureteral reflux after instillation of con-
trast material into the urinary bladder, or 3-D US 
can be used to assess the bladder luminal surface 
(“virtual cystoscopy”) [14].

Normal Sonographic Anatomy

The urinary bladder is an ovoid pelvic organ that 
stores and evacuates urine. The smooth muscle 
component of the bladder is termed the detrusor 
and consists of interlacing muscle bundles [15]. 
Detrusor fibers continue into the bladder neck 
forming the “internal sphincter” which is under 
voluntary control and is the primary continence 
mechanism. The external striated sphincter sur-
rounds the urethra, where it passes through the 
urogenital diaphragm.

US evaluates bladder volume, shape, wall 
thickness, bladder neck, distal ureters, retro-

Fig. 15.14  a–d A 9-year-old female with history of con-
stipation and abdominal pain found to have palpable mass 
on exam with positive α-FP and β-HCG. Found to have 
large, complex, solid abdominopelvic mass arising from 

the right ovary that was consistent with a malignant mixed 
germ cell tumor on surgical pathology, containing both 
yolk sac tumor and immature teratoma components
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vesical space/internal genitalia, ascites, and any 
perivesical pathologic process [16]. The normal 
bladder wall is smooth and uniform in thick-
ness. The sonographic thickness of the bladder 
wall should not be more than 3 mm when dis-
tended and 5 mm when empty [17]. The bladder 
volume can be calculated from the transverse 
and sagittal views using the prolate ellipsoid 
method based on the following formula: vol-
ume (ml) = length × width × height × correction 
factor. The correction factor depends on blad-
der shape: 0.52 for spherical/elliptical configu-
ration and 1.0 for rectangular shape [1]. Pre-
dictive bladder capacity can be estimated using 
the following linear equations—children less 
than 2 years old: capacity in ounces = 2 × age 
(years) + 2; children 2 years old or older: ca-
pacity in ounces = age (years)/2 + 6 (number 
of ounces × 30 = number in ml) [18]. A volume 
of 400 ml is used as the expected volume for 
children 11 years old or older. Pre- and post-
void bladder volumes are always obtained; 
residual volumes can be considered clinically 
significant or pathologic when they represent, 
on repeated occasions, volume of ≥ 20 ml, or 
volumes of > 10 % of the bladder capacity [19]. 
Physiologically residual urine is noted in neo-
nates due to immature bladder function [1].

Congenital Anomalies

Urachal Anomalies The urachus is an allan-
toic fibromuscular tube that extends upward 
from the anterior dome of the bladder toward 
the umbilicus. It lies in the space of Retzius 
behind the transversalis fascia and anterior to 
the peritoneum. The lumen is obliterated during 
fetal life extending from the umbilicus toward 
the bladder, and becomes the median umbilical 
ligament. A small, elliptical, hypoechoic struc-
ture is observed in 62 % of the pediatric bladder 
sonograms on the middle of the anterosuperior 
surface of the urinary bladder and represents a 
normal urachal remnant (Fig. 15.15) [20]. This 
normal remnant should not be mistaken for a 
pathologic process [21].

Failure of normal urachal regression can re-
sult in four types of congenital urachal anoma-
lies: a patent urachus or vesico-umbilical fistula 
(50 % of cases), umbilical-urachal sinus (15 %), 
vesico-urachal diverticulum (3–5 %), or urachal 
cyst (30 %) [22]. Congenital urachal anomalies 
are twice as common in males as in females. So-
nography is the initial study of choice to evaluate 
suspected urachal anomaly. Patent urachus ap-
pears as patent channel between the bladder and 
umbilicus on sagittal US and manifests clinically 
as neonatal urinary leakage from the umbilicus 
(Fig. 15.16a). Umbilical-urachal sinus consists 
of blind dilatation of the urachus at the umbilical 
end, and may result in periodic discharge. In vesi-
co-urachal diverticulum, the urachus communi-
cates only with the bladder dome and collapses 
when the bladder is empty (Fig. 15.16b). Patent 
urachus and urachal diverticula are frequent in 
infants with prune-belly syndrome. Urachal di-
verticulum may be complicated by urinary tract 
infection (UTI), intraurachal stone formation, 
and an increased prevalence of carcinoma after 
puberty. A urachal cyst develops if the urachus 
closes at both the umbilicus and bladder but re-
mains patent between the two endpoints, more 
frequently in the lower one third of the urachus. 
Urachal cysts are usually small and infection is 
the most common complication. The spectrum of 
urachal remnant anomalies has recently expand-
ed to include the newly recognized intravesical 
urachal cysts, which are characterized on US by 

Fig. 15.15  Normal or physiological urachal remnant. 
Transverse bladder scan shows the urachal remnant 
( arrow) in the midline of the anterosuperior bladder sur-
face; not to be mistaken for tumor
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the presence of a thin-walled cyst along the mid-
line anterosuperior aspect of the urinary bladder 
[23].

The majority of patients with urachal abnor-
malities (except those with a patent urachus) 
are asymptomatic. However, they may become 
symptomatic if these abnormalities are associ-
ated with infection and, rarely, urachal adenocar-
cinoma. Infected remnants, termed “pyourachus” 
[24], are frequently confused with a wide spec-
trum of midline intra-abdominal or pelvic inflam-
matory disorders at clinical examination and with 
malignant tumors at imaging (Fig. 15.16c and d) 
[22]. Ninety percent of the urachal carcinomas 
arise in the juxtavesical portion of the urachus 
and extend superiorly toward the umbilicus and 

inferiorly through the bladder wall. A primary 
bladder carcinoma arising in the mucosa of the 
bladder apex will usually manifest with less of 
an extravesical component than is seen in urachal 
cancer. Calcifications in a midline supravesical 
mass are considered nearly diagnostic for urachal 
carcinoma (calcification occurs in 50–70 % of the 
cases).

Bladder Exstrophy Exstrophy of the bladder 
is the result of failure of midline closure of the 
infraumbilical abdominal wall and anterior wall 
of the bladder. It occurs at a rate of 1 in 10,000–
50,000 live births with male to female ratio rang-
ing 1.5–5 to 1 [25]. The kidneys are usually nor-
mal at birth and produce urine that flows to the 

Fig. 15.16  Urachal anomalies. a Patent urachus. Longi-
tudinal sonogram shows a fluid-filled channel extending 
from the bladder ( B) to the umbilicus ( U). b Urachal di-
verticulum. Lateral view during a voiding cystourethrog-
raphy shows a small urachal diverticulum connected to 
the bladder dome ( arrow). c, d Infected urachal cyst. Sag-

ittal sonogram (c) shows a complex lesion ( arrow) with 
thickened wall and containing internal debris. Sagittal re-
formatted contrast-enhanced CT image (d) demonstrates a 
heterogeneous hypoattenuating lesion with rim enhance-
ment ( arrow) and stranding of surrounding fat, extending 
between bladder dome and umbilicus
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open bladder and then along the abdominal wall. 
The diagnosis is obvious on physical examina-
tion at birth and a postnatal baseline renal US 
is obtained. Initial closure is often carried out 
within 72 h of life. Imaging is done soon after 
surgery to assess the condition of the anastomo-
sis and evaluate bladder capacity and morphol-
ogy [21]. Periodic renal US is obtained to detect 
hydronephrosis or renal scarring [26].

Bladder Diverticula Most bladder diverticula 
are primary developmental anomalies and result 
when the bladder mucosa protrudes through a con-
genital defect or point of weakness in the muscle 
wall [27]. Diverticula secondary to obstruction 
or neurogenic dysfunction are not as common 
as was once thought. They are really intravesical 
protrusions of mucosa between the hypertrophied 
muscle bundles and are better termed cellules or 
saccules, although chronically increased intra-
vesical pressure can lead to protrusion of vesical 
mucosa through preexisting defects in the mus-
cle (Fig. 15.17). The majority of diverticula are 
asymptomatic but they can cause vesico-ureteral 
reflux, obstruction, or residual urine. Diverticula 
can also be iatrogenic and occur after bladder 
surgery. Multiple diverticula have been described 
in children with Menkes syndrome, Williams 
syndrome, prune-belly syndrome, Ehlers–Danlos 
syndrome, and cutis laxa [21].

Neurogenic Bladder

In children, neurogenic bladder is most often 
congenital and occurs in 80–90 % of the pa-
tients who suffer from myelodysplasia. Myelo-
meningocele is the most common defect. Chil-
dren with neurogenic bladder dysfunction may 
be unable to retain urine normally, to evacuate 
normally, or both. A functional classification for 
neurogenic bladder includes contractile detru-
sor (detrusor hyperreflexia), acontractile detru-
sor (detrusor areflexia), which can be roughly 
linked to upper motor neuron lesion and lower 
motor neuron lesion, respectively, and interme-
diate detrusor (mixed type) [15]. Sonography 
readily demonstrates the trabeculated, small, 
thick-walled detrusor hyperreflexia bladder, and 
the smooth, large-capacity, thin-walled detru-
sor areflexia bladder [24]. US can also identify 
distal ureteral dilatation, incomplete bladder 
emptying by assessing post-void residual urine 
volume, and stone formation. Bladder augmen-
tation is an operation designed to increase the 
volume of the small, high-pressure neurogenic 
bladder to prevent damage to the kidneys. So-
nographically, the augmented bladder is irregu-
lar in shape, has an echogenic bowel mucosa, 
and may exhibit peristalsis. Mucus produced by 
the bowel lining appears as intraluminal debris 
(Fig. 15.18).

Fig. 15.18  Augmented neurogenic bladder. Transverse 
scan shows irregular bladder wall and intravesical debris 
consistent with mucus

 

Fig. 15.17  Diverticulum in a neurogenic bladder. Trans-
verse scan demonstrates a diverticulum (*) containing 
debris
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Inflammation (Cystitis)

Bacterial cystitis is frequently present in com-
bination with pyelonephritis, although it may 
occur alone. Cystitis is usually bacterial or viral 
in origin; other causes include fungal infection 
and drug therapy (particularly cyclophospha-
mide). US may show diffuse wall thickening 
(more than 3 mm in a full bladder), focal wall 
thickening, or a polypoid mass (inflammatory 
pseudotumor) that mimics a tumor, and biopsy 
may be needed for diagnosis [24]. If there is 
extensive hemorrhage associated with cystitis, 
blood clots may appear as echogenic debris 
within the bladder (Fig. 15.19) [26]. Eosino-
philic cystitis is an inflammatory condition of 
the bladder that has been linked to food aller-
gies, infectious agents, medications, and other 
genitourinary conditions. It is characterized by 
an intense eosinophilic infiltrate in the acute 
phase and fibrosis in the chronic phase. On US, 
it appears as a focal mass simulating a rhabdo-
myosarcoma (Fig. 15.20), or as diffuse or local-
ized bladder wall thickening.

Bladder Stones

Bladder stones can either originate from the 
upper urinary tract or develop within the blad-

der. Predisposing factors associated with the 
formation of bladder stones include foreign 
body, infection with the urea-splitting organ-
ism Proteus mirabilis, bladder augmentation 
using intestinal mucosa, hypercalciuria, urinary 
stasis, bladder diverticulum, and urachal rem-
nant. Bladder stones are echogenic and produce 
posterior acoustic shadowing (Fig. 15.21). They 
shift to the dependent portion of the bladder with 
changes in patient position. The endoscopic, 
submucosal injection of a small amount of Tef-

Fig. 15.21  Urinary bladder stone. Sagittal scan demon-
strates a stone ( arrow) with a sharp posterior acoustic 
shadowing. Three other mobile stones were noted within 
the bladder (not shown)

 

Fig. 15.20  Eosinophilic cystitis. Transverse sonogram 
shows a focal mass ( arrow) arising from the bladder wall 
with evidence of internal vascularity on color Doppler. Bi-
opsy confirmed the diagnosis

 

Fig. 15.19  Hemorrhagic cystitis with clot formation. 
Sagittal scan shows a large dependent bladder clot with 
absence of flow on color Doppler; it eventually resolved 
on follow-up scan
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lon paste or dextranomer/hyaluronic acid (De-
flux) immediately inferior to the ureterovesical 
junction in treatment of reflux can cause a hy-
perechoic focus with posterior shadowing that 
mimics bladder stones, but the injected material 
does not shift position [24].

Rhabdomyosarcoma

Bladder tumors in children are rare and more 
often malignant than benign. The most fre-
quently encountered tumor is rhabdomyosar-
coma, which may arise in the bladder wall it-
self or from adjacent structures, and secondarily 
involve the bladder. In males, more than 50 % 
of the cases arise from the prostate (Fig. 15.22). 
In females, rhabdomyosarcomas arise from the 
vagina and the uterine cervix [28]. Pathologic 
analysis of the tissue cannot always distinguish 
the site of origin. Rare tumors involving the 
child’s bladder include pheochromocytoma, 
transitional cell carcinoma, hemangioma, and 
neurofibroma [21].

Boys and girls are equally affected by rhab-
domyosarcoma. There are two peak age inci-
dences: the first between 2 and 6 years and the 
second between 14 and 18 years. Tumors of the 

bladder and vagina occur primarily in infants. 
Tumors usually involve the submucosal region 
of the trigone, less often they arise in the blad-
der dome. The child presents with hematuria, 
dysuria, or urinary retention. Tumors appear 
either as a pedunculated soft-tissue mass pro-
jecting into the bladder lumen, referred to as 
sarcoma botryoides or “bunch of grapes” ap-
pearance (Fig. 15.23) or as focal or diffuse wall 
thickening. The embryonal botryoid subtype 
accounts for one fourth of the rhabdomyosar-
coma cases and has the most favorable prog-
nosis compared with all other histologies [28]. 
Tumor echogenicity is equal to or less than that 
of the bladder wall. Calcification and areas of 
necrosis or hemorrhage may be seen. The mass 
is hypervascular on color Doppler imaging. 
Hydronephrosis, invasion of perivesical struc-
tures, and metastases to pelvic lymph nodes can 
be noted. Diffuse bladder wall thickening by 
rhabdomyosarcoma can be confused with cys-
titis, although the thickening usually is uniform 
in cystitis, whereas it is irregular in tumor infil-
tration. The solitary polypoid form of bladder 
rhabdomyosarcoma is indistinguishable from 
an inflammatory polyp, collapsed ureterocele, 
or nehprogenic adenoma which may occur in 
association with bladder inflammation.

Fig. 15.23  Bladder rhabdomyosarcoma. Transverse so-
nogram of the bladder in an infant demonstrates a hetero-
geneous lobulated mass ( arrows) arising from the bladder 
base. Biopsy confirmed the sarcoma botryoides subtype 
of rhabdomyosarcoma. (Courtesy of Kamaldine Oud-
jhane, MD, Toronto, Canada)

 

Fig. 15.22  Prostatic rhabdomyosarcoma. Sagittal scan of 
the pelvis shows a focal prostatic mass (*) extending into 
the base of the underfilled bladder
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Trauma

Injury of the bladder in childhood typically re-
sults from a blow to the lower abdomen when 
the bladder is distended or when the pelvis is 
fractured. The incidence of lower urinary tract 
injury in children is quite low, estimated at 
0.2 % of the pediatric trauma admissions. Al-
though 50 % of the children with bladder tears 
have a pelvic fracture, only 0.5–3.7 % of the 
children with pelvic fractures have associated 
bladder injuries [29]. Bladder injury can also 
be a complication of surgery or penetration by 
a foreign body. Bladder injuries are classified as 
intraperitoneal rupture (Fig. 15.24), extraperi-
toneal rupture, and combined type. In children, 
intraperitoneal rupture accounts for up to 60 % 
of all the bladder tears, and results from a di-
rect blow tearing the bladder dome. Extraperi-
toneal rupture is less common in children than 
in adults, accounting for 40 % of all the cases. 
They are often associated with pelvic fractures 
that distort and shear the bladder base, below the 
peritoneal reflection.

CT cystogram is the study of choice in evalu-
ating suspected bladder trauma, but US may be 
of value in follow-up evaluation. Sonographic 
findings of bladder trauma include diffuse wall 
thickening, intraluminal clot, and free pelvic and/
or abdominal fluid [24].

Summary

US remains the modality of choice for imaging 
the genital organs of pediatric females because 
of its availability and reliability. US can assess 
the anatomy and hormonal status of children 
with sexual ambiguity and pubertal disorders. It 
is also the initial imaging technique to perform 
in children with pelvic pain or mass. In addition, 
sonography is very useful in the evaluation of the 
urinary bladder and its different disorders. Over-
all, the modality is well suited for the pelvis and 
is widely used in evaluation of pelvic anatomy 
and pathology.
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Anatomy and Scanning Technique

Anatomy

Each of the two scrotal halves, divided longitu-
dinally by the raphe, contains a testicle, epididy-
mis, vas deferens, and spermatic cord. The testes 
are surrounded by the tunica albuginea, which is 
covered by the tunica vaginalis. The tunica vagi-
nalis has two layers, an outer parietal layer and an 
inner visceral layer that are separated by a small 
volume of fluid.

The testis is ovoid in shape and the epididymis 
(consists of a head, body, and tail) lies along the 
posterolateral aspect of the testis. The largest por-
tion of the epididymis is the head and is usually 
round or triangular in shape.

Structurally, the testes are divided into lob-
ules by septa radiating from the tunica albuginea. 
Within the testicular parenchyma, seminiferous 
tubules converge at the mediastinum testis, an in-
complete septum formed through invagination of 
the tunica albuginea (Fig. 16.1).

The appendix testis is a remnant of the Mül-
lerian duct, which is attached to the upper pole of 
the testis and the appendix epididymis is a rem-
nant of the mesonephron, which is found on the 
epididymal head [1, 2].

Scanning Techniques

Position of the Patient

The patient is positioned in the supine position 
with the legs slightly spread apart. To improve 

Fig. 16.1  Schematic illustration of the scrotal anatomy: 1 
spermatic cord; 2 pampiniform plexus; 3 tunica vaginalis 
(outer, parietal layer); 4 epididymal appendix; 5 testicular 
appendix; 6 testicle covered by tunica albuginea; 7 testicular 
mediastinum; 8 seminiferous tubules; 9 epididymis (head); 
10 ductus deferens; 11 testicular artery; 12 scrotal skin
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exposure and to immobilize the testes, the scro-
tum is supported and slightly elevated by placing 
a towel beneath the scrotal sac. Ideally, it is placed 
in a towel sling. Prior to beginning with the ultra-
sound examination copious ultrasound jelly is ap-
plied to the scrotal area to provide sufficient sur-
face interface of the linear transducer to the curvy 
scrotal surface and to avoid pressure on the tes-
ticle during the examination. It is very important 
for the child’s comfort that the applied ultrasound 
gel is warmed close to body temperature. Utiliz-
ing cold gel may cause contraction of the scrotal 
skin or may elucidate the cremaster reflex with 
subsequent ascent of the testicles. Both effects 
may compromise the ultrasound examination.

Scanning Techniques
The position of the scrotal and inguinal contents 
close to the surface requires use of a high-spa-
tial resolution linear transducer dedicated to the 
study of soft tissues (9–15 MHz). Preferably, the 
transducer and the ultrasound software can pro-
vide simultaneous power and spectral Doppler 
ultrasonography as well.

The scrotum and its contents are scanned in 
different planes and documented in at least the 
long and short axes of the testicle (longitudi-
nal and transverse scans). If one of the scrotal 
compartments is affected only, the unaffected 
hemiscrotum is scanned initially for comparison. 
The transducer is moved smoothly and slowly, 
examining all aspects of the anatomy.

Normal Sonographic Findings

The normal testis shows a granular medium-level 
echogenicity and is homogenous in appearance 
(Fig. 16.2). The testicular tissue echogenicity, in 
general, is similar to that of the liver or the nor-
mal thyroid gland [1, 2]. Prepubertal testes have a 
slightly decreased echogenicity relative to those 
in adults.

The tunica vaginalis appears as an echogenic 
outline of the testicle and a fold of it invaginates 
to the mediastinum of the testis. The mediasti-
num of the testis is visualized by ultrasound as a 

hyperechoic linear band running in craniocaudal 
direction.

The tubular rete testis appears as multiple 
small spherical or tubular hypoechoic regions 
close to the mediastinum testis.

The epididymis has an echogenicity slightly 
increased relative to the testicle. The epididymal 
head is round or ovoid in shape.

The appendix testis and the appendix epididy-
mis are both embryological remnants of small 
ovoid hyperechoic protuberances found at the su-
perior pole of the testis, normally hidden by the 
epididymal head. Unless torsed and swollen or 
outlined by fluid from a hydrocele, they are dif-
ficult to visualize on ultrasound.

In spectral Doppler sonography, the testis 
demonstrates a low-resistance arterial waveform. 
Color and spectral Doppler parameters should be 
set for low-flow power.

Some authors suggest that both, a short axis 
grayscale and a color Doppler image should 
be obtained of both testicles at the same time 
(“buddy shot” or “sunglasses view”), to compare 
relative echogenicity and blood flow. Most of the 
time, however, the transducer will not face both 
testicles at identical levels at the same time.

Size of the Testicle

The size of the testicle varies with age, increas-
ing in size from birth to puberty. In a period of 

Fig. 16.2  Longitudinal scan of a pubertal testicle dem-
onstrates granular homogenous echogenicity (# testes; * 
head of epididymis)
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prepuberty, the testis contains a volume of about 
2 cm3 while it may develop a volume of up to 
12–14 cm3 during puberty [1].

In a population study of 769 boys (mean 
age = 9.0 years; range: 0.6–19.0 years), Goede 
et al. [3] found no significant volume differ-
ences between the left and right testicle. Boys 
who had been born prematurely or who had an 
ethnic background other than Caucasian showed 
testicular volumes comparable to boys who had 
been born at term or who had Caucasian ethnic-
ity. The mean testicular volume at 1 year of age 
was 0.48 ml. At 10 years of age it was 0.97 ml in 
their cohort [3].

Others also found no significant volume dif-
ferences between the left and right testicle, and 
between the different ethnical groups. There 
were also no significant effects found correlating 
with birthweight and current body weight [4].

Volume Measurement Equations

The methodology for assessing testicular volume 
is not standardized. In the literature, the volumes 
obtained by ultrasound have been calculated by 
different equations for the ellipsoid.

The commonly used formula to measure the 
volume of a prolate ellipsoid, such as the testicle 
[4], has been described as:

Further used equations are:

• The Hansen formula, in which W is squared, 
where:

• The Lambert formula [4], where:

Testicularvolume cm length L width W

height H

3

6 0 5

( ) = ( )× ( )
× ( )× =π/ . 2235( )( ).

V L W= × ×2 0 52. .

V L W H= × × ×0 71. .

However, there is no agreement which formula is 
the most accurate and the use of these mathemati-
cal equations is currently debated. Authors from 
Taiwan [5] state that larger errors result when ap-
plying the Lambert equation to estimate the vol-
ume of smaller testes. The authors conducted an 
interesting study to evaluate the accuracy of dif-
ferent equations for assessing testicular volume 
of smaller testes. The equations used usually for 
the testicular volume calculations were compared 
with the gold standard volume measurement 
obtained by water displacement (Archimedes 
principle). In their results, testicular volume es-
timates obtained from ultrasound measurements 
(Hansen and Lambert equations) correlated bet-
ter with those obtained by water displacement 
measurement.

The authors suggest in their conclusion a new 
constant (0.59) for use in the Hansen equation to 
assess the volumes of smaller testes most accu-
rately (V = L × W2 × 0.59 [5]).

Undescended Testicle

Undescended testicles, located in the groin, or 
retractile testes are usually diagnosed by physi-
cal examination. There is no “true” indication for 
ultrasound examination routinely except for pre-
operative volume assessment and postoperative 
follow-up.

If the testicle is not found either in the scrotum 
or in the groin by physical examination (impal-
pable testicle; ectopic-, vanishing-, abdominal 
testes; testicular agenesis; true hermaphrodit-
ism), ultrasound is the first imaging modality 
performed. Twenty percent of the maldescended 
testes are non-palpable. Of the non-palpable tes-
tes, 50 % are abdominal, 45 % are atrophic, and 
5 % are in the inguinal canal [6].

Imaging modalities including the MRI usually 
fail to detect non-palpable testis unless possibly 
located in the vicinity of the internal ring. The 
value of ultrasound for evaluation of non-palpa-
ble testes as discussed in the literature is contro-
versial.
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While Kanemoto et al. [7] and Wolverson 
et al. [8] showed that ultrasound had a sensitivity 
of 76–88 %, a specificity of 100 %, and an accu-
racy of 84–91 % for the diagnosis of non-palpa-
ble testis, others demonstrated limited diagnostic 
accuracy of imaging studies in non-palpable tes-
tes. Trasian et al. [9] conducted a meta-analysis 
including 12 studies of subjects younger than 18 
years who had preoperative ultrasound evalua-
tion for non-palpable testes and whose testes po-
sition was subsequently determined by surgery. 
They found that ultrasound had a sensitivity of 
45 % and a specificity of 78 %, and concluded 
that ultrasound does not reliably localize non-
palpable testes and does not rule out intra-ab-
dominal testes.

Adesanya et al. [10] estimated the diagnostic 
accuracy of ultrasound evaluation for preopera-
tive localization of undescended testes in chil-
dren around 86.5 %.

Ultrasound is limited particularly in the evalu-
ation of abdominal and retroperitoneal ectopic 
testes. For detection and evaluation of an atro-
phic testis, ultrasound may be inconclusive as it 
is difficult to differentiate the atrophic testicle 
from lymph nodes or parts of the infravaginal gu-
bernaculum. Both structures can be mistaken for 
testicular tissue.

In our own experiences, diagnostic laparos-
copy is the method of choice for suspected ab-
dominal and non-palpable testes.

Shah and Shah [11] noted an overall diagnos-
tic agreement between ultrasonography and lapa-
roscopy in only 19 % of cases.

The undescended testicle might be smaller 
in volume and slightly hypoechoic in structure 
by ultrasound imaging compared to the normal 
testicle. The presence of a mediastinum testis (a 
longitudinal echogenic band) is diagnostic for the 
maldescended testis.

Hydrocele Testis, Spermatic Cord 
Hydrocele, Hydrocele of the Canal of 
Nuck

Hydrocele testis, spermatic cord hydrocele (fu-
nicolocele), and the hydrocele of the canal of 

Nuck (in girls only) are seen as anechogenic 
homogeneous fluid collections by ultrasound 
imaging (Fig. 16.3), occasionally containing sep-
tations and loculations (Fig. 16.4), calcifications 
and cholesterol.

Nuck’s cyst presents as a cystic mass lying 
superficially and medially to the pubic bone at 
the level of the superficial inguinal ring enlarg-
ing toward the major labia. By clinical examina-
tion, Nuck’s cysts may mimic an ovarial prolapse 
in female infants and a funicolocele (hydrocele 
of the cord) may mimic an irreducible inguinal 
hernia in boys. In those cases, a quick ultrasound 

Fig. 16.4  Ultrasound image of a very large hydrocele 
containing multiple septations and loculations

 

Fig. 16.3  Transverse sonogram shows the testis within a 
large, anechoic hydrocele (clear fluid collection)
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evaluation brings clarity to the diagnosis very 
easily and can avoid repeated attempts of unsuc-
cessful reduction by a physician, who is unfamil-
iar or inexperienced with these conditions.

Acquired or reactive hydroceles are seen in 
conjunction with infection, tumors, trauma, tor-
sion, and incarcerated inguinal hernia.

The abdominoscrotal or communicating hy-
drocele represents a rare condition in children 
where a large scrotal hydrocele is connected with 
the abdominal cavity. The abdominal extension 
of the fluid collection may be preperitoneal or 
retroperitoneal, and the processus vaginalis may 
be patent or obliterated. The disorder has been 
associated with a variety of pathological entities 
(Fig. 16.4).

Varicocele

A varicocele is defined as a collection of abnor-
mal enlarged tortuous veins of the pampiniform 
plexus of the spermatic cord. Dilatation of the 
pampiniform plexus larger than 1.5–2 cm in total 
diameter in adults (in resting state and in supine 
position) is considered as a varicocele. Corre-
spondingly, in children, a diameter larger than 
0.5 cm in prepuberty and larger than 0.8 cm in 
puberty is described as varicocele, respectively 
[1]. The veins of the pampiniform plexus normal-
ly range from 0.5 to 1.5 mm in diameter, and a 
dilatation greater than 2 mm in diameter is char-
acteristic for varicocele.

The vast majority of the varicoceles are pri-
mary due to defective incompetent valves in the 
testicular vein. In contrast, the less common sec-
ondary varicoceles result from an increased pres-
sure in the testicular veins caused by compres-
sion by an extrinsic mass, or obstruction.

Varicoceles are commonly located on the left 
side (85 %). This clear difference in predomi-
nance may be due to the shorter course of right 
testicular vein and its oblique insertion directly 
into the inferior vena cava, in contrast to the left 
testicular vein, which has a longer course and a 
right angle entry into the left renal vein.

Varicocele can be reliably diagnosed with 
ultrasound, which should be performed in both 
supine and standing positions including the Val-

salva maneuvers (Figs. 16.5, 16.6, 16.7, 16.8 
and 16.9). Power Doppler mode should be used 
to confirm flow in the varicocele, and there may 
even be flow reversal with the Valsalva maneu-
ver, which is useful to grade the degree of reflux.

In the literature, several grading systems for 
varicocele severity have been proposed.

The most used ultrasound grading system was 
proposed by Sarteschi [12, 13], grading the vari-
cocele into five grades according to its length, the 
characteristics of the reflux, and changes during 
the Valsalva’s maneuver by CDU:

Grade 1 is characterized by non-dilated intrascro-
tal veins by grey-scale study, and prolonged 
reflux in the vessels in the inguinal canal dur-
ing the Valsalva’s maneuver.

Fig. 16.6  Same patient as in Fig. 16.5 during the Valsalva 
maneuver resulting in moderate dilatation of the vessels

 

Fig. 16.5  Longitudinal scan of the pampiniform plexus 
in a 15-year-old boy with varicocele measuring the vein 
diameter in supine position of the patient
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Grade 2 shows a prominent posterior varicosity 
at the upper pole of the testis and reflux into 
the supratesticular region during the CDU 
evaluation.

Grade 3 is characterized by major dilatation of 
the venous vessels in the supine position, and 
to the inferior pole of the testis in standing 
position only. CDU demonstrates reflux at 
the lower pole veins only during the Valsalva 
maneuver.

Grade 4 has dilated veins in an supine position. 
This enlargement of the veins increases in the 
standing position over time and during Valsal-
va’s maneuver. There is clear increase of the 
venous reflux after the Valsalva’s maneuver. 
Hypotrophy of the testis is common at this 
stage.

Grade 5 shows venous dilatation even in a supine 
position. CDU demonstrates the presence of a 
baseline basal venous reflux without the Val-
salva maneuver that does not further increase 
after the Valsalva maneuver (Table 16.1).

A total score of 4 or more determines the pres-
ence of a varicocele by CDU.

Iosa and Lazzarini in 2013 [15], proposed a 
new hemodynamic classification of the varico-
cele that could improve the accuracy of staging 
and the quality of the examination:

Table 16.1   Scoring system for CDU diagnosis of the 
varicocele [14]

Score
Maximum vein diameter (mm)
< 2.5 0 0
2.5–2.9 1
3.0–3.9 2
>/ = 4.0 3
Plexus/sum of diameter of veins
No plexus identified 0
Plexus (+) with sum diameter < 3 mm 1
Plexus (+) with sum diameter 3–5.9 mm 2
Plexus (+) with sum diameter >/ = 6 mm 3
Change of flow velocity on the Valsalva maneuver
< 2 cm/s or duration < 1 s 0
2–4.9 1
5–9.9 2
>/ = 10 3
Total score 0–9

Fig. 16.9  Same patient as in Fig. 16.8 color Doppler ul-
trasound (CDU) image showed no further increase of the 
vein dilatation after 1 min of the Valsalva maneuver in 
standing position

 

Fig. 16.8  The same patient as in Fig. 16.5: longitudinal 
scan after 2 min in standing position demonstrates im-
pressive dilatation of the complete pampiniform plexus 
compared to the findings during the Valsalva maneuver in 
supine position (see Fig. 16.7 for comparison)

 

Fig. 16.7  CDU image of the same patient as in Fig. 16.6
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Grade 1: Venous reflux lasting > 1 s only during 
the Valsalva maneuver.

Grade 2: Spontaneous, discontinuous venous 
reflux that is not increased by the Valsalva 
maneuver.

Grade 3: Spontaneous, discontinuous venous 
reflux that is increased by the Valsalva maneu-
ver.

Grade 4:
Level A: Spontaneous, continuous venous 

reflux that is not increased by the Valsalva 
maneuver.

Level B: Spontaneous, continuous venous 
reflux that is increased by the Valsalva 
maneuver.

Intestinal Hernia

In children and particularly in infants, the pres-
ence of an inguinal hernia by ultrasound is unreli-
able if the hernial sac is completely empty. The 
hernial sac most commonly contains bowel, fol-
lowed by omentum. In female newborns and in-
fants, visible and palpable swelling in the groin 
area is indicative of a hernia. The hernia sack fre-
quently contains an ovary, the so called “ovarial 
prolapse” into a patent processus vaginalis [1, 16].

Ultrasound findings can include a fluid- or 
air-filled loop of bowel (Fig. 16.10). Omentum is 
visible as hyperechoic mass in the groin consis-
tent with omental fat. The presence of real-time 
peristalsis in the inguinal canal is diagnostic for 
bowel in the hernia sac, and dilated bowel loops 
in the canal with complete absence of peristalsis 
is worrisome for incarceration. After an attempt-
ed reposition of an incarcerated hernia, ultra-
sound examination may be helpful to verify the 
complete reposition of the hernial sac contents 
into to the abdominal cavity.

The Acute Scrotum—Epididymitis, 
Orchitis, Torsion of Testis and 
Appendages, Trauma

Acute scrotal pain can have multiple causes. 
Up to 70 % of young boys with acute scrotal 

symptoms have conditions other than testicular 
torsion, most commonly epididymitis. Ultra-
sound is helpful to rule in or rule out testicular 
torsion as it is a real urologic emergency with 
subsequent need for immediate surgical interven-
tion or potential loss of the testicle.

Testicular Torsion Ultrasound is the modal-
ity of choice for evaluating both complete and 
incomplete testicular torsion. It is able to reli-
ably assess the echogenicity of the testis, as well 
as the vascular perfusion. Testicular torsion can 
be classified as extravaginal or intravaginal and 
mesorchial (variance in mesenteric attachment 
(mesorchium)) [17]. Extra- or supravaginal tor-
sion occurs in newborns and infants before the 
testis is fixed. Intravaginal torsion is much more 
common (65–80 % [18]) with an age peak around 
puberty [1]. It is associated with a preexisting 
fixation anomaly of the testis, termed “bell clap-
per testis.” The degree of torsion of the testis can 
range from 180 to 720°, but complete occlusion 
of blood flow typically does not occur before 
450° of torsion. Transient or intermittent torsion 
(a torsion–detorsion sequence) with spontaneous 
resolution may sometimes occur.

During torsion, the spermatic cord twists upon 
itself resulting initially in venous congestion as 
the veins pose low-intravascular pressure and 
collapsible vessel walls. Venous obstruction is 
followed by a decrease in arterial inflow, which 

Fig. 16.10  Longitudinal sonogram of the inguinal region 
shows a bowel loop entering the inguinal canal traversing 
the internal inguinal ring (arrows)
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progresses to complete occlusion, testicular isch-
emia, and infarction [19].

Preferably, the ultrasound examination is 
started with the unaffected testicle to optimize 
the lower settings for flow, resistance, and veloc-
ity for CDU.

The testis is usually elevated and fixed in po-
sition as a result of the torsion, a so called high-
riding testicle [18]. The Praen test can support the 
clinical suspicion.

Ultrasound findings can be variable, depend-
ing on the duration and of the torsion and the 
extent of vascular compromise. In the early pe-
riod, 4–6 h after occurrence of the spermatic cord 
torsion, the testicle may appear slightly enlarged 
with normal or decreased echogenicity and the 
parenchyma of the testicle will become less ho-
mogenous. Reactive hydrocele and hyperechoic 
regions within the testicular tissue representing 
the initial hemorrhage may be present.

Later findings after 24 h are dominated by 
hypoechoic necrosis, heterogeneous structure 
(Figs. 16.11 and 16.12), enlargement of the epi-
didymal head, scrotal wall thickening, and hy-
peremia of the surrounding tissue and the scrotal 
skin. Reactive hydroceles are common. Spiral 
twisting of the spermatic cord may be seen with 
color Doppler imaging. Downward movement of 
transducer along the cord may show a “whirlpool 
sign” [20] . A color Doppler study must be per-
formed to confirm or rule out both, arterial and 
venous flow in the testicle. Color Doppler set-
tings should be optimized to demonstrate low-ve-
locity flow with a low-pulse repetition frequency 
and a low wall filter.

Unilateral diminished or absent central tes-
ticular blood flow is diagnostic for testicular tor-
sion. In experienced hands, ultrasound evaluation 
of the testicle should read a very high sensitiv-
ity and specificity for torsion reaching close to 
100 %.

Power Doppler flow may be difficult to dem-
onstrate in very young children, even within the 
normal testis due to its small size [21, 22].

More recently, imaging studies such as con-
trast-enhanced ultrasound, dynamic contrast 
magnetic resonance study, and near-infrared 
imaging are promising modalities for addition-

al evaluation of testicular blood supply. At this 
time, availability is limited and the tidies are not 
used routinely for emergency cases.

Torsion of Intrascrotal Appendices The most 
common cause of acute scrotum in prepubertal 

Fig. 16.12  Intraoperative finding of a prolonged extra-
vaginal testicular torsion (same patient as in Fig. 16.11)

 

Fig. 16.11  Later ultrasound finding of a testicular torsion 
in a newborn: the transverse scan demonstrates hypoecho-
ic necrosis and the heterogeneous structure of the testicle 
surrounded by a reactive hydrocele

 



19116 Groin and Testicle

boys is torsion of the testicular or epididymal 
appendices. Most appendages are adjacent or in 
close proximity to the upper pole of the testis. 
A number of different localization of intrascro-
tal appendices exist, more frequently affected 
is the appendix testis compared to the epididi-
ymal appendix. A testicular appendix may be 
seen between the testis and epididymis, and an 
epididymal appendix is attached to the head of 
the epididymis. Usually, unaffected intrascrotal 
appendices are difficult to pick up on gray scale 
ultrasound and CDU [23, 24].

Torsion of the testicular or epididymal ap-
pendix appears as a small pedunculated nodule. 
The tender and avascular lesion typically has low 
echogenicity with central hypoechogenic areas. 
Increased periappendiceal blood flow and hyper-
emia, hydrocele , and scrotal wall thickening are 
also suggestive of a torsed intrascrotal appendix 
(Figs. 16.13 and 16.14).

Epididymitis, Orchitis Infections generally 
originate in the lower urinary tract and spread 
retrograde to the epididymis, with its head most 
commonly involved. Orchitis is an acute infec-

tion of the testicle, usually following epididymi-
tis.

Ultrasound findings of acute epididymitis 
include an enlarged epididymis with decreased, 
heterogeneous echogenicity. Orchitis typically 
presents as an enlarged testicle with heteroge-
neous echogenicity and focal, peripheral, hy-
poechoic testicular lesions. Reactive hydroceles, 
hyperemia of epididymis and testicle, as well as 
scrotal wall thickening are frequently associated 
with both conditions.

This appearance is nonspecific and can be 
seen in many other conditions such as tumors, 
metastasis, infarction, and torsion [19].

With color Doppler, there is an increased 
blood flow in the affected epididymis and testicle 
noted (Fig. 16.15), whereas a normal epididy-
mis has only limited color flow. The presence of 
normal or increased blood flow in CDU clearly 
differentiates epididymitis and orchitis from tes-
ticular torsion.

Color Doppler cannot differentiate malignant 
hypervascularity from inflammatory hypervascu-
larity.

Acute Idiopathic Scrotal Edema Idiopathic 
scrotal edema is seen in 4–6 years aged boys. The 
pathophysiology is unclear with both infection 

Fig. 16.14  Intraoperative picture of a torsed testicular ap-
pendix ( 1 Torsed testicular appendix; 2 Epididymal head; 
3 Testicle)

 

Fig. 16.13  Doppler image of a torsed intrascrotal appen-
dix demonstrating increased periappendiceal blood flow, 
reactive inflammation of the epididiymis and of the tes-
ticle, as well as a reactive hydrocele
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and angioedema suggested as possible causes 
[1]. The condition is self-limiting, with resolu-
tion usually within 3 days. Unilateral or bilateral 
scrotal wall thickening, edema, and erythema are 
characteristic. A “fountain sign” can be found on 
CDU [25]). Ultrasound demonstrates increased 
scrotal wall thickness and hypoechoic areas in the 
scrotal wall representing edema, with increased 
blood flow on color Doppler evaluation [25]. The 
condition is self-limiting, with resolution usually 
within 3 days.

Trauma

Injuries to the scrotum include blunt, penetrat-
ing, and degloving trauma. Blunt force trauma 
to the scrotum and the testicles is characterized 
by a hematocele or testicular hematoma, or tes-
ticular fracture. Patients can present with various 
degrees of pain, ecchymosis, and swelling.

Testicular rupture occurs when the testicle re-
ceives a direct blow or is squeezed against the 
hard bones of the pelvis. By ultrasound, testicular 
rupture appears as focal alterations of testicular 
echogenicity and irregularity of the testicular 
margins.

In the acute phase, the fresh hematoma and 
hemorrhage is echogenic (Fig. 16.16), but later 
appears more hypoechoic (Fig. 16.17). The col-
lection may develop loculations and septations. 
Hematoceles are avascular on color Doppler im-
aging [26].

Tumor

Testicular tumors are very rare in the pediatric 
population (1 % of the entire malignancy in this 
population) with an average age of 3.8 years at 
time of diagnosis [1] with the mean age at diag-
nosis being 18 months [2].

Yolk sac tumors (endodermal sinus tumors) 
are the most commonly reported malignant tes-
ticular neoplasms (62 %) in prepubescent boys 
[2, 21, 27] and usually occur before the age of 2 
years [27].

Fig. 16.17  Doppler imaging of the same patient as in 
Fig. 16.16 10 days after the initial trauma shows hy-
poechoic necrosis and loculations, as well as septations 
within the testicle

 

Fig. 16.16  Transverse CDU scan a few hours after blunt 
trauma to the testicle of a 9-year-old boy demonstrates hy-
perechogenic hemorrhage and fracture of the testicle

 

Fig. 16.15  Bilateral chronic epididymitis in a 1-year-old 
boy: with color Doppler, there is increased blood flow in 
both affected epididymises noted
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According to the Prepubertal Testis Tumor 
Registry of the Urologic Section of the Ameri-
can Academy of Pediatrics, the teratoma is the 
second most frequent primary testicular tumor 
(26 %) [28]. The seminoma is not seen in the pe-
diatric population, and other malignant germ-cell 
tumors, including embryonal cell carcinoma and 
teratocarcinoma, typically occur only after puber-
ty. Neoplasms from either Leydig or Sertoli cells 
of the testicular interstitium account for 10–30 %, 
and leukemia or lymphoma for less than 10 % of 
testicular masses in pediatric patients [2, 28].

The initial ultrasound images are useful for lo-
calizing palpable abnormalities in the scrotum in 
order to differentiate between solid or mixed cys-
tic, extra- or intratesticular masses (Figs. 16.18 
and 16.19).

The ultrasound characteristics of the intrascro-
tal tumors are not conclusive enough for reliable 
differentiation of tumor tissue types and histol-
ogy remains the only certain diagnostic tool.

Yolk sac tumor may sonographically appear 
as a heterogeneous solid mass replacing the en-
tire testis, or as a diffusely enlarged heteroge-
neous testis.

In a series of seven children with a patho-
logic diagnosis of mature teratoma of the testis 
reported by Epifanio et al. [29], the ultrasound 
findings were very variable. It can simulate other 
lesions, be single, multiseptated, small, or large. 
The testicle can contain diffuse or localized cal-
cifications and may have an increased or normal 
volume [29]. Echogenic fat or calcifications may 

also be seen in teratomas [1, 22]. Immature tera-
tomas tend to be more solid, but still heteroge-
neous with areas of hemorrhage and necrosis.

Lymphoma and leukemia are the most com-
mon metastases to the testes. Sonography may 
show a diffusely enlarged hypoechoic testicle or 
multifocal hypoechoic nodules [22].

Other benign cysts or tumors may include 
epidermoid, intratesticular, or tunica albuginea 
cysts, as well as adrenal rests and may appear 
cystic or heterogeneous on sonography.

The characteristic sonographic appearance of 
an epidermoid cyst presents as a heterogeneous 
mass, possibly as either a rounded hypoechoic 
lesion with a hyperechoic rim, or as the more 
classic lamellated “onion ring” or “onion skin” 
appearance. The epidermoid is often avascular on 
CDU [14, 30].

The sonographic appearance of adrenal rests 
is variable, with some series describing predomi-
nantly hypoechoic masses and others reporting 
heterogeneously hyperechoic masses with shad-
owing. Lesions are typically multiple, bilateral, 

Fig. 16.19  The intraoperative finding (same patient as 
in Fig. 16.18) shows a mass ( rhabdomyosarcoma) (1) at 
the left aspect of the photograph and a visually unaffected 
spermatic cord (2), testicle (3) with an appendix testis (4) 
and the epididymal head (5) at the right aspect of the pho-
tograph

 

Fig. 16.18  Indifferent ultrasound findings at the initial 
evaluation of a paratesticular mixed rhabdomyosarcoma, 
which was initially misinterpreted as a chronic testicular 
torsion (please compare Fig. 16.19)
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and eccentrically located, usually within the tes-
ticular mediastinum.

Testicular Microlithiasis Testicular microli-
thiasis is a condition in which microcalcifica-
tions, composed of hydroxyapatite, are located 
within seminiferous tubules (≥ 5 microcalcifica-
tions within a testicle). With ultrasonography, the 
microcalcifications picture as punctuate, non-
shadowing, echogenic foci [1, 31]. The condition 
is of clinical interest primarily due to its associa-
tion with testicular malignancy.

In a recent study, Cooper et al. [31] reported 
that testicular microlithiasis has a prevalence of 
2 % in boys who undergo scrotal ultrasound (out 
of a total of 3370 boys), and it was most com-
monly bilateral (75 %). Although they found a 
significant association of testicular microlithia-
sis and other testicular tumors, Volokhina et al. 
[32] reported no significant association between 
testicular microlithiasis and testicular germ-cell 
tumors.

In their study, the incidence of testicular germ-
cell tumors was calculated in a group of patients 
with testicular microlithiasis and in a control 
group without testicular microlithiasis. The inci-
dence of testicular microlithiasis was 3.8 % (out 
of 2266 boys). Incidence of testicular germ-cell 
tumors in testicular microlithiasis patients was 
1.2 and 0.38 % in non-testicular microlithiasis 
patients (out of 2179 children).

Summary

Ultrasound examination is the modality of choice 
for imaging most of the conditions of the groin 
and scrotal area in the pediatric population. So-
nography of the groin, but especially the scrotum 
demonstrates high levels of specificity, sensitiv-
ity, and overall diagnostic accuracy.

The value of ultrasound for evaluation of 
non-palpable testes as discussed in the literature 
is controversial. Diagnostic laparoscopy is the 
method of choice for suspected abdominal and 
non-palpable testes. A varicocele can be reli-
ably diagnosed with ultrasound, which should 
be performed in both, supine and standing posi-

tions including a Valsalva maneuver. Ultrasound 
is the modality of choice to confirm or rule out 
a testicular torsion, and can clearly differentiate 
epididymitis and orchitis from testicular torsion, 
a urological emergency.

The sonographic imaging characteristics of 
variable intrascrotal tumors are not conclusive 
enough for differentiation of tumor tissue and re-
liable diagnosis, and a biopsy must be obtained.
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Introduction

Dynamic contrast-enhanced ultrasound (CEUS) 
uses microbubble contrast agents filled with dif-
ferent types of gases stabilized by a shell, which 
can be seen as echogenic dots on the ultrasound 
picture. Administered intravenously, the micro-
bubbles enhance large and small vascular struc-
tures to easier identify larger vessels, demonstrate 
microperfusion, and discover potential tissue 
ischemia. Significant developments in ultrasound 
technology such as color overlay and background 
subtraction options can greatly enhance visual-
ization of the microbubbles [1]. CEUS represents 
the most sensitive cross-sectional real-time meth-
od for measuring parenchymal perfusion and 
enhancement dynamics, which can be utilized 
to differentiate between benign and malignant 
tumors. It accurately predicts tumor response to 
chemotherapy within a very short time [2].

Routine and validated adult applications of 
CEUS include echocardiography as well as hepatic 
and a growing body of non-hepatic indications. 
Several second-generation microbubble contrast 
agents are approved in various parts of the world for 
intravenous or intracavitary use. However, none is 
approved for noncardiac intravenous application in 

the USA, which has not deterred a relatively large-
scale off-label noncardiac use [3]. Similarly, none 
of the contrast agents are currently approved for 
use in children, also not in Europe (one single first-
generation agent, Levovist (Bayer Schering AG, 
Germany), was only approved for intraluminal ap-
plication to detect vesicoureteral reflux (VUR), but 
has been discontinued by the manufacturer). Espe-
cially for children, noninvasive and cost-effective 
ultrasound technologies offer significant advan-
tages. There is no harmful ionizing radiation and 
no need for sedation as compared to other imag-
ing modalities such as computed tomography (CT) 
scan or magnetic resonance imaging (MRI).

The European Federation of Societies for Ul-
trasound in Medicine and Biology (EFSUMB) 
has set up an international registry for patients 
under 18 years of age to accumulate data and 
prove safety in order to facilitate potential rapid 
implementation of this exciting technology into 
clinical pediatric practice (http://www.efsumb.
org/education/scientific-corner01.asp).

Adult Applications

In adults, CEUS has been used in clinical prac-
tice for more than 25 years with its earliest and 
most common application in echocardiography. 
More recently, other intravenous applications 
have spread. The International Contrast Ultra-
sound Society (ICUS) was founded in 2008 and 
adopted the yearly Bubble Conference, which 
runs already in its 30th year.
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There appears to be great enthusiasm for the 
potential of this technology in clinical applica-
tions utilizing the strengths of ultrasound such as 
dynamic, real-time imaging, cost-effectiveness, 
noninvasiveness, and no ionizing radiation. The 
intravenous microbubble agents are considered 
safe with no cardio-, hepato-, or nephrotoxic side 
effects.

Five second-generation microbubble contrast 
agents are approved for use in adults in various 
parts of the world. However, intravenous contrast 
ultrasound agents are only approved for use in 
echocardiography in the USA (Definity/Lumin-
ity, Lantheus Medical Imaging, USA, and Opti-
son, General Electric, USA), but are available for 
other adult indications in Europe and Canada.

Noncardiac CEUS applications are much more 
advanced and available in Europe than in the 
USA, largely due to diverse practice patterns and 
regulatory aspects. Ultrasound in the USA is done 
primarily by ultrasound technologists and not by 
radiologists who receive limited training in this 
modality. Non-radiographic specialities rarely use 
ultrasound themselves. Reimbursement for ultra-
sound is lower than for CT or MRI as is its rela-
tive importance under imaging studies.

To facilitate use, EFSUMB recently published 
international consensus guidelines and recom-
mendations for the clinical practice of CEUS for 
non-hepatic [4] and hepatic use [5].

Characterizing hepatic lesions is one of the 
main strengths of CEUS, reliably differentiat-
ing hepatocellular carcinoma, liver metastasis, 
adenoma, hemangioma, and focal nodular hy-
perplasia. Comparable to CT or MRI, it utilizes 
the arterial, portal venous and late phases for 
accurate diagnosis. Radiofrequency ablation or 
transarterial chemoembolization of liver lesions 
can be monitored for treatment response, and an 
accurate volumetric map can depict an adequate 
perilesion margin after ablation [6].

CEUS can improve imaging quality of post-
liver transplant perfusion, especially of the he-
patic artery, rendering angiography for detection 
or thrombosis potentially unnecessary.

In adults, CEUS has been studied for a multi-
tude of clinical problems and applications. Sessa 
et al. [7] evaluated, retrospectively, 256 consecu-
tive patients with isolated abdominal trauma with 

conventional focused assessment with sonography 
in trauma (FAST), CEUS, and CT scan. CT was 
used as the gold standard and identified 28 liver, 
35 spleen, and 21 kidney lesions. Ultrasound alone 
showed a sensitivity of only 59 %, which could be 
improved to 96 % with CEUS. As a limitation of 
the technique, ultrasound contrast agents are not 
exerted in the urine and therefore cannot detect 
damage to the urinary excretory system.

Similar to the liver, CEUS is being used to 
characterize splenic and renal lesions as well as 
infarcts [4]. Cerebral and cervical vessels can be 
evaluated for sub-occlusive stenosis missed by 
Duplex ultrasound. VUR, cholangiography, as 
well as fistulograms can be performed utilizing 
contrast agents intraluminally. Endoscopic retro-
grade cholangiogram under contrast ultrasonog-
raphy has been reported [8].

Parenchymal perfusion and enhancement dy-
namics measured by CEUS can be utilized to dif-
ferentiate between benign and malignant tumors. 
Initial experiences indicate that CEUS performs 
as well as blue dye or radioisotope methods per-
forms when used during sentinel node biopsy for 
breast  cancer [9].

Dynamic CEUS enables quantitative assess-
ment of tissue perfusion over time, which means 
changes in vascularization can be detected already 
after 1 or 2 weeks of treatment. One of the most 
promising clinical utilities of CEUS is the predic-
tion of tumor response to chemotherapy within a 
very short time, shorter than using response evalu-
ation criteria for solid tumors. Other clinical appli-
cations where dynamic transit time measurements 
can add valuable clinical information include 
quantifying hepatic transit time, evaluation of dia-
betic kidneys, transplant grafts, or in Crohn’s dis-
ease. Fröhlich et al. [2] provide a recent literature 
review over practical applications and clinical use.

EFSUMB has listed emerging and potential 
applications including interventional diagnosis 
or guidance, characterization of thyroid nod-
ules, drug and gene delivery, and CEUS-induced 
thrombolysis [10].

With the accumulation of more data, areas 
of applications, and design of prospective trials, 
CEUS has positioned itself to be one of the pre-
ferred diagnostic imaging modalities of the fu-
ture in many clinical settings.
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Pediatric Applications

Application of noncardiac intravenous CEUS in 
children lags significantly behind its use in adults. 
This may appear surprising since ultrasound tech-
nology seemingly offers the most advantages for 
children. Radiation exposure is a recognized prob-
lem in children with an increased additional life-
time risk of malignancy possibly as high as 2.5 in 
1000 after a single CT examination [11, 12]. MRI 
is the imaging modality of choice in neuroimag-
ing but may struggle to be diagnostic in the child’s 
abdomen. It may require anesthesia in younger 
children and its contrast agent, gadolinium, may 
lead to nephrogenic systemic fibrosis. CT works 
best with a layer of fat surrounding abdominal or-
gans, which children may lack. Ultrasound exami-
nation thrives on the absence of fat and offers zero 
radiation exposure. It succeeds as a child-friendly 
nonintimidating imaging technique, which may 
also be more cost-effective [13].

To improve the quality of pediatric imaging, 
often performed in adult centers unfamiliar with 
the optimal image modality as well as machine 
settings for children, the Society of Pediatric Ra-
diology (SPR) has created the Alliance for Ra-
diation Safety in Pediatric Imaging. The Image 
Gently Campaign (http://www.imagegently.org) 
was created to educate professionals about safe 
settings for pediatric imaging as well as preferred 
imaging alternatives such as ultrasound.

Noncardiac CEUS may offer even more diag-
nostic advantages for children. However, there 
is no widespread use in pediatric imaging today. 
Ultrasound contrast agents are not approved for 
use under 18 years of age in any part of the world 
and require off-label use, similar to many routine 
medications used clinically in pediatric patients 
every day. Many drugs used in children and in-
fants will never achieve Food and Drug Adminis-
tration (FDA) approval for its current indications. 
A supporting robust body of medical evidence 
makes its use possible, even in a litigious medi-
cal environment.

Phase three trials with ultrasound contrast 
agents in children are not economically feasible for 
pharmaceutical companies. The only historically 
approved first-generation contrast agent, Levovist 
(Bayer Schering AG, Germany), which was only 

approved in Europe for intraluminal application to 
detect VUR, has been discontinued by the manu-
facturer. In Europe, SonoVue (Bracco SpA, Milan, 
Italy) remains the only approved intravenous ultra-
sound contrast agent for use only in adults.

Most common adult applications, such as de-
tection of liver masses, are rare in children mak-
ing it difficult to gain experience. The rarity of 
such a diagnosis and the need for a definite diag-
nosis routinely trigger a CT scan or MRI, which 
cannot be replaced by CEUS leaving it looking 
for its role in the diagnostic algorithm [1]. De-
spite widespread use in Europe, even pediatric 
centers, many of which may have replaced void-
ing cystureterography with contrast-enhanced 
voiding urosonography (ceVUS) , have often not 
implemented intravenous CEUS in their routine 
clinical practice.

EFSUMB recognizes that CEUS for pediatric 
applications is of critical importance to benefit 
children. Pediatric practitioners have called for 
cooperation to achieve adequate patient numbers 
or multicenter studies to gain approval [1, 13]. To 
accumulate patient safety data, EFSUMB has set 
up a registry for pediatric patients (http://www.
efsumb.org/education/scientific-corner01.asp).

In a mildly desperate fashion, letters to the 
editor are calling to also allow pediatric patients 
to benefit from recent achievements of medicine, 
based on the “primum non nocere” principle [13, 
14]. EFSUMB acknowledges that CEUS is a 
good example, where strict regulations potential-
ly inhibit the use of a beneficial, safe, and simple 
technique [4]. Implementing CEUS in pediatric 
patients poses a real challenge [15].

The SPR has established a Contrast-Enhanced 
Ultrasound Task Force to promote CEUS, en-
courage scientific research, coordinate multi-
center trials, and to explore ways to develop 
CEUS as a useful, practical imaging tool (http://
www.pedrad.org/Specialties/USContrastEn-
hanced.aspx#23821750-welcome-). Interested 
partners have been identified in the pediatric on-
cology community. Possible multicenter studies 
could focus on posttreatment follow-up of solid 
abdominal tumors, evaluation of femoral head 
perfusion after hip reduction, or posttransplant 
evaluation of graft perfusion [1].
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Several recent publications review intravenous 
CEUS studies involving pediatric patients, most 
often with off-label use of SonoVue [15–17].

Safety of Off-Label Use of Intravenous 
Ultrasound Contrast Agents in 
Children

In adults, large studies have confirmed a favor-
able safety profile for SonoVue (Bracco, Milan, 
Italy) in comparison to CT or MRI agents [18].

The SPR and the ICUS have reviewed the 
safety of noncardiac CEUS in children [19]. 
All published studies including 110 patients do 
not report serious adverse side effects. A Euro-
pean survey of 948 children found only six minor 
events in five children [20]. For intravesicular 
use, 15 studies including 2951 children and a Eu-
ropean survey of 4131 children reported no ad-
verse events attributed to the contrast agent [20, 
21]. The authors conclude that ultrasound con-
trast agents have an extremely favorable safety 
profile in children, with no serious and few ad-
verse events overall reported in the literature.

Piskunowicz et al. [22] recently reviewed the 
safety of an intravenous second-generation ultra-
sound contrast agent (SonoVue) in children in a 
single oncology center. SonoVue contains sulfur 
hexafluoride gas (SF6) surrounded by a stabiliz-
ing thin and flexible shell of phospholipids. With 
its mean diameter of 2.4 µm, the microbubbles 
pass through lung capillaries. The lack of refer-
ence doses for children has created the need to 
establish a custom dosing regimen using the prin-
ciple of minimum effective dose of contrast for 
the examined body region, similar to the as low 
as reasonably achievable (ALARA) principle for 
ionizing radiation. Typical volumes of contrast 
agent based on patient’s age range from 0.1 to 
1.8 mL. In a total of 161 patients, the authors did 
experience one serious anaphylactic reaction, the 
only reported pediatric case to date. In their re-
view of the limited literature available (five stud-
ies), they feel that the lack of uniform monitoring 
guidelines and standardized regimen does not 
allow reliable conclusions about the relative risk.

Voiding Urosonography

The American Academy of Pediatrics recom-
mends that renal and bladder ultrasound be used 
as the primary imaging modality to determine 
anatomic abnormalities and renal scarring. Due 
to its risk with radiation exposure, voiding cys-
turethrography (VCUG) and direct radionuclide 
cystography (DRNC) are only recommended if 
abnormalities are detected (Fig. 17.1).

Since the late 1990s, ceVUS has gained wide-
spread acceptance to diagnose VUR in Europe. 

Fig. 17.1  Contrast-enhanced voiding urosonography 
(ceVUS): Pre- (a) and post-intravesical (b) administration 
of ultrasound contrast agent. A duplex kidney on the right 
with reflux of the ultrasound contrast agent into the upper 
moiety (arrow). (Courtesy of Kassa Darge, MD, PhD, 
CHOP, Philadelphia, USA)
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Using intravesically administered microbubbles, 
ceVUS can also monitor the filling and voiding 
functions without harmful radiation. VUR and 
even infrarenal reflux can be clearly visualized 
(Figs. 17.2a–c, 17.3). Several recent papers show 
that transperineal ultrasound during voiding al-
lows for reliable assessment of urethral pathol-
ogy, indicating that this early restriction for 
ceVUS has been overcome [23].

The most recent meta-analysis of all the 
comparative studies of ceVUS with VCUG and 

DRNC in children included more than 2300 chil-
dren with more than 4600 pelvi-ureteric units. 
Using VCUG as the reference method, ceVUS 
had a sensitivity of 90 % and a specificity of 92 %.

High correlation of reflux grading between 
the two methods was noticed. Severe and high-
er-grade VUR is more commonly detected on 
ceVUS as compared to VCUG [1].

The combination of contrast-enhanced ure-
throsonography with ceVUS has enabled exqui-
site depiction of urethral pathologies, including 
posterior urethral valves [24]. The visualization 
of intrarenal reflux is easier with ceVUS [15, 
25–27].

Promoted by the Uroradiology Task Force of 
the European Society of Paediatric Radiology 
(http://www.espr.org/taskforce/uroradiology/), 
VCUG and DRNC are increasingly being re-
placed with ceVUS in European pediatric radiol-
ogy centers.

Abdominal Trauma

Abdominal ultrasound is commonly used to eval-
uate blunt abdominal trauma. However, the tech-
nique is unreliable for the detection of parenchy-
mal lesions, and intravenous contrast CT imaging 
remains the mainstay for evaluating serious blunt 
abdominal trauma in hemodynamically stable pa-
tients. Three case reports with four patients are 
available where pancreatic, hepatic, and splenic 
injuries were missed on ultrasound alone. In all 
cases, CEUS correctly identified the organ lacer-
ation (Fig. 17.4a, b) [28–30]. Valentino et al. [31] 

Fig. 17.3  Contrast-enhanced voiding urosonography 
(ceVUS): the bladder is filled with echogenic ultrasound 
contrast agent. The left terminal ureter is dilated (arrow). 
However, there is no reflux of microbubbles into the left 
ureter. (Courtesy of Kassa Darge, MD, PhD, CHOP, Phil-
adelphia, USA)

 

Fig. 17.2  Contrast-enhanced voiding urosonography 
(ceVUS; a and b): Images of the right duplex kidney 
after intravesical administration of ultrasound contrast 
agent. The scan is a dedicated contrast-specific modal-
ity showing a duplex kidney on the right with reflux in 

 

both, the upper and lower moieties. For comparison, the 
voiding cystourethrography (VCUG; c) also demonstrates 
reflux in both moieties in the same patient. (Courtesy of 
Kassa Darge, MD, PhD, CHOP, Philadelphia, USA)
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reviewed their experience with CEUS for solid 
organ injuries in 12 children with seven splenic, 
four liver, one right adrenal gland, and one pan-
creatic injury as well as 15 children with negative 
abdominal CT scans. CEUS detected 13 of the 14 
lesions with an overall sensitivity and specificity 
of 92.2 and 93.8 %, respectively (100 % positive 
and negative predictive values), but missed the 
right adrenal contusion. In comparison, regu-
lar abdominal ultrasound posted a sensitivity 

and specificity of 57.1 and 68.4 %, respectively. 
With its improved accuracy, the authors consider 
CEUS a useful alternative to contrast CT scan for 
stable abdominal trauma, thus potentially elimi-
nating exposure to radiation.

Menichini et al. [32] retrospectively looked 
at 73 stable children with abdominal trauma. 
CT identified 67 lesions to the liver, spleen, and 
kidneys. CEUS sensitivity, specificity, and accu-
racy were each 100 %, in difference to ultrasound 
(38.8, 100, and 44 %, respectively). CEUS identi-
fied parenchymal active bleeding in eight cases 
and partial devascularization in one case. With 
contrast CT scan, eight additional patients with 
active parenchymal hemorrhage, two with vascu-
lar bleeding, and two with urinoma were identi-
fied. The authors conclude that CEUS is almost 
as sensitive as contrast CT scan to pick up solid 
organ lesions, but CT scan remains more sensi-
tive and accurate identifying prognostic indica-
tors such as active bleeding and urinoma.

CEUS is considered only part of the trauma 
algorithm in low-energy trauma in hemodynami-
cally stable patients. Drawbacks include operator 
competence and reduced panoramic view. Dia-
phragmatic ruptures and bowel and mesenteric 
injuries may be missed. CEUS may be valuable 
for follow-up of solid organ injuries managed 
nonoperatively, especially in children and preg-
nant women [33, 34].

Liver Imaging

CEUS offers several advantages over other im-
aging modalities in evaluation of focal liver le-
sions. It provides real-time dynamic imaging, 
permitting visualization of enhancement during 
the very early or late phases of contrast enhance-
ment. CEUS can demonstrate a clear and con-
sistent washout phase useful to characterize ma-
lignant lesions and differentiate benign nodules 
(Figs. 17.5a–c, 17.6a–c). SonoVue, approved for 
liver scans in adults in numerous countries (not 
USA), can be used in patients with renal impair-
ment considered not appropriate candidates for 
CT or MRI [15].

Fig. 17.4  a and b Contrast-enhanced ultrasound for blunt 
abdominal trauma. The spleen pre- and post-intravenous 
ultrasound contrast administration. On the gray scale 
image, it is difficult to appreciate any laceration of the 
spleen. However, with intravenous contrast using con-
trast-specific ultrasound modality, the splenic laceration 
is clearly depicted. (Courtesy of Kassa Darge, MD, PhD, 
CHOP, Philadelphia, USA)
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There are abundant well-designed studies in 
the adult literature available, but reports in chil-
dren remain scarce. There are two single case re-
ports in teenagers where CEUS aided in the diag-
nosis of rare liver tumors, a primary gastrointesti-
nal stromal tumor of the liver and a fibrolamellar 
hepatocellular carcinoma [35, 36].

Working at a pediatric liver center, Jacob et al. 
[37] reviewed 44 children referred for CEUS 
assessment of a gray scale sonographic indeter-
minate focal liver lesion over a 5-year period. 
CEUS examination was compared to consensus 
interpretation of other imaging and histology. In 
29 of 34 cases (85.3 %), reference imaging agreed 
to CEUS. In the five discordant cases, refer-
ence imaging showed no abnormality (four fatty 
changes and one regenerative nodule on CEUS). 
In ten cases, no other imaging was performed 
and histology (seven cases) or follow-up sonog-
raphy (three cases) confirmed the diagnosis. In 
one case, all imaging methods were consistent 

with a malignant lesion, but histology showed a 
benign hepatocellular adenoma. The specificity 
of CEUS was 98 % and the negative predictive 
value 100 %. The authors conclude that CEUS 
compares favorably with CT scan or MRI to dif-
ferentiate indeterminate gray scale sonographic 
liver lesions in children. CEUS could become an 
important diagnostic tool to reliably characterize 
focal liver tumors and to avoid radiation, at least 
in higher-volume pediatric liver centers such as 
the Pediatric Liver Unit at King’s College Hospi-
tal, London, UK.

Bonini et al. [38] reviewed 44 liver transplants 
performed in 40 patients over a 1-year period. In 
30 patients, clinical or sonographic signs were 
suggestive of possible vascular or biliary com-
plications. In all these patients, a second duplex 
ultrasound with intravenous contrast (SonoVue) 
was performed. A total of 14 vascular compli-
cations were confirmed with CT, angiography, 

Fig. 17.6  A young woman with focal nodular hyperpla-
sia (FNH). Three sequential CEUS images of the same 
liver lesion (arrows). a Early hypervascular enhancement 
within the central scar. b Progressive centrifugal direction 
of contrast enhancement. c Sustained mild enhancement 
on the portal venous phase. (From [6], with permission 
from Elsevier, license number 3636550696548)

 

Fig. 17.5  A young man with a hepatic hemangioma. Three 
sequential CEUS images of the same liver mass (arrows). 
a Early peripheral nodular enhancement. b Progressive 
centripetal contrast enhancement. c Near-complete en-
hancement of the hemangioma. (From [6], with permis-
sion from Elsevier, license number 3636550696548)
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or percutaneous transhepatic cholangiography. 
CEUS correctly identified four of five cases of 
hepatic artery thrombosis and all cases of throm-
bosis involving the portal vein (six) and the he-
patic veins (three). It failed to identify one case 
of hepatic artery thrombosis characterized by 
collateral circulation arising from the phrenic ar-
tery and the single case of hepatic artery stenosis, 
which was more evident on color Doppler show-
ing a typical tardus parvus waveform. There was 
also one extensive splenic infarct that was visu-
alized only after infusion of the contrast agent. 
While biliary leaks were better visualized, the 
contrast enhancement did not provide any par-
ticular diagnostic advantage.

The authors conclude that CEUS improves di-
agnostic confidence and may reduce the need for 
more invasive imaging studies in the postopera-
tive follow-up of pediatric liver transplant recipi-
ents. CEUS allows accurate assessment of graft 
vascularization with clear distinction between 
normally vascularized and hypoperfused areas 
of the parenchyma and improved visualization 
of peri-graft collections/leaks as well as bile duct 
dilatation secondary to anastomotic stenosis.

Other Applications

Other reports about CEUS use in children are 
rare. Several case reports have been published 
describing the utility of CEUS to follow up ovar-
ian torsion [39], characterize solid pseudopapil-
lary tumors of the pancreas [40], and diagnose 
internal iliac vein thrombosis [41] as well as 
intracardiac masses [42]. Riccabona et al. [43] 
report on preoperative applications of CEUS for 
kidney transplants.

Pediatric CEUS may be useful to evaluate 
femoral head perfusion, arthritis assessment, 
testicular/ovarian torsion, pyelonephritis, and 
inflammatory bowel disease [44]. CEUS offers 
promising applications in pediatric oncology. 
McCarville et al. [45] from St. Jude Children’s 
Research Hospital in Memphis/TN reported their 
initial experience in 13 children with CEUS for 
evaluation of malignant pediatric abdominal and 
pelvic solid tumors. Post-contrast ultrasound in-

ter-reviewer agreement improved slightly for de-
tection of tumor margins, local tumor invasion, 
and associated adenopathy.

Two abstracts presented at the Euroson 2013 
meeting reported on the initial experience of 
other centers with CEUS for solid abdominal tu-
mors. Batko et al. [46] presented their experience 
with 15 children and noted that CEUS examina-
tion may be useful for initial diagnosis as well as 
treatment monitoring of solid abdominal tumors 
to allow for reduction of imaging with ionizing 
radiation.

Franke et al. [47] reported their experience 
with CEUS in six patients with hepatoblastoma 
and seven with neuroblastoma. Indications in 
hepatoblastoma patients were initial diagnosis 
of focal liver lesions, differentiation of uni- or 
multilocular lesions, evaluation before liver 
transplantation, and detection of recurrence of 
the hepatoblastoma in the liver graft. CEUS was 
also performed in patients with neuroblastomas 
to evaluate liver or kidney infiltration before and 
after chemotherapy. The technique was of great 
benefit for the further management of two unsta-
ble, ventilated newborns: one with diffuse stage 
4S neuroblastoma not visible on CT scan and a 
second newborn with rapidly growing hepato-
blastoma showing as an initially small and incon-
clusive lesion on MRI.

Summary

Dynamic CEUS is a promising new technique, 
which offers cost-effective real-time imaging 
without ionizing radiation or the need for seda-
tion. Aside from its routine use for echocardiog-
raphy, CEUS is widely established in adults for 
differentiation of focal liver lesions and monitor-
ing of tumor response to chemotherapy through 
parenchymal perfusion and enhancement dy-
namics. Despite their favorable safety profile, no 
ultrasound contrast agent has been approved for 
use in children. In Europe, many pediatric centers 
have implemented ceVUS as their routine study 
for evaluation of VUR. Despite promising initial 
results, other applications such as characteriza-
tion of focal liver lesions, solid organ injuries in 
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abdominal trauma, and abdominal or pelvic solid 
tumors have been limited to few pediatric cen-
ters. Pediatric experts and societies are calling for 
collaboration and accumulation of safety data in 
central registries as well as multicenter studies to 
minimize the delay of introduction of this prom-
ising technique into routine clinical practice.
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Introduction

Vascular access remains a cornerstone of pedi-
atric surgical care. Central venous access pro-
cedures are among the most common operations 
performed by pediatric surgeons, and additional 
vascular access procedures in the perioperative 
and intensive care settings make up a significant 
portion of the pediatric surgeon’s practice. These 
procedures include central venous, peripheral 
venous, and peripheral arterial access, with tun-
neled and non-tunneled variations depending on 
the indication.

In this chapter, we cover the technique of ul-
trasound (US)-guided vascular access. The cen-
tral message we hope to convey is that safe and 
reliable US-guided vascular access is not magic. 
It is a technique guided by the core principles 
outlined here. With practice and patience, it is 
within the realm of technical mastery by any 
pediatric surgeon.

Historically, the use of anatomic landmarks 
has been a highly successful approach to vascu-
lar access, and this remains an essential surgical 

skill. However, the introduction of US guidance 
in the 1980s and the subsequent refinement of 
this technique have increased the safety of vas-
cular access procedures and have thus become 
the standard of care for central venous access 
[1]. The Guidance on the Use of Ultrasound 
Locating Devices for Placing Central Venous 
Catheters from the National Institute of Clinical 
Excellence, which is endorsed by the American 
College of Surgeons Committee on Periopera-
tive Care, supports the use of US guidance as the 
preferred method for insertion of central venous 
catheters in adults and children [2]. US guidance 
has been shown to decrease the risk of failed vas-
cular access attempts for the internal jugular (IJ) 
vein and femoral vein, with decreased complica-
tions such as arterial puncture or hematoma with 
IJ and subclavian venous access. While these 
recommendations are based largely on adult lit-
erature, recent studies suggest similar outcomes 
in pediatric patients [3–5], with lower rates of IJ 
vein cannulation failures among infants and chil-
dren. The benefits of US guidance can be readily 
extended to peripheral vascular access proce-
dures in children as well [6, 7].

In our experience, US guidance is associated 
with a decreased risk of injury such as arterial 
cannulation and pneumothorax. In addition, it 
allows a higher likelihood of successful vascular 
cannulation given the ability to directly visualize 
anatomic landmarks. It also allows detection of 
abnormalities such as clot or vascular anomalies 
and gives the surgeon the ability to maneuver 
around these obstacles in a safe and deliberate 
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manner. Finally, with experience, the use of US 
guidance significantly decreases the time re-
quired to obtain vascular access, especially in 
patients with difficult anatomy. For example, a 
child under anesthesia may undergo several failed 
attempts at peripheral venous cannulation before 
surgical prepping. By applying the principles 
of US guidance outlined here, the surgeon may 
rapidly obtain peripheral access, preventing un-
necessary “blind” sticks and reducing anesthetic 
induction time for the patient. This is particularly 
important for children, where the most signifi-
cant risk factor for a complication during central 
venous catheterization is the number of attempts 
made [8, 9]. For these reasons, our preference is 
to use US guidance for all central venous access 
procedures as well as any difficult peripheral ve-
nous or arterial access procedures.

This chapter is organized by general princi-
ples of US-guided vascular access—equipment, 
anatomy, setup, technique, and special consider-
ations. We focus on the technique for US-guided 
initial vascular access—that is, the successful 
placement of an intravascular guidewire. The 
subsequent procedure of placing an indwelling 
catheter via Seldinger technique is no different 
than non-US-guided procedures and is therefore 
not covered in depth. Rather than repeating step-
by-step instructions for each of the myriad vas-
cular access procedures that may be approached 
using US guidance, we cover the fundamental 
techniques of each general vascular approach. 
This is intended to give the reader a versatile set 
of skills that may be adapted to each unique vas-
cular access scenario.

Equipment

Pediatric US-guided vascular access requires the 
following instrumentation:

Ultrasound Machine The surgeon should become 
familiar with the available portable US machine. 
Vascular access indications require a linear array 
high-frequency transducer (7.5–20 MHz). This 
provides appropriate tissue penetration depth 
allowing good visualization of vascular struc-

tures as well as surrounding anatomic landmarks. 
A low-frequency transducer (4–5 MHz) provides 
insufficient image quality at the shallow depths 
where vessels are usually accessed. The depth 
provided by a low-frequency probe is not typi-
cally required except perhaps in femoral access 
in the older patient who is morbidly obese. The 
linear high-frequency probe has a flat, straight 
head, which facilitates visualization and orienta-
tion of the access needle. As larger probes can 
be difficult to work with, especially for small 
patients like neonates, we prefer small footprint 
or “hockey stick” probes.

It is important to ensure correct left/right ori-
entation before beginning the procedure. If the 
linear probe has a “hockey stick” shape, it will 
be necessary to keep the handle of the transducer 
opposite from where the access needle will be in-
serted. If this is uncomfortable in a given patient 
setup, using the “invert” or “L&R” toggle button 
may help by allowing the user to hold the trans-
ducer in a comfortable position.

As delineated in other sections of this book, 
it is important to make appropriate adjustments 
to obtain high image quality before beginning at-
tempts at vascular access. Settings such as depth, 
gain, focus, and presets should be optimized. Fa-
miliarity with color and Doppler modes can be 
useful as well.

While not always necessary, color and Dop-
pler modes are sometimes helpful in distinguish-
ing arterial from venous structures or distin-
guishing cystic from vascular structures. While 
becoming familiar with US-guided techniques, 
Doppler imaging can be generously used to ver-
ify structures in cases where compression tech-
nique cannot distinguish artery from vein. The 
Doppler mode enables characterization of the 
flow waveforms of arterial versus venous struc-
tures. In vessels that are difficult to visualize, the 
color mode can highlight areas of flow that reveal 
the location of the vessel of interest. However, 
if the vessel is too small, the Doppler or color 
mode may fail to detect flow, in which case ana-
tomic landmarks are more useful for identifica-
tion (e.g., the radial artery in a 500-g neonate). If 
there is a suspected vascular injury or occlusion, 
continuous Doppler mode may help characterize 



21118 Ultrasound-Guided Vascular Access

abnormalities in flow dynamics and quantify the 
degree of obstruction. In general, after identify-
ing the relevant anatomy, we recommend return-
ing to B-mode when beginning the vascular ac-
cess procedure, as this usually provides the clear-
est picture of the needle being inserted.

Fluoroscopy All central venous lines placed 
in the operating room should be performed on 
a radiolucent table with fluoroscopy. This will 
ensure appropriate catheter tip location at the end 
of the case. Alternatively, practitioners familiar 
with cardiac US may use this technique to deter-
mine the exact location of the catheter tip in a 
similar fashion as guiding optimal placement of 
the veno-venous extracorporeal membrane oxy-
genation (ECMO) catheters in the right atrium or 
the inferior vena cava (IVC).

Access For most pediatric vascular access indi-
cations, a 21- or 22-gauge (g) micropuncture nee-
dle is sufficient. Needles smaller than 22 gauge 
may bend on insertion, may not permit passage 
of a wire, or might not be visualized well by US. 
On the other hand, larger bore needles are usu-
ally not worth the risk of greater injury if the tar-
get is missed. 21- and 22-gauge needles accept a 
0.018-in. coaxial wire. We typically use a Cope 
nitinol mandril 0.018-in. wire guide (Cook Medi-
cal, Bloomington, IN). This wire has a stiff shaft 
which provides a backbone for easy dilator, 
sheath, or catheter placement while its straight, 
flexible tip decreases the risk of vascular injury 
or spasm.

On insertion of this or any other guidewire, 
it is critical to avoid “pushing through” an ob-
struction. If at any point the wire does not ad-
vance, it should be carefully withdrawn. If the 
wire does not withdraw easily, the needle should 
be removed along with the wire. Pulling a stuck 
guidewire through a needle risks shearing off the 
tip of the guidewire, which may then embolize.

In general, J- or C-wires should be avoided in 
pediatric cases. Commonly used for adult central 
venous access, the preformed curvature in the 
tips of these wires are meant to form a blunt end 
after insertion and can be used to guide the wire 
toward the right atrium from the IJ vein. In the 

smaller vessels of pediatric patients, however, the 
radius of the curvature of these tips may exceed 
the diameter of the vessel. On initial insertion, as 
the tip of the wire assumes its curve, it very often 
causes ejection of the needle and wire from the 
vessel.

Catheters After establishing vascular access 
with a guidewire, a modified Seldinger technique 
may be used to directly place the intravascular 
catheter in the case of peripheral vessels. For 
central venous catheters, 3–4 dilators (3-French 
(Fr) dilator inside a 4-Fr dilator which are usually 
included in the micropuncture kit) can be used 
to exchange the 0.018-in. guidewire for a more 
robust 0.035-in. wire. This can be performed in a 
single maneuver by fitting the 3-Fr dilator within 
the 4-Fr dilator and placing these together over 
the 0.018-in. wire. The 3-Fr portion can then be 
withdrawn along with the guidewire, leaving the 
4-Fr dilator in place, which will allow passage 
of the 0.035-in. wire. This can then be used to 
allow insertion of additional dilators as indicated 
for larger catheter insertion. For tunneled central 
venous catheters, a peel-away sheath is required, 
which is usually included in the tunneled catheter 
kit. In general, it is prudent to have a wide range 
of catheter sizes available.

For peripheral IVs or gaining access on small-
er vessels, an angiocath can be helpful. In most 
cases, a 22-gauge angiocath is ideal, providing 
a small diameter but accommodating a 0.018-
in. diameter wire. It also provides good length 
if starting a IV in the basilic or brachial vein so 
that a significant amount of catheter can be left 
within the vessel to prevent dislodgment during 
positioning and use. For radial arterial lines on 
premature neonates, a 24-gauge angiocath can be 
used. Depending on the taper at the end, it may 
accommodate a 0.018-in. wire or just a 0.010-
in. wire. Angiocaths are readily available and 
work well for gaining access. The only caveat 
to be aware of is that walking the angiocath up 
the lumen of the vessel, as described later in the 
chapter, is very important. The metal part of the 
needle will often pierce the vessel giving a flash 
of blood, but the plastic part of the catheter will 
drag the vessel wall for some distance (almost 
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1 cm) before entering the vein itself. Therefore, 
it is important in this situation to make sure to 
continue to walk the catheter up the vessel well 
past the moment when a flash is seen.

Setup

Positioning The patient should be positioned 
between the surgeon and the US machine. We 
recommend positioning the patient such that the 
transducer can be controlled with the dominant 
hand and the needle with the nondominant hand. 
This preference is intended to reduce uninten-
tional drift of the transducer during needle inser-
tion as the surgeon focuses on the needle. How-
ever, this is not a hard-and-fast rule, and as expe-
rience increases, the surgeon will become equally 
facile with either hand holding the transducer. 
The supine position is used for most vascular 
access procedures, with extension of extremities 
as needed to expose the area of interest. For IJ 
access, a shoulder roll should be placed, and the 
head should be turned opposite the side of access. 
This opens the neck up to allow for more space to 
work. Trendelenburg positioning is often used to 
distend the neck vessels and decrease the risk of 
air embolism, although with US guidance the size 
of the vessel is rarely a problem. For femoral vein 
catheterization, the leg should be abducted and 
externally rotated. For peripheral access, tour-
niquet use is generally not necessary, although 
with vessels less than 1 mm in diameter, it can 
prove helpful. While it may increase the size of 
a venous target, a tourniquet may also reduce the 
ability of the vein to be compressed and cause 
vascular misidentification as both arteries and 
veins become noncompressible. If one is used, 
vascular identification should be performed prior 
to tourniquet application.

Sterile Preparation Standard sterile technique 
should be used, including chlorhexidine skin 
preparation, sterile fenestrated drapes, and ster-
ile gown, gloves, mask, and eye protection. If 
fluoroscopy is being used, appropriate radio-
protection should be worn. A sterile US probe 
cover is required, with nonsterile US gel applied 

directly to the transducer surface, and a generous 
amount of sterile US gel placed on the patient. It 
is well worth the time to ensure no air bubbles 
are trapped between the transducer and the probe 
cover prior to applying the rubber band as any 
residual air will cause shadowing, greatly dimin-
ishing image quality.

Anatomy

Before the procedure, a thorough review of the 
child’s history should be performed to evaluate 
whether prior indwelling vascular catheters have 
been placed. If the patient has had prior central 
lines, it may be prudent to perform a bedside vas-
cular US to rule out preexisting thrombosis or 
stenosis of possible target vessels. For patients 
with extensive vascular abnormalities, a preop-
erative magnetic resonance venogram may help 
identify reasonable targets.

After patient preparation, a thorough anatomic 
assessment should be performed using US prior 
to attempting cannulation. This will allow local-
ization of the target vessel, assessment of ap-
propriateness for cannulation, and identification 
of other structures that may be at risk of injury 
such as overlying vessels or nerves. This should 
be performed primarily with the transducer in 
the transverse orientation such that vessels are 
viewed in cross section.

Begin by localizing the target vessel and ad-
justing the US settings to achieve optimal visual-
ization. The gain and depth should be adjusted to 
bring the target approximately two thirds of the 
distance down the US screen. The target vessel 
should be evaluated along its entire length, spe-
cifically assessing for thrombosis or stenosis. A 
vein that appears larger than usual may indicate a 
down-stream stenosis. For example, a commonly 
encountered scenario among patients with prior 
lines is the patent IJ vein with an occlusion at its 
junction with the subclavian vein.

A key step is differentiating venous from arte-
rial structures. This can be accomplished by com-
pressing or pressing down on the vessels with 
the transducer. Veins should compress before 
arteries, while arteries will visibly pulse under 
compression pressure between systolic and dia-
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stolic pressures. Doppler is a useful adjunct that 
can help characterize the flow waveform. These 
rules should hold true for all vascular sites but 
may be unreliable in settings of venous throm-
bosis, hypovolemia/hypotension, tourniquet use, 

or structural cardiovascular abnormality such as 
left-to-right shunt.

Key anatomic considerations for selected vas-
cular sites are shown in Figs. 18.1, 18.2, 18.3, 
18.4, 18.5, and 18.6.

Fig. 18.2  Wire in retrohepatic inferior vena cava (IVC). 
The guidewire is seen in the retrohepatic IVC after femo-
ral vein cannulation

 

Fig. 18.1  Neonatal peripherally inserted central catheter 
(PICC) access. A common target for placement of a PICC 
is the basilic vein. While an easier target to hit, the ce-
phalic vein is sometimes not ideal for PICC placement 
as it makes an acute turn as it empties into the subclavian 
vein, which often makes it difficult to pass the catheter. 
The basilic vein, however, empties directly into the ax-
illary vein without kinking. The brachial vein is located 
more deeply, and it is anatomically just next to the bra-
chial artery, making it a more challenging target. Using 
the transverse transducer orientation, the needle tip is vi-
sualized in the soft tissue of the upper extremity in a 485-g 
neonate before it is advanced under direct visualization 
into the basilic vein

 

Fig. 18.3  In-line transducer orientation. a Using the in-
line orientation for internal jugular (IJ) vein access, the 
needle is inserted along the length of the probe, begin-
ning from the end opposite the handle (for a hockey stick 
probe). b This allows excellent longitudinal visualization 
of the entire length of the needle, which is inserted lateral 

to the sternocleidomastoid (SCM) and guided into the IJ 
vein. c The IJ vein is usually anterolateral to the carotid 
artery. The SCM is visible superficially and laterally. The 
bright outline of the lung is visible deep to the vessels, 
with loss of signal beyond this in the air-filled lung
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Fig. 18.5  Brachiocephalic access. a The ultrasound (US) 
probe is placed low above the clavicle and directed caudally 
to visualize the right brachiocephalic vein and artery. Me-
dially, the bifurcation of the brachiocephalic artery into the 
carotid and subclavian arteries is clearly visualized. The 
subclavian–IJ venous junction is seen laterally, just above 

the apical lung. b With a slight adjustment in transducer 
position, the junction of the right and left brachiocephalic 
veins can be visualized, as well as the beginning of the 
superior vena cava (SVC). c The needle is directed under 
US guidance directly into the right brachiocephalic vein

 

Fig. 18.4  Tunneled internal jugular (IJ) catheter place-
ment. a The standard ultrasound (US)-guided IJ approach 
uses a transverse US probe orientation and a cranio-cau-
dal needle insertion angle. This produces a high IJ inser-
tion site and a tight, 180 ° bend of the tunneled catheter 
high in the neck. b The lateral approach uses an in-line 
US probe orientation low in the neck, just above the clav-

icle. This allows a low IJ access site and a gentle, 90° 
bend of the tunneled catheter. c A post-procedure chest 
X-ray shows a gradual curve of the tunneled catheter 
just above the clavicle, without kinking. The tip of the 
catheter rests approximately 1.7 vertebral bodies below 
the carina, corresponding to the cavo-atrial junction

 

Fig. 18.6  Femoral access. a The femoral vein (FV) of 
a neonate commonly lies directly deep to the femoral 
artery (FA), which can obstruct needle access. b This is 
in contrast to adults and older children, who typically 

have the classic anatomic relationship of the FV lying 
medially to the FA. c Under US guidance, the needle 
can be placed just medial to the FA and moved later-
ally to push the artery aside, allowing FV cannulation
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Technique

Transducer Orientation: A “Third-Dimension” 
Problem A linear US probe displays a planar 
image that includes depth along the vertical axis 
and the linear orientation of the probe along the 
horizontal axis. At any given time, the probe is 
only able to display a “slice” of a target vessel and 
the needle—either in cross section or longitudi-
nally. Therefore, the x–y plane of the two-dimen-
sional screen is excellent, but the z-axis (in and 
out of the screen) requires moving the transducer 
and manually processing the image information 
in the operator’s/surgeon’s mind. This training 
takes effort and time in order to be comfortable 
and effective at it. Given that limitation, the two 
US transducer orientations relative to the needle 
are transverse and in-line. By becoming versatile 
in changing the transducer orientation and loca-
tion, one can accurately map out the course of a 
target vessel and accurately visualize the needle 
during the entire course of cannulation. This 
provides the fundamental safety benefit of US-
guided vascular access—at no point during the 
procedure is the tip of the needle not visualized.

Transverse Orientation (Peripheral Access, Fem-
oral Access, Arterial Access) The transverse ori-
entation is classically used most frequently. The 
transducer head is oriented perpendicular to the 
needle axis, creating a cross-sectional image of 
the vessel and needle (Fig. 18.7a, b). This cre-
ates a clear picture of the relationship of the ves-

sel to other structures. During needle insertion, it 
provides excellent left-to-right spatial resolution, 
though it is difficult to establish the location of 
the needle tip. In general, if the target vessel is 
very small, the transverse orientation provides 
the best approach and, in general, is most useful 
for vascular access in all scenarios except supra-
clavicular central venous access.

When using the transverse orientation dur-
ing needle insertion, extra care must be taken to 
ensure proper localization of the needle tip. To 
safely gain intravascular access using the trans-
verse US orientation, the needle is placed at an 
approximately 45 ° angle perpendicular to the 
transducer at the midway point (Fig. 18.7c). The 
needle is then advanced through the skin, and as 
it is advanced through the subcutaneous tissues, 
the US probe is used to “walk” down the needle 
to find the tip at regular intervals. The goal is to 
be able to identify the exact location of the needle 
tip, which in cross section can only be identified 
by moving the transducer down the needle until it 
disappears. Then, while keeping the needle still, 
the transducer is moved back until the tip reap-
pears, confirming its location. The transducer is 
then moved slightly past the tip, and the needle 
is advanced into the field of view while keeping 
the transducer stationary. The needle is thus ad-
vanced slowly, regularly verifying the tip loca-
tion, until the tip is watched as it enters the target 
vessel. Figure 18.1 shows the needle tip in soft 
tissue in the upper extremity of a 485-g neonate 
as the needle is being walked down to the target 
vessel.

Fig. 18.7  Transverse transducer orientation. a Using the 
transverse orientation for internal jugular (IJ) access, the 
probe is placed perpendicular to the underlying vessel, 
and the needle is placed under the middle of the probe. 
b The needle is seen in cross section in the vessel when 

the transverse orientation is used. c Using the transverse 
orientation for peripheral access, the needle is oriented at 
a 45° angle to the skin with the transducer held so that 
the needle is positioned at the middle of the transducer
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On needle insertion into the target vessel, one 
may encounter significant “tenting” of the ves-
sel if it is a vein, especially in the setting of low 
venous pressure. It is important to note the shape 
and location of the venous wall through which 
the needle is being inserted. If it invaginates sig-
nificantly during needle advancement, one may 
not actually be intraluminal although the needle 
position appears this way. In this case, a short but 
aggressive push of the needle to “pop” through 
the venous wall can be helpful. If the needle is 
inadvertently advanced completely through the 
vessel, then the needle can be carefully with-
drawn until the tip returns to the vessel lumen. 
Alternatively, instead of the aggressive push, 
the needle can simply be walked further up the 
lumen of the vessel for a centimeter or so and the 
same “pop” will occur as the needle tip becomes 
intraluminal. This is described below.

During vessel access with US guidance, it 
is preferable to avoid placing a syringe on the 
needle. The syringe adds weight and decreases 
fine touch and manipulation. Furthermore, in 
a small vessel, aspiration collapses the vessel 
around the tip, causes spasm, and will not result 
in blood return even when in the lumen of the 
vessel. In addition, the needle can be very easily 
dislodged from the lumen of a very small ves-
sel when removing the syringe from the needle. 
Lastly, whether the needle is in the lumen or not 
is almost always visible via the US, making con-
firmation with aspiration unnecessary.

After the needle tip has been successfully ma-
neuvered into the vessel lumen, it is important to 
advance it further until it is well clear of the site 
of vessel entry. We usually advance the needle 
under US guidance until it is 1–2 cm into the ves-
sel before advancing the guidewire (Fig. 18.7b). 
The reason for this lies with the fact that vessels 
in the pediatric population, especially newborns, 
have a tendency to spasm. This is not limited to 
arteries but also occurs in veins. If the vein is en-
tered with the needle but the needle is left at the 
puncture site, the vein will tend to spasm at the 
site of the venipuncture and not allow passage of 
the wire. This advancement of the needle also en-
sures intraluminal position and reduces the risk 
of inadvertent needle ejection with premature 

guidewire advancement. This strategy has been 
shown to decrease the risk of extravasation in-
jury for peripheral venous access [10]. Once the 
needle is sufficiently advanced, the guidewire is 
placed into the vessel under US visualization. 
After the guidewire is inserted, move the probe up 
the vessel to confirm that the guidewire is within 
the vessel lumen. Sequential catheterization or 
guidewire exchange can then be performed as 
needed. Figure 18.2 shows the guidewire in the 
retrohepatic IVC after femoral vein cannulation.

In-line Orientation (Internal Jugular Access) The 
in-line transducer orientation (Fig. 18.3a) is ideal 
for IJ central venous access. The transducer is 
placed parallel to needle axis, allowing visual-
ization of the entire length of the needle during 
insertion. The needle can be placed in-line with 
the transducer and slowly advanced directly 
under the transducer into the skin. The full length 
of the needle can then be visualized in the sub-
cutaneous tissues, with excellent appreciation of 
the depth of the needle tip relative to surrounding 
structures (Fig. 18.3b). The primary benefit of 
this orientation is the ability to visualize the full 
needle length and confidently locate the needle 
tip depth as it relates to major structures in the 
vicinity such as the lung and the carotid artery 
(Fig. 18.3c). In general, if vessel spasm is not a 
concern because of the large size of the vessel 
and the vessel can be approached from the side, 
the in-line orientation is best.

Position and alignment are very important in 
using the in-line technique. If it is a hockey stick 
transducer, the needle should be inserted at the 
end opposite the probe handle (but with that said, 
comfort and maneuverability are the most impor-
tant considerations). The needle is then advanced 
into the subcutaneous tissues directly underneath 
and aligned with the transducer, which should 
allow visualization of the entire needle as it is 
further advanced (Fig. 18.3b). Under direct visu-
alization, the needle tip is then advanced into the 
underlying target vessel. Applying the principles 
outlined above to avoid vessel wall invagination, 
the needle is advanced well into the vessel lumen 
prior to guidewire placement.
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When using the in-line orientation during nee-
dle insertion, it is imperative to see the full length 
of the needle itself, rather than just the movement 
of tissue in response to the needle. This latter 
phenomenon may assist in locating the needle, 
but relying on it alone is imprecise and will lead 
to misplacement of the needle tip. Maintaining 
view of the needle requires patience but will en-
sure accurate placement. If it is difficult to locate 
the needle, keep the needle and transducer steady 
and look down at both. Ensure the transducer 
is directly over and in-line with the path of the 
needle. Once they are lined up, make small cor-
rections with the transducer until the full needle 
comes into view.

Special Considerations

Tunneled Catheter Placement Tunneled IJ ve-
nous catheter placement is the most common 
pediatric vascular access procedure we perform 
in the operating room. This procedure involves 
creating a subcutaneous tunnel from the point of 
venous access, coursing laterally over the clavi-
cle, and then inferiorly to the chest wall to either 
an external catheter hub or a subcutaneous port. 
The course of the tunneled catheter is critical 
as an acute bend may cause the catheter to kink 
and occlude. In addition, a tunnel that rises high 
in the neck may cause the catheter to pull back 
significantly during head turning, leading to mal-
position of the catheter tip. The lateral approach 
keeps the catheter at the base of the neck and 
provides a gentle curve in the tunneled catheter 
(Fig. 18.4a, b, c). As the course of the tunneled 
catheter may vary significantly depending on 
the point and angle of initial vascular access, it 
is important to plan accordingly when perform-
ing the initial US-guided needle insertion. We 
have adopted a lateral approach to the tunneled IJ 
access, as shown in Figs. 18.3 and 18.4.

In this approach, the hockey stick linear trans-
ducer is placed low, directly above the clavicle 
(Fig. 18.3a). The handle of the transducer is 
held medially, exposing the lateral end of the 
transducer for needle alignment, parallel to the 

clavicle. The IJ vein is seen via US, with the ca-
rotid artery lying medially. The needle is inserted 
in-line, beginning just lateral to the sternocleido-
mastoid (SCM) while being careful not to injure 
the nearby external jugular vein. The needle is 
advanced medially, below the SCM, directly into 
the IJ vein, while maintaining in-line full needle 
visualization throughout (Fig. 18.3b).

Once the needle is in the vein, the guidewire is 
placed. The wire will go through the needle and 
tangentially hit the far wall of the IJ and direct it-
self down into the superior vena cava (SVC). On 
occasion, the IJ is accessed at a precisely perpen-
dicular orientation, and the wire either does not 
pass or goes cephalad into the cranial portion of 
the IJ. If this occurs, first check with US that the 
needle is still in the IJ, and if it is, tilt the needle 
to guide the tip down toward the brachiocephalic 
and SVC. The wire will then easily pass in the 
appropriate direction.

After guidewire placement, the subcutaneous 
tunnel is made from the chest wall incision to the 
neck incision. In planning this tunnel, it is impor-
tant to avoid any acute turns or extensive subcu-
taneous courses high in the neck. Using a low, 
lateral initial access site allows the creation of a 
gradual curve over the clavicle when creating the 
tunnel (Fig. 18.4).

Before feeding the catheter through the sheath, 
it is necessary to cut the catheter to the appro-
priate length to ensure proper tip location at the 
cavo-atrial junction. This can be performed by 
first tunneling the catheter to the vascular access 
site on the skin, then draping the catheter on the 
patient’s chest in line with the wire that is sitting 
in the SVC using fluoroscopy. Fluoroscopy can 
be used to mark the location of the cavo-atrial 
junction on the catheter, at which point it can be 
cut. A useful anatomic landmark for estimating 
the depth of the cavo-atrial junction is approxi-
mately 1.5–2.0 vertebral bodies below the carina 
as seen on an anteroposterior X-ray or fluoros-
copy (Fig. 18.4c).

Brachiocephalic Venous Access One of the 
advantages of using US guidance is the ability 
to visualize thrombus or stenosis and change 
plans accordingly. This is a common encounter 
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in patients with a history of prior central venous 
catheters. For example, if a proximally occluded 
IJ vein is encountered, the contralateral side may 
have a more favorable anatomy. Occasionally, a 
patient will present for a tunneled catheter with 
bilaterally unfavorable IJ veins due to multiple 
prior catheters. In this case, direct brachioce-
phalic catheterization can be safely performed 
under US guidance. This is best performed only 
after gaining comfort with the lateral US-guided 
IJ approach, as it requires excellent needle con-
trol and patience.

To perform direct brachiocephalic venous ac-
cess, the linear transducer is placed in the same 
position as for IJ access—directly above the 
clavicle—but with a more inferior angle, point-
ing toward the mediastinum. The confluence of 
the subclavian and IJ veins can be seen, with the 
brachiocephalic vein running next to the apical 
lung (Fig. 18.5b). Care should be taken at this 
point to ensure proper identification of the anat-
omy and differentiate the brachiocephalic vein 
from the artery (Fig. 18.5a). The needle can then 
be inserted in a lateral-to-medial direction using 
an in-line transducer orientation just as in the IJ 
access. This is critical to prevent inadvertent ar-
terial puncture or pneumothorax. With continu-
ous full needle visualization, the brachiocephalic 
vein can be safely cannulated by turning the nee-
dle caudally toward the heart while changing the 
transducer angle to follow the tip of the needle 
(Fig. 18.5c). A considerable amount of patience 
is needed for this maneuver to be safe. This is 
not an entry-level procedure given a small error 
or lack of visualization/identification can lead to 
catastrophic outcomes.

Femoral Venous Access The femoral vein is 
often accessed in acute resuscitation scenarios, 
for ECMO cannula placement or in patients with 
limited upper central venous access. Although 
not supported by as robust of a body of litera-
ture as IJ access, evidence does favor use of US 
guidance for femoral access as well [11]. With 
US experience, the initial success rate of femoral 
venous cannulation can be improved, especially 
for neonates and other difficult access scenarios.

The femoral vein can be approached with ei-
ther a transverse or an in-line transducer orienta-

tion. In most cases, we use a transverse approach 
as this provides good visualization of both the 
artery and vein in one plane and is better suited 
for small babies. In neonates, it is important to 
thoroughly characterize the femoral vascular 
anatomy before beginning needle access as the 
orientation of the femoral vessels is notably dif-
ferent than that of adults. Specifically, the neo-
natal femoral artery is often directly anterior to 
the femoral vein (Fig. 18.6a, b). Using US guid-
ance, the artery can be avoided by carefully plac-
ing the needle just medially alongside the artery. 
Then, with a lateral movement of the needle, the 
artery can be pushed out of the way, exposing 
the anterior surface of the vein for the needle tip 
(Fig. 18.6c).

Neonatal Vascular Access Achieving adequate 
vascular access is particularly challenging for 
neonatal patients. US guidance, however, is espe-
cially useful in these patients as palpable land-
marks can be difficult to appreciate and vascular 
targets are often a millimeter or less in diameter. 
Even with B-mode US examination, vessels can 
be difficult to distinguish given their small size 
and toggling to color or Doppler mode can reveal 
the location of a diminutive artery or vein. With 
practice, US guidance can be used to successfully 
access peripheral vessels even in the smallest 
patients (Fig. 18.1).

In addition to having smaller vascular targets, 
neonates are prone to significant vasospasm. This 
can create the scenario where intravascular nee-
dle placement is successful but guidewire place-
ment fails due to spasm and occlusion of the ves-
sel just beyond the needle tip. By advancing the 
needle far into the vessel after cannulation, the 
needle tip can reach an intravascular location far 
from the injured cannulation site, which is most 
prone to spasm. The guidewire can then be ad-
vanced freely into this less traumatized area.

Peripheral Vascular Access US-guided periph-
eral vascular catheterization is becoming increas-
ingly popular, especially in children with diffi-
cult access [10, 12]. A similar technique should 
be used for either peripheral arterial (i.e., radial 
artery) or peripheral venous access. In these 
cases, a transverse transducer orientation is usu-
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ally most effective as it allows precise left-to-
right alignment of the needle tip with the vessel. 
A useful technique is applying a general amount 
of gel between the transducer and the skin and 
placing the needle directly underneath the trans-
ducer flat against the skin. This creates a shadow 
under the needle that can be used to align the 
needle directly above the vessel (Fig. 18.8). Once 
the left-to-right location of the vessel is marked 
in this manner, the needle can be angled down 
and inserted superficially into the subcutaneous 
tissues. At this point, the needle can be “walked” 
down to the vessel as described previously in the 
chapter. It is important to ensure that the needle 
insertion entry angle is approximately 45° as a 
more acute angle may lead to a kink in the cath-
eter and difficulty visualizing the needle tip. An 
angle less than 45° may increase the distance to 
reach the lumen of the vessel and therefore leave 
a short length of catheter inside the vein. This fre-
quently results in catheter dislodgment and infil-
tration if the catheter is not exchanged to a longer 
one. Employing this technique, it is possible to 
achieve successful peripheral vascular access 
even in extremely small patients (Fig. 18.1).

Summary

While vascular access procedures have long 
played an important role in pediatric surgical 
care, the use of US guidance has become the stan-

dard of care by improving the safety and success 
rate with the diverse array of access procedures. 
Keys to success include practicing with both the 
transverse and in-line orientations of the high-
frequency linear transducer probe, a thorough 
anatomic survey prior to attempting cannulation, 
anticipating vasospasm, and full needle visualiza-
tion throughout the procedure. In the case of tun-
neled catheter placement, the use of US guidance 
allows the surgeon to create a consistent, gradual 
subcutaneous course for the catheter via a lateral 
approach. In summary, for standard access pro-
cedures, US guidance provides an increased level 
of safety, and for difficult scenarios, US guidance 
allows for success where traditional methods are 
unreliable. With practice and patience, the use of 
US guidance can become a useful tool for any 
pediatric surgeon.
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Introduction

Portability, accessibility, lack of radiation, rela-
tively low cost, and real-time imaging, makes 
ultrasound an ideal modality for mass or solid 
organ biopsies. Ultrasound-guided biopsy  in 
adults is a well-established technique and there 
are well-established guidelines that outline the 
indications, contraindications, pre- and post-bi-
opsy care, etc. [1, 2]. In pediatric patients, how-
ever, such guidelines are scant and not widely 
accepted. Historically, there has also been sig-
nificant variance in the patient care and refer-
ral patterns among referring pediatricians [3]. 
In this chapter, the existing literature on ultra-
sound-guided biopsy of masses and solid organs 
in pediatric patients is reviewed, which can serve 
as a guide for an interventionalist practice. Bi-
opsies of the thyroid lesions are discussed in a 
separate chapter.

Pre-procedural Workup

Professional societies have created basic practice 
parameters for image-guided percutaneous needle 
biopsies as well as for periprocedural hemato-
logic management that the practitioner should be 
familiar with [4, 5]. Paramount among these pa-
rameters is that the interventionalist should con-
firm that the indication for the biopsy is appropri-
ate. Suitable indications include confirming the 
nature of a lesion, staging a patient with a known 
malignancy, guiding future treatments, obtaining 
microbiologic analysis, or determining the nature 
and extent of parenchymal disease. Common 
absolute contraindications include severe uncor-
rectable coagulopathy, poor sonographic visual-
ization of the lesion and lack of a safe pathway 
to the lesion. Poor cardiopulmonary reserve, he-
modynamic instability, or the lack of cooperation 
from the patients or the caretakers are relative 
contraindications and may be able to overcome 
by the type of anesthesia administered. There 
may be additional contraindications unique to 
each patient and thus concerted decision-making 
with the referring physicians is a must. A pre-
procedural review of the imaging and consulta-
tion with a pediatric radiologist are essential for 
determining whether the lesion is accessible by 
ultrasound. Often, a mass initially found on CT 
or MRI is amenable to ultrasound-guided biop-
sy and a pre-procedural ultrasound examination 
may also be helpful for confirmation (Fig. 19.1).

Prior to the procedure, a discussion with the 
pathologist may be needed to determine the 
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appropriate biopsy type and specimen handling. 
The specimen can be obtained either by fine 
needle aspiration (FNA)  or core needle  biop-
sy. Traditionally, core needle biopsies (as well 
as surgical biopsies) have been preferred over 
FNA due to the perceived limitation of the FNA 
in obtaining adequate sample sizes. This limita-
tion may delay care in cases of suspected small 
blue round cell tumors such as neuroblastoma, 
Wilms’ tumor, hepatoblastoma, or Ewing’s sar-
coma since the small sample sizes preclude the 
use of histopathological studies [6]. However, 
some have argued that even in these cases, FNA 
can be useful as it can either “rule in” or “rule 
out” round-cell diagnostic categories [7]. If the 
decision is made to perform an FNA, presence 
of an on-site pathologist should be requested to 
ensure adequate cellularity of the sample. Speci-
men handling techniques such as formalin fixa-
tion, paraffin block, or sterile saline media should 
also be discussed.

Informed consent should be obtained in all 
cases from the legal guardian. The consent 
should at least explain the indications, alternative 
options, expected risks and benefits, possibility 
of a non-diagnostic sample, and the post-proce-
dural care [8, 9]. There may be additional factors 
to consider depending on the individual case. As 
with most adult interventional procedures, pe-
diatric patients require some level of anesthesia 
ranging from sedation to general endotracheal 
anesthesia [10]. While a trained anesthesiolo-
gist provides general anesthesia, any privileged 
provider may administer sedation. The institu-
tion and local trends usually determine the type 

of anesthesia given and who provides it. In the 
hands of a capable provider, sedation-related 
complications remain exceeding low [11]. A pre-
operative consultation with anesthesia can allevi-
ate some of the parents’ and patient’s anxiety and 
improve patient satisfaction [12, 13].

Indications

Solid Masses

The majority of solid mass and tumor biopsies in 
children not associated with the liver or kidney 
are related to abnormal lymph nodes or suspected 
hematologic and musculoskeletal tumors. Histor-
ically, open surgical biopsy has been the primary 
way of obtaining biopsies in children in order to 
obtain larger samples. Minimally invasive sur-
gical approaches have also been tried [14–16]. 
However, many laparoscopic cases have to be 
converted to “open” due to poor visibility or 
bleeding. Similar concerns may also hinder a 
percutaneous approach; but in most cases, the 
benefits of the percutaneous approach outweigh 
the hypothetical risks. Research on ultrasound-
guided biopsies of solid pediatric masses  so far 
is relatively scant [17–22], but promising.

Liver Abnormalities

Common indications for liver biopsy  include 
cholestasis, hepatomegaly, liver mass, suspect-
ed infection, portal hypertension, or biomarker 

Fig. 19.1  MR-US correlation of a solid, indeterminate 
hepatic mass. a Demonstrates a T2-hyperintense mass 
(arrow) in the left lobe of the liver. Ultrasound exami-
nation of the same area demonstrates an approximately 
3 cm echogenic lesion (arrow) as seen in (b). Given the 

adequate visualization and lack of intervening large vas-
culature (Doppler image not provided), this mass was suc-
cessfully biopsied percutaneously using an 18G needle 
(arrow)
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abnormalities [23–25]. In patients with liver 
transplantation, additional indications may in-
clude suspected graft dysfunction, staging and 
grading of graft dysfunction, or suspected recur-
rent malignant disease. Options for obtaining 
liver specimens include the percutaneous ap-
proach with or without image guidance, transjug-
ular approach, and surgery. Samples obtained 
from the percutaneous approach are usually ad-
equate for making the diagnosis. Core needle  bi-
opsies are almost always preferred over the FNA.

As in adults, severe coagulopathy is an abso-
lute contraindication to obtaining a liver biopsy. 
Other liver-specific contraindications include ex-
trahepatic biliary obstruction or cholangitis [25]. 
Extremely small sizes of premature children and 
Morbid obesity are also considered relative con-
traindications for some, although in our experi-
ence, they are not usually an issue when using an 
ultrasound-guided percutaneous approach. Some 
practitioners may also consider ascites as a contra-
indication due to the increased risk of peritonitis 
and bleeding be further subdivided. However, a 
paracentesis can be performed prior to perform-
ing the biopsy. In these cases, the liver should be 
scanned again after the paracentesis to confirm a 
safe window. Alternatively, referral to an interven-
tional radiologist for a transjugular biopsy may be 
used in cases of refractory ascites. The transjugu-
lar route may also be used in cases where there 
is uncorrectable coagulopathy or if indirect portal 
manometry measurments are required.

Renal Abnormalities

Some of the common indications for renal biopsy  
in native kidneys include nephrotic syndrome, 
hematuria, proteinuria, or renal failure [26–29]. 
Graft dysfunction-related indications may also 
be present in patients with renal transplant. It 
is important to note that many believe that per-
cutaneous biopsy  in renal masses, especially in 
suspected Wilms’ tumor, is contraindicated due 
to potential tumor spread [30]. Recent research, 
however, remains controversial on this topic.

Percutaneous renal biopsies are likely not as 
common as liver biopsies in most practices; how-
ever, they still remain one of the more relevant 

procedures for a pediatric interventionalist. Simi-
lar to liver biopsies, options for obtaining renal 
specimens include the percutaneous approach, 
transjugular approach, and surgery [29]. The 
transjugular approach is far less common, how-
ever, and is reserved for the patients with con-
traindications to the percutaneous approach (i.e., 
coagulopathy).

Instruments and Techniques

In the procedure suite, the patient should be 
placed in the positioning that will allow for the 
best access to the location of interest. For liver 
biopsies, the patient’s should be supine and the 
right arm may need to be abducted. For renal bi-
opsies, the patient may be placed in a prone, lat-
eral or lateral oblique position. Subsequently, the 
area of interest should be rescanned to confirm 
the continued presence of the suspected abnor-
mality and presence of a safe biopsy window. In-
frequently, such as in the cases of reactive lymph 
nodes, the previously seen abnormality may no 
longer be present. Additionally, small, tortuous 
adjacent vasculature may have been missed on 
other imaging modalities. Doppler interrogation 
can help detect these vasculature. This pre-pro-
cedural scan can also be used to measure the dis-
tance from the skin surface to the lesion.

It is also important to predetermine the needle 
type and size before the procedure. For FNA, 
smaller needles, 21 gauge or less, are common-
ly utilized. For core biopsies, the main types of 
needles are cutting needles  and suction needles. 
Cutting needles can be further subdivided into 
spring loaded and non-spring loaded varieties. 
Suction needles include Menghini, Jamshidi or 
Klatsin needles [25, 31, 32]. Cutting needles are 
generally preferred over the suction needles due 
to decreased fragmentation of the tissue, sup-
posed bigger specimen size, and increased di-
agnostic yield. Tru-Cut is the most commonly 
used non-spring loaded cutting needle. Some 
operators prefer the spring-loaded type of cut-
ting needles, which may be further subdivided 
into controlled-fire or noncontrolled fire. Spring-
loaded cutting needles essentially automate the 
cutting movement once triggered. If you choose 
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to use the spring-loaded cutting needles , it is also 
important to understand the “throw length.” This 
is a measurement of how much the needle will 
be advanced from the device once it is triggered. 
As such, if the abnormality is sized only 1 cm, 
a needle with a 2 cm throw may not be optimal. 
Similarly, if there is vasculature abutting the le-
sion at its posterior acoustic wall, a longer throw 
may lead to unnecessary complications. The 
controlled-fire variety allows the practitioner to 
control the length of the throw.

The proceduralist should also understand the 
difference between coaxial and noncoaxial meth-
ods [33]. The coaxial method employs a larger 
needle (introducer needle) that creates a tract 
to the lesion and has another needle that passes 
through it to obtain the actual specimen while the 
outer larger needle remains in place (Fig. 19.2). 
The advantages include creation of only a single 
skin puncture wound and a single trans-capsular 
puncture in the case of an organ biopsy. Intro-
ducer needles also allow for multiple samples at 
different angles from the single insertion site. He-
mostatic agents can also be delivered to the lesion 
or the capsule of the organ through the introduc-
er needle. The major disadvantages are that the 
puncture wound is larger than the size of the core 
specimen and a needle remains within the patient 
for nearly the entire procedure. As such, patient 
cooperation or immobilization is essential. Non-
coaxial systems, on the other hand, create smaller 
puncture wounds and remain within the patient a 
shorter period of time. However, multiple punc-
tures may be needed to obtain sufficient samples. 
Since pediatric biopsies require multiple samples 

(upwards of 10–15 samples per lesion in some 
cases), coaxial systems are preferred.

For superficial lesions, scanning should be at-
tempted with high-frequency linear transducers 
(5–15 MHz). Higher frequency waves are easily 
attenuated and produce a degraded image of the 
deeper lesions. Conversely, the image quality of 
the superficial lesions is much better. For deep-
er lesions, lower frequency curved transducers 
(2.5–5 MHz) should be used. Additionally, color 
Doppler examination may be useful for real-time 
evaluation of any nearby vasculature (Fig. 19.3). 
After the confirmation of the lesion and adminis-
tration of the pre-determined sedation, the region 
of interest should be cleaned and draped in a ster-
ile fashion. The ultrasound transducer should be 
covered with gel and a sterile cover. Additional 
gel should be used on the top of the cover. The re-
gion of interest should be rescanned under sterile 
conditions. At this point, if available and desired, 
an in-plane needle guide can be used to confirm 
the path and alignment of the needle. These nee-
dle guides are biopsy needle brackets that can be 
snapped onto the transducer and show the ex-
pected path of the needle. However, it should be 
noted that guides restrict freedoms of motion of 
the needle and may not always be useful, particu-
larly if the operator is already experienced with 
percutaneous ultrasound-guided biopsies. Once 
confirmed, the skin should be infiltrated with 
local anesthetic.

In the case of non-coaxial systems , the needle 
is advanced to the lesion under ultrasound guid-
ance, making sure to leave room for the throw of 
the needle. For coaxial core needle devices, the 

Fig. 19.2  Using a coaxial method for the biopsy of a me-
diastinal mass. a Demonstrates a large, echogenic mass in 
the anterosuperior mediastinum (arrow). Given the loca-
tion of the lesion adjacent to vascular organs and need 
for multiple samples, the coaxial system was preferred. 

b Demonstrates placement of an initial 17G introducer 
needle (arrow) with the distal tip just traversing the outer 
margin of the lesion. c An 18G biopsy needle (arrow) is 
seen traversing the lesion further obtaining a sample
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introducer needle is parked proximal to or just at 
the periphery of the lesion thus allowing the bi-
opsy needle throw to traverse the lesion. Once the 
needle or the device is positioned, samples can be 
taken with or without breath-hold depending on 
the location of the lesion, level of sedation, and 
patient cooperation. After each sample acquisi-
tion, an image demonstrating the tip of the needle 
should be taken for documentation. The samples 
should be placed in the appropriate transport 
media (formalin, paraffin block, or sterile saline) 
before obtaining the next sample. Up to 10–15 
core samples may be required in certain cases.

When enough samples are obtained, the biop-
sy needle is removed. For the biopsies involving 
vascular organs or masses with a coaxial system, 
some prefer to embolize the tract to reduce the 
risk of post-procedural bleeding. As the intro-

ducer needle is removed, one may inject collagen 
slurry or gelfoam. Gelfoam may be administered 
as a pledget directly with a syringe or as a slurry 
after it has been cut into small (less than 1–2 mm) 
cubes and mixed with saline through a 3-way 
stopcock. Under ultrasound, these appear more 
heterogeneous and echogenic compared to the 
surrounding parenchyma, especially when there 
has been a small amount of bleeding (Fig. 19.4).

Post-procedural Care and 
Complications

Following the biopsy, the patient should be 
transferred to a post-procedural holding area for 
several hours of observation prior to discharge 
or transfer back to the floor. A complete blood 
count (CBC) draw is recommended at 4–6 h post-
procedure to document any change in hematocrit. 
Post-procedural bedside ultrasound examination 
can also be obtained to evaluate for any compli-
cations including hematoma formation.

Complications following percutaneous bi-
opsies remain low. Biopsy-site related bleeding 
remains one of the most common complications 
[17–25, 27–29]. In at least one study, increased 
risk of bleeding post-liver biopsy  was associ-
ated with younger age and lower weight [34]. 
Other complications may include pain at the 
site, hemothorax, pneumothorax, hemoperito-
neum (Fig. 19.5), cholangitis, or sedation-related 
complications. There have been scattered case 
reports of arterivenous fistula formation, bile 

Fig. 19.3  Assessing vascularity using a pre-biopsy scan. 
a Demonstrates an isoechoic hepatic lesion (straight 
arrow) with mass effect on the adjacent inferior vena cava 
(curved arrow). b Demonstrates color Doppler examina-
tion of the same mass demonstrating an additional large 
vessel medially (curved arrow). Given these adjacent 

vessels, the coaxial biopsy system, an 18G needle with 
a 17G introducer (arrow), was placed more superficially 
as seen in c. The post-biopsy image in d demonstrates the 
gelfoam (curved arrow) that was placed to reduce the risk 
of bleeding

 

Fig. 19.4  After the biopsy of the lesion seen in Fig. 19.4, 
the tract was embolized using gelfoam (arrow), which ap-
pears echogenic on the ultrasound images
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leak, or deaths following liver biopsies [24]. 
Arteriovenous fistula formation may occur fol-
lowing renal biopsies as well [28]. In such cases, 
possible embolization should be considered. Pa-
tient death or needle tract seeding remains ex-
ceedingly rare.

Summary

Percutaneous ultrasound-guided biopsy of solid 
organs and masses in children is a safe and ef-
ficient procedure that has a very high diagnostic 
yield. It is important to better understand the role 
and technique of the percutaneous approach as it 
becomes more widely used, possibly replacing 
the surgical approach in many cases.
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Introduction

Thyroid cancer is the most common endocrine 
malignancy in children [1] and is increasing in 
both incidence and prevalence. Risk factors for 
thyroid cancer in children are radiation exposure 
(such as prior therapy for lymphoma), female gen-
der, and family history [2]. Children have the same 
types of thyroid cancer as seen in adults (papillary, 
follicular, medullary, anaplastic); however, chil-
dren often present with more advanced disease 
[2]. Data have shown that thyroid nodules in chil-
dren are more likely to be malignant than adults. In 
spite of this, children have a better prognosis. Fac-
tors which worsen the prognosis include male sex, 
nonsurgical treatment, non-papillary type cancer, 
and patients with distant metastases [3].

Guidelines from Society of Radiologists in 
Ultrasound (SRU) and the American Association 
of Clinical Endocrinologists do not specifically 
mention the management of thyroid nodules in 
children [4, 5]. However, the revised 2009 guide-
lines from the American Thyroid Association do 
suggest that the management of pediatric thyroid 
nodules should be the same as adults [3].

A detailed clinical history and physical exami-
nation are performed with an emphasis on detecting 
signs and symptoms of thyroid disease. Laboratory 
values including a serum TSH are then drawn. If 
TSH levels are normal or high, a diagnostic ul-
trasound may be performed. Several ultrasound 
characteristics of the thyroid gland are important to 
evaluate. These include whether the disease process 
is diffuse versus focal, the number and size of the le-
sions present, and whether lesions are solid, cystic, 
or mixed (Fig. 20.1 and 20.2). In addition, the pres-
ence of calcifications, colloid, associated vascularity, 
and levels of pathologically enlarged lymph nodes  
should be documented. Typically, descriptors in the 
thyroid ultrasound report suggesting that a process 
may not be benign include the presence of macro-
calcifications or microcalcifications, absence of a 
halo, increased vascularity, solid composition, and 
irregular margins (Figs. 20.3, 20.4 and 20.5).

Based on the SRU consensus statement, fine 
needle aspiration (FNA) is suggested for a thy-
roid nodule of 1.0 cm or larger if microcalfcifica-
tions are present, 1.5 cm or larger if the nodule is 
solid with coarse calcifications, 2 cm with mixed 
solid and cystic components, or nodules that have 
substantial growth over an interval period [6]. As 
reflected in the SRU guidelines, ultrasound char-
acteristics are more important than size when de-
termining whether a nodule should be sampled.

The cytopathology result of the FNA deter-
mines whether observation, repeat FNA, or sur-
gery should be performed. With respect to the 
cytopathology result, the Bethesda Classification 
System for Reporting Thyroid Cytopathology 
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allows for standardization which in turn dic-
tates management [7]. Every FNA report groups 
the cytopathology into six distinct categories. 
Each category has an associated risk for malig-
nancy and a recommended management scheme 
(Table 20.1).

Fig. 20.4  Coarse calcifications within a thyroid nod-
ule. Note the posterior shadowing from the calcifications 
(arrow). FNA revealed papillary cancer

 

Fig. 20.3  a Transverse thyroid ultrasound image reveals 
microcalcifications (arrow) within a solid nodule in the 
left lobe of the thyroid. Fine needle aspiration of the le-
sion was significant for papillary thyroid carcinoma. b 
Transverse image of lymph node in the right neck ad-
jacent to the carotid artery in the same patient. Note the 
similar sonographic appearance to the primary thyroid 
lesion (arrow)

 

Fig. 20.2  Transverse ultrasound image of the right lobe 
of the thyroid demonstrating a mixed solid and cystic 
nodule. Targeted FNA of the solid portion of the lesion 
revealed papillary thyroid carcinoma

 

Fig. 20.1  Transverse ultrasound image of the right lobe 
demonstrates a thin-walled anechoic structure with poste-
rior acoustic enhancement in the thyroid gland. This is a 
simple benign cyst
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FNA in children presents a unique challenge 
as opposed to adults. While most adults can 
lie still for an FNA, children may require local 
anesthesia, intravenous conscious sedation, or 
even general anesthesia. Anesthesia does carry 

inherent risks and every case should undergo 
an appropriate risk/benefit analysis. However, 
it is best to err on the side of increased patient 
comfort and hence decreased patient motion as 
adjacent structures can be inadvertently damaged 
even with a small-gauge needle.

Some practitioners perform FNA of thyroid 
without ultrasound. Although ultrasound guid-
ance may add slightly to the cost and length of 
the procedure, it is felt to provide more accurate 
diagnostic information. This is particularly true 
when nodules cannot be palpated, when there is 
some alteration in anatomy, and when a specific 
thyroid nodule needs to be sampled in the set-
ting of multiple nodules. Additionally, ultrasound 
allows for targeting of the solid components of 
a lesion that has mixed solid and cystic charac-
teristics and allows for the visualization of larger 
vasculature that should be avoided.

Pre-procedural Management

The most important aspect of pre-procedural 
management is confirming that there is a docu-
mented indication for the biopsy. All prior im-
aging studies should be reviewed. Most practi-
tioners agree that anticoagulants, including anti-
platelet agents, should be held for 4–7 days prior 
to the FNA procedure. In some instances, anti-
platelet agents may be difficult to hold. Thyroid 
lesions can still be safely biopsied in this clinical 
setting as long as the procedure is meticulously 
performed. Informed consent with documenta-
tion of the risks of the procedure should be ob-
tained from the patient or legal guardian. It is also 
prudent to discuss each case individually with the 

Table 20.1  The Bethesda classification system for thyroid malignancy
Classification Risk of malignancy (%) Management
Nondiagnostic 1–4 Repeat FNA
Benign <5 Follow up ultrasound in 6–18 months
Follicular lesion of uncertain significance 5–15 Follow up ultrasound +/− repeat FNA in 3–6 

months
Follicular neoplasm, Hürthle cell neoplasm 20–30 Surgical lobectomy
Suspicious for papillary thyroid cancer 60–75 Thyroid lobectomy/total thyroidectomy
Papillary thyroid cancer 98 Total thyroidectomy

FNA Fine needle aspiration

Fig. 20.5  a Transverse ultrasound images of the thyroid 
in a 10-year-old female. A dominant nodule path proven 
to be papillary thyroid carcinoma is noted within the right 
lobe of the thyroid. b Color Doppler demonstrates hyper-
vascularity of the lesion
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anesthesia provider to determine whether local 
anesthetic alone, intravenous sedation, or general 
endotracheal anesthesia will be required. If the 
institution has the capability, having an on-site 
cytopathologist during the procedure can elimi-
nate unnecessary needle passes through the thy-
roid lesion and limit the amount of nondiagnostic 
biopsies.

Technique

Once the child is in the procedure room, patient 
verification is performed. A preliminary thyroid 
ultrasound should be performed at this time to 
document the continued presence of the lesion 
that is to be biopsied. The patient should then be 
anesthetized according to the previously deter-
mined plan. The patient is positioned with their 
neck in extension, usually with a rolled towel or 
small pillow underneath the shoulder blades [8].

With a high frequency probe (7.5–15 MHz), 
the nodule of interest is identified and an over-
view of the surrounding anatomy is obtained [4]. 
Using color Doppler, large surrounding vascular 
structures are noted. An appropriate path for the 
biopsy needle is determined to avoid vascular 
structures and traverse as little as normal tissue 
as possible. The neck is prepped and draped in 
standard sterile fashion. At this point, the ultra-
sound probe should be covered with a sterile 
probe cover containing ultrasound gel.

Although many ultrasound-guided procedures 
require the use of ultrasound gel on the outside 
of the probe cover in order to maximize image 
quality, gel can get stuck in the needle bore and 
can interfere with the cytology assessment by 
causing precipitation on Wright staining [9]. For 
this reason and because the thyroid is a superfi-
cial structure, FNA can be performed in an alter-
native manner using only an antiseptic solution 
such as betadine to achieve adequate skin contact 
with the ultrasound probe. It should be noted that 
ultrasound gel can still be used as long as the op-
erator is aware of the potential downsides.

Because the thyroid gland is highly vascular, 
a small gauge needle is recommended for aspi-
ration. There are different recommendations for 

the gauge of a needle ranging between 22 and 27 
gauge [4, 9, 10, 12]. Any needle gauge less than 
27 is too small, given that the diameter of the fol-
licular cell nucleus is in the 200 µm range and 
the inside diameter of a 25- and 27-gauge needle 
is between 191 and 241 µm [9]. Furthermore, 
core biopsies of the thyroid gland are not part of 
routine practice and are rarely performed due to 
the potential increased risk of bleeding complica-
tions.

While operators at many institutions use local 
anesthesia, it is not recommended by the Nation-
al Committee for Clinical Laboratory Standards 
because it can cause more pain than the FNA it-
self. Moreover, it can obscure cellular detail on 
pathology and anatomic detail during instillation 
[11]. However, local anesthesia does offer the 
benefit of pain relief during and after the pro-
cedure, allowing for a better patient experience. 
Typically, this is done using a 25-gauge needle 
and should be used in the subcutaneous fat, not 
the reticular dermis, to infiltrate dermal nerves 
[9]. The amount of anesthetic that can be admin-
istered varies depending upon the type of medica-
tion used, whether it is mixed with epinephrine, 
and the weight of the patient. Additionally, an 
anesthetic cream such as EMLA cream, a spray 
formulation or ice can be used as an anesthetic. 
The former has a vasoconstrictor effect and leads 
to less hemodilution of the aspirate [9, 12].

Under ultrasound guidance, utilizing the free 
hand technique or an ultrasound guide, the needle 
is slowly advanced toward the superficial margin 
of the nodule. Several forward and back oscilla-
tions are made with the needle through the lesion 
(Fig. 20.6). This motion allows for more mate-
rial to enter the bore of the needle and become 
trapped for extraction. The intralesional dwell 
time during this portion of the procedure should 
be 2–5 s. Suction can be applied to the needle 
with a syringe during the aspiration but is not 
necessary as there is already native suction pro-
vided by the existing surface tension in the nod-
ule [13, 14]. The literature suggests that suction 
is more convenient, however, it is not does not 
provide a better diagnostic yield when compared 
to using no suction [13, 14].
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Some operators feel more needle passes 
through the lesion can increase the diagnostic 
yield. However, there is some literature to sug-
gest that more than ten needle passes during 
sampling can increase the risk of hematoma 
formation [10]. If blood is identified within the 
needle during sampling the operator should not 
be alarmed, since this only means that the low-
er-viscosity blood has preferentially entered the 
needle over the higher-viscosity material. Blood 
identified within the needle can be due to exces-
sive suction or a long dwell time of the needle 
within the lesion [9, 11].

The nodule of interest is sampled and the nee-
dle is given to the cytopathologist for analysis. 
Typically, three to five passes are performed at 
the beginning of the procedure and given to the 
cytopathologist at one time, since preparation of 
the material for viewing under the microscope 
can take a few minutes. If no cytopathologist is 
present, the needle can be placed bevel down and 
the aspirate smeared onto a slide and submitted 
to cytopathology [11]. When preparing your own 
slides, using a one step method is preferable by 
using one slide to hold the sample and the sec-
ond to spread it. It can be difficult to know when 
enough material is present for diagnosis when an 
on-site cytopathologist is not present.

A thorough ultrasound of the neck is per-
formed after the procedure to look for a hema-
toma [10]. An ice pack or acetaminophen is the 
preferred method of analgesia post procedure. 
Discharge instructions should include notify-
ing the clinician for any signs of neck swelling, 
shortness of breath, redness, or discharge from 
the FNA site [10].

Post-procedural Complications

Complications that can be seen after a thyroid 
FNA include pain, bruising, and hematoma around 
the FNA site. Rarely, an infection may be encoun-
tered. Allergic reactions to local anesthetics are 
rare and the main treatment is antihistamines. The 
recurrent laryngeal nerve is within the region of 
the thyroid, therefore puncture is possible, how-
ever this is extremely rare [11, 15]. Large blood 
vessel transgression can occur with the needle, 
but with good ultrasound imaging and color Dop-
pler this is also extremely rare. Another rare com-
plication is tumor seeding which has been noted 
in 12 cases [16]. Tumor seeding may be prevented 
by limiting the number of needle passes, making 
sure the needle does not transgress deep to the le-
sion and using smaller needles for the FNA.

The main cause of inadequate samples is other 
substances such as ultrasound gel or blood pre-
dominating the sample. This can be minimized 
by limiting the use of ultrasound gel or suction 
and having on-site cytopathologist to review the 
sample. Other causes include performing a bi-
opsy on a predominantly cystic or excessively 
vascular nodule. Although studies evaluating the 
efficacy of FNA of the thyroid in children are 
not well established, many centers find that di-
agnostic samples can be obtained in over 90 % of 
patients. Some authors have concluded that the 
efficacy is less for nodules less than 5 mm [17].

Summary

FNA of suspicious thyroid nodules in children 
is an important part in the medical evaluation of 
these patients. As research continues to evolve, 

Fig. 20.6  Intraprocedural transverse ultrasound image 
of a thyroid fine needle aspiration. Note the echogenic 
25-gauge needle (arrow) within a dominant right thyroid 
nodule
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it is important for clinicians to know what con-
stitutes best practice with respect to technique. 
Doing so will allow for maximum yield, less dis-
comfort to the patient, and less inconvenience to 
the patient’s family.
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Introduction

There are many different types of collections of 
fluid (e.g., those in a cavity, those after surgery, 
those that are congenital); the approach to diag-
nosis or therapy may be different based on the 
type and location. Being able to categorize fluid 
collections by type and location in the body is the 
first step. These fluid collections can occur at any 
part of the body and knowing your anatomy is a 
key way to avoid any complications.

The next step is preparation which leads to a 
series of questions: Do I have all the equipment, 
does this need to be sterile, does the primary 
team managing the patient want the fluid sent for 
special things including cultures, is this a recur-
rence, do we need to perform a sclerosis, is this in 
conjunction with a biopsy, is ultrasound the cor-
rect image guidance modality for this instance. 
Knowing the history and doing a thorough physi-
cal checkup is still important prior to picking up 
the ultrasound. A patient with allergies, having 
severe anxiety to the procedure, or just after a 
meal, could seriously hinder the ability to per-
form an ultrasound. As interventional ultrasound 
is an adjunct to clinical care—the provider car-
ing for the patient and the person performing the 
ultrasound-guided procedure may be different—

leading to a fragmentation in care that could lead 
to communication issues.

Finally, technical considerations, such as hav-
ing more than one ultrasound probe, are essen-
tial. The diagnostic and therapeutic probes used 
for ultrasound do not have to be the same. For 
example, identifying the collection may be bet-
ter with a curved probe, but following the needle 
into the cavity may be better with a linear probe. 
Furthermore, having a range of drainage cathe-
ters, guidewires, and dilators is crucial to the suc-
cess of a drainage procedure. Moreover, the path 
to the collection does not have to be directly per-
cutaneous and may need to traverse an organ. For 
example, accessing the gallbladder through the 
liver parenchyma or a pelvic collection through a 
transrectal approach often is superior to other op-
tions. Finally, having the ability to inject the col-
lection with contrast and monitoring this using 
fluoroscopy should not be underestimated.

In this chapter, we focus on general prin-
ciples as briefly outlined above, then focus on 
a transrectal approach to drainage, after which 
we discuss special circumstances where there is 
literature to support a specific strategy. For ex-
ample with ascites, make sure to have albumin 
available or know if the patient has significant 
liver disease; or with a pleural effusion, use of 
tissue plasminogen activator (TPA) to prevent a 
recurrence versus needing to send samples to rule 
out malignancy.

© Springer International Publishing Switzerland 2016
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General Principles

Fluid collections can be differentiated into vari-
ous types based on history and anatomic location. 
Categorizing them based on history and location 
helps with management by using a diagnostic or 
therapeutic algorithm. The following is an ex-
ample of various ways a collection can be cat-
egorized:

1. Collections in general: unknown, malignant, 
infectious, lymphatic

2. Abscesses: postoperative, chest, mediastinal, 
abdominal, pelvic

3. Gastrointestinal (GI): pancreatic, splenic, 
foregut/duplication, chronic cholecystitis, hy-
datid cyst

4. Urologic: hydronephrosis, suprapubic cath-
eter placement

Prior to drainage of a collection, the indica-
tions must be reviewed, coagulopathy must be 
excluded or treated, and the appropriate imag-
ing modality must be chosen [1]. The diagnostic 
approach to fluid collections starts with a good 
history and location of the lesion. If the patient 
has a history of malignancy or risk factors that 
increase the risk for a malignancy, the identifica-
tion of a collection, such as a pleural effusion, 
can be a marker of the malignancy. Furthermore, 
qualities of a collection, such as the percentage 
of solid material, can differentiate a cystic collec-
tion. Knowing the likelihood of a malignancy is 
important in the approach to drainage of a collec-
tion as the tract used to sample the fluid can be a 
potential pathway for the spread of the disease.

Similarly, the sampling of the collection can 
be diagnostic, therapeutic, or both. Therefore, 
having a general framework to approach the fluid 
is useful to prevent additional procedures or an-
esthetics. As there is always a risk in the aspira-
tion of a collection, combining procedures into 
one setting can mitigate further risks. For exam-
ple, injection of a sclerosant into the cavity dur-
ing drainage of a lymphatic collection prevents 
recurrence of the collection and, concomitantly, 
an additional procedure.

Drainage of a fluid collection should only be 
performed when there is [2]: a suspicion of infec-

tion, a need for fluid characterization, or symp-
toms that warrant drainage. “The basic indication 
for needle aspiration is to confirm the radiologi-
cal diagnosis of an abscess because the radiologi-
cal signs may not distinguish amongst various 
types of fluid collection including abscess, he-
matoma, urinoma, biloma, lymphocele, seroma, 
and loculated ascites. The main indications for 
catheter drainage include treatment or palliation 
of sepsis associated with an infected fluid collec-
tion, and alleviation of the symptoms that may 
be caused by fluid collections by virtue of their 
size, like pancreatic pseudocele or lymphocele” 
[1]. Figure 21.1 demonstrates needle entry into a 
fluid collection of unknown etiology for diagnos-
tic purposes.

Informed consent following a thorough dis-
cussion with the patient is mandatory for any 
invasive procedure. Rarely are the procedures 
emergent and the expectations of the patients and 
primary-care providers need to be assessed prior 
to performing the procedure. Identification of the 
indications, approach to drainage, choosing the 
appropriate imaging modality, specific diagnos-
tic tests on the drainage, and therapeutic options 
should all be discussed at this time.

In diagnostic or therapeutic drainage, the steps 
are fairly simple though difficult to execute with-
out sufficient practice. The collection is identi-
fied using an ultrasound probe (as mentioned 
earlier, the probe used to initially find the collec-
tion and that used for targeting drainage may be 
different). Using ultrasound guidance, the collec-

Fig. 21.1  Figure represents needle entry into a collection 
of unknown etiology using a curved probe for guidance
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tion is approached using an 18- or 22-gauge entry 
needle based on the depth and size of the fluid. 
Advancing the needle in line with the ultrasound 
transducer provides excellent visualization of the 
entire needle and the target collection simultane-
ously. This improves safety and maneuverability 
in advancing the needle. If purulent fluid is aspi-
rated, it is sent for culture; of note, immunocom-
promised patients may have bacteria or fungal 
collections without evidence of an immune re-
sponse. Keep in mind that a Gram stain may fail 
to grow any organisms if the patient has already 
received antimicrobial therapy. Furthermore, use 
of a needle without the syringe attached can be a 
useful technique to facilitate guiding the needle 
into the cavity without the added weight of the 
syringe. The syringe can be attached once entry 
into the cavity can be confirmed by imaging. 
Based on the thickness of the fluid, the needle 
may need to be “upsized” prior to drainage of the 
contents.

To “upsize” the needle, a guidewire can be 
inserted with serial dilation over the guidewire 
using a Seldinger technique. A 0.010- or 0.018-
in. wire can be placed through the 22-gauge nee-
dle whereas a 0.035 guidewire can be inserted 
through an 18-gauge entry needle. When using 
larger dilators, we routinely exchange a thinner 
guidewire to a larger diameter and stiffer wire to 
provide a stiff backbone for the dilator to travel 
over preventing dislodgment and errant passage 
of the dilator. Furthermore, the needle and guide-
wire exchange is easier to accomplish with the 
cavity filled with fluid as there is more resistance 
on the wall to prevent dislodgement as well as 
prevent inadvertent entry through the opposite 
wall. If the fluid within a cavity has already been 

evacuated for diagnosis, irrigation with saline 
can be used to refill the area and help with the 
needle and guidewire exchange. Once a drain-
age cathether has been inserted into the cavity, 
we routinely use ultrasound to confirm adequate 
drainage of the cavity and assess for additional 
located collections that were not initially noted or 
were inadequately drained. Although, the largest 
possible drainage catheter is generally used, there 
is no difference in recurrence, drainage time, and 
complications [3]. Figure 21.2 demonstrates 
evacuation of a loculated abscess by breaking up 
septations using the needle and placement of a 
pigtail for irrigation and drainage.

The management of a drain when placed 
should be standard for each institution. Drains 
can be placed to bulb or gravity drainage based 
on the expected quality and quantity of output. 
They should be ideally flushed with saline daily 
and removed in about 1–3 days when the output 
is less than 10 ml/day or 5 ml/day in infants [2]. 
While a drain is in place, antibiotics should be 
considered if there is a risk of translocation based 
on host factors, if there is adjacent foreign mate-
rial such as an implant, or if the output is pre-
sumptively infectious.

Ultrasound has become the imaging modal-
ity of choice for many interventions with the 
advent of high-resolution, wide-angle probes. 
Ultrasound also offers the unique advantages of 
portability, immediate availability, and flexibil-
ity, owing in part to the wide range of transduc-
ers now available. Ultrasound probes have been 
specifically designed to guide the biopsy of small 
lesions, allow precise control of biopsy instru-
ments, and provide direct, real-time visualization 
of successful target lesion biopsies. Moreover, 

Fig. 21.2  a Figure represents needle entry into a locu-
lated abscess cavity with multiple septations. b Figure 
represents needle connecting multiple loculated collec-
tions by breaking up the septations under visualization. 

c Figure represents abscess cavity being drained by the 
pigtail catheter that is now in place. The abscess is ir-
rigated with saline and collapsed down at the end of the 
procedure
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ultrasound avoids ionizing radiation—an impor-
tant concern especially when imaging the organs 
of the pelvis, namely the gonads [4].

Transrectal Drainage

A transrectal approach can be used for drainage 
of an abscess or fluid collection in the pelvis. As 
the bowel can obscure the collection and prevent 
a transabdominal approach to the collection, a 
transrectal access can be more direct. Also, this 
approach may be less painful than transgluteal as 
it does not traverse any muscles. A transgluteal 
approach requires the catheter to be placed close 
to the sacrum/coccyx to avoid injury to the sci-
atic nerve and gluteal vessels; this approach can 
cause pelvic and leg pain if it passes through the 
piriformis muscle or near the sacral plexus [4]. 
Securing the catheter using the transrectal ap-
proach may be more difficult though, therefore, 
a pigtail is recommended. Figure 21.3 demon-
strates the use of real-time ultrasound to access 
a pelvic abscess using the transrectal approach.

One study recommends having all patients 
who are having transrectal or transvaginal drain-
age of an abscess be started on antibiotics at least 
2 h in advance to achieve adequate systemic lev-
els [5]. A bowel preparation is considered unnec-
essary for transrectal drainage; however a gentle 

enema—if not contraindicated—using saline or 
Fleet’s may help clear out remnant stool, making 
the procedure easier and cleaner to perform.

For teenagers, a transrectal probe with guide 
can be used since their anal sphincter complex 
can accommodate the probe without damage. 
However, in both older and younger children, a 
curved transducer in a sagittal orientation placed 
just above the pubic bone can provide excellent 
transabdominal guidance for transrectal abscess 
drainage. In this method the bladder acts as an 
acoustic window so that catheterizing the blad-
der to fill with saline augments visualization [5]. 
Leaving a pigtail catheter in the abscess is pre-
ferred to solely draining an abscess when tran-
srectal approach is used. Furthermore, daily irri-
gation should be performed approximately every 
8 h with 5–10 mL of sterile saline to flush both 
the abscess cavity and the associated tubing [4].

Transrectal techniques are also used in assess-
ment of male infertility, hemospermia, and azo-
spermia. Seminal vesicle, ejaculatory duct, and 
midline cysts can be aspirated under transrectal 
ultrasound guidance and analyzed for semen and 
sperm motility. Aspiration of ejaculatory duct 
cysts may improve obstructive azospermia and 
improve paternity rates [4].

Furthermore, the transrectal technique is a 
safe, adequate, and effective treatment for pros-
tate abscess [6].

The rest of the chapter focuses on diagnostic 
and therapeutic approaches that should be con-
sidered for various anatomic locations.

Head and Neck

Drainage of a fluid collection in the head and 
neck region can be required for an infection with 
subsequent abscess formation, hemorrhage into 
an existing cyst, or a postoperative complication 
[7]. As the oral cavity is closely intertwined with 
head and neck anatomy, several sources of bacte-
rial translocation can occur. As these anaerobic 
organisms spread, they can lead to a retropharyn-
geal abscess or those that track anteriorly into the 
mediastinum. Early drainage can identify these 
organisms and allow for aggressive treatment, 
preventing later complications [8].

Fig. 21.3  Figure represents needle entry into a pelvic 
abscess using a transrectal approach. The needle enters 
the cavity under direct visualization. The probe (curved) 
was placed in a longitudinal orientation on the abdominal 
wall visualizing the bladder and rectum while accessing 
the abscess cavity
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Peritonsillar cellulitis and abscess can present 
similarly with edema, trismus, and erythema [9]. 
Usage of ultrasound improves the diagnostic ac-
curacy and ability to drain the collection. As the 
carotid artery can be near the posterior extent of 
the abscess, an ultrasound can be used to guide 
the needle while limiting the potential injury to 
adjacent structures. In one study, ultrasound was 
used to diagnose and drain the collection in the 
emergency room, facilitating an earlier discharge 
home without complications [10].

Cysts in the head and neck region can be fair-
ly common, arising from the thyroid origin as a 
thyroglossal duct cyst—a dermoid cyst confined 
to the superficial tissues or laterally as branchial 
cleft cysts. These cysts ultimately may require 
surgical excision; however, infection or hemor-
rhage can occur at initial presentation or postop-
eratively requiring ultrasound-guided drainage 
for management. The most important concepts 
to consider in the head and neck region include: 
(1) the use of anatomic landmarks and identifica-
tion of important vascular and air-filled structures 
that course over a small area and (2) weighing the 
risks of drainage for diagnostic purposes versus 
an earlier more aggressive surgical approach for 
therapy. Alternatively, use of sclerotherapy after 
drainage of cysts in the thyroid, parathyroid, and 
salivary glands has been shown to be successful to 
prevent recurrence [11]. Figure 21.4 demonstrates 
entry into a thyroid cyst for diagnostic sampling.

Chest

Pleural effusions or fluid collections in the chest 
can occur for a variety of reasons—infectious, 
malignant, lymphatic, or idiopathic. Classically, 
drainage of the fluid has been used for diagno-
sis—classifying effusions as transudative versus 
exudative. The Light criteria can be used to de-
fine the type of effusion [12]: pH < 7.2, lactate 
dehydrogenase > 1000 U, glucose < 40 mg/dL, or 
< 25 % blood glucose, Gram stain, or culture pos-
itive and with loculations or septations proven 
with imaging indicating an exudative or complex 
collection. In future studies, an exudative effu-
sion was most definitively confirmed with a low 
pH [13−15]. Figure 21.5 demonstrates the use of 
ultrasound to drain a pleural fluid collection.

Parapneumonic effusions occur during or after 
a bout of bacterial pneumonia, with translocation 
of the bacteria into the pleural space from the in-
terstitial. The fluid starts as clear with some mild 
particulate matter, thickening over time, until it 

Fig. 21.5  Figure represents needle entry into the pleural 
cavity using a linear probe. Note the image quality below 
each rib causing a shadow to appear. The needle usually 
“disappears” in this shadow and reappears on the other 
side. The lung is collapsed and therefore seen better than 
usual when fully filled with air

 

Fig. 21.4  Figure represents needle entry into a cyst in the 
thyroid. Note the adjacent vascular structures and how 
well they can be visualized and avoided using ultrasound
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reaches a fibrotic nature, compromising the lung 
volume by trapping the lung in various areas 
(Fig. 21.6a and b). Drainage of the fluid alone 
has been used for treatment, but has a high recur-
rence rate. Surgical approaches with or without 
using minimally invasive techniques have been 
advocated to decorticate the fibrotic bands and 
release trapped lung; however, this carries mor-
bidity of the surgery and an increase in cost. 
Alternatively, drainage with insertion of a lytic 
agent has been proposed to decrease the recur-
rence rate without the morbidity or cost associ-
ated with surgery [16]. Placement of the drainage 

catheter can be performed using an ultrasound to 
target the area of fluid more precisely.

On patients on a ventilator, drainage of simple 
or complex pleural effusions in mechanically 
ventilated patients appears to improve oxygen-
ation and is safe [17]. A pleural effusion was de-
tected in critically ill patients in 60 % of patients 
in one intensive care unit (ICU) with over 40 % 
present on admission [18]. These effusions can 
be the result of heart failure, atelectasis, malig-
nancy, pneumonia, hypoalbuminemia, and even 
positive-pressure ventilation [18, 19]. In any pa-
tient where drainage of an effusion is considered, 
there is a risk of an iatrogenic pneumothorax with 
intervention. Therefore, the use of an ultrasound 
should be considered mandatory for the drainage 
of pleural effusions in this population of patients 
that has minimal reserve at baseline.

Malignant pleural effusions affect more than 
175,000 people each year in the USA, with lung 
cancer contributing to 30 % of the cases [20]. 
Thoracentesis or drainage of the pleural fluid can 
be used for diagnostic and therapeutic purposes 
when a malignant effusion is suspected. Unfortu-
nately, nearly a third of these procedures may be 
associated with a complication when performed 
without an ultrasound, with a third of these com-
plications being a pneumothorax [21]. In contrast, 
an ultrasound-guided thoracentesis, especially 
when performed by an experienced operator, can 
have a less than 3 % rate of any of the following 
complications: pain, pneumothorax, bleeding or 
hematoma, shortness of breath, or re-expansion 
pulmonary edema [22].

Accumulation of fluid in the pericardial sac 
can cause cardiac compression and tamponade 
from elevated pressure. Classically, Beck’s triad 
of low blood pressure, distended neck veins 
(jugular venous distension), and muffled heart 
sounds represents cardiac tamponade. In reality 
however, the right ventricle and atrium have thin-
ner walls and decreased pressures, therefore they 
collapse first and findings of low systemic blood 
pressure or cardiac output can be a late presenta-
tion. Furthermore, the rate and volume of fluid 
accumulation vary and determine the timing of 
hemodynamic compromise.

Fig. 21.6  a and b The pictures show possible sonograph-
ic findings in the setting of an advanced parapneumonic 
pleural effusion or empyema. Treatment options include 
ultrasound-guided placement of pigtail chest tube with 
TPA(tissue plasminogen activator) applications or VATS 
(video-assisted thoracoscopic surgery) with decortication

 



24121 Diagnostic and Therapeutic Drainage

Ultrasound can be used to diagnose and drain 
a pericardial effusion in a timely manner with 
decreased risk. The following is an approach to 
diagnosis of tamponade adapted from Chandr-
aratna et al. [23]: (1) Rarely is isolated right atrial 
collapse seen without right ventricular diastolic 
collapse (RVDC), (2) RVDC, best observed in 
the most compressible part—the right ventricle 
outflow tract—is a sensitive sign of cardiac tam-
ponade because the right ventricular (RV) pres-
sure is lowest in early diastole, (3) RVDC, occurs 
initially in early diastole and in more advanced 
tamponade, is seen throughout diastole, and (4) A 
dilated non-pulsatile inferior vena cava, nonspe-
cific for tamponade, indicates marked elevation 
of right atrial (RA) pressure.

To drain the fluid, a subxiphoid or apical ap-
proach can be used. For the subxiphoid approach, 
the ultrasound probe is placed at the cardiac apex 
to obtain an apical four-chamber view; while for 
the apical approach, the transducer is placed at 
the left sternal border for monitoring. For a sub-
xiphoid approach, a long needle is inserted under 
the xiphoid process and directed toward the left 
shoulder at a 15–30° angle to the skin between 
the xiphoid and left costal margin [23]. For the 
apical approach, an 18-gauge needle with a sy-
ringe, under constant negative pressure and at-
tached to a 3-way stopcock, is passed through the 
rib space until fluid is aspirated [23]. Complica-
tions for either include “arrhythmias, coronary or 
left internal mammary artery puncture, hemotho-
rax, pneumothorax, and hepatic injury” [23].

Ultrasound-guided interventions in the chest 
are limited by the bony ribs, spine and sternum 
exteriorly and the air-filled trachea, esophagus, 
and lungs interiorly but adequate windows can 
be gotten with sufficient practice and the use of 
acoustic windows from the neck, through the 
liver, or into the mediastinum and pleura between 
the ribs. These can be used to guide diagnostic 
and therapeutic procedures in the setting of bed-
side procedures or those requiring real-time vi-
sualization. In many instances, cross-sectional 
imaging may provide adequate diagnostic de-
tail, curtailing the need for ultrasound and these 
should be considered based on the patient and 
procedure risk profiles.

Abdomen and Pelvis

Abdominal and pelvic abscesses may occur from 
solid organs such as spleen, kidney, or pancreas, 
or an enteric source such as those from post-
surgery, appendicitis, diverticulitis, or Crohn’s 
disease24. Percutaneous drainage could poten-
tially eliminate the need for surgical drainage 
altogether–whether the abscess is simple or com-
plex and multiloculated. Approach to drainage 
can be through the abdominal wall, transgastric, 
transrectal, transvaginal, transperineal, or trans-
gluteal [24]. Occasionally, a catheter cannot be 
placed and only a drainage with sampling of the 
fluid is performed, especially if the abscess is not 
large or loculated [25].

In children, the most common cause of ab-
dominal abscess is appendicitis [2]. Other com-
mon etiologies for intra-abdominal collections 
in children include “cerebrospinal fluid pseudo-
cysts, post-traumatic collections, pancreatic fluid 
collections, acalculous cholecystitis, and ab-
scesses due to Crohn’s disease or necrotizing en-
terocolitis” [2]. Furthermore, in children, the use 
of ultrasound is ubiquitous due to the increased 
radiation risk with computed tomography (CT) 
scans and the difficulty with prolonged seda-
tion required for magnetic resonance imaging 
(MRI) for diagnosis and therapy of an abdomi-
nal source. Therefore, the algorithm for children 
with a fluid collection in the abdomen includes 
the early use of ultrasound-guided drainage for 
diagnosis or for therapy.

An enteric source of an abscess in the abdo-
men can be addressed via percutaneous interven-
tion guided by ultrasound as a temporizing mea-
sure [1] addressing the acute bacterial infection; 
however, the underlying source must eventually 
be addressed as a general principle. For example, 
a perforated appendicitis, diverticulitis, or an ile-
opsoas abscess secondary to Crohn’s can be ad-
dressed with drainage of the abscess but eventual-
ly may require an appendectomy, colon resection, 
or ileocolic excision, respectively. Postoperative 
abscess secondary to an enteric source is another 
common indication for percutaneous drainage. 
Depending on the location, however, a CT-guided 
approach may be needed or preferred [26].
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Occasionally, a patient presents with idiopath-
ic ascites and part of the workup involves drain-
age of the fluid for diagnosis or for therapy. It is 
important to communicate extensively with the 
primary team to identify the specific indications, 
risks of bleeding secondary to liver disease, 
portal hypertension and venous congestion, and 
next steps with worsening patient status. When 
a large volume is identified on ultrasound, the 
drainage should be done in steps with protein-
rich replacement to prevent severe hypotension. 
Patient access for transfusion and fluid resuscita-
tion should be identified prior to starting a para-
centesis. Finally, drainage of the ascites might 
occasionally identify chylous output (potentially 
indicating a malignancy from lymphatic conges-
tion, an underlying lymphatic abnormality, or an 
undiagnosed malrotated state of the bowel re-
quiring emergent operative detorsion).

An enteric source must be quickly identified 
and addressed for most abdominal and pelvic 
collections. Occasionally, an abdominal or pelvic 
collection can be secondary to a solid organ such 
as liver, pancreas, spleen, ovary, or kidney.

A liver abscess can be single or multiple, oc-
curring more commonly in the right lobe or bi-
laterally, respectively. Various diseases that may 
lead to pyogenic liver abscesses include prior 
abdominal surgery, trauma, neoplastic disease, 
biliary tract disease, or bacteremia in immune-
compromised patients [1]. A single abscess can 
be drained using ultrasound guidance but mul-
tiple usually require CT guidance with several 
catheters inserted. Furthermore, it is imperative 
that pyogenic abscesses are differentiated from 
amebic as these are treated with antimicrobials. 
Other conditions such as tumors, secondary ab-
scesses, and hydatic cysts may present similarly 
and need to be differentiated as the management 
options differ drastically.

Pancreatic pseudocysts can develop 1–4 weeks 
from a bout of pancreatitis. These collections of 
fluid can be sterile or infected. Immature collec-
tions are usually observed unless an infection is 
suspected on imaging and a sample needs to be 
obtained. These cysts, once mature, are usually 
treated surgically or endoscopically, although a 
percutaneous approach can be used when patient 

condition prohibits a more definitive interven-
tion. An ultrasound-guided intervention is rarely 
done due to the location of these cysts and bowel 
gas obscuring an adequate window for drainage.

Splenic cysts can be congenital, posttrau-
matic, or idiopathic. Rarely, these cysts can be 
complex and represent an abscess, presenting 
with a classic triad of left upper quadrant pain, 
fever, and leukocytosis [1]. Percutaneous drain-
age can be used for diagnosis and therapy of the 
cyst, with surgical excision used for recurrence. 
Multilocular abscesses and rupture with bleed-
ing are considered relative contraindications with 
medical therapy reserved for fungal abscess [1].

Ultrasound is the workhorse and preferred 
imaging modality for the female pelvis: widely 
available, noninvasive, cheap, does not use ion-
izing radiations, and is able to provide definitive 
diagnostic information in heterogeneous clinical 
situations [27]. An abdominal approach is usu-
ally used initially to study the female anatomy; 
however, a transvaginal approach can be used to 
provide additional details and for therapeutic in-
terventions. A filled bladder can act as an acous-
tic window augmenting the transabdominal view 
but can impede a transvaginal approach due to 
pressure anteriorly.

Simple cysts are the most common asymp-
tomatic pelvic mass in a female patient. These 
can be observed and followed using ultrasound 
with larger lesions (greater than 5–6 cm) having 
a higher risk of being malignant [27] or requiring 
intervention to prevent torsion [28]. Hemorrhag-
ic and ruptured cysts can be managed similarly 
with observation. Any cyst with solid compo-
nents should have a workup for malignancy—as-
cites alone is not an accurate predictor of malig-
nancy. Mature cystic teratomas are the most com-
mon ovarian tumors in children and adolescents 
and represent half of all tumors [28]; whereas 
in adults, epithelial tumors represent 70 % of all 
ovarian malignancies [27].

Pelvic inflammatory disease is a common 
cause of acute pelvic pain. A transvaginal ap-
proach can be used to diagnose and drain a tubo-
ovarian abscess. Sampling of fluid to target an-
timicrobial therapy can also be a useful adjunct. 
Furthermore, use of ultrasound can be helpful to 
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exclude alternate pathology causing pelvic pain 
such as ectopic pregnancy, appendicitis, or endo-
metriosis.

In the setting of percutaneous nephrostomy, 
ultrasound is valuable for accessing the renal pel-
vis for interventional procedures and for drain-
age. Indications include “urinary diversion for 
urinary tract obstruction, nephrolithiasis, urinary 
tract infections, urinary fistulas, providing access 
for subsequent ureteral interventions, such as 
stent placement, nephroscopy, and ureteroscopy” 
[29]. These procedures can be performed on na-
tive and transplanted kidneys. The most impor-
tant contraindication is severe coagulopathy. Fig-
ure 21.7 demonstrates drainage of a congenital 
hydronephrosis using ultrasound guidance.

The most common indication is for urinary ob-
struction from congenital anomalies, from urinary 
calculi or from a malignancy. Hydronephrosis 
can also form without an obstruction, such as in 
pregnancy, over hydration, and diabetes insipidus 
[29]. Important pre-procedure concepts to con-
sider include abnormal orientation or location of 
the kidney, presence of a duplicated collecting 
system, cysts, diverticula and tumors that increase 
the complexity and difficulty of a procedure, need 
for lithotripsy prior to or in conjunction with the 
procedure, and residual contrast that may obscure 
or eliminate the need for retrograde injection [29].

Infection can occur in the setting of urinary 
reflux, an obstruction from calculi, or susceptible 
transplanted kidneys. A renal abscess can rupture 
externally, presenting as a perinephric abscess, or 
it can rupture into the collecting system or vas-
cular structures [1]. Percutaneous drainage of a 
renal or perinephric abscess may be enough, al-
though additional drainage of the collecting sys-
tem may be necessary if the abscess is associated 
with urinary obstruction.

Ultrasound can also be used for placement of 
suprapubic catheters for urinary retention after 
urethral trauma and in patients needing long-term 
catheterization for bladder dysfunction in neuro-
logical conditions, for example, multiple sclero-
sis, spinal cord injury [30]. Using an ultrasound, 
the bladder can be accessed and serially dilated to 
allow placement of a Foley or alternate catheter. 
The catheter can be secured to the skin and left 
in place for a prolonged time period. Once a tract 
has formed, routine removal and catheterization 
can be accomplished.

Soft Tissue and Extremities

Similar to head and neck, the soft tissue of the 
trunk and extremities may exhibit an indication 
of ultrasound-guided drainage for diagnosis and 
therapy of an infection, hemorrhage, or a post-
operative complication. Use of ultrasound for 
percutaneous aspiration of breast abscess can be 
simple, performed as an outpatient, with a low re-
currence rate, and improved cosmetic outcomes 
[31]. Other cysts, abscesses, and superficial col-
lections can similarly be drained percutaneously 
with ultrasound, limiting morbidity and cosmetic 
disfigurement.

In extremities, joint aspiration can be aug-
mented with the use of ultrasound with improved 
diagnostic and therapeutic capability. Systemati-
cally screening for soft-tissue infections, includ-
ing abscesses and bursal fluid collections, before 
joint aspiration is imperative. Ultrasound use 
prior to aspiration can lessen the risk of delayed 
or missed diagnoses and can decrease the risk of 
joint aspiration by preventing seeding of super-
ficial infection into a sterile joint [32]. Finally, 

Fig. 21.7  Figure represents needle entry into an enlarged 
collecting system in the left kidney. Following entry into 
the collecting system, the needle is replaced by a guide-
wire, dilator, and drain to evacuate the congenital hydro-
nephrosis
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using ultrasound guidance to access the fluid 
collection can prevent injury to normal or aber-
rant neurovascular structures. Figure 21.8 dem-
onstrates drainage of a cyst on the anterior knee.

Summary

Diagnostic and therapeutic drainage of fluid col-
lections throughout the body using ultrasound 
guidance should be standard of care. The avail-
ability, flexibility, and real-time guidance pro-
vided by ultrasound can decrease complications, 
improve cosmesis, and increase the success of a 
procedure. Clarifying the indications and under-
standing the anatomic landmines are essential in 
completing the procedure with minimal compli-
cation. Technical skills are simple in concept but 
complex in practice and require meticulous care 
and dedicated training. Finally, thorough prepara-
tion including equipment readiness, understand-
ing the disease process and patient’s history, and 
communication with primary care providers will 
provide ultimate satisfaction with this approach.
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Introduction

In 1982, John Mulliken and Julie Glowacki 
proposed a classification of vascular anomalies 
based on the clinical behavior, histology, and 
histochemistry [1]. The International Society 
for the Study of Vascular Anomalies (ISSVA) 
accepted this classification in 1992 [2–4]. The 
classification divides vascular anomalies into 
two groups: tumors (e.g., hemangiomas), in 
which the etiology is one of endothelial cell 
proliferation, and vascular malformations, in 
which the developmental error has resulted 
in abnormally formed vascular channels. The 
tumor group will not be discussed in this chap-
ter. Vascular malformations can be further sub-
divided into lesions consisting of arterial, capil-
lary, lymphatic, venous, and fistulous networks. 
Furthermore, they can be further subdivided 
functionally based on the flow characteristics, 
i.e., high-flow versus low-flow lesions [5]. In 
this chapter, we discuss the clinical features, 
natural history and epidemiology, and diagnos-
tic imaging features of vascular malformations. 
We then concentrate on the percutaneous/endo-
vascular treatment for each of the vascular mal-

formations briefly describing additional treat-
ment options. Finally, we discuss the clinical 
outcomes of the main forms of treatment.

Venous Malformations

Clinical Features

Venous malformations (VMs) can occur any-
where in the body, but are most frequently lo-
cated in the head and neck. They can be solitary, 
small, well circumscribed, large, superficial, or 
infiltrative involving multiple tissue planes. The 
lesion is nonpulsatile, may have a light blue to 
deep purple color, and can be associated with 
telangiectasias, varicosities, or ecchymosis. The 
mass may increase in size in a dependent position, 
with a tourniquet, or during a Valsalva maneuver. 
Superficial lesions are soft and compressible and 
can usually be emptied of blood. Patients usu-
ally present with pain associated with compres-
sion on the surrounding nerves or thrombosis of 
a portion of the mass. An elevated D-dimer has 
been determined to be highly specific for a VM 
and can help to distinguish VMs form lymphatic 
malformations (LMs) and slow-flow Klippel–
Trenaunay (KT) syndrome from high flow Parks 
Weber syndrome [6].

VMs are usually isolated findings; however, 
they may be associated with the following syn-
dromes (Table 22.1):
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Klippel–Trenaunay (KT) syndrome
Blue rubber bleb nevus (BRBN) syndrome
Mucocutaneous familial VMs
Glomuvenous malformation
Maffacci’s syndrome
Proteus syndrome
Bannayan–Riley–Ruvalcaba syndrome
CLOVES/S syndrome

Natural History/Epidemiology

VMs are present at birth. They are clinically not 
always apparent and tend to grow in proportion 
to the growth of the child. The growth is most 
pronounced during puberty and pregnancy. These 
are congenital lesions that affect boys and girls of 
equal frequency with a reported incidence of 1–2 
per 100,000 births and a prevalence of 1 % [7].

Most VMs (95 %) are sporadic, but can be 
seen in a number of heritable conditions. The 
molecular basis for sporadic is yet to be discov-
ered, however there are familial cases where the 
genetic defect has been localized on a specific 
chromosome. In 1994–1995, two families were 
identified to have autosomal dominant inherited 
cutaneous and mucosal VMs. Genetic analysis 
mapped a locus for both of these families to the 
chromosome 9p21 [8, 9]. These families shared 
a mutation resulting in an arginine to tryptophan 
substitution R849W in the gene that encodes the 
kinase domain of the endothelial cell receptor 
Tie2 [10]. In 1999, four more families with au-
tosomal dominant inherited VMs were identified 
[11]. Only one of those families shared the same 
mutation as the previous two reports. The second 
family had a novel hyperphosphorylating Y897S 

Syndromes Vascular malformations
Venous Capillary Lymphatic Arterial or 

arteriovenous
PHACES
LUMBAR •
Kasabach–Merritt •
Maffucci • •
Klippel–Trenaunay • • • •
Gorham–Stout • • •
Proteus • • •
Parkers Weber • • •
Sturge–Weber • •
CM-AVM • •
Familial cerebral VM •
Familial cutaneomucosal VM •
Blue rubber bleb nevus •
Bockenheimer •
Cobb • •
Osler–Weber–Rendu • •
Beckwith–Wiedemann •
Louis–Barr •
Down •
Turner •
Wyburn–Mason •
Dandy–Walker
Von Hippel–Lindau

This table is intended to generalize common associations. For example, there are at 
least six case reports of AVM in PHACES syndrome, but the association is uncommon, 
and thus is not included in the table. Syndromes with multiple malformations subtypes 
(e.g., Proteus) often involved mixed-type malformations
CM capillary malformation, AVM arteriovenous malformation, VM venous malformation

Table 22.1  Syndromes 
associated with vascular 
anomalies
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mutation in the TIE2 gene. The other families 
showed no evidence of linkage to 9p21, which 
suggests genetic heterogeneity. Multifocal VMs 
are most commonly seen in the familial forms of 
VM, including the following: Blue rubber bleb 
nevus (BRBN) syndrome, Mucocutaneous famil-
ial VMs, Glomovenous malformation, and Maf-
fucci’s syndrome [12].

Diagnostic Imaging

Ultrasound: On gray-scale imaging, VMs usu-
ally are hypoechoic to anechoic with the shape 
of tubular structures [13]. Some lesions can have 
a heterogeneous echotexture if phleboliths or dif-
ferent forms of thrombus are present within the 
lesion. Doppler ultrasound is usually a monopha-
sic low-velocity waveform. Sometimes flow can 
only be seen with compression and release of the 
lesion [14].

Computed tomography: On non-contrast CT, 
VMs are usually hypoattentuating, however, they 
can be heterogeneous depending on the amount 
of fatty tissue within the lesion. Phleboliths or 
dystrophic calcifications can be seen within the 
lesion. After the administration of contrast, the 
lesion usually enhances at the periphery and then 
fills in centrally on the delay images [14]. CT is 
excellent at looking for boney involvement from 
the lesion. MRI is better at characterizing the le-
sions relationship to the surrounding soft tissue 
structures.

MRI: VMs appear usually as hypointense 
to isointense on T1-weighted imaging. They 
can however have areas of bright signal on 
T1-weighted images if the lesion has fat, sub-
acute blood products, or certain types of calci-
fications contained within the lesion [15]. On 
T2-weighted images, VMs have high signal in-
tensity. Gradient echo sequence usually shows 
areas of low signal corresponding to calcifica-
tion, hemosiderin, or thrombus. The best se-
quence to determine the fully extent of the lesion 
and its relationship to surrounding soft tissue 
structures is the T2-weighted sequence [16]. On 
T1-weighted post contrast imaging, the lesions 
usually demonstrates early peripheral enhance-

ment that later fills in centrally on delayed imag-
ing [17].

Diagnostic venography: Contrast venography 
is helpful in the anatomical characterization of a 
VM. It is performed to determine the fully ex-
tent of the malformation and its draining veins. 
It is also helpful in confirming patency of the 
deep venous system in the extremity. Venogra-
phy is also performed to determine the volume 
of contrast needed to fill the malformation before 
empties into normal draining veins.

Based on the pattern of venous drainage 
Dubois and Puig divided VMs into four types 
[18–20]. This drainage pattern is a reflection of 
the response to the treatment and rates of compli-
cations. Types I and II respond best to sclerother-
apy with a better control rate and a lesser number 
of sessions to achieve control. Types III and IV 
have a higher rate of complications [20].

Type I : isolated malformation without discon-
cernible venous drainage

Type II :lesion draining into normal veins
Type III :lesion draining into dysplastic veins
Type IV : lesion consists primary of venous  

ectasia

Treatment

VMs can be treated percutaneously by injecting a 
sclerosing agent. The most commonly described 
sclerosing agents (Table 22.2) included: alcohol, 
sodium tetradecol, ethibloc, polidocanol, and 
bleomycin [19, 21–24]. The procedure is per-
formed under general anesthesia, since injection 
of the sclerosing agent can be extremely painful. 
A foley catheter is placed in the bladder to moni-
tor urine output and color, since some patients  

Table 22.2  Common sclerosing agents
Alcohol
Sodium tetradecol
Bleomycin
Doxycycline
Alcoholic solution of zein (Ethibloc)
Polidocanol
OK-432 (Picibanil)
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may develop a hemoglobinuria. This is most likely 
to happen in younger patients and in patients with 
large lesions. In addition, if an extremity is being 
treated, we start an IV distal to the lesion to infu-
sion saline and heparin overnight to flush out the 
sclerosing agent and prevent acute deep venous 
thrombosis [12]. Sclerotherapy is performed by 
cannulating the lesion percutaneously under ultra-
sound or fluoroscopy. Contrast material is injected 
to define the extent of the lesion, determine the 
flow rate within the lesion and the communication 
with normal veins, the presence of a possible arte-
rial component, and to give an estimate of the vol-
ume of sclerosing agent needed to fill the lesion. 
If a large draining vein is visualized, these can be 
treated with embolization utilizing coils, liquid 
embolic agents, or with temporary balloon occlu-
sion to increase the contact time of the sclerosing 
agent with the VM and to prevent egress of the 
agent into the systemic circulation [12]. This may 
also be performed with a tourniquet, blood pres-
sure cuff, or manual compression. The VM is ac-
cessed with ultrasound guidance and the sclerosant 
is then injected under fluoroscopic guidance to de-
crease the risk of extravasation, overfilling of the 
lesion, and limit undesired egress of the scleros-
ing agent into the normal deep veins (Fig. 22.1). 
Overfilling of the lesion may also be prevented 
by the two-needle access technique, which allows  

decompression of the lesion through the second 
needle access. Cone beam CT can be performed to 
evaluate the anatomical distribution of the admin-
istered sclerosant and compare the distribution to 
the preprocedure imaging [25]. After the needles 
are removed, a 20–30 mmHg compression stock-
ing is placed over the area of concern so that the 
veins do not refill with blood. This allows maxi-
mum contact of the damage circumference endo-
thelium of the vein walls, promoting fibrosis and 
scarring. The procedure is then repeated at 8–10 
weeks intervals, until there is no recanalization, 
swelling, or pain from the lesion. Diffuse VMs 
are much more difficult to treat. The area of maxi-
mum symptomatology is usually targeted, since 
these lesions cannot be completely obliterated.

After sclerotherapy, the lesion should feel firm 
to palpation. Swelling is generally maximum 
24 h after the procedure. We recommend plac-
ing a custom fitted class II compression garment 
over the lesion as soon as possible. If the lesion 
involves the airway, the patient may need to be 
kept intubated overnight in the ICU. The patient 
is given IV steroids in the hospital and then sent 
home on a tapered dose pack. The affected area 
is kept elevated above the heart with ice packs 
applied to minimize swelling. Patients receive IV 
fluids twice the maintenance dose before, during, 
and after the sclerotherapy for 24 h. Urine output 
is closely monitored for hemoglobinuria. Appro-
priate IV and oral analgesics and anti-inflamma-
tory agents are prescribed in the hospital and post 
discharge for 7 days afterwards.

Patients with extensive limb lesions should 
be instructed from childhood in the proper use of 
compression garments. Compression helps to de-
crease the discomfort associated with the lesion, 
protects the overlying skin, limits swelling, and 
improves localized intravascular coagulation.

In patients with extensive VMs in whom a low 
fibrinogen is present, the use of low molecular 
weight heparin is recommended for 2 weeks pre-
treatment and possible cryoprecipitate transfu-
sion if still low on the day of the procedure. This 
therapy will reduce the consumptive coagulopa-
thy of the extensive VM and potentially lower the 
recanalization rate [12].

Fig. 22.1  A 4-year-old boy who complains of pain and 
swelling within his left calf from a venous malformation. 
a Coronal post contrast fat saturation T1-weighted MRI 
image shows an enhancing mass within the left calf (black 
arrow) with a few scattered areas of round low signal 
within it (small black arrow), consistent with pheboliths. 
b Frontal spot fluoroscopic image shows the venous mal-
formation filled with alcohol mixed with contrast
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Sclerosant Drugs
Absolute ethanol (95–98 %) is probably the most 
common agent used for sclerotherapy. It is the most 
effective sclerosant agent available, however it is 
also the most toxic [12]. Ethanol works by causing 
instant precipitation of endothelial cell proteins 
and rapid thrombosis (Fig. 22.2). It may also cause 
transmural vessel necrosis resulting in diffusion 
into the surrounding tissues. Serious side effects 
from ethanol injection include: massive swelling, 
tissue necrosis, hypoglycemia, peripheral nerve 
injury, CNS depression, hemolysis, pulmonary 
vasospasm, cardiac arrhythmias, and electrome-
chanical disassociation [26–33]. Given the serious 
side effects, patients must be closely monitored 

during ethanol procedures. Some practitioners 
even suggest monitoring of pulmonary artery 
pressure during and for a short while after the 
procedure. Ethanol blood levels correlate directly 
with the amount of ethanol injected [34]. Mason 
et al. demonstrated that a level of > 1 ml/kg may 
put patients at increased risk of respiratory depres-
sion, cardiac arrhythmias, seizures and rhabdo-
myolysis [35]. A total dose of 1 ml/kg (or 60 ml) 
per session should never be exceeded. In pediatric 
patients, a maximum dose of 0.5 mg/kg per single 
session is recommended. Ethanol can be injected 
in an undiluted form, which we feel is dangerous 
since the agent cannot be identified under fluoros-
copy. We usually dilute alcohol with water-soluble 

Fig. 22.2  A 3-year-old girl who complains of pain and 
swelling along with a bluish discoloration within the poste-
rior right shoulder. a Gray-scale ultrasound image obtained 
with a liner 10 MHz transducer of the posterior right shoul-
der demonstrates a hypoechoic mass just below the cutane-
ous soft tissue (white arrows). b Ultrasound image shows 

an angiocatheter entering the mass (white arrows). c Axial 
T2-weight MRI image of the shoulder demonstrates a high-
signal intensity mass with a few areas of low signal within 
it involving the soft tissue of the posterior right shoulder 
(black arrow). d Spot fluoroscopic image shows the venous 
malformation filled with alcohol mixed with contrast
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liquid or oily contrast medium during injection.  
Alcohol should not be mixed with Visipaque 
since this will cause precipitation of the contrast 
medium. In a series of 60 patients with VM in-
volving the head and neck treated with ethanol, Su 
et al. reported a 68 % complete response (> 90 % 
volume reduction), 25 % marked response (> 50 % 
volume reduction), and a 7 % moderate response 
(< 50 % volume decrease) with a 10 % complica-
tion rate [36]. In a series of 158 patients with VM, 
16 % of patients had a good response defined by a 
clinical examination and a ≥ 30 % decrease in the 
size of MRI, unfortunately 27 % of these patients 
experienced a complication [37]. In another se-
ries of 87 patients with craniofacial VMs treated 
with ethanol sclerotherapy, 32 % had an excellent 
response (> 75 % volume reduction), 52 % a good 
response (> 25 % volume reduction), and a 16 % a 
poor response (25 % volume decrease) with a 5 % 
complication rate [38].

Detergents
Detergents used for sclerotherapy of VM include 
sodium tetradecyl sulfate (STS), polidocanol, sodi-
um morrhuate, and ethanolamine [39–43]. STS is 
approved in the USA for the treatment of varicose 
veins [44]. Polidocanol has an FDA approval for 
sclerosis of spider and reticular veins [45]. Similar 
to ethanol, all of the drugs damage the endothelial 
cells, resulting in thrombosis and fibrosis. Deter-
gents may be mixed with water soluble or oily 
contrast medium prior to injection. These agents 
are thought to have a low rate of complications 
when compared to ethanol, but a greater tendency 
towards recanalization. Reported complications 
include cardiovascular collapse, skin pigmenta-
tion, skin necrosis, anaphylaxis, and hemoglobin-
uria [46]. Foaming the sclerosant by mixing the 
drug with air has also become popular [42, 47]. 
The theory is that the foam probably results in bet-
ter contact between the drug and vein wall along 
with prolonged displacement of the blood with the 
lesion. Air can be made easily by mixing 10 cc of 
sclerosant with 3 cc of Ethiodol and 5–10 cc of air 
through a three-way stopcock. Patient receiving 
large volumes of detergent sclerosants may need 
aggressive hydration and alkalization of the urine 
to treat hemoglobinuria [39]. In prospective ran-
domized controlled trial comparing foamed versus 

liquid polidocanol or ethanolamine in 89 patients 
with VMs, 90 % of patients had partial or complete 
response in the foamed group versus 63 % in the 
liquid group ( p = 0.002) [48]. In another series of 
50 patients with VMs treated with polidocanol 
foam resulted in complete resolution in 38 % of 
patients, size reduction of ≥ 50 % in 30 % of pa-
tients, and a size reduction of 0–50 % in 26 % of 
patients, and no change in 8 % of the patients [49]. 
Reported complications were noted in 8 % of the 
patients. Furthermore, in a series involving 26 pa-
tients with VM using ethanolamine oleate showed 
49 % excellent, 39 % good, 12 % fair, and 0 % poor 
results based on the clinical examination [50].

Bleomycin
Bleomycin is an antibiotic and antitumor agent 
originally derived from Streptomyces verticillus 
in 1966, which causes an inflammatory response 
in endothelial cells [21]. Bleomycin can be mixed 
with water-soluble liquid or oily contrast medium. 
There is some concern with the use of this agent 
due to the association with pulmonary fibrosis in 
the setting of chemotherapy. The threshold dose 
for pulmonary fibrosis and interstitial fibrosis is 
450 units, whereas doses for sclerotherapy are 
typically 0.5–1 units/kg for pediatric patients and 
1–15 units in adults [21]. Reported complica-
tions include skin ulceration, skin pigmentation, 
laryngeal edema, flu-like symptoms, cellulitis, 
nausea and vomiting, and focal alopecia [21, 51]. 
In a series of 31 patients with VM treated with 
percutaneous injection of bleomycin resulted in 
0 % complete resolution, 34 % marked (≥ 50 %) 
decrease in size, 31 % minimal (≤ 50 %) decrease 
in size, 34 % stable size, and 0 % increase in size 
on post procedure MRI [51]. Complications were 
seen in 12.5 % of patients comprised predomi-
nantly of transient skin pigmentation and cellu-
litis. Muir in another series of 32 patients treated 
with percutaneous bleomycin sclerotherapy 
showed complete resolution of the lesion in 32 % 
of patients and significant improvement in 52 % 
of patient by clinical examination [21].

Liquid Embolic Agents
N-butyl-2-cyanoacrylate (n-BCA) has a limited 
role in the treatment of vascular malformations 
because of its high cost, limited reabsorption, 
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and formation of a hard mass after injection that 
may last for many months. Burrows et al. sug-
gest this form of treatment for preoperative em-
bolization prior to surgical resection [12]. This is 
most common in the treatment of intra-articular 
VMs where injection of a sclerosing agent could 
cause possible damage to the articular cartilage. 
This form of treatment has also been described 
for an orbital VM [52]. Ethylene vinyl alcohol 
copolymer (Onyx), a newer liquid polymer may 
also be useful for preoperative embolization of 
VMs prior to resection.

Other Forms of Treatment
Endovascular diode laser therapy has been report-
ed in a small series of VMs with a good response 
rate at 14-month follow-up [53]. In patients with 
Klippel–Trenaunay syndrome, endovenous laser 
ablation of the marginal vein may be a useful alter-
native therapy. Percutaneous, interstitial (nonen-
dovascular) laser photocoagulation of VM using 
the diode or Nd:YAG lasers via a fiber optic de-
livery system has also been reported with reason-
able success [54–58]. Because of the controlled 
delivery of energy, and with external cooling, this 
modality may be of use in extensive superficial 
cutaneous/subcutaneous lesions or isolated ana-
tomic locations such as the digit or tongue where 
sclerosis or embolization may carry a higher risk 
of surrounding tissue necrosis.

Surgical resection of VM is indicated only 
when complete resection without a resulting func-
tional or anatomical deficit is possible. Surgery 
plays a limited role in the management of extrem-
ity lesion, but if performed localized coagulopa-
thy must be controlled before surgery [19, 59, 60]. 
Surgery may also help in avoiding joint distention 
from repeat hemarthrosis, if joint involvement 
with the VM of the synovium is present.

Lymphatic Malformation

Clinical Features

LMs are present at birth and are composed of ab-
normal dilated lakes of lymphatic tissue that re-
sult from a defective embryological development 
of the primordial lymphatic channels. LMs can be 

classified radiographically as macrocystic (cysts 
≥ 2 cm), microcystic (cysts < 2 cm), or mixed, 
which has important implications for treatment. 
Macrocystic lesions are most commonly located 
in the neck, axilla, and chest wall and when large 
may interfere with the birth process. Microcys-
tic lesions usually present as diffuse soft tissue 
thickening, often associated with vesicles of the 
skin and mucosa with an overlying capillary 
malformation (CM). The lesions grow in propor-
tion to the patient. They may undergo periodic 
swelling often associated with signs of inflam-
mation, which may be spontaneous or related to 
a regional infection. Acute swelling of the lesion 
may also be related to hemorrhage or lymphatic 
obstruction. Symptoms due to LMs are typically 
related to the localized mass effect on adjacent 
structures. On physical examination, LMs are 
mobile and have a boggy or cystic consistency. 
The lesions cannot be decompressed and do not 
distend with the Valsalva maneuver like VMs. 
The presence of lymphatic endothelium can be 
confirmed by staining with D2-40 antibody [61].

Infection is usually common in suprahyoid 
LMs with mucosal involvement. Patient with air-
way involvement can present with stridor and sleep 
apnea. In one series, tracheostomy placement oc-
curred in 5 % of patients with airway compromise 
at birth. Orbit LM can present with pain, swelling, 
proptosis, blepharoptosis, and emblyopia. An un-
derlying cerebral developmental anomaly is seen 
in 45 % of patients with orbital involvement.

Natural History/Epidemiology

LMs are present at birth. Developmental defects 
during embryonic lymphangiogenesis result in 
LMs [7, 62]. They tend to grow in proportion 
to the growth of the child. The growth is most 
pronounced during puberty and pregnancy. The 
incidence is reported at between 0.02 and 0.05 %, 
and represents approximately 3 of 100,000 hos-
pital admissions [63, 64]. Greater than 50 % of 
LMs are identified at birth, with 80–90 % usually 
identified by 2 years of age [65]. Approximately 
75 % of the lesions occur in the head and neck 
region [64]. Spontaneous regress is rare and has 
been report in < 4 % of the cases [63, 66]. Mul-
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tiple genes have been described in the process 
of lymph angiogenesis including: VEGFR3, 
VEGFC, Ang2, Lyve1, Nrp2, podoplanin [7]. No 
evidence exists for a heritable LM. Cervical LM 
do occur in association with Klippel–Trenaunay, 
Turner, and Noonan syndromes, as well as Tri-
somy 13 and 18 [67].

Diagnostic Imaging

Ultrasound: Macrocystic lesions appear on gray-
scale imaging as multiple anechoic or hypoecho-
ic, cystic spaces with internal septations and 
debri. Microcystic lesions appear as an ill-defined 
hyperechoic mass on gray-scale imaging [68].

CT: LMs appear as fluid filled low attenua-
tion lesions, with occasion fluid/fluid levels that 
represent hemorrhage into the cystic structure. 
Peripheral enhancement of the walls may occur, 
however there is no central filling of the lesion 
on delayed images like a VM [69]. The internal 
septations are commonly not seen.

MRI: Macrocystic LMs appear as fluid-
filled lesions with a single locule or multiple 
loculations, displaying high signal on T2-weight-
ed imaging and low signal on T1-weighted im-
ages [70]. Occasionally, a fluid/fluid level can be 
seen in the setting of internal hemorrhage. Post-
gadolinium T1-weighted images show minimal 
or absent septal enhancement. Microcystic le-
sions demonstrate intermediate signal intensity 
on T1 and T2-spin echo sequences [18].

Treatment

Multiple sclerosing agents have been used ef-
fectively for the treatment of LMs, including ab-
solute alcohol, STS, doxycycline, ethibloc, OK 
432, and bleomycin [71–76].

The technique for sclerotherapy of LMs con-
sists of cannulation of each cyst with a standard an-
giocatheter under ultrasound guidance (Fig. 22.3). 
Fluid is aspirated as much as possible from the 
cyst. Contrast is injected under fluoroscopic guid-
ance to identify the size of the lesion. The scle-
rosing agent is mixed with a contrast medium 
and the cyst is injected under fluoroscopic guid-

ance. Smaller macrocystic lesions can be treated 
with aspiration and sclerotherapy without catheter 
drainage [76]. For large lesions, a pigtail catheter 
may be placed into the cysts and the lesion drained 
and injected over several days. Microcystic le-
sions are a challenge to treat and generally require 
multiple injections. Treatment is continued until 
imaging identifies no treatable cysts or the patient 
is satisfied with the clinical outcome.

Doxycycline
Doxycycline is generally instilled into the cyst 
as a solution of 10 mg/ml. The dose of doxycy-
cline can range from 150 to 1000 mg depending 
on the size of the lesion. In neonates, the maxi-
mum recommended dose at one time is 150 mg, 
because higher doses may cause hemolytic ane-
mia, hypoglycemia, and metabolic acidosis [77]. 
Blood glucose is monitored 2 h post procedure in 
neonates. If the patient develops hypoglycemia, 
IV dextrose can be administered. A few small se-
ries have described a 93–100 % complete radio-
graphic response for the treatment of macrocystic 
LMs [73, 78]. Lower response rates are noted for 
microcystic LMs.

Detergents
There is a limited literature on the used of deter-
gents as sclerosant agents for LMs. One study de-
scribed the use of 98 % ethanol and 3 % STS with 
a 100 % complete radiographic response rate 
[73]. A second series described the use of foamed 
STS for the treatment of 6 intraorbital LMs with 
a reduction in lesion size in all patients [79].

OK-432 (Picibanil)
OK-432 (Picibanil) is a lyophilized mixture of 
group A Streptococcus pyogenes, initially de-
veloped as an immunotherapeutic agent in the 
treatment of gastric and lung carcinoma with its 
first use as a sclerosant in the treatment of a LM 
described in a case report in 1987 [80]. Ok-432 is 
not approved in the USA. Direct injection of the 
solution into a LM has been shown to increase 
intralesional cytokine levels, namely tumor ne-
crosis factor, interleukin 6 (Il-6), IL-8, interferon 
alpha, and vascular endothelial growth factor in 
patients with a response to treatment with Ok-432 
[81, 82]. A review of the literature by Poldervaart 
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et al. showed an 88 % excellent response rate for 
macrocystic lesions [83]. Microcystic lesions 
demonstrated an excellent response rates in 27 %, 
good in 33 %, and poor in 40 % of cases [83]. 
Adverse side effects were mild and consisted on 
fever, lethargy, and local inflammation. A phase 
II trial was conducted in the USA on 182 patients 
with LMs. In this trial, 94 % of the patient with 
macrocystic disease had a response to treatment, 
63 % of the patients with mixed macrocystic/
microcystic disease had a response to treatment, 
and 0 % of the patients with microcystic disease 
responded to treatment [66]. In two other series, 
complete response rates of 76 % and 83.5 % were 
noted [82, 84].

Alcohol Solution of Zein
Alcoholic solution of zein (Ethibloc; Ethicon, 
Norderstedt, Germany) is a biodegradable throm-
bogenic solution consisting of a combination 
of zein (corn protein), sodium diaatrizoate, and 
oleum in ethanol. It has been used in Canada and 
Europe, but is currently not approved in the USA. 
Dubois et al. reported > 95 % volumetric regres-
sion by CT in 64 % of lesions and > 50 % in the 
remainder of both macrocystic and microcystic 
lesions [75]. Reported complications in this series 
included a minor local inflammatory reaction and 
an initial increase in size of the lesion in all pa-
tients. In another study of 65 patients with LMs 
treated with Ethibloc equal to 10 % of the lesion 

Fig. 22.3  A 3-month-old boy who presents with pain 
and swelling within his left neck. a Gray-scale ultra-
sound image shows large cyst within the soft tissues of 
the left neck consistent with a macrocystic lymphatic 
malformation (white arrow). b Color Flow Doppler ul-
trasound image of the large cyst within the soft tissues 
of the left neck demonstrates no vascular flow within the 
lesion. c Axial fat saturation T2-weighted MRI image of 
the neck, demonstrates an infiltrative area of an abnormal 

high signal within the soft tissues of the left neck (white 
arrows). d Corresponding axial fat saturation post con-
trast T1-weighted images shows that these areas have 
a peripheral rim of enhancement with a central area of 
low signal, consistent with a macrocystic lymphatic 
malformation (black arrows). e Gray-scale ultrasound 
image shows an angiocatheter entering the cyst (white ar-
rows). f Spot fluoroscopic image shows two pigtail cath-
eters in the cysts with contrast mixed with doxycycline
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volume, 49 % achieved excellent results, 355 sat-
isfactory results, and 16 % had poor results [85]. 
Complications included a localized inflammatory 
reaction and self-limiting external leakage of the 
Ethiobloc at a mean of 2 months post-therapy.

Bleomycin
Bleomycin is also used for sclerotherapy of 
LMS. The previous discussion related to the use 
of bleomycin for VMs also hold true for LMs. 
In a series of 70 patients with LM treated with 
intralesional injection of bleomycin, 47 % of the 
patients achieve excellent results, 36 % achieved 
good results, and 17 % poor results. Seven per-
cent of the group suffered recurrence [86]. Mild 
side effects consisted of fever, pain, swelling, 
and leukopenia. In another series of 200 patients 
with LM treated with intralesional injection of 
bleomycin-A5, 87 % of the patients demonstrated 
complete lesion resolution with a recurrence rate 
of 13 % [87]. Complications were mild with the 
most common reported being anorexia and fever.

Laser Therapy
Laser therapy is generally reserved for lesion 
with superficial cutaneous/mucosal vesicles. Mi-
crocystic lesions of the oral cavity and tongue 
have also been treated with the carbon dioxide 
laser and the Nd-YAG with success [54, 88].

Radiofrequency Ablation
Grimmer et al. in a series of 11 patients reported 
a response rate of 62 % with radiofrequency abla-
tion in patients with microcystic lesions of the lips, 
tongue, buccal mucosa, and floor of the mouth [89].

Surgery
Surgery is usually performed after an attempt at 
sclerotherapy. Depending on the location of the 
lesion, removal can be disfiguring with a high in-
cidence of recurrence.

Capillary Malformations (CMs)

Clinical Presentation

CM is present at birth and grows commensurate-
ly with the child. CMs may be single or multiple, 

involve only the dermis, are well demarcated, 
and appear pink in infancy and may become dark 
purple with age [90]. Symptoms related to spo-
radic CM are primarily cosmetic although they 
can develop severe bleeding following minor 
trauma [44]. CMs can associated with over-
growth of the affected limb or face with certain 
syndromes [91].

Natural History/Epidemiology

CM, also termed as port-wine stain, capillary 
hemangioma, nevus flammeus, angel’s kiss, and 
stork’s bite, are common vascular malformations 
with an incidence of 0.3 % [44, 90]. CM is usually 
sporadic, but families with a dominant inheritance 
pattern with incomplete penetrance have been re-
ported. CM-arteriovenous malformation (AVM) 
syndrome has been link to chromosome 5q14-21, 
with a defect in the RASA1 gene, that encodes a 
p120 RasGTPase-activating protein, which is in-
volved in cell adhesion and angiogenesis [92, 93]. 
The majority of CMs in the head and neck occur 
in the V1 and V2 distribution of the trigeminal 
nerve. Approximately 8 % of the CMs are associ-
ated with Sturge–Weber syndrome and unilateral 
glaucoma [94]. CMs are also associated with Klip-
pel–Trenaunay, Parkes Weber, macrocephaly CM, 
and CM-AVM syndromes [7].

Diagnostic Imaging

There is a little role for imaging except to exclude 
more serious disorders associated with CMs such 
as in Sturge–Weber syndrome. Ultrasound you 
may see areas of hyperechogenicity on gray scale 
with minimal flow on Doppler imaging. Given 
the superficial location of these lesions, a high-
frequency ultrasound probe (> 10 MHz) is neces-
sary to fully characterize the lesion. CT imaging 
findings are usually minimal even with extensive 
disease. On MRI, the skin may appear thickened 
with abnormal signal in the superficial soft tis-
sue. The lesion may enhance after intravenous 
contrast administration. The value of CT and 
MRI in diagnosing CM is in ruling out more seri-
ous syndromes.
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Treatment

Photocoagulation with pulsed dye laser (PDL) 
has been shown to be effective in improving the 
appearance of CMs [95–97]. Controversy, how-
ever, does exist whether PDL provides long-term 
benefit [96, 97].

There is no indication for embolization of 
these lesions, except in the reconstruction of 
a hyperemic facial skeleton. Preoperative par-
ticulate embolization of the lesion may decrease 
blood loss during surgical reconstruction.

Arterial Venous Malformations (AVMs)

Clinical Presentation

An AVM consists of an abnormal nidus of vas-
cular channels with feeding arteries and drain-
ing veins with no normal intervening capillary 
network. Except for rare high-flow lesions, 
which may present with cardiac overload in ne-
onates and infants, a majority of the AVMs are 
asymptomatic in the first two decades of life. On 
physical examination, an AVM may show local 
erythema and hyperthermia with prominent pul-
sations, a palpable thrill, and an audible bruit. 
Growth of these lesions is often precipitated by 
hormonal factors (puberty, pregnancy, and hor-
mone therapy), trauma, infection, or iatrogenic 
causes (surgery, embolization). If venous hyper-
tension develops, this may result in tissue isch-
emia leading to pain and skin ulceration, often 
associated with bleeding. In 1990, the Schob-
inger clinical staging system documenting the 
natural history of AVMs was introduced at the 
International Workshop for the Study of Vascular 
Anomalies in Amsterdam [98].

Natural History/Epidemiology

AVMs can be detected at birth in 40 % of the 
cases and most commonly occur in the pelvis or 
extremities [7]. Rapid growth is not the charac-
teristic of the lesions natural history. AVMs are 
usually sporadic with no genetic predisposition. 

There is a relationship between CMs and high-
flow lesions like arterial venous fistulas and 
AVMs, and Parkes Weber syndrome associated 
with RASA-1 mutations [92].

There are also numerous reports in the lit-
erature of phosphatase and tension homologue 
(PTEN) mutations associated with cerebral and 
peripheral AVMs. PTEN is a tumor suppressive 
gene located on chromosome 10q. Mutations of 
this gene are associated with various syndromes 
including Bannayan–Riley–Ruvalcaba syndrome 
and Cowden syndrome [99–101]. Screening of 
patients with this mutation is recommended.

Mutations in endoglin and activin receptor-
like kinase 1 (ALK1) are associated with heredi-
tary hemorrhagic telangiectasia (HHT). AVMs in 
HHT can be seen in the brain, liver, lung, and 
gastrointestinal tract [102].

Diagnostic Imaging

AVMs are high-flow lesions without a normal 
capillary bed between the arteries and veins. 
These features contribute to their imaging char-
acteristics.

Ultrasound: Gray–scale ultrasound shows a 
poorly defined heterogeneous structure. Fat is 
often seen around the AVM. Doppler ultrasound 
shows a network of multiple arteries with in-
creased diastolic flow and arterialized draining 
veins with a biphasic waveform [68].

CT: AVMs appear as multiple enlarged en-
hancing feeding arteries filling a cluster of grapes 
like structures (i.e., the nidus) with enlarged sur-
rounding draining veins. CT may show hypertro-
phy of the adjacent bone. It is important in delin-
eating skeletal involvement of the axial skeleton, 
mandible, maxilla, skull base, and orbits.

MRI: MRI is the imaging modality of choice 
to image an AVM, given its excellent soft tissue 
resolution and ability to characterize the flow 
characteristics and hemodynamics. T2-weighted 
spin echo sequence shows multiple flow voids 
from the enlarged feeding arteries, the AVM 
nidus, and the draining outflow veins. In con-
trast enhanced gradient-echo images, the cor-
responding flow voids show enhancement [68]. 
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4D-TRAKS can give an idea of the flow charac-
teristics and hemodynamics of the lesion [103].

Angiography: Angiography is only necessary 
when intervention is considered or MRI/MRA 
examination is equivocal. The classic angio-
graphic appearance of an AVM is that of multiple 
enlarged feeding arteries rapidly shunting into a 
nidus and then into dilated draining veins. Direct 
arteriovenous fistulous components and intral-
esional aneurysms may be identified.

Treatment

Treatment of AVMs is difficult. Endovascular 
embolization is often the first treatment option 
with or without surgical resection. The main goal 
of any form of treatment is to eradicate the nidus. 
From an endovascular approach, this can be per-
formed from a transarterial approach, a direct 
percutaneous puncture of the nidus, or a retro-
grade transvenous approach.

Flow reduction techniques can be used to 
increase the concentration of the embolic agent 
within the AVM nidus. This can be performed 
using balloon catheters to temporary occlude the 
arterial inflow or venous outflow. If the lesion 
involves an extremity, a tourniquet or pneumatic 
cuff can be placed upstream or downstream from 
the lesion. In addition, coils or liquid adhesive 
agents may be placed in the draining vein to as-
sist in flow reduction.

Cho et al. proposed an angiographic classifi-
cation of AVMs based on the nidal morphology 

with implications for therapeutic approach and 
outcomes [104].

Type I —arteriovenous fistulae
Type II —arteriolovenous fistulae
Type  IIIa — arteriolovenulous fistulae with 

nondilated fistula
Type   IIIb — arteriolovenulous 

fistulae with dilated fistula

Eradication of the nidus is necessary for the proper 
treatment of an AVM (Fig. 22.4). This requires 
placement of a permanent agent within the nidus. 
Surgical ligation or occlusion of the feeding artery 
with coils should not be performed, since the le-
sion will develop collateral arterial feeders that will 
make the treatment of the lesion more difficult. The 
authors also feel that polyvinyl alcohol (PVA) par-
ticles have a very limited role in the embolization 
of an AVM, because of their non-permanent nature.

Alcohol
Alcohol is an agent most often used for the em-
bolization of peripheral AVMs, given that it is 
permanent and probably the most effective. The 
maximum recommended volume is 1.0 ml/kg, 
however, Mason et al. in his report suggested that 
the dose should be reduced to 0.5 ml/kg, given 
the increased serum alcohol levels and potential 
negative side effects [35]. Success rates of up to 
68 % have been published with multiple treatment 
sessions and complications noted in 52 % of the 
patients [105]. Response rates of up to 82 % have 
been reported with extremity bone AVMs [106]. 
Cho et al. in a series of 66 AVMs found alcohol 

Fig. 22.4  A 55-year-old female with a thrill and a non-
healing ulcer involving her first toe. a Axial fat satura-
tion T2-weighted MRI image shows multiple flow voids 
within the soft tissues of the first toe (white arrow). b 
Frontal dorsal pedal arteriogram shows a high-flow lesion 
with an abnormal tangle of vessels (medium size black 
arrow) within the soft tissues of the first toe, consistent 

with an AVM. The arterial supply is of multiple hyper-
trophied vessels (large black arrow) of the dorsal pedal 
artery with the main venous outflow through a hypertro-
phied vein along the medial foot (small black arrow). c 
Frontal dorsal pedal arteriogram after the injection of al-
cohol into the AVM shows no arterial filling of the AVM
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to be most effective for type II (100 %), and more 
effective for type IIIb (83 %) than for type IIIa, 
or mixed types (<or = 50 %) [104]. Despite the 
use of the transarterial approach, direct puncture 
and transvenous approaches were more relevant 
for treating type II AVMs. Only the transarterial 
approach was used for treating type IIIa; both di-
rect puncture and transarterial approaches were 
used for treating the other types. In a retrospec-
tive review of absolute alcohol use in soft tissue 
AVMs in a series of 32 patients (142 total ses-
sions), Shin et al. concluded that dose limitations 
of < 0.5–1 mg/kg and a maximum dose per injec-
tion of 10 ml does not cause an overall increase in 
pulmonary artery pressures [105]. The most com-
mon complications reported with alcohol include 
the skin and peripheral nerve injury. Less common 
complications include cardiopulmonary collapse, 
end organ damage, and renal failure [104–107].

N-butyl-2-cyanoacrylate (n-BCA)
n-BCA belongs to a group of cyanoacrylates or 
adhesive glues. Since n-BCA is a clear substance, 
it is mixed with ethiodol and tantalum to provide 
radiopacity during fluoroscopic injection. The 
amount of ethiodol mixed with the glue con-
trols the rate of polymerization. When the glue 
is exposed to the anions in blood, it polymerizes 
and forms a cast, which is adherent to the vessel 
wall. To prevent polymerization within the cath-
eter D5W is infused prior to the injection. Once 
the glue refluxes retrograde around the tip of the 
microcatheter, it is removed to prevent gluing of 
the catheter within the vessel. The glue causes an 
acute fibrotic inflammatory reaction that prog-
ress over several weeks as a foreign body giant 
cell granulomatous reaction. There are limited 
reports in the literature describing its use in pe-
ripheral AVMs. A majority of its use has been 
reported in the embolization of cerebral AVMs 
[108]. Complications of its use include pulmo-
nary embolism, catheter retention, formation of a 
glue mass that can be a source of infection, tissue 
erosion, or muscle dysfunction [107, 109, 110].

Ethylene Vinyl Alcohol (Onyx)
Ethylene vinyl alcohol copolymer (Onyx) is a 
nonadhesive liquid embolic agent. It is dissolved 

in dimethyl sulfoxide (DMS0). Tantalum powder 
is added to the mixture for fluoroscopic visual-
ization. The risk of catheter retention is less than 
with n-BCA, given the nonadhesive properties 
of the mixture. A plug is initially formed around 
the tip of the microcatheter acting as a backstop 
to allow the mixture to be pushed into the AVM. 
The concentration of Onyx chosen is based on 
the rapidity of the flow within the tumor vascula-
ture. Embolization is continued until the desired 
degree of tumor penetrance or the maximal de-
gree of Onyx reflux along the microcatheter is 
reached. Suction is then applied, followed by the 
withdrawal of the microcatheter. Embolization of 
other feeding pedicles then proceeds in a similar 
manner. A majority of its use has been reported 
in the embolization of cerebral AVMs. There 
are a few small case series on its use in periph-
eral AVMs [111]. The published literature reports 
rates for cerebral AVM lesion up to 24 %, average 
lesion volume reduction of 70 % with 3.8 % mor-
bidity, and 2.5 % mortality [112, 113]. Compli-
cations of its use include pulmonary embolism, 
catheter retention, and nerve injury.

Gamma Knife
Stereotactic radiosurgery with a cobalt x-ray 
source (Gamma knife) may be successful in 
obliterating intracranial AVM in up to 80 % of the 
cases, with greater success in lesions under 4 cm 
[114–116]. However, there is a lack of certainty 
of obliteration with this method.

Surgery
Surgery alone is not generally effective for the 
treatment of AVM, with significant risk of recur-
rence. When surgery is indicated, embolization 
of the lesion and/or feeding vessels 48–72 h prior 
to resection may be helpful to reduce intraopera-
tive blood loss.

Summary

Vascular malformations are congenital lesions 
secondary to errors in the development of arter-
ies, capillaries, veins, or lymphatics. The majority 
of these lesions are sporadic, however, a certain 
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percentage can present with a syndrome which the 
treating physician should be aware of. These le-
sions are best treated from a multidisciplinary team 
comprising pediatricians, plastic surgeons, derma-
tologists, radiologists, otolaryngologists, and oral 
maxillary facial surgeons. Minimal invasive per-
cutaneous therapies play a vital role in the treat-
ment of vascular malformations, as a sole therapy 
of choice, or as an adjunct to surgery. Currently, a 
wide variety of embolic agents are utilized as seen 
in this chapter in the treatment of vascular malfor-
mations, however to date there are no published, 
randomized, control trials comparing the efficacy 
of the different agents. Further, animal and clinical 
studies are needed to help optimize the treatment 
for each type of vascular malformation.
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Introduction

Pediatric regional anesthesia is challenging but is 
effective and becoming more widely used. Cen-
tral neuroaxial block (CNB) techniques are com-
monly used for pediatric pain relief after a wide 
variety of surgical procedures. They produce 
excellent analgesia and the complications rate is 
low, but the risk of some serious complications 
such as paraplegia are more prevalent than is 
often realized [1–5]. Recently, there is a trend to-
wards an increased use of peripheral nerve blocks 
(PNBs). They produce effective pain relief and 
have a low risk of morbidity [1, 6–11]. However, 
PNBs as a sole agent for pediatric anesthesia are 
still underutilized.

Trunk blocks such as paravertebral (PVB), 
transversus abdominis plane (TAP), rectus sheath 
(RS), and ilioinguinal/iliohypogastric IIG/IIH are 
becoming a very popular means to provide anal-
gesia for thoracic and abdominal procedures. In 
neonates, infants, and small children these PNBs 
are very challenging secondary to anatomy that is 
miniscule and difficult to manipulate. The intro-
duction of ultrasound guidance improves accu-
racy, efficacy, and safety of these PNBs and also 
decreases the amount of local anesthetic injected 

[12, 13]. The ability to visualize pleura, bone 
structures, relevant musculature, and fascial lay-
ers with ultrasound offers many advantages over 
the subjective conventional “pops” technique 
upon the penetration into fascial compartment.

Equipment Overview

Ultrasound equipment with high frequency 
(15/13−6 Hz), linear probe or a hockey stick, 
small print, and minimal penetrance probes 
are ideal for PNBs in this age group. A larger 
probe of lower frequency, linear or curved, may 
be more desirable for children with increased 
weight and deep structures. Given the diminu-
tive structures of pediatric patients and the close 
proximity of many vital structures, an in-plane 
ultrasound technique where the advancing needle 
is continuously visualized is recommended. Re-
sistance to skin and fascia in face of these small 
distances should to be carefully considered to 
avoid peritoneal or visceral puncture. As an at-
tempt to reduce puncture size, pain, or bruising 
a small echogenic needle (e.g., 24 G, 40 mm or 
less) is recommended for neonates, small infants, 
and children (weight 20–30 kg). A sharp enough 
needle to pierce fascial planes is recommended 
for TAP, RS, and IIG/IIH blocks. A blunt Tuohy 
tip needle is recommended for PVB blocks.

There are many considerations when perform-
ing PNBs in the pediatric population. First, the 
placement of all types of regional anesthetic 
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techniques under deep sedation or general anes-
thesia is considered the standard of care in the 
pediatric population [14]. The second consider-
ation is the local anesthetic. Options are ropiva-
caine up to the maximum allowed dose of 3 mg/
kg or bupivacaine and levo-bupivacaine up to 
the maximum dose of 2–2.5 mg/kg. Concentra-
tions of 0.5− 0.2 % for ropivacaine, 0.25 % for 
bupivacaine, and 0.25 % levobupivacaine are 
recommended based on the patient’s age, weight, 
surgical procedure, and desired duration of an-
algesia. For bilateral blocks, the volume should 
be divided between the two blocks and more di-
luted local anesthetic such as 0.1 % ropivacaine 
should be used for neonates and very small chil-
dren. The dose should be reduced in neonates 
and infants younger than 6 months or if local 
anesthetic was previously administered. Single 
injection nerve blocks have a limited duration 
and the patients can benefit from the infusion 
of local anesthetic via catheters. The use of pe-
ripheral nerve block catheters is becoming more 
prevalent in the inpatient and outpatient settings  
[7, 8, 15–17].

In summary, an experienced pediatric regional 
anesthetist can safely perform pediatric regional 
anesthesia in appropriately selected patients and 
PNBs should be used instead of CNBs as often 
as possible. This chapter will review a variety 
of single injection trunk blocks that can be per-
formed with ultrasound guidance for postopera-
tive pain control.

PVB Nerve Blocks

Introduction The PVB blocks consist of anes-
thetizing the spinal nerve after they exit from the 
spinal foramen in transit to becoming the inter-
costal and subsequently the thoracoabdominal 
nerves. PVBs are ideal blocks for surgeries of 
the thorax and abdomen and offer an alternative 
to epidural blocks in pediatric patients [9, 18]. 
PVBs may be classified as cervical, thoracic, or 
lumbar.

Anatomy The PVB space is wedge shaped and 
bounded by the anterior surface of the transverse 

process (TP) and intercostal membrane (poste-
rior), parietal pleura (anterior), posterolateral 
aspect of the vertebral body, intervertebral disc, 
and the lateral aspect of the spinal canal (medial). 
It contains the spinal nerves, dorsal ramus, 
intercostal vessels, rami communicants, and the 
sympathetic chain. The PVB space communi-
cates medially with the epidural space and can 
communicate with the contralateral PVB space 
through the prevertebral or epidural space.

Indication Thoracic procedures: thoracotomy, 
video assisted thoracoscopy, pleurodesis, Nuss 
procedure, rib resection and fracture, breast sur-
gery; Abdominal procedures: bowel resection, 
cholecystectomy, appendectomy, nephrectomy, 
ventral and inguinal hernia repair, orchidopexy; 
Other: iliac crest bone graft.

Ultrasound Technique In-plane.

Ultrasound Probe High-frequency linear probe 
(15/13−6 MHz), 5 cm footprint. A small footprint 
(2.5 cm) is recommended for patients less than 
20−30 kg. A 3.8 cm curved probe, 5−10 MHz is 
recommended for morbidly obese patients.

Patient Position Sitting, if the blocks are done 
under sedation. If the blocks are done under gen-
eral anesthesia, lateral with the operative/block 
side up for single block, and either full prone or 
“sloppy lateral” (initially positioned lateral and 
shoulders rotated forward forming an approxi-
mate 45° angle with the bed to allow access to 
both sides of the back) (Fig. 23.1).

Step-by-Step Technique

The appropriate thoracic level is identified using 
landmarks and marked. The ultrasound probe is 
placed in a transverse orientation over the mid-
line of the back at the designated dermatomal 
level and the spinous process identified by the 
characteristic hyperechoic inverted V shape with 
an acoustic shadow beneath. The probe is moved 
lateral and rotated to a slightly oblique orienta-
tion (lateral probe edge slightly caudal) until the 
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tip of the TP is seen in the same view as the pa-
rietal pleura (Fig. 23.2). The internal intercostal 
membrane (IICM), the membranous extension of 
the internal intercostals muscle, is identified as a 
hyperechoic structure connecting the edge of the 
internal intercostal muscles to the lower edge of 
the TP (Fig. 23.3).

An echogenic needle is introduced, bevel up 
and in-plane, at the lateral edge of the probe and 
advanced from lateral to medial until the needle 
tip is through the IICM in the space between the 
parietal pleura and the acoustic shadow of the 
overlying TP (Fig. 23.4). Correct position within 
the PVB space is confirmed by real-time ultra-
sound visualization of anterior displacement of 
the pleura with an injection of a few milliliter of 
saline solution (Fig. 23.5). Once the paraverte-
bral space is identified, and after a negative as-
piration for blood and CSF, local anesthetic is  
injected.

Fig. 23.1   “Sloppy lateral” position for insertion of bilat-
eral paravertebral nerve block catheters

Fig.  23.2   Lateral and slightly oblique orientation of 
probe for paravertebral blocks

Fig.  23.3   Ultrasound anatomy of paravertebral nerve 
block: 1 external intercostal muscle; 2 internal intercos-
tal muscle; 3 innermost intercostal muscle; 4 internal in-
tercostal membrane (IICM). ESM erector spinae muscle, 
TP8 8th transverse process

Fig. 23.4   Lateral to medial needle orientation for para-
vertebral block

Fig.  23.5   Needle position in paravertebral space: 1 
Tuohy needle; 2 intercostal muscles; 3 parietal pleura; 4 
internal intercostal membrane; 5 downward displacement 
of parietal pleura. TP transverse process, ESM erector spi-
nae muscle
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Medication A maximum of 0.5 ml/kg of local 
anesthetic for a unilateral thoracic block can be 
injected. A single injection of 0.5 ml/kg in chil-
dren may be expected to cover at least four der-
matomal segments [19]. A single injection of 
0.2–0.3 ml at T12 level can be enough to cover 
T10-L1 segments [20].

Complications Pneumothorax, pleural punc-
ture, vascular puncture, tenderness at injection 
site, unilateral or bilateral Horner syndrome, 
hypotension, and spinal anesthesia.

Scientific Literature in Children

Boretsky et al. found that a lateral in-plane tech-
nique is the most reliable technique for continu-
ous needle visualization in a series of infants and 
children as young as 6 months of age and as small 
as 6 kg [7].

Important Points If the rib is seen, the probe 
is slid cephalad a few millimeter until the pleura 
and TP are visualized with no overshadowing rib. 
The superior costotransverse ligament should 
not be visible on the ultrasound image, since it 
spans between the TP and the rib. If the tip of 
the needle is placed below the IICM (the lateral 
continuation of the superior costotransverse liga-
ment) and an anterior movement of the pleura 
is visualized during injection of local anesthetic 
the block can technically be considered correctly  
performed.

TAP Blocks

Introduction The TAP blocks are increasingly 
being used to provide analgesia after pediatric 
surgeries involving the abdominal wall [21]. TAP 
blocks reduce opioids consumption, improve 
pain scores compared with traditional pain strate-
gies, and are alternatives to neuroaxial analgesia 
[22].These blocks require injection of local anes-
thetic between the internal oblique and transver-
sus abdominis muscles. Evidence suggests that 
midaxillary and subcostal injections result in a 

predominantly anterior spread of local anesthetic 
and the sensory blockade produced is relatively 
patchy [23]. Therefore, TAP blocks should be 
performed as posterior as possible [24].

Anatomy The innervation of the abdominal 
wall is from the anterior divisions of the T6-L1. 
The nerves run between the internal oblique and 
transversus abdominis muscle into the transver-
sus abdominis plane. The points of entry of the 
anterior branches into the TAP and the distance 
that these nerves travel in this plane are vari-
able [23]. The nerves have a perforator branch 
that innervates the anterolateral portion of the 
abdominal wall. A posterior injection may block 
T6-L1 nerves in close proximity to one another 
before they bifurcate. This is clinically signifi-
cant because the blocks should be performed 
as posterior as possible to include these nerves, 
improve the spread of local anesthetic, cover 
several dermatomes, and improve the block  
success.

Indication Using the classic midaxillary pro-
cedure, these blocks work well for procedures 
below the T10 dermatome (urology and gyneco-
logic procedures, varicocelectomy, hydrocelec-
tomy, ureteral reimplantation). Lateral, posterior, 
or quadratus lumborum TAP block techniques 
are recommended for surgeries at the T10 derma-
tome (colectomy, colostomy, ileostomy creation 
and take down, inguinal hernia repair, laparo-
scopic procedures such as appendectomy). More 
studies should be done to assess whether these 
blocks can cover as high as the T8 dermatome. 
Alternative techniques are recommended for 
upper abdominal surgeries such as cholecystecto-
mies, Nissen fundoplications, and G tube place-
ments (subcostal TAP).

Ultrasound Techniques In-plane.

Ultrasound Probe High-frequency linear 
probes (15/13−6 MHz), 5 cm footprint. A small 
footprint (2.5 cm) is recommended for patients 
less than 20−30 kg.

Patient Position Supine.
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Step-by-Step Technique

Place the probe in a transverse plane with the me-
dial end of probe over the umbilicus and obtain 
an image of the rectus abdominis muscle. Slide 
the probe laterally across the abdominal wall with 
the goal to have the probe in the anterior axillary 
line, between the costal margin and iliac crest, 
until three muscle layers are present (Fig. 23.6). 
The most superficial one is the external oblique 
followed by the internal oblique and the trans-
versus abdominis muscle. Continue to move the 
probe laterally until the transversus abdominis 
muscle terminates on the screen (Fig. 23.7). The 
site of injection is between the internal oblique 
and transversus abdominis muscles, close to the 
termination of transversus abdominis muscle. 
The needle is advanced from anterior to poste-

rior direction through adipose tissue, external, 
and internal oblique muscles (Fig. 23.8). Correct 
needle position within the TAP is confirmed by 
real-time ultrasound visualization of saline hy-
drodissecting the plane between the two muscle 
layers (Fig. 23.9). Once proper needle location is 
confirmed local anesthetic is injected.

Alternate Techniques

To obtain analgesia above the umbilicus, a sub-
costal TAP block is necessary. The probe should 
be placed parallel to the costal margin and 

Fig. 23.9  Local anesthetic hydrodissecting transversus 
abdominis plane in a neonate: 1 external oblique muscle; 
2 internal oblique muscle; 3 transversus abdominis mus-
cle; 4 needle

 

Fig. 23.8  Medial to lateral needle orientation for trans-
verses abdominis and quadratus lumborum plane blocks

 

Fig. 23.7  Ultrasound anatomy of transversus abdominis 
plane block: 1 adipose tissue; 2 external oblique muscle; 3 
internal oblique muscle; 4 transversus abdominis muscle

 

Fig. 23.6  Ultrasound probe position for transversus ab-
dominis plane block

 



270 M. Visoiu

move medially just inferior to the costal margin 
(Fig. 23.10). Transversus abdominis muscle can 
be seen extending behind the rectus abdominis 
muscle (Fig. 23.11). The needle should be in-
serted in a medial to lateral direction beneath the 
costal margin (Fig. 23.12) and the medication 
should be seen hydrodissecting the plane above 
the transversus abdominis muscle.

In order to reach as many dermatomes as pos-
sible, a quadratus lumborum block can be per-
formed. A lateral position with the operative side 
up (Fig. 23.13) or “sloppy lateral” (positioned 
supine with the body rotated towards the oppo-
site side to have access to the patient’s back at 
the block site) (Fig. 23.1). The probe should be 
placed between the costal margin and iliac crest 
and moved as posterior as possible until quadra-
tus lumborum muscle is identified (Fig. 23.14). 

Fig. 23.14  Ultrasound anatomy of quadratus lumbo-
rum block: 1 adipose tissue; 2 external oblique muscle; 
3 internal oblique muscle; 4 transversus abdominis mus-
cle; 5 quadratus lumborum muscle; 6 latissimus dorsi  
muscle

 

Fig. 23.13  Patient position for posterior and quadratus 
lumborum transversus abdominis plane block

 

Fig. 23.12  Medial to lateral needle orientation for sub-
costal transversus abdominis plane block

 

Fig. 23.11  Ultrasound anatomy of subcostal transver-
sus abdominis plane blocks: 1 adipose tissue; 2 external 
oblique muscle; 3 internal oblique muscle; 4 transversus 
abdominis muscle; 5 rectus muscle

 

Fig. 23.10  Ultrasound probe position for subcostal trans-
versus abdominis plane block
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The needle is inserted in a medial to lateral di-
rection beneath the anterior border of quadratus 
lumborum muscle (Fig. 23.15). This block may 
be very challenging because the muscle is not 
always easy to identify and is difficult to keep 
the needle in the correct tissue plane as the body 
curves laterally.

Medication 0.25 ml/kg of local anesthetic, 
for a maximum of 0.5 ml/kg/per site can be  
injected.

Complications Skin bruises, hematoma, intra-
vascular and intraperitoneal injection, perfora-
tion of liver, abdominal perforations, femoral  
block.

Scientific Literature in Children Long et al. 
showed that overall complications associated 
with TAP blocks in children are very low (0.3 %) 
[6].

Important Points TAP blocks do not cover the 
peritoneal or visceral pain. A posterior ultrasound 
TAP approach and injection under the anterior 
border of quadratus lumborum muscle results in 
a posterior spread of local anesthetic with longer 
duration of analgesia [25, 26].

RS Nerve Blocks

Introduction The RS blocks are effective for 
midline abdominal incisions. This procedure 
aims to block the terminal branches of the 9th, 
10th, and 11th intercostal nerves within the pos-
terior RS. The ultrasound use improves success-
ful placement of local anesthesia.

Anatomy The RS is formed by aponeurosis 
of the transversus abdominis, the external and 
internal oblique muscles. There is a variation of 
these layers from the xyphoid to the symphysis 
pubis. It contains the rectus abdominis muscles 
that run vertically next to the midline from the 
lower anterior ribs to the pubis. The RS consists 
of two compartments: the anterior and posterior 
RSs. Beneath the posterior RS lie the transver-
salis fascia, peritoneum, and abdominal content.

Indications Umbilical, epigastric, and ventral 
hernia repair, ileocecetomy with small mid-
line incisions, pyloromiotomy, laparoscopic 
and robotic surgeries such as cholecystectomy, 
appendectomy, nephrectomy, oophorectomy, 
Nissen procedure, and gastric tube placement to 
provide analgesia at umbilicus instrument site.

Ultrasound Technique In-plane.

Ultrasound Probe High-frequency linear probe 
(15/13−6 MHz), small footprint for patients less 
than 20−30 kg.

Patient Position Supine.
 
Step-by-Step Technique

The transducer is positioned just lateral to the 
umbilicus and moved laterally a few centime-
ters until the lateral border of the rectus muscle 
is visualized (Fig. 23.16). Moving more later-
ally, the muscle is seen as a narrow white band 
of tissue and the transversus abdominis muscle 
appears. Move the probe back, the optimal site 
for injection is at the lateral border of the rectus 
muscle (Fig. 23.17). Deep to the muscle, identify 

Fig. 23.15  Needle position under the anterior border of 
quadratus lumborum muscle: 1 needle; 2 transversus ab-
dominis muscle; 3 quadratus lumborum muscle; 4 local 
anesthetic
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the bright white (hyperechoic) layer of fascia. An 
echogenic needle is advanced from lateral to me-
dial direction, through the adipose tissue under 
the muscle (Fig. 23.18). A few milliliters (ml) 
of saline solution are injected until the spread of 
medication is visualized in the correct location, 
deep to the rectus muscle, superficial to the pos-
terior aspect of the RS, hydrodissecting the plane 
between rectus muscle and posterior aspect of the 
RS (Fig. 23.19). Be careful not to inject too deep 
under the deepest hyperechoic line that moves 
with breathing. The procedure should be repeated 
on the other side.

Medication 0.1–0.2 ml/kg of 0.2 % or 0.5 %rop-
ivacaine, 0.25 % bupivacaine, or 0.25 % levobu-
pivacaine based on the patient’s age, weight, and 
the surgical procedure, for a maximum of 10 ml/
side. Concentration of 0.5 % for ropivacaine is 
recommended for longer duration of analgesia.

Complications Skin bruises, hematoma, intra-
vascular and intraperitoneal injection, perfora-
tion of stomach, colon, puncture of mesenteric 
vessels, retroperitoneal hematoma.

Scientific Literature in Children Willschke 
et al. described the considerable advantages of 
ultrasound over the conventional landmark tech-
niques for RS blocks performed for umbilical 
hernia repair [27].

Important Points The bilateral single injec-
tion RS blocks should not be used for postop-
erative analgesia for midline abdominal incisions 
from the xyphoid superiorly to the symphysis 
pubis inferiorly. If RS blocks are desired, mul-

Fig. 23.19  Local anesthetic hydrodissecting posterior 
rectus sheath: 1 adipose tissue; 2 rectus muscle; 3 needle; 
4 local anesthetic

 

Fig. 23.18  Lateral to medial needle orientation for rectus 
sheath nerve block

 

Fig. 23.17  Ultrasound anatomy of rectus sheath block: 1 
adipose tissue; 2 rectus muscle

 

Fig. 23.16  Ultrasound probe position for rectus sheath 
block
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tiple injections should be performed instead, at 
the same level as the incision, just lateral to the 
incision. These blocks do not provide anesthesia 
of peritoneum and viscera. They do not provide 
analgesia for the lateral abdomen, but can be 
combined with TAP blocks.

Ilioinguinal/Iliohypogastric Nerve 
Blocks

Introduction Ilioinguinal/iliohypogastric nerve 
blocks provide ipsilateral analgesia in the ingui-
nal area. A relatively high failure rate of 10–25 % 
has been reported with a conventional “pop” 
technique.

Anatomy Ilioinguinal (L1) and Iliohypogastric 
(T12-L1) are branches of the lumbar plexus. They 
exit the neuroaxis between the iliacus and psoas 
muscle. They pierce the transversus abdominis 
muscle to run in the TAP plane. The iliohypogas-
tric then pierce the internal oblique muscle and 
run under the external oblique muscle, superior 
to the inguinal canal. The ilioinguinal nerve con-
tinues in the inguinal canal.

Indication Inguinal hernia repair, orchidopexy, 
hydrocelectomy, and varicelectomy.

Ultrasound Techniques In-plane.

Ultrasound Probe High-frequency linear probe 
(15/13−6 MHz), small footprint for patients less 
than 20−30 kg.

Patient Position Supine.

Step-by-Step Technique:

The probe is placed over the bony prominence of 
the anterior superior iliac spine (ASIS) and rotat-
ed so the one side rests on the ASIS and the other 
side points at the umbilicus (Fig. 23.20). The 
bony iliac crest is maintained on the lateral part of 
the ultrasound image and the probe is moved cra-
nial and caudal until the layers of abdominal wall 

can be identified. The first muscle layer is the ex-
ternal oblique, next lies the internal oblique, and 
deep is the transversus abdominis. The nerves 
are located between the internal oblique and the 
transversus abdominis (Fig. 23.21). They are very 
closely related to the iliac crest and sometimes 
appear as a hypoechoic (dark) with bright cover-
ing and sometimes as bright (hyperechoic) thick-
ness between the two muscle layers. The needle 
is advanced from medial to lateral, or from lateral 
to medial, until it enters the fascial plane between 
the internal oblique and the transversus abdomi-
nis (Fig. 23.22). Inject the medication in this 

Fig. 23.21  Ultrasound anatomy of ilioinguinal, ilio-
hypogastric nerves: 1 adipose tissue; 2 external oblique 
muscle; 3 internal oblique muscle; 4 ilioinguinal and Il-
iohypogastric nerves; 5 transversus abdominis muscle; 6 
iliacus muscle

 

Fig. 23.20  Ultrasound probe position for ilioinguinal/
iliohypogastric nerve block
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plane. Due to the depth of these nerves, an out-of 
plane can be utilized. The target structures should 
be placed in the middle of the ultrasound probe.

Medication 0.1–0.2 ml/kg of 0.2 % or 0.5 % rop-
ivacaine, 0.25 % bupivacaine, or 0.25 % levobu-
pivacaine based on the patient’s age, weight, and 
the surgical procedure.

Complications Visceral perforation, femoral 
nerve blockade; abdominal wall puncture hema-
toma, and infections.

Scientific Literature in Children Weintraud 
et al. showed that accurate placement of local 
anesthetic around the ilioinguinal/iliohypogastric 
nerves is seldom possible when landmark-based 
techniques are used [28].

Important Points There is high inter-individual 
rate variability in nerve location and the nerves 
are closer to the ASIS than previously described 
[29]. Attempt to do these blocks as lateral pos-
sible. These blocks do not abolish visceral pain 
due to traction of spermatic cord.

Summary

Children experience significant postoperative 
pain and effective analgesia is necessary for op-
timal recovery. A multimodal approach that in-

cludes ultrasound guided PNBs is a better thera-
peutic regimen by simultaneously improving an-
algesia and reducing side effects from opioid use.

In addition, PNBs, a form of regional analge-
sia, improves quality of care, increases satisfac-
tion and saves health care costs. Furthermore, 
ultrasound technology improves accuracy and ef-
ficacy, decreases the amount of local anesthetic, 
and offers additional safety benefits.
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Introduction

Surgeons use many tools in the operating room. 
These surgical tools help with dissection, liga-
tion, exposure, visualization, and other aspects 
of the operation. Different situations call for dif-
ferent tools for different surgeons. Ultrasound is 
one such tool that can have countless uses in the 
operating room. If a surgeon is comfortable using 
intraoperative ultrasound, it can provide incred-
ibly valuable information that has a significant 
impact on the operation. In the adult literature, 
diagnostic laparoscopy with laparoscopic ultra-
sound has been shown to be valuable in many 
settings (Figs. 24.1 and 24.2) [1, 2]. For example, 
intraoperative ultrasound has had a significant ef-
fect on the treatment of adult gastric cancer. As 
many as 40 % of patients are upstaged by diag-
nostic laparoscopy with ultrasound, and about 
25 % are spared a laparotomy in cases where the 
disease was previously thought to be resectable 
[3–6]. There is no limit to the uses of ultrasound 

Fig. 24.1  Laparoscopic ultrasound probe. Notice that 
the angle of the probe can be adjusted to allow for easier 
positioning during laparoscopy. The ultrasound sensor is 
highlighted in the inset [1]
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in the operating room. It can be utilized in any 
situation where there would be benefit in iden-
tifying a lesion or fluid collection that is deep to 
the visible tissues. It can also be helpful to look 
for blood flow or clots within a vessel intraopera-
tively. In this chapter, we present a few common 
uses of ultrasound in the operating room.

Oncology

Ultrasound can have tremendous utility during 
pediatric oncological surgery. Lesions within the 
liver parenchyma and their relationship to the 
hepatic vasculature can be identified. This will 
dictate many of the important decisions one must 
make for hepatic tumors, specifically whether 
or not the tumor is resectable, and if so, which 
vessels will need to be taken to get an adequate 
resection. The pretreatment extent of disease 
(PRETEXT) is the staging system currently used 

to guide therapy for hepatoblastoma (Fig. 24.3). 
Defining the PRETEXT stage is based on know-
ing the liver sectors which are defined by the 
portal and hepatic vein branches. The PRETEXT 
stage also contains modifiers which identify how 
close the tumor is to the hepatic veins, inferior 
vena cava (IVC), or portal vein branches [7, 8]. 
Understanding these relationships is critical to 
planning your resection. In the operating room, 
identifying this relationship will define which 
vessels need to be taken to get an adequate resec-
tion. Once you understand which vessels need to 
be taken for the tumor resection, you will know 
whether a standard left or right hepatic lobecto-
my will be sufficient, or if a trisegmentectomy or 
central hepatectomy are required. It is also im-
portant to note that intraoperative ultrasound may 
provide more up to date information than preop-
erative imaging. It may also more clearly identify 
some of the anatomic relationships of the tumor, 
which may actually lead to performing a differ-

Fig. 24.2  Laparoscopic ultrasound during staging laparoscopy for adult gastric cancer [2]
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ent operation than was planned pre-operatively 
(Figs. 24.4 and 24.5) [9].

For Wilms’ tumor, the role of ultrasound to 
identify tumor thrombus in the renal vein and 
IVC has already been well established [10]. 
Intravascular extension of tumor thrombus oc-
curs in 4–11 % of children with Wilms’ tumor 
[11, 12]. Intraoperative ultrasound can be used 
to confirm the extent of tumor thrombus in the 
operating room, or alternatively to confirm the 
lack of tumor thrombus before ligating and tran-

secting the renal vein. This point is important, 
because accidental encounter of renal vein tumor 
thrombus during vessel ligation and transection 
will upstage the patient to a local stage III tumor, 
which necessitates flank radiation and the addi-
tion of doxorubicin and its inherent risk for cardi-
ac toxicity. Conversely, the presence of intravas-
cular extension does not affect the prognosis if it 
is successfully resected [13]. Identifying tumor 
thrombus while ligating the renal vein has been 
previously reported, and can be avoided with the 
intraoperative use of ultrasound [14].

Fig. 24.3  PRETEXT stages. The 
liver is divided into four sectors 
defined by the hepatic veins. 
PRETEXT stage is defined by the 
number of uninvolved sectors. 
(1) PRETEXT 1 tumors have three 
contiguous uninvolved sectors. 
(2) PRETEXT 2 tumors have two 
contiguous uninvolved sectors. 
(3) PRETEXT 3 tumors have one 
contiguous uninvolved sector. 
(4) PRETEXT 4 tumors have no 
uninvolved sectors [7]

 

Fig. 24.4  Findings on intraoperative ultrasound. a Pre-
operative MRI showed extension of hepatoblastoma into 
segment IVa. b Intraoperative ultrasound showed tumor 
extending near but not beyond the left hepatic vein, mean-
ing there was no segment IVa involvement. This allowed 
an adequate resection with a left lateral segmentectomy as 
opposed to the original plan for a left hemihepatectomy [9]

 

Fig. 24.5  Findings on intraoperative ultrasound. a Single 
adenoma (asterisk) identified on preoperative MRI. b 
Intraoperative ultrasound identified multiple additional 
adenomas (arrows). This patient was diagnosed with dif-
fuse adenomatosis and will require biannual ultrasound 
surveillance [9]
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In bilateral Wilms, partial nephrectomy is the 
treatment option [15, 16]. Sparing some of each 
kidney often allows retention of adequate renal 
function to avoid dialysis. Obtaining appropriate 
margins is important and these margins are not 
always obvious from visual inspection. Intraop-
erative ultrasound can guide resection margins 
for the partial nephrectomy and is becoming the 
standard of care today (Fig. 24.6).

Foreign Body

Fluoroscopy has proven to be an invaluable ad-
junct in the localization of radiopaque foreign 
bodies and is utilized extremely often for this 
purpose. In the case of foreign bodies that can-
not be seen on X-ray, surgeons are often forced 
to rely on palpation to locate the object. The lack 
of imaging guidance can make these cases ex-
tremely challenging and certainly decrease the 
success rate of foreign body removal. Ultrasound 
is an excellent tool in this situation, as the foreign 
body will typically have a different echogenicity 
than the soft-tissue and will therefore be easily 
visible on ultrasound (Fig. 24.7a and b). If plan-
ning to use ultrasound intraoperatively to locate 
a foreign body, it is best to have a preoperative 
ultrasound to confirm that the foreign body can 
be visualized. Once that is confirmed, the ul-
trasound will be very valuable in the operating 
room. Wooden splinters are notoriously diffi-
cult to find, and cannot be identified with fluo-
roscopy. Ultrasound is typically able to identify 
wooden splinters and has been used to aid in their 
removal [17–19].

Supprelin implants are subdermal implants 
utilized for long-term delivery of the gonado-
tropin-releasing hormone analog histrelin in pa-
tients with central precocious puberty. These im-
plants allow hormone delivery without the need 
for frequent intramuscular injections and are the 
preferred method for patients and families. The 
implants need to be removed and replaced at 
regular intervals. Removal can be challenging as 
the implants are soft and colorless, and implant 

Fig. 24.6  Intraoperative renal ultrasound showing 
Wilms’ tumor for margin planning

 

Fig. 24.7  Foreign body in soft tissue. a Foreign body seen in intraoperative ultrasound. b Ultrasound guidance of 
instrument (hemostat) to foreign body
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fracture is not an uncommon event. Ultrasound 
can be used in this situation to find the fractured 
implant and assist in its removal [20].

Extracorporeal Membrane 
Oxygenation (ECMO) Cannula 
Placement

Percutaneous placement of ECMO cannulas has 
become more common, in part due to the excel-
lent visualization afforded by echocardiogram. 
Proper positioning of the cannula is critical to 
maintain good flows on the ECMO circuit. Car-
diac ultrasound is used to identify the position of 
the cannula and guide its placement. Ultrasound 
guidance can be used for placement of a single 
double-lumen cannula for veno-venous ECMO 
such as the Avalon cannula (Fig. 24.8a) as well 
as for placement of a single lumen venous can-
nula that will be used for either veno-venous or 
arterio-venous ECMO (Fig. 24.8b). These are 
typically placed in the internal jugular vein. Cor-
rect positioning can be a challenge, as the can-
nulas are large and often will have a hard time 
traversing through the right atrium and into the 
IVC, which often reaches the heart at an angle. 
A guidewire is essential, and can be seen on ul-
trasound (Fig 24.8c) and confirmed with fluoros-
copy. Once the guidewire has passed down the 
IVC, you can thread the cannula over the wire 
and watch the tip of the cannula pass down the 
IVC as well. In the case of the Avalon cannula, it 
is critical that the catheter is placed in the proper 
position as the more proximal hole will need to 

be oriented to face toward the tricuspid valve. 
Incorrect placement can lead to cardiac perfora-
tion. Catheter tip position can be determined with 
cardiac ultrasound or transabdominal ultrasound.

Vascular Access

Intraoperative ultrasound is invaluable for vascu-
lar access. Ultrasound provides consistency and 
safety in vascular access and allows very good 
assessment of key anatomy while gaining access 
(Fig. 24.9). Needle guidance in to vascular struc-
tures is discussed extensively in other chapters.

Fig. 24.8  Ultrasound-guided placement of percutaneous 
ECMO cannulas. a Placement of an veno-venous Avalon 
cannula with tip in the inferior vena cava ( IVC). The prox-

imal hole is lined up with the tricuspid valve. b Placement 
of a single lumen venous cannula with the tip in the right 
atrium ( RA). c Wire in retrohepatic IVC

 

Fig. 24.9  View of great vessels with ultrasound place-
ment just above the clavicles and the probe aimed in the 
caudal direction
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Splenic Cysts

Partial splenectomy for cysts can be challenging 
when attempting to determine the margin for re-
section. Laparoscopic partial splenectomy is well 
described and the minimally invasive approach 
can result in favorable postoperative coarse in 
comparison to open resection. That challenge 
only increases in the case of laparoscopic partial 
splenectomy [21]. Intraoperative ultrasound can 
provide excellent guidance when determining the 
resection margin (Fig. 24.10).

Perirectal Fistula and Abscesses

Crohnʼs disease is a common and challenging 
disease process seen in the pediatric population. 
Perirectal Crohnʼs is especially difficult to treat 
with the recurrent fistulas and abscesses. Given 
the inflammatory nature of the disease process, 
seton drainage of the fistulas and abscesses is 
often preferred over straight forward incision 
and drainage. Endorectal ultrasound is a very 
useful tool in both evaluating the perirectal area 
for seton placement and abscess drainage [22]. 
Endosonography can be used to locate fistulas 
and abscesses in the rectal canal and ultrasound 
can even be used to guide precise seton place-
ment through fistulas that wax and wane in their 
patency (Fig. 24.11).

Fetal Interventions

In twin-twin transfusion syndrome (TTTS), feto-
scopic laser ablation of communicating vessels 
is standard therapy [23]. In twins with mono-
chorionic/diamniotic pregnancy, one twin shunts 
blood to the other through communicating ves-
sels. With a standard posterior placenta this pro-
cedure is relatively straightforward and is per-
formed through the motherʼs anterior abdominal 
wall with standard ultrasound. With an anterior 
placenta this maneuver is much more complex. 
Uterine entry must be posterior enough to avoid 
the placenta and enable visualization of the com-
municating vessels on the placenta surface. Sev-
eral methods are described but using maternal 
laparoscopy with laparoscopic ultrasound probe 
enables laparoscopic manipulation of the uterus 
and also visualization of the fetus while entering 
with a needle (CO2 inflation of abdomen pre-
cludes useful transabdominal ultrasound) [24]. 
The needle in the uterus allows wire passage 
and ultimately trocar placement over the wire 
(Fig. 24.12).

Summary

Intraoperative ultrasound is a powerful tool that 
has a wide spectrum of utility. This chapter re-
views a few common uses and shows that the 
ultrasound can be very helpful and has a signifi-

Fig. 24.10  a Laparoscopic view of spleen with cyst and ultrasound probe. b Ultrasound image very near to the margin 
of the cyst from laparoscopic probe
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cant impact on an operation. In certain cases, it 
enables the surgeon to perform an operation in a 
more effective or efficient manner. In other cases, 
the ability of ultrasound to clarify anatomy and 
relationships may change the operative plan in 

real time. We are likely underutilizing intraop-
erative ultrasound at this point; its use will surely 
increase as surgeons become more adept with the 
technology and identify additional situations in 
which it can provide valuable information.

Fig. 24.12  Laparoscopic ultrasound assisted access of the uterus in twin-twin transfusion syndrome laser ablation with 
anterior placenta

 

Fig. 24.11  a Endorectal ultrasound demonstrating intersphincteric abscess and a fistula. b Endorectal ultrasound dem-
onstrating a Crohn’s supralevator abscess. c Ultrasound-guided needle placement through fistula and abscess
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