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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



ix

Acknowledgments

We would like to gratefully acknowledge the help, stimulation, and advice 
of all our colleagues at the Children’s Hospital of Pittsburgh of UPMC, 
Pittsburgh, PA, and the C.S. Mott Children’s Hospital in Ann Arbor, Michi-
gan, and especially our division chiefs Drs. George Gittes and Ron Hirschl 
for their encouragement and support.

Our careers in pediatric surgery have been inspired by many teachers and 
mentors at varying institutions over the years, in Germany and the USA, who 
served as our role models in the challenging but gratifying care of children.

This book is the result of a team effort and we would like to highlight the 
hard work and dedication of the pediatric specialists, especially pediatric sur-
geons, and pediatric radiologists, who have contributed chapters to this text. 
More importantly, all of them continue their devotion to a career of taking 
care of infants and children who need our help and who ultimately make it 
all worthwhile.

Many thanks to Michael Griffin from Springer for his patience, encourage-
ment, and invaluable help in preparing and “fine tuning” the manuscript and 
all the pictures. My assistant, Pat Fustich, was invaluable in proofreading 
parts of the manuscripts and providing her moral support. Dr. Ken Gow con-
tributed the practical tips for performing US to the preface.

On a special note, we would like to thank our wives, Elizabeth and Sarah, 
without their support this book would have not been possible. Our wonderful 
children, Mischa, Nicholas, and Gavin as well as Colin, Liam, and Katherine, 
are the reason we get up early every morning.

I would also like to thank my mother, Birgit Scholz, for her continued 
support and enthusiasm for my ongoing professional endeavors despite the 
hurtful distance to another continent.

Stefan Scholz
Marcus D. Jarboe



xi

Contents

Part I Diagnostic Ultrasound

1 Overview of Ultrasound Theory and Techniques .........................  3
Seth Goldstein

2 Pediatric Spinal Sonography ..........................................................  9
Gayathri Sreedher and Andre D. Furtado

3 Surgical Ultrasound of the Pediatric Head and Neck ................... 17
Guy F. Brisseau

4 The Thorax ....................................................................................... 27
Christine M. Leeper, Jan Gödeke and Stefan Scholz

5 The Liver ........................................................................................... 49
Juan Carlos Infante and Alexander Dzakovic

6 Gallbladder and Biliary Tract......................................................... 63
Christine M. Leeper, Gary Nace and Stefan Scholz

7 The Pancreas .................................................................................... 73
Julia Scholsching and Oliver J. Muensterer

8 The Spleen ......................................................................................... 83
Julia Scholsching and Oliver J. Muensterer

9 Abdominal Vessels ............................................................................ 91
Justin Barr and Sara K. Rasmussen

10 Gastrointestinal Tract ...................................................................... 103
Christine M. Leeper, Sara K. Rasmussen and Stefan Scholz

11 Intra-abdominal and Retroperitoneal Masses ............................... 121
Kevin M. Riggle and Kenneth W. Gow



xii Contents

12  Emergency Ultrasound in the Evaluation of Pediatric  
Blunt Abdominal Trauma ���������������������������������������������������������������  133
Seth Goldstein and F� Dylan Stewart

13 The Kidney ���������������������������������������������������������������������������������������  139
Oliver L� Sanchez, Raimondo M� Cervellione  
and Kimberly M� Lumpkins

14 Adrenal Gland ����������������������������������������������������������������������������������  155
Nathalie Kremer and Judy H� Squires

15 The Pediatric Pelvis �������������������������������������������������������������������������  165
Vincent Lee, Stacey Langford and Sameh Tadros

16 Groin and Testicle ����������������������������������������������������������������������������  183
Salmai Turial

17 Contrast-Enhanced Ultrasound (CEUS) for Children �����������������  197
Stefan Scholz

Part II Interventional Ultrasound

18 Ultrasound-Guided Vascular Access ����������������������������������������������  209
Farokh R� Demehri and Marcus D� Jarboe

19 Core Biopsy of Masses and Solid Organs ��������������������������������������  221
Kushal Parikh, Joseph J� Gemmete and Ranjith Vellody

20 Fine Needle Aspiration (FNA) of the Thyroid Gland �������������������  229
Ranjith Vellody

21 Diagnostic and Therapeutic Drainage��������������������������������������������  235
Samir K� Gadepalli

22 Sclerotherapy of Vascular Malformations �������������������������������������  247
Joseph J� Gemmete and Ranjith Vellody

23 Regional Blocks for Postoperative Pain Control ���������������������������  265
Mihaela Visoiu

24 An Introduction to Intraoperative Ultrasound �����������������������������  277
Marcus M� Malek and Marcus D� Jarboe

Erratum ��������������������������������������������������������������������������������������������������  E1

Index ��������������������������������������������������������������������������������������������������������  285



xiii

Contributors

Justin Barr Department of Surgery, University of Virginia, Charlottesville, 
VA, USA

Raimondo M. Cervellione Royal Manchester Children’s Hospital, Man-
chester, England, UK

Farokh R. Demehri University of Michigan, Ann Arbor, MI, USA

Alexander Dzakovic Department of Pediatric Surgery, Loyola University 
Medical Center, Maywood, IL, USA

Guy F. Brisseau Department of Surgery, Division Chief Pediatric Surgery, 
Sidra Medical and Research Center, Weill-Cornell Medical College, Doha, 
Qatar

Andre D. Furtado Department of Radiology, Children’s Hospital of Pitts-
burgh of UPMC, Pittsburgh, PA, USA

Samir K. Gadepalli Division of Pediatric Surgery, Department of Surgery, 
C.S. Mott Children’s Hospital, Ann Arbor, MI, USA

Joseph J. Gemmete Department of Radiology, University of Michigan, 
Ann Arbor, MI, USA

Jan Gödeke Department of Pediatric Surgery, University Medical Center 
Mainz, Mainz, Germany

Seth Goldstein Department of Surgery, Johns Hopkins Hospital, Baltimore, 
MD, USA

Kenneth W. Gow Department of General and Thoracic Surgery, Seattle 
Children’s Hospital, Seattle, WA, USA

Judy H. Squires Department of Pediatric Radiology, Children’s Hospital of 
Pittsburgh, Pittsburgh, PA, USA

Juan Carlos Infante Department of Medical Imaging, Ann and Robert H 
Lurie Children’s Hospital of Chicago, Chicago, IL, USA

Marcus D. Jarboe Division of Pediatric Surgery, Department of Surgery, 
Pediatric Interventional Radiology, Mott Children’s Hospital, University of 
Michigan, Ann Arbor, MI, USA



xiv Contributors

Nathalie Kremer Department of Pediatric Surgery, Cincinnati Children’s 
Hospital Medical Center, Cincinnati, OH, USA

Stacey Langford Department of Pediatric Radiology, Children’s Hospital of 
Pittsburgh of UPMC, Pittsburgh, PA, USA

Vincent Lee Department of Pediatric Radiology, Children’s Hospital of 
Pittsburgh of UPMC, Pittsburgh, PA, USA

Christine M. Leeper Department of General Surgery, University of Pitts-
burgh Medical Center, Pittsburgh, PA, USA

Kimberly M. Lumpkins Department of Surgery, University of Maryland 
School of Medicine, Baltimore, MD, USA

Marcus M. Malek Department of Surgery, Pediatric Surgery Oncology, 
Children’s Hospital of Pittsburgh of UPMC, University of Pittsburgh School 
of Medicine, Pittsburgh, PA, USA

Oliver J. Muensterer Department of Pediatric Surgery, University Medi-
cine of the Johannes Gutenberg University Mainz, Mainz, Germany

Gary Nace Division of Pediatric General and Thoracic Surgery, Children’s 
Hospital of Pittsburgh of UPMC, Pittsburgh, PA, USA

Kushal Parikh Department of Radiology, University of Michigan, Ann 
Arbor, MI, USA

Sara K. Rasmussen Department of Surgery, University of Virginia, Char-
lottesville, VA, USA

Kevin M. Riggle Department of Surgery, University of Washington, Seattle, 
WA, USA

Oliver L. Sanchez Department of Pediatric Surgery, Children’s Hospital 
Geneva, Geneve, Switzerland

Julia Scholsching Department of Pediatric Surgery, University Medicine of 
the Johannes Gutenberg University Mainz, Mainz, Germany

Stefan Scholz Division of Pediatric General and Thoracic Surgery, Chil-
dren’s Hospital of Pittsburgh of UPMC, University of Pittsburgh School of 
Medicine, Pittsburgh, PA, USA

Gayathri Sreedher NEOMED, Rootstown, USA

University of Pittsburgh School of Medicine, Pittsburgh, USA

Department of Pediatric Radiology, Akron Children’s Hospital (and Child-
rens Hospital of Pittsburgh of UPMC), Akron, OH, USA

F. Dylan Stewart Department of Pediatric Surgery, Johns Hopkins Hospital, 
Baltimore, MD, USA

Sameh Tadros Department of Pediatric Radiology, Children’s Hospital of 
Pittsburgh of UPMC, Pittsburgh, PA, USA



xvContributors

Salmai Turial Department of Pediatric Surgery, University Medicine of the 
Johannes Gutenberg University Mainz, Mainz, Germany

Ranjith Vellody Department of Radiology, Childrens National Medical 
Center, Washington, DC, USA

Department of Radiology, University of Michigan, Ann Arbor, MI, USA

Mihaela Visoiu Department of Anesthesiology, Children’s Hospital of Pitts-
burgh of University of Pittsburgh Medical Center, Pittsburgh, PA, USA



Part I
Diagnostic Ultrasound


	Preface 
	Acknowledgments
	Contents
	Contributors
	Part I
	Diagnostic Ultrasound
	Chapter-1
	Overview of Ultrasound Theory and Techniques
	Introduction
	Part I: Technical Principles of Ultrasound Imaging
	Part II: Practical Considerations of Ultrasound Imaging
	Summary
	Suggested Readings


	Chapter-2
	Pediatric Spinal Sonography
	Scanning Technique and Anatomy
	Normal Sonographic Findings
	Spinal Dysraphism
	Tethered Cord
	Diastematomyelia
	Findings in Anorectal Malformation
	Neoplasm
	Spinal Trauma
	Prenatal Diagnosis
	Summary
	References


	Chapter-3
	Surgical Ultrasound of the Pediatric Head and Neck
	Introduction
	General Approach
	Equipment
	Lateral Neck
	Interventions of the Neck
	Summary
	References


	Chapter-4
	The Thorax
	Introduction
	Technical Requirements
	Ultrasound Examination
	The Mediastinum
	Anterior Mediastinum
	Thymus
	Thymic Aplasia/Hypoplasia
	Thymic Hyperplasia
	Thymic Masses
	Lymphoma
	Germ Cell Tumor

	Middle Mediastinum
	Posterior Mediastinum
	Large Vessels
	Thoracic Outlet Syndrome

	Chest Wall
	Pleura
	Pleural Effusion
	Solid Pleural Masses


	Diaphragm
	Diaphragmatic Hernia
	Diaphragmatic Eventration/Diaphragmatic Paresis

	Lung
	Consolidation—Atelectasis, Pneumonia, Abscess
	Pneumothorax
	Tumors
	Bronchopulmonary Malformations (BPM)
	CPAM
	Pulmonary Sequestration
	Cysts

	Summary
	References


	Chapter-5
	The Liver
	Introduction
	Normal Anatomy and Hepatic Variants
	Scanning Technique
	Porta Hepatis
	Technique
	Systematic Evaluation
	Grayscale
	Color Doppler
	Spectral Doppler
	Color Versus Power Doppler

	Hepatic Veins and IVC
	Grayscale
	Color Doppler
	Spectral Waveforms


	Diffuse Parenchymal Changes/Metabolic Disorders
	Benign Focal Changes
	Cysts

	Liver Tumors
	Benign Tumors
	Hemangioendothelioma
	Cavernous Hemangioma
	Focal Nodular Hyperplasia (FNH) and Adenoma
	Mesenchymal Hamartoma
	Malignant Tumors
	Hepatoblastoma (HB)
	Hepatocellular Carcinoma (HCC)
	Intraoperative Ultrasound (IOUS)

	Transplantation
	Summary
	References


	Chapter-6
	Gallbladder and Biliary Tract
	Introduction
	Scanning Technique and Anatomy and Normal Sonographic Findings
	Malformation of the Biliary System
	Biliary Atresia
	Choledochal Cyst

	Disorders of the Gallbladder
	Cholelithiasis
	Cholecystitis
	Choledocholithiasis
	Cholangitis

	Summary
	References


	Chapter-7
	The Pancreas
	Introduction
	Scanning Techniques
	Position of the Patient
	Anatomical Features/Sonographic Neighborhood/Probe Placement
	Age-Dependent Size and Echogenicity

	Sonographic Pathology of the Pancreas
	Pancreatic Embryology and Related Anomalies
	Acute Pancreatitis
	Chronic Pancreatitis
	Cystic Fibrosis
	Pseudocysts

	Pancreatic Neoplasms
	Blunt Pancreatic Trauma
	Future Tools and New Horizons in Pancreatic Sonography
	Endoscopic Ultrasound
	Ultrasound Elastography

	Summary
	References


	Chapter-8
	The Spleen
	Introduction
	Scanning Techniques
	Position of the Patient
	Patient Preparation and Coaching

	Normal Sonographic Findings
	Age-dependent Splenic Size
	Echogenicity
	Blood Supply
	Contrast Enhanced Ultrasound

	Anomalies
	Splenomegaly
	Asplenia, Polysplenia, and Topographic Anomalies
	Accessory Spleen
	Wandering Spleen
	Diffuse Changes of the Splenic Parenchyma

	Cysts, Abscesses, Tumors
	Traumatic Injury
	Splenic Laceration and Avulsion
	Post-traumatic Arteriovenous Fistula

	Summary
	References


	Chapter-9
	Abdominal Vessels
	Abdominal Vessel Anatomy
	Scanning Technique
	Malrotation and Midgut Volvulus
	Compression Syndromes
	Median Arcuate Ligament Syndrome
	Superior Mesenteric Artery Syndrome (SMAS)
	Nutcracker Syndrome
	Stenosis, Aneurysm, Collaterals, and Thrombosis
	Renal Artery Stenosis
	Aneurysms
	Collaterals and Portosystemic Shunts
	Thrombosis

	Summary
	References


	Chapter-10
	Gastrointestinal Tract
	Introduction
	Scanning Technique and Normal Anatomy
	Gastroesophageal Reflux
	Hiatal Hernia
	Hypertrophic Pyloric Stenosis
	Malrotation and Volvulus
	Intussusception
	Intestinal Atresia
	Meckel Diverticulum
	Abdominal Cysts
	Enteral Duplication Cyst
	Mesenteric Cysts

	Necrotizing Enterocolitis
	Appendicitis
	Anorectal Malformations
	Hirschsprung’s Disease
	Peritoneal Fluid
	Abscess
	Inflammatory Bowel Disease
	Other Diseases
	Summary
	References


	Chapter-11
	Intra-abdominal and Retroperitoneal Masses
	Introduction
	Diagnosis
	Cystic Masses
	Retroperitoneal
	Kidney


	Abdominal
	Liver
	Mesenchymal Hamartoma

	Biliary/Gallbladder
	Choledocal Cyst

	Bowel
	Duplication Cyst
	Lymphangioma
	Pseudocyst
	Urachal Cyst


	Pelvis
	Uterus/Ovaries
	Ovarian Cysts


	Solid Masses
	Retroperitoneal
	Kidney

	Adrenal Gland
	Neuroblastoma


	Abdominal
	Liver
	Infantile Hepatic Hemangioma
	Hepatoblastoma
	Hepatocellular Carcinoma

	Bowel
	Lymphoma
	Rhabdomyosarcoma


	Pelvic
	Ovary
	Germ Cell Tumors


	Therapeutic
	Percutaneous Drainage
	Biopsy
	Intraoperative Guide

	Summary
	References


	Chapter-12
	Emergency Ultrasound in the Evaluation of Pediatric Blunt Abdominal Trauma
	Technique
	Review of Literature
	Summary
	References


	Chapter-13
	The Kidney
	Introduction
	Scanning Technique and Normal Sonographic Findings
	Renal Agenesis and Cystic Dysplasia
	Anomalies of Renal Fusion and Rotation
	Duplex Kidney
	Hydronephrosis
	Infection
	Renal Vascular Disorders
	Renal and Adrenal Neoplasms
	Renal Transplantation in the Pediatric Population
	Ultrasound Guidance in Renal Biopsy
	Renal Trauma
	Urolithiasis

	Summary
	References


	Chapter-14
	Adrenal Gland
	Introduction
	Development, Function, and Anatomy
	Fetal Development of the Adrenal Glands
	Anatomy
	Ultrasound Appearance of the Normal Adrenal Glands

	Solid Tumors of the Adrenal Gland
	Medullary Neoplasms
	Neuroblastoma
	Ganglioneuroblastoma and Ganglioneuroma
	Pheochromocytoma

	Cortical Neoplasms
	Other Tumors

	Hemorrhage
	Neonatal Adrenal Hemorrhage
	Adrenal Hemorrhage in the Older Child
	Traumatic Adrenal Hemorrhage

	Adrenal Cysts
	Nonneoplastic Changes of the Adrenal Glands
	Congenital Adrenal Hyperplasia
	Storage Diseases

	Interventional Ultrasound
	Summary
	References


	Chapter-15
	The Pediatric Pelvis
	Introduction
	Female Pelvis—Uterus
	Scanning Techniques
	Normal Anatomy
	Clinical Problems

	Female Pelvis—Ovaries
	Normal Appearance
	Ovarian Torsion
	Ovarian Cysts
	Ovarian Neoplasms

	Pediatric Urinary Bladder
	Scanning Techniques
	Normal Sonographic Anatomy
	Congenital Anomalies
	Neurogenic Bladder
	Inflammation (Cystitis)
	Bladder Stones
	Rhabdomyosarcoma
	Trauma

	Summary
	References


	Chapter-16
	Groin and Testicle
	Anatomy and Scanning Technique
	Anatomy
	Scanning Techniques
	Position of the Patient
	Scanning Techniques

	Normal Sonographic Findings
	Size of the Testicle
	Volume Measurement Equations
	Undescended Testicle
	Hydrocele Testis, Spermatic Cord Hydrocele, Hydrocele of the Canal of Nuck
	Varicocele
	Intestinal Hernia
	The Acute Scrotum—Epididymitis, Orchitis, Torsion of Testis and Appendages, Trauma
	Trauma
	Tumor

	Summary
	References


	Chapter-17
	Contrast-Enhanced Ultrasound (CEUS) for Children
	Introduction
	Adult Applications
	Pediatric Applications
	Safety of Off-Label Use of Intravenous Ultrasound Contrast Agents in Children
	Voiding Urosonography
	Abdominal Trauma
	Liver Imaging
	Other Applications
	Summary
	References




	Part II
	Interventional Ultrasound
	Chapter-18
	Ultrasound-Guided Vascular Access
	Introduction
	Equipment
	Setup
	Anatomy
	Technique
	Special Considerations
	Summary
	References


	Chapter-19
	Core Biopsy of Masses and Solid Organs
	Introduction
	Pre-procedural Workup
	Indications
	Solid Masses
	Liver Abnormalities
	Renal Abnormalities

	Instruments and Techniques
	Post-procedural Care and Complications
	Summary
	References


	Chapter-20
	Fine Needle Aspiration (FNA) of the Thyroid Gland
	Introduction
	Pre-procedural Management
	Technique
	Post-procedural Complications
	Summary
	References


	Chapter-21
	Diagnostic and Therapeutic Drainage
	Introduction
	General Principles
	Transrectal Drainage
	Head and Neck
	Chest
	Abdomen and Pelvis
	Soft Tissue and Extremities
	Summary
	References


	Chapter-22
	Sclerotherapy of Vascular Malformations
	Introduction
	Venous Malformations
	Clinical Features
	Natural History/Epidemiology
	Diagnostic Imaging
	Treatment
	Sclerosant Drugs
	Detergents
	Bleomycin
	Liquid Embolic Agents
	Other Forms of Treatment


	Lymphatic Malformation
	Clinical Features
	Natural History/Epidemiology
	Diagnostic Imaging
	Treatment
	Doxycycline
	Detergents
	OK-432 (Picibanil)
	Alcohol Solution of Zein
	Bleomycin
	Laser Therapy
	Radiofrequency Ablation
	Surgery


	Capillary Malformations (CMs)
	Clinical Presentation
	Natural History/Epidemiology
	Diagnostic Imaging
	Treatment

	Arterial Venous Malformations (AVMs)
	Clinical Presentation
	Natural History/Epidemiology
	Diagnostic Imaging
	Treatment
	Alcohol
	N-butyl-2-cyanoacrylate (n-BCA)
	Ethylene Vinyl Alcohol (Onyx)
	Gamma Knife
	Surgery


	Summary
	References


	Chapter-23
	Regional Blocks for Postoperative Pain Control
	Introduction
	Equipment Overview

	PVB Nerve Blocks
	Step-by-Step Technique
	Scientific Literature in Children

	TAP Blocks
	Step-by-Step Technique
	Alternate Techniques

	RS Nerve Blocks
	Step-by-Step Technique
	Ilioinguinal/Iliohypogastric Nerve Blocks
	Step-by-Step Technique:

	Summary
	References


	Chapter-24
	An Introduction to Intraoperative Ultrasound
	Introduction
	Oncology
	Foreign Body
	Extracorporeal Membrane Oxygenation (ECMO) Cannula Placement
	Vascular Access
	Splenic Cysts
	Perirectal Fistula and Abscesses

	Fetal Interventions
	Summary
	References




	Erratum
	Index

