EDITION

Physics

Abdomen

Obstetrics
and Gynecology

SAG GB

SUSANNA OVEL

EVOLVE.ELSEVIER.COM




evolve
YOU’VE JUST PURCHASED

MORE THAN
A TEXTBOOK!

Evolve Student Resources for Ovel: Sonography Exam Review: Physics,
Abdomen, Obstetrics and Gynecology include the following:

Mobile App with “Vocab in a Flash”
interactive flash cards

Mobile App with “Quick Quizzes”

Two entertaining, interactive games —
Sonography Millionaire & Tournament of
Sonography

Timed mock exams

Scan the QR codes
to access your free :
mobile content. &

Vocab in a Flash

Activate the complete learning experience that comes with each
NEW textbook purchase by registering with your access code at

http://evolve.elsevier.com/Ovel

If you purchased a used book and the code sticker at right has already
been revealed, the code may have been used and cannot be re-used
for registration. To purchase a new code to access these valuable study FPO:
resources, simply follow the link above.
Stratch off

REGISTER TODAY!

You can now purchase Elsevier products on Evolve!
Go to to search and browse for products.

* Evolve Student Resources are provided free with each NEW book purchase only.



http://evolve.elsevier.com/Ovel
http://evolve.elsevier.com/html/shop-promo.html

Color Plate 4 Doppler image of the left upper

Color Plate 1 Sagittal image of the femoral artery quadrant

Color Plate 3 Sagittal image of the liver Color Plate 6 Sagittal Doppler image



Color Plate 8 Duplex sonogram of the inferior
portion of the left scrotum

Color Plate 12

Color Plate 9 Endovaginal sonogram

(3 LT ITAPETINTVG L8 T A W o

Color Plate 13 Sagittal image of the uterus



SONOGHAPHY

EXAM RE

Susanna Ovel, RDMS, RVT, RT(R)

Clinical Instructor and Senior Sonographer
Sonography Consultant
Sacramento, California

ND EDITION

Physics
Abdomen

Obstetrics
and Gynecology




ELSEVIER 3251 Riverport Lane

MOSBY St. Louis, Missouri 63043

SONOGRAPHY EXAM REVIEW: PHYSICS, ABDOMEN, ISBN: 978-0-323-10046-5
OBSTETRICS AND GYNECOLOGY, SECOND EDITION

Second Edition: Copyright © 2014 by Mosby Inc., an imprint of Elsevier Inc.
First Edition: Copyright © 2009 by Mosby Inc., an affiliate of Elsevier Inc.

No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information storage and
retrieval system, without permission in writing from the publisher. Details on how to seek
permission, further information about the Publisher’s permissions policies and our arrangements
with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency,
can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the
Publisher (other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and
experience broaden our understanding, changes in research methods, professional practices,
or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described herein.
In using such information or methods they should be mindful of their own safety and the safety
of others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the
most current information provided (i) on procedures featured or (ii) by the manufacturer of each
product to be administered, to verify the recommended dose or formula, the method and duration
of administration, and contraindications. It is the responsibility of practitioners, relying on their own
experience and knowledge of their patients, to make diagnoses, to determine dosages and the best
treatment for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors,
assume any liability for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

Library of Congress Cataloging-in-Publication Data
Ovel, Susanna, author.

[Mosby’s comprehensive review for general sonography examinations]

Sonography exam review : physics, abdomen, obstetrics, and gynecology / Susanna Ovel. —
2 edition.

p.;cm.

Preceded by: Mosby’s comprehensive review for general sonography examinations / Susanna Ovel.
c2009.

Includes bibliographical references and index.

ISBN 978-0-323-10046-5 (pbk. : alk. paper)

1. Title.

[DNLM: 1. Ultrasonography—methods—Examination Questions. 2. Abdomen—ultrasonography—
Examination Questions. 3. Genital Diseases, Female—ultrasonography—Examination Questions.
4. Genitalia, Female—ultrasonography—Examination Questions. 5. Pregnancy Complications—
ultrasonography—Examination Questions. WN 18.2]

RC78.7.U4

616.07'543076—dc23

2013019383

Executive Content Strategist: Sonya Seigafuse

Associate Content Development Specialist: Andrea Hunolt
Editorial Assistant: Kat Dortch

Publishing Services Manager: Catherine Jackson

Senior Project Manager: Mary Pohlman s 6N
Book Designer: Karen Pauls ELSEVIER

aa Working together
—4ABM8 (( grow libraries in
Pockfid developing countries

Printed in the United States of America
Last digit is the print number: 987654321

www.elsevier.com ¢ www.bookaid.org



http://www.elsevier.com/permissions.

About the Author

Susanna Ovel, RDMS, RVT, RT(R) began her career in 1979 as a radiological technologist
at Radiological Associates of Sacramento. She became a Registered Diagnostic Medical
Sonographer (RDMS) in abdomen and obstetrics/gynecology in 1985, a Registered
Vascular Technologist (RVT) in 1993, and a Pioneer Breast Sonographer in 2002.

Susanna has lectured in both introductory and advanced courses in obstetrics/
gynecology and abdominal sonography as well as sonography physics and instru-
mentation at Sacramento City Community College. She was the clinical coordinator
for a new diagnostic medical sonography program for Kaiser Permanente Richmond
Medical Center in Richmond, California.

She is a site visitor for the Joint Review Committee-Diagnostic Medical Sonography
(JRC-DMS) and has been a member on the Continuing Medical Education Committee
for SDMS since 2009. She is also a consultant for new sonography programs across the
country. Susanna has written instructor materials and test bank ancillaries for Elsevier
textbooks and continues to lecture on various sonographic subjects while working as a
sonographer and clinical instructor at Radiological Associates in Sacramento.



To my dad, Bill Rusher




Jacqueline Renee Bennett, BSRS, RDMS,
RVS, RT(R,CT)

Sonography Program Director

Weatherford College

Weatherford, Texas

Elizabeth Brown, RDMS, RT (N), MSRS
Program Director

Midland College

Midland, Texas

Rosemarie P. Cann, BS, RDMS, RDCS
Program Director, Diagnostic Medical Sonography
Hunter Business School—Allied Health Division
Medford, New York

Janice Dolk, MA, RT(R), RDMS
Adjunct Faculty

Palm Beach State College

Palm Beach Gardens, Florida

Tim S. Gibbs, BSDMS, RT(R)(F), RDMS,
RVT, CTNM

Clinical Instructor
Part-time Faculty
Orange Coast College
Costa Mesa, California

Karen M. Having, MS Ed, RT(R), RDMS
Associate Professor, School of Allied Health
Southern Illinois University—Carbondale
Carbondale, Illinois

Ecaterina-Mariana Hdeib, MA, RDMS
Clinical Assistant Professor, Diagnostic Medical
Ultrasound Program

University of Missouri-Columbia

Columbia, Missouri

Harry H. Holdorf, PhD, MPA, RDMS, RT

(AS, ARRT, (R))

Director, Diagnostic Medical Sonography Program
JFK Medical Center—Mubhlenberg Snyder Schools
Plainfield, New Jersey

Reviewers

Robert Lilly, MS, RDMS (Abdomen and
Ob/Gyn), RDCS

DMS Program Director

Mountain State University

Beckley, West Virginia

Kimberly Anne Pace, BS, MBA, RDCS,
RDMS, RVT

Program Chair, Cardiovascular Sonography
Sanford-Brown College
Portland, Oregon

Kellee Stacks, BS, RTR, RDS, RVT

Cape Fear Community College
Wilmington, North Carolina

Anthony E. Swartz, BS, RT(R), RDMS
Practice Supervisor

WakeMed Faculty Physicians Maternal-Fetal Medicine
Raleigh, North Carolina

Regina Swearengin, AAS, BS, RDMS (AB)
(OB)(NE)

Department Chair, Sonography

Austin Community College

Austin, Texas

Ann Willis, MS, RDMS, RVT
Assistant Professor

Baptist College of Health Sciences
Memphis, Tennessee

Cheryl Zelinsky, MM, RT(R), RDMS
Chair, Diagnostic Medical Sonography
Sanford-Brown College-Portland

Portland, Oregon



; Preface

CONTENT AND ORGANIZATION

Sonography Exam Review: Physics, Abdomen, Obstetrics and Gynecology is designed
for students preparing for the American Registry of Diagnostic Medical Sonography
(ARDMS) examinations.

The text is divided into three major sections covering these general topics: Physics,
Abdomen, and Obstetrics and Gynecology. Each section follows and thoroughly covers the
ARDMS examination outline.

e Part I: Physics includes the most recent material covered on the ARDMS examination
beginning in spring of 2009. Patient Care and Communications is included along
with information on Doppler ultrasound and hemodynamics.

e Part II: Abdomen divides the material into specific organs, vascular structures, and
associated areas within the abdominal cavity. Superficial structures and extracranial
arteries are also included. Each chapter includes associated laboratory values,
congenital anomalies, and normal and pathological sonographic appearance of
specific structures. Differential considerations are also included.

o Part III: Obstetrics and Gynecology divides the material into smaller sections, enabling
the sonography student to review specific areas. Each chapter includes laboratory
values, sonographic appearance, and differential considerations.

Individual chapters follow a consistent format using tables whenever possible. Differential

considerations and laboratory values are included in the Abdomen and Obstetrics and

Guynecology sections, allowing use of the text as a reference and study guide.

FEATURES

Registry-Level Questions

Fifty multiple-choice Registry-level questions follow each chapter. Rationales accom-
pany all answers, pointing out key words within the question and/or reasons why
the correct answer is right and the distracters are wrong for the specific question.
Rationales increase comprehension and retention of specific material and allow for
focus on areas needing more review.

A mock Registry examination follows each of the three sections to help students
to assess accumulated knowledge in each part. Each examination includes images,
rationales, and the exact number of questions in the actual Registry exam.

Images and lllustrations

More than 350 anatomical illustrations and scans demonstrating normal anatomy and
pathologic conditions are utilized in the Abdomen and Obstetrics and Gynecology sections
within the text and in the mock examinations. Three-dimensional images are included
in the Obstetrics and Gynecology section. These help with recognition of sonographic
findings in both normal and abnormal cases. Because color images are now included on
the Registry exams, color Doppler images are also included to help identify blood flow
and can be found in a special color insert at the front of the book.

vi
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Evolve

How to Use

Evolve is an interactive learning environment designed to work in coordination with
Sonography Exam Review. One of the most valuable features of this review resource is the
accompanying mock exam on the student Evolve website. This program is designed
to simulate the computer-based exam administered by the ARDMS. It contains
645 questions—all different from the 1815 questions in the text and all relevant to
preparation for the ARDMS examinations. In practice mode, particular topics that need
review can be chosen. For example, if the student is preparing for the Abdomen Regis-
try exam and is a bit uncertain of his or her knowledge of anatomy and sonography of
the liver and gastrointestinal tract, he or she can choose Practice Mode and answer only
questions on these two topics. Rationales provide immediate feedback, and questions
can be bookmarked for later reference. In test mode, a virtually unlimited number
of randomly generated multiple-choice questions are available in a timed format that
replicates the actual time constraints of the Registry exams. More than one third of these
mock exam questions include images, some in color.

On Evolve, students can also find two entertaining review games, Sonography
Millionaire and Tournament of Sonography, which make studying for the Registry
exam more fun and less stressful. The games can be played in timed or untimed
versions. Timed games and examinations help students practice time-management
skills.

The Evolve resources, along with the text, make this the premier general sonography
review book, reference, and study guide, all in one product.

The text provides information on the common three general sonography ARDMS
examinations and is an effective study guide to use throughout the general sonography
program. The content outline may be referenced as a supplement to most courses in the
general sonography curriculum.

As a review book, this text provides a logical, well-thought-out approach to preparing
for the Registry examinations. The content outline, so effective throughout the educa-
tional program, is particularly appreciated at review time. All content that may be tested
is presented in a format that is easy to use and understand. Because I have taught these
subjects, my approach to the reader is the same as if class were being held each time the
book is opened.

Care has been taken to create multiple-choice questions that cover the primary infor-
mation taught in general diagnostic sonography programs and are therefore relevant to
the ARDMS examinations. This philosophy, along with the outline and table formats,
help students make optimal use of study time. All questions in this text and on Evolve
are written in the multiple-choice style used on the Registry examinations. Explanations
of answers describe key words and/or reasons why distracters are incorrect. This
approach increases comprehension of the subject material.

Information provided in each individual chapter should be reviewed before attempt-
ing the subject’s examination. Tests and files can be dated for later review. Reviewing
the answers from previous examinations can demonstrate repetitive problem areas,
guiding the student on which subjects or areas are in need of additional review.
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CHAPTER

Clinical Safety

acoustic exposure amount of acoustic energy the patient
receives.

ALARA principle as low as reasonably achievable; used to
reduce biological effects in humans and the fetus.

biological effect effect of ultrasound waves on living organ-
isms, including their composition, function, growth, origin,
development, and distribution.

cavitation interaction of the sound wave with microscopic
gas bubbles found in tissues.

epidemiology studies of various factors determining the fre-
quency and distribution of diseases in the human community.

ergonomic study of the human body at work.

ex vivo refers to experimentation done in or on living tissue
in an artificial environment outside the organism.

in vitro refers to the technique of performing a given experi-
ment in a test tube or, generally, in a controlled environment
outside a living organism.

in vivo refers to experimentation done in or on the living tis-
sue of a whole, living organism as opposed to a partial or dead
one. Animal testing and clinical trials are forms of in vivo
research.

mechanical index (MI) describes the likelihood of cavitation
occurring.

Occupational Safety and Health Act (OSHA) an act passed
by Congress to assure safe and healthful working conditions.

pulse average (PA) average intensity throughout the pulse
duration.

radiation force force exerted by the sound beam on an
absorber or reflector.

spatial average (SA) average intensity across the entire
sound beam.

spatial peak (SP) peak intensity found across the sound
beam.

temporal average (TA) average intensity during the pulse
repetition period.

temporal peak (TP) greatest intensity during the pulse.
thermal index (TI) relates to the heating of tissue.
thermal index for bone (TIB) relates to the heating of bone.

thermal index for cranium (TIC) relates to the heating of
the cranium.

thermal index for soft tissue (TIS) relates to the heating in
soft tissue.

Work-Related Musculoskeletal Disorders (WRMSD) injuries
that are caused or aggravated by workplace activities including
injuries of the muscles, tendons, and joints.

OCCUPATIONAL SAFETY AND HEALTH ACT (OSHA)

e Act passed by Congress in 1970 to assure safe and healthful working conditions.

® An agency of the U.S. Department of Labor.

e Covers employers and their employees either directly through federal OSHA or
through an OSHA-approved state program.

e Assures safe and healthful working conditions for workers by setting and enforc-
ing standards and providing training, outreach, education, and assistance.

ERGONOMICS

Study of the human body at work.

Primary goal is to increase productivity while decreasing worker injury.
Accomplished by modifying products, tasks, and worker environment.
Prevention of injury is the key, and the key to prevention is education.
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WORK-RELATED MUSCULOSKELETAL DISORDERS (WRMSD)

Causes of WRMSD

e Defined as injuries that:
1. Result in restricted work.
2. Result in days away from work.

3. Involve musculoskeletal disorder symptoms that remain for 7 days or more.
4. Involve musculoskeletal disorder symptoms that require medical treatment

beyond first aid.

¢ Include injuries of the muscles, tendons, and joints.
e Greater than 80 percent of sonographers have some form of WRMSD, most com-

monly shoulder pain.

in Sonography

Types of Injuries

Static work posture.
Forceful and repetitive movements.

Inappropriate monitor height.

Prolonged abduction of upper extremity.

Incorrect or continual grip of the transducer.

Awkward scanning posture (i.e., bending, twisting).

Types of Musculoskeletal Injuries

TYPE

DESCRIPTION

CAUSE

Bursitis

Carpal tunnel syndrome

Cubital tunnel
syndrome

de Quervain's disease
Epicondylitis

Rotator cuff injury

Spinal degeneration
Tendonitis

Thoracic outlet syndrome

Trigger finger

Inflammation of a joint bursa, commonly the shoulder

Entrapment of the median nerve as it runs through
the carpal bones of the wrist

Entrapment of the ulnar nerve as it runs through the
elbow

Specific type of tendonitis of the thumb

Inflammation of the periosteum area of the insertion
of the biceps tendon into the distal humerus

Fraying or tearing of the rotator cuff of the shoulder
Intervertebral disk degeneration

Inflammation of the tendon and the sheath around
the tendon

Nerve entrapment that can occur at different levels

Inflammation and swelling of the tendon sheath in a
finger entraps the tendon and restricts the motion
of the finger

Prevention of Injury

Repetitive motion
Repeated arm abduction restricts blood flow
to the soft tissues

Repeated flexion and extension of the wrist
Mechanical pressure against the wrist

Repeated twisting of the forearm
Mechanical pressure against the elbow as it
rests on the examination table

Repeated gripping of the transducer
Repeated twisting of the forearm

Repeated arm abduction
Repetitive motion

Awkward postures
Static posture

Repetitive motion
Repeated arm abduction

Repetitive motion
Awkward postures

Repeated gripping of the transducer

e Position examination table at a proper height with the patient close enough to

avoid bending and reaching.

® Place monitor directly in front of operator, positioning the monitor height so eyes

are even with the top of the monitor.



4 PART |  Physics

¢ Ergonomic chair positioned for proper back alignment and foot support to avoid
twisting and reaching.

Keep elbow close to body with shoulder abduction at an angle =30 degrees.
Maintain neutral hand position.

Avoid resting wrist on the keyboard.

Wear properly fitting glove to maintain a loose grip on the transducer (avoid pinch
grip)-

Never place transducer cord around the neck.

Neutral position of neck to avoid bending or twisting.

Avoid static work posture; alternate between standing and sitting positions.

Use of ergonomic support cushions.

Position ultrasound system close to body.

Regular stretching and strengthening exercises.

Proper nutrition and sleep.

BIOEFFECTS AND ALARA PRINCIPLE

Safety

ALARA Principle

¢ Knowledge of bioeffects is important for the safe and prudent use of
ultrasound.

¢ The Food and Drug Administration (FDA) regulates ultrasound instruments
according to application, output intensities, and thermal and mechanical
indexes.

* The American Institute of Ultrasound in Medicine (AIUM) recommends prudent
use of ultrasound in the clinical environment by minimizing exposure time and
output power.

As Low As Reasonably Achievable (ALARA).

Achieve information with the least amount of energy exposure to the patient.
Use of high receiver gain and low output power.

Power should be decreased in obstetric and pediatric examinations.
Exposure time should be kept to a minimum.

Benefit must outweigh risks.

Acoustic Output Quantities

QUANTITIES DEFINITION UNITS RELATIONSHIP
Acoustic exposure  Amount of acoustic s Directly related to the intensity of the
energy the patient sound beam and exposure time
receives
Intensity Power divided by area W/cm? Proportional to acoustic output and
mW/cm? amplitude squared

Determined by a hydrophone or force
balance system

Power Rate at which work is mW Proportional to the amplitude
performed squared
Determined by a hydrophone
Pressure Force divided by area Pa Areas of compression and rarefaction
MPa are measured

mm Hg Determined by a hydrophone
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INTENSITY OF ULTRASOUND

¢ Intensity varies across the sound beam.

¢ Intensity is highest in the center of the sound beam and falls off near the
periphery.

¢ Intensity varies with time and is zero between pulses.

* Intensity varies within a pulse, starting high and decreasing near the end of the
pulse.

¢ Lowest- to highest-intensity values for various imaging modalities include:

1-200 mW /cm? spatial peak—-temporal average (SPTA) for gray-scale imaging.

70-130 mW /cm? SPTA for M-mode imaging.

20-290 mW /cm? SPTA for pulsed-wave Doppler.

10-230 mW /cm? SPTA for color Doppler.

* Intensity of pulsed-wave Doppler is greater than continuous-wave Doppler.

Spatial Peak (SP)

® Greatest intensity found across the sound beam.
e Usually located at the center of the sound beam.

Spatial Average (SA)

* The average intensity across the entire sound beam.
® Equal to the total power across the beam divided by the beam area.

Temporal Peak (TP)

¢ Greatest intensity during the pulse.

Temporal Average (TA)

* The average intensity during both the transmitting and receiving times (pulse repe-
tition period).
e Equal to the PA intensity multiplied by the duty factor (DF).

Pulse Average (PA)

* The average intensity over the entire duration of the pulse (pulse duration).
e For continuous wave, the pulse average is equal to the temporal peak.

INTENSITY VALUES (Lowest to Highest)

Spatial Average-Temporal Average (SATA)

® Averages the spatial and temporal intensities of the sound beam.

* Lowest intensity value for a given sound beam.

¢ Intensity measured during the both pulse and receiving time (pulse repetition
period).

¢ Heat is most dependent on SATA intensity.

Spatial Peak-Temporal Average (SPTA)

* The average intensity at the center of the beam.

¢ Used to describe pulse ultrasound intensities and determine biological effects.

® Measured during the pulse repetition period.

¢ Typically higher than SATA values by a factor of 2-3 for unfocused and 5-200 for
focused transducers.

Spatial Average-Pulse Average (SAPA)

¢ Average intensity within the beam throughout the duration of the pulse.
® Measured during the pulse duration.
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Spatial Peak-Pulse Average (SPPA)

Average intensity that occurs during the pulse.
Measured during the pulse duration.

Spatial Average-Temporal Peak (SATP)

The average intensity within the beam at the highest intensity in time.
Used to describe pulse ultrasound intensities.
Measured during pulse duration.

Spatial Peak-Temporal Peak (SPTP)

Peak intensity of the sound beam in both space and time.
Highest intensity value for a given sound beam.
Measured during pulse duration.

INSTRUMENT OUTPUT

Imaging instruments have the lowest output intensity.
Pulsed-wave Doppler has the highest output intensity.
Determined by a hydrophone.

BIOLOGICAL EFFECTS

As a form of energy, ultrasound has a small potential to produce a biological effect.
Ultrasound is absorbed by tissue, producing heat.

Adult tissues are more tolerant of temperature increases than fetal or neonatal
tissues.

Lower in unfocused transducers because of a larger beam area.

No confirmed significant biological effects in mammalian tissue for exposures
below 100 mW /cm? (1000 mW /cm?) with an unfocused transducer and 1 W/cm?
with a focused transducer.

e Higher intensities are needed to produce bioeffects with a focused transducer.
* Exposure duration up to 50 hours has not demonstrated significant bioeffects.

Cavitation

Result of pressure changes in soft tissue causing formation of gas bubbles.

Can produce severe tissue damage.

Highest rate in tissues with collagen.

Relevant parameters include pressure, amplitude, and intensity.

The introduction of bubbles into the tissues and circulation from contrast agents
may increase the risk for cavitation.

Stable Cavitation

Involves microbubbles already present in tissue.
When pressure is applied, microbubbles will expand and collapse.
Bubbles can intercept and absorb a large amount of acoustic energy.

Transient Cavitation

Dependent on the pressure of the ultrasound pulse.

May occur with short pulses.

Bubbles expand and collapse violently.

Pulses with peak intensity greater than 3300 W/cm? (10 MPa) can induce cavitation
in mammals.
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Studies on the Bioeffects of Ultrasound

STUDY PURPOSE FINDINGS
Animals Determination of the conditions under which ther- Postpartum mortality
mal and nonthermal bioeffects occur Fetal abnormalities and weight reduction
Tissue lesions
Hind-limb paralysis
Blood flow stasis
Slow wound healing
Tumor regression
Cells Useful for identifying cellular effects Ultrasonically induced changes of the cytoskeleton seem to
be nonspecific and temporary
Epidemiology Long-term studies on the fetus or humans with a No significant biological differences have been detected
history of previous sonograms between exposed and unexposed patients
Evaluation of birth weight, anomalies, intelligence,
and overall health
In vitro Performing experiment in a test tube Suggest endpoints found serve as guideline to design in vivo
Limits testing on live tissue experiments
Can disclose fundamental intercellular or intracellular interactions
In vivo Observation of living tissue Focal lesions can occur at spatial peak—temporal average
Ability to explore and evaluate specific tissues or areas intensities greater than 10 W/cm?
Plants To understand cavitational effects in living tissue When tissues contain micrometer-sized, stabilized gas bodies,

pulse ultrasound can produce damage

ACOUSTIC OUTPUT LABELING STANDARDS

* Voluntary output display standard.
¢ Includes two types of indexes: mechanical and thermal.

Acoustic Output Indexes

* Energy is not lost but converted
e Harmonics, cross beam, number of focal zones, and increase in depth can increase power to an area increasing the indices

INDEX DESCRIPTION RELATIONSHIP
Mechanical index (MI) Indicator of cavitation Value <1 indicates a low risk of adverse effects or
Equal to the peak rarefactional pressure divided cavitation

Thermal index (TI)

by the square root of the operating frequency Proportional to the output

Dependent on thresholds

Inversely proportional to the operating frequency
Relates to temporal resolution

Ratio of acoustic power produced by the trans- Value <2 indicates a low risk of adverse effects
ducer and the power required to raise tissue Arise in temperature exceeding 2° C is significant

temperature 1° C

Above 39° C biological effects are determined by

Relates to attenuation (heat) and the spatial the temperature and exposure time

peak—temporal average intensity

In situ, above 41° C is dangerous to the fetus

Continuous wave has the highest heat potential Proportional to exposure time

Thermal index for bone Relates to the heating of bone

Thermal index for cranium

Thermal index for soft tissue  Relates to the heating in soft tissue

Relates to the heating of the cranium

Calculated by analyzing acoustic power, beam
area, operating frequency, attenuation, and ther-
mal properties of soft tissue

Increases with focal diameter
Absorption is higher in bone than soft tissue, espe-
cially in the fetus

Exposure must not exceed 33 continuous minutes
to avoid thermal damage to the brain surface
Transcranial Doppler (TCD) demonstrates a rapid

rise in temperature

Increases with an increase in frequency
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SYSTEM MAINTENANCE

e Transducers and keyboard are cleaned after each patient examination.

e Transducer cables and connections, display monitor, and fan filters are cleaned and
evaluated on a weekly or biweekly basis.

e Preventive maintenance service is generally completed two to three times per year.

® Avoid products with acetone, mineral oil, iodine, oil-based perfume, and chlorine
bleach.

* Never autoclave or use heat sterilization.

e Except for endocavity transducers, ultrasound transducer should not be immersed
in liquid.
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BIOEFFECTS AND SAFETY REVIEW

1.

Which of the following are types of cavitation?
a. stable and thermal

b. in vivo and in vitro

c. transient and stable

d. spatial and transient

. Which of the following displays the lowest inten-

sity value in pulsed-wave ultrasound?
a. SPTP
b. SAPA
c. SPTA
d. SATA

. With a focused transducer, for which of the expo-

sures that follow are there no confirmed significant
biological effects in mammalian tissue?

a. 1 W/cm?

b. 1 mW/cm?

¢. 100 W/cm?

d. 100 mW/cm?

. The acronym SPPA denotes:

a. spatial pulse—peak average
b. spatial peak—pulse average
c. spatial pulse—pressure average
d. spatial pulse—pulse amplitude

. Which of the following imaging modalities demon-

strates the highest intensity?
a. color Doppler

b. real-time imaging

¢. pulsed-wave Doppler

d. continuous-wave Doppler

. Cleaning of transducers should be performed

a. daily

b. hourly

c. weekly

d. after each patient

. Plant studies are useful for understanding:

a. the effects on wound healing

b. when focal lesions will occur

c. the thermal effects on living tissues

d. the cavitational effects on living tissues

. Transient cavitation is most dependent on the:

a. ultrasound pulse

b. size of gas bubble

c. type of contrast agent used

d. expansion rate of the microbubble

9.

10.

1.

12.

13.

14.

15.

The study of various factors determining the fre-
quency and distribution of diseases in the human
community describes:

a. cavitation

b. epidemiology

¢. mechanical index

d. biological effects

Mechanical index indicates the:

a. likelihood cavitation will occur

b. peak intensity of the sound beam

¢. amount of heat absorbed by human tissues
d. likelihood tissue temperature will rise 2° C

When researching the biological effects of diag-
nostic ultrasound, which intensity is most com-
monly used?

a. SATA

b. SPTA

c. SATP

d. SPTP

Clinical trials are examples of which of the
following?

a. in situ studies

b. in vivo studies

¢. ex vivo studies

d. in vitro studies

Which intensity is the greatest during the pulse?
a. spatial peak

b. pulse average

c. temporal peak

d. spatial average

Pulse average is defined as the average intensity:
a. of the pulse

b. over the pulse area

c. throughout the duration of a pulse

d. across the entire sound beam

Cavitation is the interaction of the sound wave
with:

a. living organisms

b. an acoustic reflector

c. gas bubbles in the aqueous gel

d. microscopic gas bubbles found in tissues
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16.

17.

18.

19.

20.

Which of the following organizations regulates
ultrasound equipment?

a. ACR

h. FDA

c. AIUM

d. CAAHEP

The AIUM recommends:

a. ultrasound as a safe obstetrical procedure

b. decreased receiver gain and increasing acoustic
power

¢. prudent use of ultrasound in the clinical
environment

d. obstetrical examinations for sex determination
of a fetus

Cavitation is the result of:

a. arise in tissue temperature exceeding 1° C

b. the attenuation of the sound wave as it travels
through soft tissue

c. pressure changes in soft tissue causing the
formation of gas bubbles

d. introduction of bubbles into the tissues and
circulation from contrast agents

Absorption of the sound beam is highest in:
a. air

b. bone

c. fluids

d. muscle

Heating of soft tissue is proportional to the:
a. tissue thickness

b. mechanical index

c. operating frequency

d. spatial peak intensity

Using Fig. 1-1, answer question 21.

21.

22.

23.

24,

25.

26.

21.

The sonographer in this image is demonstrating

which of the following?

a. twisting of the neck and reaching of the arm

b. abduction of the shoulder and twisting of the
trunk

c. twisting of the trunk and reaching of the arm

d. reaching of the arm and abduction of the
shoulder

Work-related musculoskeletal disorders
(WRMSD) are defined as injuries that involve
musculoskeletal symptoms that remain for:

a. 7 days or longer

b. 2 weeks or longer

c. 7 weeks or longer

d. 1 month or longer

Repeated gripping of the transducer is more com-
monly associated with:

a. carpal tunnel syndrome

b. de Quervain’s disease

¢. cubital tunnel syndrome

d. thoracic outlet syndrome

Which of the following denotes the likelihood
cavitation will occur?

a. thermal index

b. radiation force

¢. SATA intensity

d. mechanical index

Which of the following intensities is greatest
across the sound beam?

a. spatial peak

b. temporal peak

c. spatial average

d. temporal average

Research has shown transcranial Doppler (TCD)

imaging results in:

a. a minimal amount of cavitation

b. tissue lesions in small mammals

¢. arapid increase in the temperature of the
cranium

d. a minimal increase in the temperature of the
cranium

Ultrasound has a small potential to produce a

biological effect because:

a. it is a form of energy

b. of the frequency range employed

c. contrast agents introduce bubbles into the
tissues

d. fetal tissue is less tolerant to temperature
increases



CHAPTER 1 Clinical Safety 11

28.

29.

30.

31.

32.

33.

34.

35.

Biological studies of the cytoskeleton have shown:

a. ultrasound increases the risk of cavitation

b. ultrasound-induced changes are temporary

c. ultrasound produces long-term tissue damage

d. ultrasound increases the risk of tissue hyper-
plasia

The use of contrast agents in diagnostic

sonography:

a. has induced cell changes

b. may increase the risk of cavitation

c. demonstrates a rapid increase in tissue
temperature

d. determines the conditions under which
thermal effects occur

Limiting the exposure time to a fetus is an
example of:

a. Snell’s law

b. mechanical index

c. ALARA principle

d. Huygens principle

Experimentation on living tissue in an artificial
environment describes which of the following?
a. in situ

b. in vivo

c. ex situ

d. ex vivo

Heat is most dependent on which of the following
intensities?

a. SPTP

h. SATP

c. SATA

d. SPTA

Pulses can induce cavitation in mammals with a
peak intensity exceeding;:

a. 10 MPa

b. 20 MPa

c. 10 W/cm?

d. 2000 W/cm?

Higher intensities are necessary to produce bioef-
fects with a(n):

a. focused transducer

b. unfocused transducer

¢. multifrequency transducer

d. three-dimensional transducer

Which type of cavitation involves the microbub-
bles already present in tissues?

a. stable

b. spatial

c. thermal

d. transient

36.

37.

38.

39.

40.

a1.

42.

43.

With an unfocused transducer, for which of the
exposures listed here are there no confirmed sig-
nificant biological effects in mammalian tissue?
a. 1 W/cm?

b. 1 mW/cm?

c. 100 W/cm?

d. 100 mW/cm?

The average intensity during the pulse repetition
period defines:

a. spatial average

b. temporal average

c. spatial average—pulse average

d. spatial average-temporal average

Which of the following reduces occupational
injuries?

a. chin is slightly raised

b. eyes are even with the middle of the monitor
c. chin is slightly tucked

d. eyes are even with the top of the monitor

Which of the following techniques are likely
performed in a laboratory?

a. ex vivo

b. in vivo

¢. in utero

d. in vitro

Which of the following most accurately defines

radiation force?

a. measurement of acoustic output

b. ability to identify weak intensities

c. ability to place echoes in the proper position

d. force exerted on the sound beam on an
absorber

The common intensity during the extent of a
pulse defines:

a. duty factor

b. pulse average

c. spatial average

d. temporal average

Exposure of a fetus to ultrasound is dangerous
above:

a. 10°C

b. 35°F

c. 39°C

d. 41° C

Epidemiology studies on the biological effects of

diagnostic ultrasound have determined:

a. pulse ultrasound damages soft tissue

b. no significant biological effects

c. temperatures above 39° C are dangerous to the
fetus

d. focal lesion can occur at SPTA intensities
greater than 10 W/cm?
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44.

45,

46.

41.

Pressure changes in soft tissue are most likely to
result in:

a. cavitation

b. tissue lesions

¢. blood flow stasis

d. fetal abnormalities

Microbubbles will expand and collapse when:

a. pressure is applied

b. the thermal index reaches 2.0

c. the temperature of bone increases by 1° C

d. the temperature of soft tissue increases by 2° C

Which of the following is consistent with the

ALARA principle?

a. limited exposure time and high acoustic output

b. low acoustic output and limited exposure time

¢. low acoustic output and high operating frequency

d. high operating frequency and limited exposure
time

Use of ultrasound for entertainment is:

a. approved by the FDA

b. medically approved examination

c. discouraged by the medical community

d. an excellent bonding tool for mother and fetus

48.

49

50.

Power is defined as:

a. energy between two points

b. rate at which work is performed

c. rate of motion with respect to time

d. amount of force applied to a specific area

Animal testing is a form of what type of research?
a. in situ

b. in vivo

€. ex vivo

d. in vitro

The intensity of M-mode imaging is greater than
the intensity of:

a. color Doppler

b. gray-scale imaging

¢. pulsed-wave Doppler

d. continuous-wave Doppler
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absorption process whereby sound energy is dissipated in a
medium, primarily in the form of heat.

acoustic having to do with sound.

acoustic impedance resistance of sound as it propagates
through a medium.

acoustic variables effects on the sound beam caused by
the medium; includes pressure, density, and particle motion
(distance and temperature).

amplitude relating to the strength of the compression wave;
maximum variation of an acoustic variable.

area amount of space within a specific boundary.

attenuation weakening of sound as it propagates through a
medium.

attenuation coefficient attenuation occurring with each
centimeter that sound travels.

bandwidth range of frequencies found in pulse ultrasound.
circumference distance around the perimeter of an object.

compression region of high pressure or density in a
compression wave.

continuous wave a nonpulsed wave in which cycles repeat
indefinitely.

cycle one complete variation in pressure or other acoustic
variable.

decibel a unit used to compare the ratio of intensities or
amplitudes of two sound waves or two points along the wave.

density concentration of mass, weight, or matter per unit
volume.

dispersion dependence of velocity or other physical parame-
ters on frequency.

distance amount of space from one object to another.
duty factor fraction of time that pulse ultrasound is on.
energy capability of doing work.

fractional bandwidth comparison of range of frequencies
(bandwidth) with operating frequency.

frequency number of cycles in a wave occurring in 1 second.
fundamental frequency original operating frequency.

half value layer (HVL) thickness of tissue required to reduce
the intensity of the sound beam by one-half; also known as
depth of penetration, half boundary layer, or penetration depth.

harmonic frequency echoes of twice the frequency trans-
mitted into the body that reflect back to the transducer, which
improves image quality.

hertz (Hz) one cycle per second; unit of frequency.

impedance determines how much of an incident sound
wave is reflected back from the first medium and how much is
transmitted into the second medium.

incident angle direction of incident beam with respect to the
media boundary.

incident beam initial or starting beam.

intensity rate at which energy transmits over a specific area.
kilohertz (kHz) one thousand cycles per second.
longitudinal wave wave traveling in a straight line.

oblique incidence incident ultrasound traveling at an oblique
angle to the media boundary.

period time to complete one cycle.

perpendicular incidence incident ultrasound traveling at an
angle perpendicular to the media boundary.

pressure concentration of force.

propagation speed speed at which a wave moves through a
medium.

pulse a collection of a number of cycles that travel together.

pulse duration portion of time from the beginning to the
end of a pulse; sonography generally uses 2 to 3 cycles
whereas Doppler uses 5 to 30 cycles per pulse.

pulse repetition frequency number of pulses per second.

pulse repetition period time between the beginning of one
cycle and the beginning of the next cycle.

pulse ultrasound a few pulses of ultrasound followed by a
longer pause of no ultrasound. During this “silence,” returning
echoes are received and processed.

quality factor (Q factor) for short pulses, the Q factor is equal
to the number of cycles in a pulse; the lower the Q factor, the
better the image quality.

rarefaction regions of low pressure or density in a compres-
sion wave.

Rayleigh’s scatter occurs when the reflector is much smaller
than the wavelength of the sound beam.

reflected beam the beam redirected back to the transducer
after striking a media boundary.

reflection redirection (return) of a portion of the sound beam
back to the transducer.

reflection angle angle between the reflected sound and a
line perpendicular to the media boundary.

refraction change in direction of the sound wave after pass-
ing from one medium to another.

scattering redirection of sound in several directions on encoun-
tering a rough surface; also known as nonspecular reflections.

13
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sound a traveling variation of acoustic variables. stiffness resistance of a material to compression.
spatial relating to space. temporal relating to time.

spatial pulse length distance over which a pulse occurs. transmitted beam the sound beam continuing on to the
speckle multiple echoes received at the same time generating next media boundary.

interference in the sound wave, resulting in a grainy appearance volume amount of occupied space of an object in three
of the sonogram. dimensions.

specular reflections these comprise the boundaries of organs wavelength distance (length) of one complete cycle.

and reflect sound in only one direction; specular reflections are
angle dependent.

SOUND CATEGORIES

Infrasound

e Below 20 Hz.
¢ Below human hearing,.

Audible Sound

e Above 20 Hz and below 20,000 Hz.
¢ Within human hearing.

Ultrasound

¢ Above 20,000 Hz (20 kHz).
¢ Above human hearing.

SOUND WAVES

A traveling variation of acoustic variables (pressure, density, and particle motion).
Longitudinal, mechanical, pressure waves.

Matter must be present for sound to travel; it cannot travel through a vacuum.
Sound waves carry energy—not matter—from one place to another.

Vibrations from one molecule carry to the next molecule along the same axis. These
oscillations continue until friction causes the vibrations to cease.

e Contain regions of compression (high pressure) and rarefaction (low pressure).

Metric Prefixes

METRIC PREFIX VALUE SYMBOL
Tetra 10" (trillion) T
Pico 1072 (trillionth) p
Giga 10° (billion) G
Nano 1072 (billionth) n
Mega 108 (million) M
Micro 1078 (millionth) "
Kilo 10° (thousand) k
Milli 1073 (thousandth) m
Hecto 10% (hundred) h
Centi 1072 (hundredth) c
Deca 10" (ten) Da

Deci 10" (tenth)

o
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Wave Variables

Wavelength () = Propagation Speed (c)/Frequency (f)

WAVE VARIABLE  DEFINITION UNITS  DETERMINED BY  RELATIONSHIP
Frequency Number of Hz Transducer Proportional to image quality and
() cyclesin1s kHz attenuation
MHz Inversely proportional to the wavelength,
period, and penetration depth
Period (T) Time to complete s Transducer Proportional to the wavelength
one cycle ms Inversely proportional to frequency
ws
Propagation Speed with S Stiffness and  Proportional to the stiffness of the
speed (c) which awave  ms density of medium
travels through s the medium Inversely proportional to the density of
a medium the medium
Dense structures or pathologies decrease
propagation speed
Stiff structures increase the propagation
speed (bone)
Soft tissue—propagation speed is equal
to 1.54 mm/ps
13 s for sound to travel 1 cm in soft
tissue round-trip
Wavelength Distance ittakes m Transducer Proportional to the period and penetration
\) to complete mm Medium depth
one cycle Inversely proportional to frequency
Properties of Ultrasound
PROPERTY DEFINITION UNITS DETERMINED BY RELATIONSHIP
Amplitude  Maximum variation that Depends on Ultrasound system Proportional to
occurs in an acoustic the acous-  Operator-adjustable power
variable tic variable using output or Decreases as the
Magnitude from the neutral power control wave propagates
value to the maximum through tissue
extent in an oscillation
Relates to sound strength
Intensity Relates to the strength of W/cm? Ultrasound system Proportional to
the sound beam mW/cm? Operator-adjustable power
Rate at which energy using output or Inversely propor-
passes through unit area power control tional to the
Equal to the total power of beam area
the beam divided by the Proportional to
area over which the amplitude of the
power is spread wave squared
Power Rate at which energy is W Ultrasound system Proportional to
transmitted into the body mW Operator-controlled intensity
Rate at which work is done using output or
power control
Pressure  Amount of force over a Pascal (Pa) Operator-adjustable  Proportional to
specific area MPa using output or amount of force

Acoustic variable

power control

and volume of
the sound wave

Inversely propor-
tional to the area
covered
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PULSE ULTRASOUND

¢ Electrical energy applied to the transducer produces short bursts of acoustic energy.
¢ A pulse must have a beginning and an end.
¢ There are two components to a pulse: transmitting (on) and receiving (off).

Properties of Pulse Ultrasound

PROPERTY DEFINITION UNITS DETERMINED BY RELATIONSHIP

Bandwidth

Duty factor (DF)

Pulse duration
(PD)

Range of frequencies
contained in a pulse

Percentage of time that
pulsed ultrasound is
transmitting (on-time)

Time it takes for one
pulse to occur

MHz Transducer

Ultrasound system
Cannot be adjusted
by the operator

None Transducer

Operator-adjustable
with depth control

s Ultrasound system

Transducer

Inversely proportional to the length of the
pulse (SPL) and Q factor

Portion of the bandwidth used is adjusted
with the multi-Hertz or harmonic control

Proportional to PRF and PD

Inversely proportional to PRP

Proportional to the duty factor and
number of cycles in a pulse

On-time of phase Cannot be adjusted

by the operator

Inversely proportional to PRF

Pulse repetition
frequency (PRF)

Number of pulses kHz
occurringinls

Ultrasound system Proportional to the duty factor
Operator-adjustable Inversely proportional to imaging depth
with depth control and PRP

Ultrasound system
Operator-adjustable
with depth control

Time from the start of ms
one pulse to the start
of the next pulse

Pulse repetition
period (PRP)

Proportional to imaging depth
Inversely proportional to the PRF

Spatial pulse
length (SPL)

Length of a pulse from mm Ultrasound system
start to finish Medium

SPL and PD measure Cannot be adjusted Inversely proportional to the frequency
the same thing only by the operator Shorter pulse lengths improve image
in different units quality

Proportional to the wavelength and
number of cycles in a pulse

PROPAGATION OF ULTRASOUND

¢ Sound travels through tissues at different speeds depending on the density and
stiffness of the medium.
* Impedance determines how much of the wave will transmit to the next medium.
Impedance (rayls) = medium density (kg/m®) X medium propagation speed (m/s).
e Sound travels faster in media that are denser than air because of their reduced

compressibility.

Propagation Speeds

MEDIUM PROPAGATION SPEED

Air 330 m/s

Fat 1459 m/s

Soft tissue 1540 m/s or 1.54 mm/s
Blood 1570 m/s

Muscle 1580 m/s

Bone 4080 m/s
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INCIDENT BEAM = REFLECTED BEAM + TRANSMITTED
BEAM

e Incident beam is the initial beam transmitting from the transducer.
* Reflected beam is the portion of beam returning to the transducer.
o Transmitted beam is the portion of the beam that continues to travel.

PERPENDICULAR INCIDENCE

® Perpendicular direction of the incident beam in relation to the boundary between
two media.

¢ Allows reflection of the sound beam.

¢ Transmitted beam continues to travel along the path of the incident beam.

¢ Intensity of reflected and transmitted sound is dependent on the impedance differ-
ence between the two media.

OBLIQUE INCIDENCE

* Nonperpendicular direction of the incident beam in relation to the boundary
between two media.

¢ Direction of the incident beam with respect to the media boundary is termed the
incidence angle.

¢ Incidence angle is equal to the reflection angle.

¢ Transmission angle depends on the propagation speeds in the media.

REFLECTION OF ULTRASOUND

¢ Redirection of a portion of the sound beam back toward the transducer.

¢ A difference in acoustic impedance between two structures and striking the media
boundary at a perpendicular angle MUST take place for reflection to occur.

® The greater the impedance difference between the media, the greater the reflection.

* The percentage of the incident beam reflected back toward the transducer after the
sound beam passes from one tissue to the next is termed the intensity reflection
coefficient (IRC).

¢ IRC is determined by the following formula:

2
Re| 222, | _Reflected intensity (W/cm’)
Z,+2, Incident intensity (W/cm?)

¢ 71 = impedance of medium 1.
72 = impedance of medium 2.

Reflection of Sound

INTERFACE REFLECTION
Fat-muscle 1%
Fat-bone 50%
Tissue—air 100%

Specular Reflections

® Occur when the wave strikes a large, smooth surface at a 90° angle (i.e., diaphragm).
¢ Angle dependent.
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Scatter

Rayleigh’s Scatter

A nonspecular reflection allowing the definition of organ parenchyma.

A reflector that is smaller, more irregular, or rougher than the incident beam will
demonstrate scattering.

Not angle dependent.

Proportional to the frequency.

Occurs when the reflector is much smaller than the wavelength of the sound beam
(i.e., red blood cells).
Is directed equally in all directions.

HARMONIC FREQUENCIES

e Created by the beam propagation through tissue and are not produced on reflection.
e Not present at the transducer surface.

Uneven speeds of the sound wave through compressions (faster) and rarefactions
(slower) create harmonic energy.

Creates an image from reflection that is twice the frequency of the transmitted
sound beam.

Generated in the body from tissue interaction or contrast media.

Dependant on nonlinear behavior of the sound wave through the body.
Improves spatial and contrast resolution.

Decreases axial resolution.

Beams are narrower with lower side lobes increasing lateral resolution.

More harmonics are generated with more concentrated acoustic energy.
Increasing the depth will increase the harmonic signals.

Tissue harmonics are created during transmission.

Contrast harmonics are created during receiving.

TRANSMISSION OF ULTRASOUND

With perpendicular incidence, approximately 99% of the incident beam is transmitted.
The percentage of the incident beam intensity that is transmitted after the beam
passes from one tissue to the next is termed the intensity transmission coefficient (ITC).
ITC is determined by the following formulas:

_ Transmitted intensity (W/em?)
Incident intensity (W/cm?)

OR
TC=1-IRC

REFRACTION OF ULTRASOUND

Redirection or bending of the transmitting beam after it passes through one medium
to another.

Oblique incidence and a change of velocity or propagation speed between two media
MUST take place for refraction to occur.

If the propagation speed in the second medium is greater than the speed in the
first medium, the transmitted beam will bend away from the incident beam. The
transmission angle is greater than the incident angle and vice versa.

Refraction of a sound beam obeys Snell’s law and is used to determine the amount
of refraction at an interface.
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DECIBEL (dB)

¢ Compares the relationship between two values of intensity or amplitude along the

sound wave.

® Does not represent an absolute value.

¢ Based on a logarithmic scale with a wide range of values.

¢ Positive decibels arise when the final intensity exceeds the initial intensity
(i.e., increasing the gain control).
¢ Negative decibels arise when the final intensity is less than the initial intensity

(i.e., attenuation).

Decibel Values

DECIBEL VALUE
3dB Increased by 2
6dB Increased by 4%
9dB Increased by 8
10 dB Increased by 10X
20 dB Increased by 100X
30dB Increased by 1000x
40 dB Increased by 10,000
—3dB Decreased by 2
—6dB Decreased by 4
—9dB Decreased by 4
—10dB Decreased by %o
—20dB Decreased by Vi
—30dB Decreased by Yoo
—40 dB Decreased by Y000
ATTENUATION

® Progressive weakening of the amplitude or intensity of the sound wave as it propa-
gates through a medium.

* Owing to absorption, reflection, and scattering of the incidental sound beam.

Attenuation Values

Total attenuation (dB) = Attenuation coefficient (dB/cm/MHz) X Pathlength (cm)

TISSUE ATTENUATION

Fat 0.6 dB/cm/MHz
Liver 0.9 dB/cm/MHz
Kidney 1.0 dB/cm/MHz
Muscle 1.2 dB/cm/MHz
Air 12.0 dB/cm/MHz
Bone 20.0 dB/cm/MHz
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ATTENUATION COEFFICIENT

¢ Amount of attenuation in the sound beam for every centimeter traveled.

Attenuation coefficient (dB/cm) = % Frequency (MHz)

HALF VALUE LAYER

¢ Thickness of tissue required to reduce the intensity of the sound beam by one half.
¢ Also known as depth of penetration, half boundary layer, penetration depth.

3

Half value layer (cm) = - —
Attenuation coefficient (dB/cm)

OR

6

Half valuelayer (cm) = ———
Frequency (MHz)

RANGE EQUATION

e Distance to the reflector.

e Time (ps) is equal to distance (cm).

e Must know the direction of the echo and the distance traveled.
¢ Proportional to the round-trip time.

Distance (mm) = % propagation speed (mm /ps) X round-trip time (.s).

OR
! Round-trip ti
Distance (cm) = ound-trip time (s)
13 (jws/cm)
Propagation of Sound
PROPERTY DEFINITION UNITS RELATIONSHIP
Attenuation Progressive weakening in the intensity of the sound wave as dB Proportional to the frequency and
it propagates in the human body penetration depth
Result of:
Absorption*; conversion of sound to heat
Reflection: redirection of the sound beam back toward the
transducer
Scattering: redirection of sound in multiple directions
Attenuation Amount of attenuation per cm traveled dB/cm Proportional to the frequency and
coefficient In soft tissue, equal to half of the transducer frequency (MHz) penetration depth
Density Concentration of mass per unit volume kg/mé Proportional to impedance and
Weight of 1 cm? of material propagation speed
Half value Thickness of tissue required to reduce the intensity of the cm Inversely proportional to the
layer sound beam by one half frequency
Equal to an intensity reduction of —3 dB
Impedance Equal to the density of the medium multiplied by its propagation rayls Proportional to the density and
(2) speed propagation speed of the medium

*Most common cause.
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Chapter Formulas

Attenuation(dB) = Attenuation coefficient (dB/cm) X pathlength (cm)
Attenuation coefficient (dB) = % Frequency (MHz)

Pulse duration (ws)
Pulse repetition period (.s)
Bandwidth (MHz)
Operating frequency (MHz)

Duty factor(unitless) =

Fractional bandwidth(unitless) =

F MHz) =———
requency(MHz) Perod ()

3
Attenuation coefficient (dB/cm)

Half value layer (cm) =

Impedance (rayls) = Medium density (kg/m*) X Propagation speed (m/s)

Power (mW)

. 2y =
Intensity (mW/cm?) Area(cm?)

re—| Z2=% ‘ _ Reflected intensity (W/em”)
Z,+2, Incident intensity (W/cm?)

. 1
Period -
eriod . Frequency (MHz)

1
Pulse repetition frequency (kHz)

Pulse repetition period(ms) =

Range equation:
Distance (mm) = % [Propagation speed (mm/jws) X Round-trip time (}LS)]

Distance (cm) = Round-trip time (js)
13 (s/em)

Spatial pulse length (mm) = Number of cyclesinapulse X \Wavelength (cm)

Propagation speed (mm/.s)
Frequency (MHz )

Wave length(mm) =
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PHYSICS PRINCIPLES REVIEW

1.

In soft tissue, if the frequency of a wave increases,
the propagation speed will:

a. double

b. increase

¢. decrease

d. remain the same

. The range of frequencies found within a pulse

describes which of the following terms?
a. duty factor

b. bandwidth

¢. harmonics

d. pulse repetition frequency

. In gray-scale imaging, how many cycles per pulse

are generally used?
a. 2to3

b. 4to5

c. 5to 10

d. 10 to 30

. Which of the following frequencies is within the

audible range?
a. 15Hz

b. 15 kHz

c. 25 kHz

d. 25,000 Hz

. Propagation speed through a medium is determined

by the:

a. pulse repetition period

b. intensity and amplitude of the wave

c. density and stiffness of the medium

d. impedance difference between the media

. Which of the following is an acoustic variable?

a. intensity

b. wavelength

¢. particle motion

d. propagation speed

. In soft tissue, a 7.5-MHz transducer with a two-

cycle pulse will generate a spatial pulse length of:
a. 0.2 mm
b. 0.4 mm
c. 0.8 mm
d. 1.5mm

. If the stiffness of a medium increases, the propaga-

tion speed will:
a. double

b. increase

¢. decrease

d. remain the same

9.

10.

1.

12

13.

14.

15.

16.

The length of a pulse from beginning to end is
termed the:

a. wavelength

b. pulse duration

c. spatial pulse length

d. pulse repetition period

In which of the following media does sound
propagate the fastest?

a. air

b. bone

¢. muscle

d. soft tissue

What is the frequency of a sound wave in soft
tissue demonstrating a wavelength of 0.1 mm?
a. 2.0 MHz

b. 5.0 MHz

c. 7.5 MHz

d. 15.0 MHz

If the amplitude of a wave doubles, the intensity will:
a. double

b. quadruple

c. decrease by one half

d. decrease by one quarter

The time for one pulse to occur defines:
a. period

b. pulse duration

c. spatial pulse length

d. pulse repetition period

Which of the following is associated with a

broader bandwidth?

a. a lower Q-factor

b. an increase in amplitude

c. a longer spatial pulse length

d. a decrease in the number of frequencies within
the pulse

Regions of low density in a compression wave are
termed:

a. cycles

b. bandwidth

c. rarefactions

d. compressions

Which of the following formulas calculates the

duty factor?

a. power of the source divided by the area

b. pulse duration divided by the pulse repetition
period

¢. pulse repetition frequency divided by the pulse
duration

d. frequency of the source multiplied by the prop-
agation speed
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17.

18.

19.

20.

21.

22.

23.

24,

Resistance to the propagation of sound through a
medium defines:

a. reflection

b. attenuation

¢. acoustic impedance

d. Rayleigh’s scatter

How long will it take for sound to travel 5 cm
round-trip in soft tissue?

a. 26 ps

b. 30 ps

€. 65 us

d. 130 ps

Overall compensation gain is set at 36 dB. If the
gain is reduced by one half, what will the new
gain be?

a. 18dB

b. 25 dB

c. 30dB

d. 33 dB

Attenuation occurring as sound propagates
through each centimeter of soft tissue is equal to:
a. 2 operating frequency

b. attenuation coefficient X path length

¢. medium density X propagation speed

d. V2 (propagation speed X round-trip time)

Spatial is a term used to describe:
a. time

b. speed

c. space

d. distance

Which of the following units measures the attenu-
ation of sound in soft tissue?

a. us

b. dB

c. rayls

d. dB/cm

If the frequency is increased, pulse duration will:
a. double

b. increase

c. decrease

d. remain unchanged

Which of the following metric prefixes denotes
1 billion?

a. deca

b. mega
c. tetra
d

. giga

25.

26.

21.

28.

29.

30.

31.

32.

Which of the following units of measurement repre-
sents the number of pulses occurring in 1 second?
a. ps

b. kHz

c. mW

d. W/cm?

Which of the following formulas determines the

impedance of a medium?

a. attenuation multiplied by the propagation
speed of the medium

b. propagation speed of the medium multiplied
by the round-trip time

c. density of the medium multiplied by the
attenuation coefficient

d. density of the medium multiplied by the
propagation speed of the medium

Weakening of a sound wave as it travels through
a medium defines:

a. scattering

b. harmonics

¢. attenuation

d. acoustic impedance

Which of the following occurs when a sound wave
strikes a large, smooth surface at a 90° angle?

a. refraction

b. specular reflection

c. Rayleigh’s scatter

d. nonspecular reflection

With perpendicular incidence, what percentage of
the incident beam continues to the next medium?
a. 50%

b. 85%

c. 99%

d. 100%

The unit of measurement used to describe the
amplitude of a pressure wave is:

a. rayl

b. watt

c. joule

d. variable

Which of the following properties is proportional
to the pulse repetition frequency?

a. period

b. duty factor

¢. penetration depth

d. spatial pulse length

Which of the following will most likely decrease
the propagation speed of a wave?

a. increasing the penetration depth

b. increasing the stiffness of the medium

¢. decreasing the transducer frequency

d. increasing the density of the medium
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33.

34.

35.

36.

37.

38.

39.

40.

a1.

For short pulses, the quality (Q) factor is equal to:
a. the distance of one pulse

b. one half of the frequency

c. the number of cycles in a pulse

d. the intensity of the sound beam

The positive half of a pressure wave corre-
sponds to:

a. amplitude

b. intensity

c. rarefaction

d. compression

In perpendicular incidence, what percentage of
the sound wave will reflect at a boundary if the
impedance of medium 1 is 40 rayls and the
impedance of medium 2 is 50 rayls?

a. 1%

b. 10%

c. 75%

d. 90%

Bending of a transmitting sound beam after it
passes through one medium into another describes:
a. scattering

b. refraction

c. reflection

d. reverberation

Attenuation is most commonly a result of:
a. reflection

b. scattering

c. absorption

d. transmission

Half value layer is equal to an intensity reduction of:

a. 3dB
b. 6 dB
c. 10dB
d. 50 dB

Propagation speed is directly related to:
a. density

b. stiffness

c. frequency

d. wavelength

Which of the following is proportional to the
impedance of a medium?

a. wavelength

b. propagation speed

c. stiffness of the medium

d. attenuation coefficient

Which of the following units compares the ratio
of amplitudes along two points of a sound wave?
a W

b. dB

c. rayl

d. dB/cm

42,

43.

44.

45,

46.

41.

48.

49

50.

Attenuation of the sound beam is proportional to the:
a. frequency of the sound wave

b. direction of the incident beam

c. reflected intensity of the sound wave

d. transmitted intensity of the sound wave

Which of the following is responsible for deter-
mining the amount of reflection and transmission
of the sound wave?

a. density

b. stiffness

¢. impedance

d. propagation speed

Dissipation of heat in a medium primarily in the
form of heat describes:

a. reflection

b. refraction

c. absorption

d. half value layer

At what depth will a 3.0-MHz frequency demon-
strate an attenuation of 9 dB?

a. 2cm

b. 3cm

c. 6cm

d. 9cm

Snell’s law determines the amount of:
a. reflection at an interface

b. refraction at an interface

¢. transmission through a medium

d. scattering distal to a dense medium

Direction of the incident beam with respect to the
media boundary is termed the:

a. specular angle

b. reflection angle

¢. propagating angle

d. transmission angle

Demonstration of boundaries between organs is a
result of:

a. refraction

b. transmission

c. specular reflection

d. Rayleigh scattering

What is the penetration depth of a 3.5-MHz
frequency when imaging the abdominal aorta?
a. 0.86 cm

b. 1.71 cm

c. 0.86 mm

d. 1.75 mm

With perpendicular incidence, the larger the imped-
ance difference between the media, the greater the:
a. scattering

b. reflection

c. absorption

d. transmission
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Ultrasound Transducers

angle of divergence the widening of the sound beam in the
far field.

aperture size of the transducer element(s).

apodization nonuniform driving (excitation) of elements in an
array to reduce grating lobes.

array collection of active elements connected to individual
electronic currents in one transducer assembly.

axial resolution ability to distinguish two structures along a
path parallel to the sound beam.

channels multiple transducer elements with individual wiring
and system electronics.

constructive interference occurs when two waves in phase
with each other create a new wave with amplitude greater
than the original two waves; in phase.

convex array curved linear transducer containing multiple
piezoelectric elements.

crystal piezoelectric element.

Curie point temperature to which a material is raised, while
in the presence of a strong electrical field, to yield piezoelectric
properties. If the temperature exceeds the Curie point, the
piezoelectric properties will be lost.

damping material attached to the rear of the transducer element
to reduce the pulse duration.

destructive interference occurs when two waves out of
phase with each other create a new wave with amplitude less
than the two original waves; out of phase.

detail resolution includes both axial and lateral resolution.

diffraction deviation in the direction of the sound wave that
is not a result of reflection, scattering, or refraction.

dynamic aperture aperture that increases as the focal length
increases; minimizes change in the width of the sound beam.

dynamic focusing variable receiving focus that follows the
changing position of the pulse as it propagates through tissue;
the electrical output of the elements can be timed to “listen”
in a particular direction and depth.

element piezoelectric component of the transducer assembly.

elevation resolution detail resolution located perpendicular
to the scan plane; it is equal to the section thickness and is the
source of the section thickness artifact.

far zone region of the sound beam in which the diameter
increases as the distance from the transducer increases.

focal length distance from a focused transducer to the
center of the focal zone; distance from a focused transducer
to the spatial peak intensity.

focal point concentration of the sound beam into a smaller
area.

focal zone area or region of the focus.
Fraunhofer zone far zone.
Fresnel zone near zone.

grating lobes additional weak beams emitted from a multi-
element transducer that propagate in directions different from
the primary beam.

Huygens principle all points on a wave front or at a source
are point sources for the production of spherical secondary
wavelets.

interference phenomenon interference occurring when two
waves interact or overlap, resulting in the creation of a new
wave.

lateral resolution ability to distinguish two structures lying
perpendicular to the sound path.

lead zirconate titanate (PZT) a ceramic piezoelectric
material.

matching layer material attached to the front face of the
transducer element to reduce reflections at the transducer
surface.

near zone region of the beam between the transducer and
focal point, which decreases in size as it approaches the focus.

operating frequency natural frequency of the transducer; it
is determined by the propagation speed and thickness of the
element in pulse ultrasound and by the electrical frequency in
continuous wave.

piezoelectricity conversion of pressure to electric voltage.

phased applying voltage pulses to all elements in the assem-
bly as a group, but with minor time differences. Phased pulses
allow multiple focal zones, beam steering, and beam focusing.

resonance frequency operating frequency.

sequenced array operated by applying voltage pulses to a
group of elements in succession.

side lobes additional weak beams traveling from a single-
element transducer in directions different from the primary
beam.

subdicing dividing each element into small pieces to reduce
grating lobes.

transducer device that converts energy from one form to
another.

transducer assembly transducer element, damping,
matching layers, and housing; also known as probe, scan head,
or transducer.

25
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DIAGNOSTIC ULTRASOUND TRANSDUCERS

¢ Convert electrical energy into acoustic energy during transmission and acoustic
energy into electrical energy for reception.

¢ Operate on the principle of piezoelectricity.

¢ Driven typically by one cycle of alternating voltage.

¢ Diagnostic frequencies range between 2.0 and 20 MHz.

PIEZOELECTRICITY (Piezoelectric Effect)

¢ Piezoelectric principle states that some materials produce a voltage when deformed
by an applied pressure.

¢ Various forms of ceramics and quartz are naturally piezoelectric.

® Lead zirconate titanate (PZT) is the most common manufactured piezoelectric element.

e PZT placed in a strong electric field while at a high temperature acts as an element
with piezoelectric properties (Curie point).

¢ If the material exceeds the Curie point, the element will lose its piezoelectric
properties (i.e., autoclave sterilization).

Transducer Assembly
COMPONENT FUNCTION DESCRIPTION RELATIONSHIP
Piezoelectric ~ Converts electrical voltage into ~ Thickness of the element ranges between Propagation speed of the
element, ultrasound pulses and the 0.2 and 1.0 mm element is directly related
also returning echoes back to Propagation speed of the element ranges to the operating frequency
called: electric voltage between 4 and 6 mm/p.s Thickness of the element is
Crystal Electrical energy is applied to Natural Materials: inversely related to the
Active the element, increasing or Rochelle salt, quartz, and tourmaline operating frequency
element decreasing the thickness Manufactured Materials: Thickness is equal to half of the
Transducer according to the polarity Lead zirconate titanate (PZT), barium titanate, lead wavelength
element of the voltage metaniobate, and polyvinylidene difluoride Impedance is 20 greater than
Mixture of polymer and piezoceramic material that of the skin
(new)
Single elements are in the form of a disk
Array transducers contain numerous elements
with separate electrical wiring
Contain a bandwidth of frequencies
Impedance is much greater than soft tissue
Damping, Reduces the number of cycles ~ Attached to the rear face of the element Increases the bandwidth and
also in each pulse Made of metal powder and a plastic or epoxy axial resolution
called: An electronic means to High absorption coefficient
Backing suppress the crystal Reduces sensitivity and Q-Factor Impedance in a
from ringing way similar to that of the element
Reduces pulse duration and
spatial pulse length
Matching Reduce the impedance Two layers are typically used Increase the transmission of
layers difference between the Aqueous gel is a matching layer between the sound into the body
element and skin transducer face and the skin Thickness equal to one fourth of
Improve sound transmission the wavelength
across the element-tissue Impedance of matching layer
boundary is in between those of the
element and the skin
Transducer Protects the components of the  Covering for transducer components Damage to the housing can
housing transducer Made of metal or plastic increase risk of electrical

Protects the operator and
patient from electrical shock

Prevents the transducer from
outside interference

shock and decrease image
quality
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TYPES OF TRANSDUCERS

Continuous Wave

Pulse Wave

Produces a continuous wave of sound.

Is composed of separate transmit and receiver elements housed in a single
transducer assembly.

Frequency of the sound wave is determined by the electrical frequency of the
ultrasound system.

Demonstrates a narrow bandwidth.

Pulse Wave Transducers

Transmits pulses of sound and receives returning echoes.

Classified by the thickness and propagation speed of the element.

Demonstrates a wide bandwidth and short pulse length.

Linear, convex, and annular are types of transducer construction.

Sequenced, phased, and vector are types of transducer operation.

Produces a 2-cycle to 3-cycle pulse for gray-scale imaging and a 5-cycle to 30-cycle
pulse for Doppler techniques.

Minor or secondary beams traveling in directions different from the primary beam
are termed side or grating lobes.

Frequency of the sound pulse is equal to the operating frequency.

Operating frequency (MHz) =
Propagation speed of the element (mm/ps) X Element thickness (mm)

TYPE DESCRIPTION FOCUSING BEAM STEERING
Convex Multiple elements arranged in a curved line Electronic Electronic
sequenced Operated by applying voltage pulses to groups of elements in succession
array Pulses travel in different directions, producing a sector-shaped image
Also called: curved array, convex array, curvilinear array
Intracavital Mechanical, linear array, or phased array transducers mounted on probes Electronic Electronic
designed to insert into the vagina, rectum, or esophagus
Crystal is mechanically swept up and down to produce a 45 to 110 degree
sector image
High frequency with rapid frame rates optimizing axial and lateral resolution
Also called: endocavital, transcavital
Intraluminal Extremely small crystal arrays are mounted on the end of a catheter designed Electronic Electronic
to insert into a fetal, vascular, or anatomical structure (i.e., umbilical cord,
artery, fallopian tube)
High frequency (10 to 20 MHz)
Also called: transluminal
Linear sequenced  Straight line of rectangular elements about one wavelength wide Electronic Electronic
array Operated by applying voltage pulses to groups of elements in succession
Pulses travel in straight parallel lines producing a rectangular image.
Also called: linear array
Linear phased Contains a compact line of elements about one-quarter—wavelength wide Electronic Electronic
array Operated by applying voltage pulses to most or all of the elements using minor
time differences
Resulting pulses can be shaped and steered
Received echoes follow the changing position of the pulse
Permits multiple focal zones
Mechanical Uses a single element with a fixed focal depth Mechanical Fixed
Produces a sector image
Sector Each pulse originates from the same starting point Electronic Electronic
Vector array Emits pulses from different starting points and in different directions Electronic Electronic

Combines linear sequential and linear phased array technologies
Converts the format of a linear array into a trapezoidal image
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UNFOCUSED SOUND BEAM (Figs. 3-1 and 3-2)

¢ Some beam narrowing will occur.
* The near-zone length is equal to one half of the beam diameter.
¢ Two near-zone lengths are equal to the transducer diameter.
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FIG. 3-1 Beams for disk transducers have a diameter of 6 mm at two frequencies.
Higher frequencies produce smaller beam diameters (at a distance greater than 4 cm in
this case) and longer near-zone lengths.
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FIG. 3-2 Beams for 5-MHz disk transducers of two diameters. The larger transducer
(left) produces the longer near-zone length. A smaller transducer (right) can produce a
larger-diameter beam in the far zone. In this example, the beam diameters are equal at a
distance of 8 cm.
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Beam Focus Characteristics

CHARACTERISTIC

DESCRIPTION

Far field

Focal length

Focal point

Focal zone

Near field

Region distal to the focal point where the sound beam diverges

Intensity of the beam is more uniform

Inversely related to the operating frequency and diameter of the element (increasing the frequency decreases
the angle of divergence)

Also called Fraunhofer zone, far zone

Also called near-zone length
Distance from the transducer to the narrowest portion of the beam
Determined by the operating frequency and the diameter of the element

AL (mm)= [crystal diameter (mm’ )] X frequency (MHz)
_ lerystal diameter)”

4 X wavelength

Directly related to the operating frequency and diameter of the element
Inversely related to the divergence of the beam in the far field

AL (mm)

Narrowest portion of the beam

Width at the focal point is equal to half of the transducer width
Area of maximum intensity in the beam

Also called focus

Region or area of focus
One half of the focal zone is located in the near field, and the other half is located in the far field
Also called focal area, focal region

Region between the transducer and focus

Conical in shape

Intensity variations are the greatest

Length of the near field is directly related to the frequency of the transducer and diameter of the element
Additional focusing can be added in this region

Also called Fresnel zone, near zone

FOCUSING OF THE SOUND BEAM (Fig. 3-3)

Improves lateral resolution.

Only accomplished within the near field.

Creates a narrower sound beam over a specified area.

Beam diameter in the near field decreases in size toward the focal point.

Beam diameter in the far field (angle of divergence) increases in size after the focal
point.

¢ Increasing the frequency or diameter of the element will produce a narrower beam,
longer focal length, and less divergence in the far field.

Types of Focusing

Acoustic Mirrors

e Predetermined focus.
e The sound beam is directed toward a curved acoustic mirror, which reflects the
beam into the body.

Dynamic Receive Focusing

Controlled by ultrasound system.

Focusing occurring during reception.

Introduces variable time delays to some electrical signals during reception.
Delay times depend on depth of reflector.

Delay patterns change continuously.
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FIG. 3-3 Beam diameter for a 6-mm, 5-MHz transducer without (A) and with (B) focusing.
Focusing reduces the minimum beam width compared with that produced without focusing.
However, well beyond the focal region, the width of the focused beam is greater than that of
the unfocused beam. C, A focused beam. This is an ultrasound image of a beam profile test
object containing a thin vertical scattering layer down the center. Scanning this object
generates a picture of the beam (the pulse width at all depths). In this case, the focus occurs
at a depth of about 4 cm (this image has a total depth of 15 cm). Depth markers (in 1-cm
increments) are indicated on the left edge of the figure.

Electronic

Operator controlled.

Allows multiple focal zones.

Uses the interference phenomenon to focus the sound beam.

Pulses are delayed to each element, causing the wavelets to join at variable focal
points.

¢ Applied to individual beams to improve slice thickness and lateral resolution.

¢ Improves spatial resolution within the focal point.

External

® Predetermined focal range.
* An acoustic lens is placed in front of the crystal to focus the sound beam.

Internal

® Predetermined focal range.
¢ Piezoelectric element(s) are shaped concavely to focus the sound beam.
¢ Beam diameter is reduced in the focal point.

STEERING OF THE SOUND BEAM (Fig. 3-4)

Created by the beam former.

Electronic steering is operator adjustable.

Used to sweep the sound wave over a specific area.

System alters the electronic excitation of the elements, steering the beam in various
directions.

¢ The returning echoes are also delayed.
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FIG. 3-4 Alinear phased array (side view). A, When voltage pulses are applied in rapid
progression from left to right, one ultrasound pulse is produced that is directed to the right.
B, Similarly, when voltage pulses are applied in rapid progression from right to left, one
ultrasound pulse is produced that is directed to the left. C, The delays in A produce a pulse
whose combined pressure wave front (arrowheads) is angled from the lower left to the upper
right. A wave always travels perpendicular to its wave front, as indicated by the arrow.

RESOLUTION

¢ The ability to distinguish two adjacent reflectors as two separate structures.

Types of Resolution

RESOLUTION

DESCRIPTION

DETERMINED BY

RELATIONSHIP

Axial, also called:
Longitudinal
Range

Depth

Contrast

Elevation, also
called:

Z-axis

Slice or section
thickness

Lateral, also called:
Angular
Transverse
Azimuthal

Spatial

Temporal

Ability to distinguish two structures in a path
parallel to the sound beam

Does not vary with distance

Improves with transducer damping

Always better than lateral resolution

Diagnostic values: 0.05 to 0.5 mm

Ability to differentiate between echoes
of slightly different amplitude
High contrast demonstrates fewer shades
of gray
Low contrast demonstrates more shades
of gray
Thickness of the scanned tissue perpendicular
to the scan plane

Ability to distinguish two structures in a path
perpendicular to the sound beam

Varies with distance

Improves with focusing

Ability to see detail on the image

Includes axial, elevational, and lateral resolution
Ability to precisely position moving structures
Ability to separate two points in time

Transducer
Medium

Ultrasound
system

Transducer

Transducer

Transducer

Frame rate

Equal to %2 SPL

Directly related to the operating
frequency

Inversely related to the spatial pulse
length and penetration depth

Smaller is better

Directly related to axial and lateral
resolution

Related to the beam width
Thinner slice thicknesses produce better
image quality

Equal to beam diameter
Directly related to beam diameter,
frequency, focusing, and distance

Directly related to the number of scan lines
Indirectly related to temporal resolution

Directly related to the frame rate

Indirectly related to the number of focal
zones, imaging depth, and spatial
resolution
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Optimizing Resolution

RESOLUTION OPTIMIZING TECHNIQUE
Axial Increase transducer frequency
Additional Options:

Increase number of focal zones
Decrease imaging depth
Contrast Increase compression (dynamic range)
Additional Options:
Increase transducer frequency
Decrease beam width
Postprocess mapping
Lateral Proper focal placement
Additional Options:
Decrease beam width
Decrease imaging depth
Temporal Decrease number of focal zones
Decrease imaging depth
Additional Options:
Decrease beam width
Decrease persistence

TRANSDUCER CARE

* Do not heat-sterilize.

* Do not drop transducer or run over transducer cables.

* Use cleaning agents recommended by the transducer
manufacturer.

¢ Routinely check for damage to the transducer assembly.

Chapter Formulas

Axial resolution (mm) = % [ Spatial pulse length (mm| |

0.77 X no.of cyclesinapulse
Frequency (MHz)

Axial resolutionin soft tissue (mm) =

Focus diameter (mm) = %Transducer diameter

Lateral resolution (mm) = Beam diameter (mm)

[ Crystal diameter (mm)]2 X Frequency (MHz)

Near-zone length (mm) = -

[ Crystal diameter (mm)]Z
4 X \Wavelength (mm)

Propagation speed of the element (mm/jws)
2 X Element thickness (mm)

Near-zone length (mm) =

Operating frequency (MHz) =
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TRANSDUCER REVIEW

1.

Widening of the sound beam is demonstrated in the:
a. focal point

b. focal zone

c. Fresnel zone

d. Fraunhofer zone

. Weak beams emitted from a linear sequenced array

transducer are termed.:
a. side lobes

b. harmonics

c. grating lobes

d. mechanical waves

. The resonant frequency of a pulse wave is

determined by the:

a. diameter of the beam

b. impedance of the matching layer

c. electrical frequency of the ultrasound system

d. thickness and propagation speed of the element

. Heat sterilization is not recommended for diagnostic

transducers because:

a. apodization will occur

b. the housing may be damaged

c. the epoxy in the backing will melt

d. the piezoelectric properties will be lost

. Which of the following components is unneces-

sary in the construction of a continuous wave
transducer?

a. matching layer

b. damping layer

c. electrical wiring

d. two active elements

. Lateral resolution is determined by the:

a. beam width

b. near-zone length

c. spatial pulse length

d. thickness of the active element

. What is the axial resolution in soft tissue when

using a 5.0-MHz frequency with a two-cycle pulse,
and an element thickness of 0.5 mm?

a. 0.3 mm

b. 0.5 mm

c. 0.6 mm

d. 0.8 mm

. What is the operating frequency of a two-cycle

pulse with an element thickness of 0.2 mm and a
propagation speed of 4 mm/us?

a. 3.5 MHz

b. 5.0 MHz

c. 7.5 MHz

d. 10.0 MHz

9.

10.

1.

12.

13.

14.

15.

16.

On which of the following principles do diagnostic
ultrasound transducers operate?

a. Snell’s law

b. ALARA principle

¢. Huygens principle

d. piezoelectric effect

If the width of the transducer is 5.0 cm, what is
the width at the focal point?

a. 1.0 cm

b. 2.5 cm

c. 5.0 cm

d. 10.0 cm

Constructive interference will create a wave with
amplitude:

a. equal to the original waves

b. less than the original waves

c. shorter than the original waves

d. greater than the original waves

Reducing the impedance difference between the
crystal and the skin is the primary function of
which of the following transducer components?
a. aqueous gel

b. damping layer

¢. matching layer

d. backing layer

A sound beam demonstrates the most uniform
intensity in the:

a. far field

b. near field

¢. focal zone

d. focal length

What is the near-zone length of a 6-mm, 5-MHz
transducer?

a. 5mm

b. 10 mm

¢. 15 mm

d. 30 mm

Which of the following changes will improve
temporal resolution?

a. increase in beam width

b. increase in focal zone depth

c. decrease in imaging depth

d. decrease in dynamic range

The near-zone length of a 3-mm, 10-MHz
transducer is:

a. 5 mm

b. 7 mm

c. 10 mm

d. 15 mm
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17.

18.

19.

20.

21.

22.

23.

24,

Which of the following transducer elements has
the longest focal length?

a. 7mm, 2.5 MHz

b. 2 mm, 7.5 MHz

¢c. 5mm, 10.0 MHz

d. 3 mm, 15.0 MHz

The distance from the face of a focused transducer
to the point of spatial peak intensity is termed the:
a. focal region

b. pulse duration

c. focal length

d. spatial pulse length

The narrowest diameter of a sound beam is
termed the focal:

a. zone

b. area

¢. point

d. region

Which of the following best describes

apodization?

a. widening of the sound beam in the near zone

b. scattering of the sound beam distal to the focal
point

c. irregular excitation of the elements in an array
to reduce grating lobes

d. creation of a new sound wave with greater
amplitude than the original wave

Which of the following determines the diameter
of the focus?

a. spatial pulse length

b. thickness of the element

c. diameter of the transducer

d. propagation speed of the element

The impedance of the damping layer is:
a. less than the element’s

b. similar to the element’s

c. greater than the element’s

d. twice that of the element’s

The purpose of backing material in the transducer
assembly is to:

a. decrease the bandwidth

b. increase the pulse duration

c. protect the components from moisture

d. reduce the number of cycles in a pulse

Vector array is a type of transducer:
a. assembly

b. operation

¢. construction

d. composition

25.

26.

21.

28.

29.

30.

31.

32.

Focusing of the sound beam is directly related to:
a. axial resolution

b. lateral resolution

¢. contrast resolution

d. elevation resolution

Steering of the sound beam is accomplished by:
a. constructive interference

b. focusing of the sound beam

c. increasing the resonant frequency

d. altering the excitation of the active elements

Exceeding the Curie point of a transducer element
will result in:

a. a broader bandwidth

b. a higher propagation speed

c. a higher operating frequency

d. the loss of all piezoelectric properties

An active element with a thickness of 0.8 mm and
a propagation speed of 4 mm/us will have an
operating frequency of:

a. 25 MHz

bh. 3.5 MHz

c. 40 MHz

d. 5.0 MHz

What is the thickness of the crystal with an oper-
ating frequency of 5.0 MHz and a propagation
speed of 4 mm/ps?

a. 0.1 mm

b. 0.2 mm

c. 0.3 mm

d. 0.4 mm

Temporal resolution is determined by the:
a. medium

b. frame rate

¢. beam width

d. element thickness

What is the axial resolution in soft tissue when
using a 15-MHz frequency with a two-cycle
pulse?

a. 0.1 mm

b. 0.3 mm

c. 0.4 mm

d. 0.55 mm

Which of the following transducers operates
by applying voltage pulses to groups of linear
elements in succession?

a. vector array

b. linear phased array

c. convex phased array

d. linear sequenced array
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33.

34.

35.

36.

37.

38.

39.

40.

Focusing of the sound beam is only accomplished
within the:

a. focal area

b. focal zone

c. near field

d. focal region

What is the diameter of the sound beam at one
near-zone length when using a 6-mm, 2.5-MHz
transducer?

a. 3 mm

b. 6 mm

c. 9mm

d. 12 mm

The ability to distinguish two structures in a path
perpendicular to the sound beam describes:

a. spatial resolution

b. contrast resolution

c. temporal resolution

d. azimuthal resolution

The most common piezoelectric material used in
diagnostic ultrasound transducers is:

a. quartz

b. tourmaline

¢. barium titanate

d. lead zirconate titanate

Subdicing the elements in diagnostic ultrasound
transducers is used to:

a. reduce grating lobes

b. narrow the bandwidth

¢. increase temporal resolution

d. increase the near-zone length

Diagnostic frequencies range between:
a. 1.0 and 10.0 MHz
b. 2.0 and 12.0 MHz
c. 2.0 and 20.0 MHz
d. 3.5 and 15.0 MHz

Which of the following changes will improve
axial resolution?

a. Increase in beam width

b. Increase in transducer frequency

c. Increase in imaging depth

d. Decrease in number of focal zones

During transmission, diagnostic ultrasound trans-
ducers convert:

a. kinetic energy into thermal energy

b. acoustic energy into electrical energy

c. electrical energy into thermal energy

d. electrical energy into acoustic energy

a1.

42.

43.

44.

45,

46.

41.

48.

Which of the following states, “Some materials
produce a voltage when distorted by an applied
pressure”?

a. Snell’s law

b. Huygens principle

¢. Ohm’s acoustic law

d. piezoelectric principle

Which of the following is a negative effect of
using a damping material in the transducer
assembly?

a. low-quality factor

b. reduced sensitivity

¢. narrowed bandwidth

d. increased pulse duration

How many cycles per pulse are typically used in
Doppler imaging?

a. 2to 20

b. 3 to 15

c. 5030

d. 6to 40

The sonographer can determine the depth of the
focal zone when using a transducer with a(n):

a. internal focus

b. external focus

¢. electronic focus

d. mechanical focus

The impedance of the matching layer is:
a. less than the impedance of the skin
b. equal to the impedance of the skin
c. less than the impedance of the crystal
d. equal to the impedance of the crystal

Which of the following transducers displays a
trapezoidal image?

a. convex array

b. vector array

c¢. annular array

d. curvilinear array

Which of the following differentiates similar or
dissimilar tissues?

a. axial resolution

b. lateral resolution

¢. contrast resolution

d. temporal resolution

Section thickness is related to the:
a. frame rate

b. beam width

¢. penetration depth

d. operating frequency
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49. Operating frequency of a transducer is directly 50. A focused 10-mm, 15-MHz transducer will
related to the: demonstrate a focal diameter of:
a. thickness of the element a. 2.5 mm
b. diameter of the element b. 3.0 mm
¢. impedance of the element c. 5.0 mm

d. propagation speed of the element d. 10.0 mm
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Pulse-Echo
Instrumentation

artifact anything not properly indicative of anatomy or motion
imaged.

binary number group of bits.
bit binary digit; smallest amount of computer memory.
byte group of eight bits of computer memory.

cathode ray tube (CRT) imaging display where the strength
of the electron beam determines the brightness.

channel an independent signal path consisting of a transducer
element, delay, and other electronic components.

cine loop storage of the last several real-time frames.

code excitation a series of pulses and gaps allowing multiple
focal zones and harmonic frequencies.

comet tail a series of closely spaced reverberation echoes
behind a strong reflector.

dynamic range the ratio of the largest to the smallest
amplitude that the ultrasound system can handle.

edge shadowing loss in intensity from bending of the sound
beam at a curved surface.

enhancement the increase in reflection amplitude from
structures that lie behind a weakly attenuating structure.

field of view displayed image of the returning echoes.

frame a complete scan of the ultrasound beam; individual
image composed of multiple scan lines.

frame rate the number of complete scans (images) displayed
per second.

freeze frame holding and displaying one frame of the real-time
sequence.

gain ratio of amplifier output to input of electric power.

grating lobes secondary sound beams produced by a
multielement transducer.

line density number of scan lines per frame; scan-line
density.

matrix denotes the rows and columns of pixels in a digital
image.

memory storage of echo information.

mirror image an artifactual gray-scale, colorflow, or Doppler
signal appearing on the opposite side of a strong reflector.

multipath the path toward and away from a reflector are
different.

noise disturbance that reduces the clarity of the signal.

Nyquist limit the minimum number of samples required to
avoid aliasing; Doppler shift frequency above which aliasing
occurs.

panoramic image an expanded image display beyond the
normal limits of the transducer.

pixel picture element; smallest portion of a digital image.
pixel density number of picture elements per inch.

pixel interpolation assigning a brightness value to a missing
pixel.

pulse inversion a harmonic imaging technique using two
pulses per scan line where the second pulse is an inverse of
the first pulse.

pulse repetition frequency the number of voltage pulses
sent to the transducer each second.

pulse repetition period time from the beginning of one
voltage pulse to the start of the next voltage pulse.

random-access memory (RAM) allows access of stored
data in an unsystematic order.

range ambiguity produced when echoes are placed too
superficially because a second pulse was emitted before all
reflections have returned from the first pulse.

read-only memory (ROM) stored data cannot be modified.

real-time imaging two-dimensional imaging of the motion of
moving structures.

reflection portion of the sound reflected from the boundary
of a medium.

refraction change of sound direction on passing from one
medium to another.

reverberation multiple reflections between a structure and
the transducer or within a structure.

scattering redirection of sound in several directions on en-
countering a rough surface.

shadowing reduction of reflective amplitude from reflectors
that lie behind a strongly reflecting or attenuating structure.

signal-to-noise ratio comparison of meaningful information
in an image (signal) to the amount of signal disturbance (noise).

spatial compounding averaging of frames that view anatomy
from different angles.

specular large, flat, smooth surface.

voxel the smallest distinguishable part of a three-dimensional
image

37
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DISPLAY MODES

A-Mode

B-Mode

Amplitude mode.

¢ One-dimensional (1-D) quantitative image using a single sound beam.
¢ Displays vertically the amplitude of the returning echo (y-axis), and distance is

along the horizontal axis (x-axis).

M-Mode

Brightness mode.

Creates a 2-D qualitative, cross-sectional image using multiple sound beams.
Displays the strength of the returning echoes as pixels in various shades of gray.
The vertical or the y-axis represents increasing depth and the horizontal or the x-axis
represents the side-to-side or superior-to-inferior aspects of the body.

The stronger the reflection, the brighter the pixel.

Motion mode

1-D quantitative series of B-mode pixels.

The vertical or the y-axis represents reflector depth and demonstrates motion of the
reflecting echoes, and the horizontal or the x-axis represents time.

Volumetric Scanning

3-D mode demonstrates length, width, and thickness.

2-D display of a 3-D volume of echo information.

Slower acquisition of information.

Presentation of 3-D data includes surface rendering, 2-D slices through a 3-D
volume, and transparent views.

REAL-TIME IMAGING

Advantages

Multiple frames per second make up multiple scan lines per frame.
Imaging depth determines when the next pulse is transmitted.
Echo brightness increases with echo amplitude.

Echo position is determined by the round-trip time of the reflector.

Limitations

¢ Rapid location of anatomy.
¢ Movement can be observed.

Structures or vessels can be followed.

Real-Time Parameters

Penetration depth is limited by the propagation speed of the medium.

e Exact imaging plane cannot be systematically reproduced.
* Measurement of structures larger than the field of view is estimated.

PARAMETER DESCRIPTION

UNITS RELATIONSHIP

Field of view Size of the displayed N/A Directly related to the pulse repetition frequency (PRF)

Inversely related to frame rate and temporal resolution
Operator-adjustable using depth and region-of-interest settings

Frame rate Number of images per s Hz Determines temporal resolution
Typically 30-60 frames/s Frames/s Determined by the propagation speed of the medium and imaging depth
are used in real-time Proportional to the PRF

Inversely proportional to the number of focal zones used, imaging

Human eye detects fewer depth, and lines per frame (beam width)

than 15-20 frames/s Operator adjustable using depth and PRF settings
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Real-Time Parameters—(cont'd)

PARAMETER DESCRIPTION UNITS RELATIONSHIP
Line density Concentration of scan Lines/cm Directly related to PRF and spatial resolution
lines within the field Lines/degrees Inversely related to the frame rate and temporal resolution
of view
Maximum Maximum penetration cm Dependent on the frame rate, number of lines per frame, and the

imaging depth

Pulse repetition
frequency

depth for the overall
parameters used

Determines the number of  Hz
scan lines per frame kHz

number of focal zones used
Inversely related to the PRF

Inversely related to the operating frequency and imaging depth
Indirectly adjusted by the operator using imaging depth setting

Equal to the voltage PRF
Typically 2.0-15.0 kHz is
used in real-time imaging

Real-Time Imaging Techniques

TYPE

DESCRIPTION

Coded excitation

Extended field of view
(panoramic)

Four-dimensional imaging

Harmonic frequencies (MHz)

Multifocal imaging

Pixel interpolation

Presets
Pulse inversion

Spatial compounding

Three-dimensional imaging

Uses a series of pulses and gaps rather than a single driving pulse
Ensembles of pulses drive the transducer to generate a scan line
Improves contrast, spatial, and axial resolution

Occurs in the pulser

Expansion of the image display beyond the normal limits of the transducer diameter
Retains previous echo information while adding new echo information parallel to the scanning plane

Real-time presentation of a three-dimensional image
Fourth dimension of time is combined with rapidly acquired volumetric data.

Even and odd multiples of the fundamental frequency

Generated at a deeper imaging depth reducing reverberation artifact
Generated in the highest intensity and narrowest portion of the beam
Returning harmonic signals are processed separate from the operating signals
Improves lateral resolution

Decreases contrast resolution

Reduces grating lobes

Ability to use multiple focal zones during real-time imaging
Directly related to lateral resolution and pulse repetition frequency
Inversely related to the frame rate and temporal resolution

Assigns a brightness value to missed pixels
Based on the average brightness of adjacent pixels
Commonly used in sector scanning

Setup of grayscale, depth, and Doppler imaging controls to exam to be performed

A technique in harmonic imaging using two pulses per scan, where the second pulse is the inversion
of the first pulse

Allows for a broader bandwidth and shorter pulses

Improves axial resolution

Reduces temporal resolution

Scan lines are directed in multiple directions

Improves visualization of structures beneath a highly attenuating structure
Smoothes specular surfaces

Reduces speckle and noise

Uses phasing to interrogate the structures more than once

Acquired by assembling many parallel 2-D scans into a 3-D volume of echo information
Acquired at rates of up to 30 volumes per s
Obtained by:

1. Manual scanning with transducer position sensors

2. Automated mechanical scanned transducers

3. Electronic scanning with a 2-D element array transducer
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PULSE-ECHO INSTRUMENTATION

Functions

—_

. Prepare and transmit electronic signals to the transducer to produce a sound wave.
. Receive electronic signals from reflections.
3. Process the reflected information for display.

N

POWER

¢ OQOutput control.

Controls the amplitude of transmitted sound beam and the amplitude of the
received echoes.

Ranges from 0 to 500 volts.

Directly related to the signal-to-noise ratio.

Directly related to the intensity of acoustic exposure to the patient.

Acoustic exposure is measured by mechanical index (MI) and thermal index (TI).

TRANSDUCER

Produces ultrasound pulses for each electrical pulse applied.

Receives returning echo reflections, producing an electrical voltage.

Delivers electrical voltages to the memory.

Generates a small voltage signal (radio frequency) proportional to the amplitude
of the returning echo.

Radio frequency signals are processed by the system.

* Preamplification can occur.

Channels

Individual signal paths for transmission and reception of the sound beam.

Number of channels equals the number of transducer elements.

In ultrasound, typically 64, 128, or 196 channels are used.

Controlling the characteristics of the sound beam is directly related to the number

of channels employed.

¢ Independent pulse delay and element combination constitutes a transmission
channel.

* Each independent element, amplifier, analog-to-digital converter, and delay path

constitutes a reception channel.

MASTER SYNCHRONIZER

¢ Clock that instructs the pulser to send an electrical signal to the transducer.
¢ Coordinates all the components of the ultrasound system.
¢ Brain or manager of the ultrasound system.

PULSER (Transmitter)

¢ Range, 10 to 500 volts.

¢ Generates the electric pulses to the crystal producing pulsed ultrasound waves.

¢ Determines the pulse repetition frequency, pulse repetition period, and pulse
amplitude.

¢ Drives the transducer through the pulse delays with one voltage pulse per scan
line.

¢ Adjusts the PRF appropriately for imaging depth.

¢ Communicates with the receiver the moment the crystal is excited to help determine
the distance to the reflector.
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Digital Beam Former

Pulse Delays

Considered part of the pulser.

Computer chip is the most common form.

Determines the firing delay for array systems.

During reception, establishes time delays used in dynamic focusing.
Advantages: software programming and extremely stable with a wide range of
frequencies.

Part of the beam former used to control the beam steering and focusing in phased
array scanning.
Controls the size of the element and apodization in phased array operation.

Transmit and Receiver Switch (T/R Switch)

e Part of the beam former.
® Directs the driving voltages from the pulser and pulse delays to the transducer

during transmission.

Directs the returning echo voltages from the transducer to the receiver during
reception.

Protects the receiver components from the large driving voltages of the pulse.

SIGNAL PROCESSING

RECEIVER

Amplification

Determines time of flight (location) and amplitude of the echo reflections.
Transforms the returning echo reflections into signals suitable for display.

Receives, amplifies, and modifies echo information returning from the transducer.
Five functions of the receiver:

1. Amplification.

2. Compensation.

3. Compression.

4. Demodulation.

5. Rejection.

Units—dB.

Increases small electric voltages received from the transducer to a level suitable for
processing.

Operator adjustable using overall gain setting (adjusts entire image).

Allows identical amplification no matter the depth.

Does NOT improve the signal-to-noise ratio.

Typically 60 to 100 dB of gain is available.

Time Gain Compensation (Fig. 4-1)

Units—dB.

Mechanism that compensates for the loss of echo strength caused by the depth of
the reflector.

Operator adjustable using time-gain compensation or depth-gain compensation
centimeter division slide controls (adjusts variable depths of the image).
Provides equal amplitude for all similar structures regardless of depth.
Compensates for attenuation by boosting amplitudes of deep reflections and
suppressing superficial reflections.

Near field—area of minimum amplification.

Delay—depth at which variable compensation begins.
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Compression

Far field

Knee

Slope

Delay
Near field

FIG. 4-1 Time gain compensation curve.

Slope—available region for depth compensation.
Knee—deepest region attenuation compensation can occur.
Far field—area of maximum amplification.

Demodulation

Units—dB.

Internal process in which larger echoes are equalized with smaller echoes.
Changes the gray-scale characteristics of an image without losing the relationship
between the largest and smallest amplitudes.

Operator adjustable using the dynamic range or compression settings.
The more processed the signal the less the available dynamic range.
Narrow or smaller dynamic range setting present a high-contrast image.
Ultrasound amplifier uses a compression range of 100 to 120 dB.
Transducers have a compression range up to 120 dB.

Scan converter uses a compression range from 40 to 50 dB.

Imaging monitors display a compression range up to 30 dB.

Human eye can appreciate approximately 20 dB.

Archives have a compression range of 10 to 30 dB.

Rejection (Threshold,

Not operator controlled.
Process of converting voltages delivered to the receiver to a more useful form for
processing.
Changes the shape of the returning signal to a form the system components can
process.
No visible changes in the image.
Consists of two components:
® Rectification.

¢ Eliminates the negative half of the signals by turning them into positive voltages.
® Smoothing.

® Levels out the rough edges of the signal (envelops).

Suppression)

Suppression or elimination of smaller-amplitude voltages produced by weak
reflections.

One type is built into the system and another type is operator adjustable.
Decreases acoustic noise.

Does not affect intense echoes.
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IMAGE STORAGE

Scan Converter

Memory

* Makes gray-scale imaging possible.
¢ Transfers incoming echo data into a suitable format for display.
¢ Properly locates each series of echoes in individual scan lines for storage.

Analog Scan Converter

* Found in older ultrasound systems.
® Charges vary the brightness of the display.

Digital Scan Converter

¢ Stores echo reflection amplitudes as a series of binary numbers.

* Provides stability, uniformity, and accuracy compared to an analog converter.

¢ Consists of: analog-to-digital converter, digital memory, and digital-to-analog
converter.

Analog-to-Digital Converter
* Changes the voltage of received signals into numeric values.

Digital Memory

¢ Stores image as binary numbers.

Digital-to-Analog Converter

¢ Converts binary numbers from memory into analog voltages for CRT display.
® Determines the brightness of the displayed echoes.

e Computer memory stores the echo amplitude and location in a binary (digital)
format.
* Memory divides the image into numerous pixels (squares).

Functions

1. Accepts signals from the receiver.

2. Stores information in memory.

3. Assigns the returning signals a shade of gray.
4. Sends the returning signal to display.

Random-Access Memory (RAM)

e Stores echo amplitude and location.
¢ Information stored will be lost if the power is switched off.

Read-Only Memory (ROM)

¢ Data cannot be modified.

Bit

Binary digit.

Smallest amount of computer memory.

Two levels of storage: 0 = Off; 1 = On.

Determines the number of gray shades.

Number of memory bits = 2" shades of gray.

3-bit memory = 23 = 2 X 2 X 2 = 8 shades of gray.

5-bit memory = 2° (to the 5" power) 2 X 2 X 2 X 2 X 2 = 32 shades of gray.
Multiple-bit memories allow for numerous shades of gray.
Ultrasound systems typically employ 6-bit to 8-bit memories.
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Binary Numbers

® Binary numbers in digital systems determine the number of gray shades.
e Off =0;0On = 1.

Shades of Gray Using Binary Numbers

BINARY NUMBER 64 32 16 8 4 2 1 DECIMAL NUMBER
0100101 = 0 1 0 0 1 0 1 =32+4+1=37
1010010 = 1 0 1 0 0 1 0 =64+16+2=282
Preprocessing
e Part of the scan converter.
® Processes a signal or image before storing in memory.
® Operator adjustable.
e Accentuates boundaries.
L[]

Examples of preprocessing include time gain compensation, dynamic range, write
zoom, region of interest/expansion, persistence, pixel interpolation, spatial
compounding, panoramic imaging, and 3-D acquisition.

Persistence

¢ Frame averaging.
* Reduces noise and smoothes the image.

Region of Interest/Expansion

¢ Condenses the scan lines into a smaller image area.
¢ Increases detail resolution.

Werite Zoom

Rescans only in the area of interest.
Acquires new data.

Increases the number of pixels or scan lines.
Improves spatial resolution.

Postprocessing (Contrast Variation)

* Assignments of display brightness before or after data are stored in memory.
¢ Examples of postprocessing include Read zoom, measurement calipers, B-color,
and 3-D presentation.

B-Color

e Presentation of different echo intensities in various colors.
¢ Improves contrast resolution.

3-D Presentation

® Surface rendering—popular in obstetrical imaging.
e 2-D slices through a 3-D volume—image plane orientation can be presented.
* Transparent views—allow a see-through image of anatomy similar to

an x-ray film.

Read Zoom

¢ Displays only the original data.
* Number of pixels or scan lines is the same as in the original image.
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IMAGE DISPLAY

® Receives electrical impulses and translates them into a picture display.
¢ Each image is divided into multiple small squares similar to a checkerboard-termed

Matrix

matrix.
Each square of the matrix is assigned either a number 0 = Off or 1 = On.

¢ The greater the number of rows and columns, the better the spatial resolution.
¢ Cathode ray tubes typically use a 512 X 512 matrix, or 262,144 pixels.

Pixel

Pixel Density

Smallest visible picture element of a display.
Each pixel stores one shade of gray.

Number of picture elements per inch.

¢ Directly related to spatial and detail resolution.
¢ Inversely related to pixel size.

Voxel

Smallest visible picture element of a three-dimensional display.
Store length, width, and thickness.

CATHODE RAY TUBE (CRT)

¢ Provides color and gray-scale capabilities.
¢ Consists of a vacuum glass envelope containing an electron gun and phosphor

fluorescent screen.

* When electrons strike the fluorescent screen, light is emitted.
¢ Images are produced by modulating the intensity of the electron beam with a

Computer Monitor

received video signal.

Presents an image by scanning a spot of light in horizontal lines from upper left
to lower right, top to bottom.

The strength of the electron beam determines the brightness of the display.
Presents images at a rate of 30 frames/s or 60 fields/s.

Flickering occurs below 20 frames/s.

Employs 525 horizontal lines interlaced as odd and even line fields.

A CRT that presents data retrieved from memory in a 2-D pixel matrix.
Refreshes the display approximately 60 times per second.

Presents image information in the form of horizontal lines.

Uses magnetic instead of electrostatic deflection.

LIQUID-CRYSTAL DISPLAY (LCD)

Thin, flat display device made up of any number of color or monochrome pixels
arranged in front of a light source or reflector.

By controlling the voltage applied across the liquid-crystal layer in each
pixel, light may pass through in varying amounts, forming different levels
of gray.

Generally displayed in a 1024 X 768 rectangular matrix.
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RECORDING TECHNIQUES

Hard Copy Imaging

X-ray Film

¢ Single emulsion x-ray film.

® Cellulose acetate sheet coated with a gelatin emulsion that contains silver bromide
crystals.

¢ After exposure to light from the monitor, the film is chemically developed.

Thermal Processors

Use a paper medium to record the image.

Small heat elements create the image.

Decreased resolution and gray scale.

Less stable than an x-ray film.

Color thermal printers contain a ribbon of color inks.
Colors include cyan, magenta, yellow, and black.

Laser Imaging

¢ Automated film handling and developing.
¢ 15 or more images per sheet of film.
e Higher resolution, better gray scale with less distortion.

Digital Recording Device

e Stores images on computer disks or memory.
¢ Allows viewing on monitors and film transfer.

Videotape Player

¢ Used to record motion or real-time imaging.

ARCHIVE STORAGE

Magnetic-Optical Disk

¢ Safely stores information on an optical disk.
¢ Disk can be rewritten and erased.

Picture Archiving and Communication System (PACS)

¢ Also known as digital imaging network (DIN), information management archiving
and communication stations (IMACS).

¢ Electronically communicates images and associated information to workstations
external from the ultrasound system.

¢ Acquisition, display, hard copy, and computer components are interconnected
using a local area network (LAN).

* Allows virtual access to archived studies of multiple imaging modalities.

e Ultrasound data are digitized and transferred to the network.

¢ Data do not deteriorate with passage of time.

STANDARDS FOR ARCHIVING MEDICAL FILES

American College of Radiology (ACR)

® Develops standards for encoding patient file information and interpretation.

Digital Imaging and Communications in Medicine (DICOM)

¢ Standardizes protocols for communicating image systems.
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National Electrical Manufacturers Association (NEMA)

Develops standards for encoding patient file information and interpretation.

ARTIFACTS OF ULTRASOUND

Caused By

Reflection not properly indicative of the structure imaged.

An apparent echo for which distance, direction, or amplitude do not correspond to

a real target.

Include reflections that are not real, missing, improperly positioned, or of improper

brightness, shape, or size.
When corrective measures are taken, artifacts typically disappear.

= W DN -

a1

. Ultrasound system assumptions.
. Operator error.

. Physics of ultrasound.

. Equipment malfunction.

. Improper use of equipment.

Assumptions in the Design of Ultrasound Systems

. Image plane is thin.

. Sound only travels in a straight line.

. Echoes originate only from objects on the central axis.

. Distance to a reflector is proportional to the time it takes for an echo to return.

N oUW N e

. Intensity of an echo corresponds to the strength of a reflector.
Sound travels directly to and from a reflector.
Sound travels in soft tissue at exactly 1.54 mm/ ps.

Imaging Artifacts
ARTIFACT DEFINITION CAUSE MANIFESTATION
Acoustic Low-intensity sound waves interfering with Interference of echoes from Added objects
speckle each other the distribution of scatterers ~ Grainy image
Constructive interference—echoes reinforce in tissue Interferes with the ability to
each other detect low-contrast objects
Destructive interference—echoes completely
or partially cancel each other
Comet tail Dense, tapering trail of echoes just distal to a Reverberation Added objects
strong reflector Caused by two closely Appears as multiple small
Located parallel to the sound beam spaced strong reflectors in echogenic bands
soft tissue
Foreign body, calcium,
or air
Duplication Redirection of the sound beam, passing Refraction Added objects

Edge shadowing

Enhancement

through the medial edges of the abdominis
rectus muscle

Redirection of the sound beam at the edge of
round or oval structures

Beam hits the edge of a structure larger than
the beam width

Increased brightness behind a weakly
attenuating structure

Sound beam passes through an area of low
attenuation

Unique to the abdominus
rectus muscle

Refraction

Attenuation

Incorrect object size
Incorrect object brightness

Missed objects

Incorrect object brightness

Continued
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Imaging Artifacts—(cont'd)

ARTIFACT

DEFINITION

CAUSE

MANIFESTATION

Focal banding

Grating lobes

Mirror image

Multipath

Propagation
speed error

Range ambiguity

Refraction

Resolution

Reverberation

Ring down

Shadowing

Side lobes

Slice or section
thickness

Product of horizontal enhancement or banding
at focal zone(s)

Minor secondary sound beams of an array
transducer traveling in different directions
than the primary beam

Reduced by subdicing and apodization

Objects on one side of a strong reflector are
duplicated on the other side of the reflector

True and false images are equidistant from
the strong reflector

False image is placed deeper

Paths toward and away from the reflector are
different

Beam strikes an interface at an angle and is
reflected from a second interface back
toward the transducer

Reflectors appear in correct number but
atimproper locations
Slow speeds place reflectors too deep

All echoes are not received before the next
pulse is emitted

Change in direction of the sound beam from
one medium to the next

Failure to distinguish two separate adjacent
objects

Equally spaced reflections of diminishing
amplitude with increased imaging depth

Two or more strong reflectors are encoun-
tered in the sound path; multiple reflections
will occur

More reflections than actually exist

Appears as a series of parallel bands or a
solid streak behind a reflector

Reduction in reflection brightness from reflec-
tors that lie behind a strongly attenuating
structure or from the edges of reflecting
structures

Minor secondary sound beams of a single-
element transducer traveling in directions
different from the primary beam

Thickness of the scanned tissue volume

Determined by the thickness of the imaging
plane

Imaging plane is not thin or uniform in
thickness

Increase in the intensity of
the sound beam in the
focal zone(s)

Spacing of the active
elements

Reflection
Diaphragm, pleura, and
bowel

Reflection

Speed error

Pulse repetition frequency is
too high

Bending of the transmitted
beam

Sound wave strikes a boundary
at an oblique angle

Beam width
Spatial pulse length

Multiple reflections between
the transducer and soft
tissue

Created when a sound wave
bounces back and forth
between two strong
reflectors

Reverberation

Resonance phenomenon
associated with a gas
bubble

Attenuation
Refraction

Transducer element changing
thickness

Beam width is greater than
the reflector’s

Improper brightness

Incorrect object location
Duplicates structures lateral to
the real structures

Added objects

Incorrect object location

Improper brightness

Degrades image quality and
axial resolution

Incorrect object location
Displaces structures axially

Incorrect object location

Displaces structures laterally

Incorrect object size

Incorrect object shape

Degrades lateral resolution

Missing object

Incorrect object size or shape

Added objects

Appears in multiples

Located parallel to the sound
beam

Added objects

Incorrect object brightness

Incorrect object location

Added objects

True reflector lies outside the
assumed imaging plane
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Sonographic Terminology

Anechoic: without internal echoes

Echogenic: producing echoes of varying intensity
Heterogeneous: term used to describe a mixed echo texture
Homogeneous: term used to describe a uniform echo texture

Hyperechoic: comparative term used to describe an increase in echogenicity when compared to
another structure or the normal expected echo pattern of a structure

Hypoechoic: comparative term used to describe a decrease in echogenicity when compared to
another structure or the normal expected echo pattern of a structure

Isoechoic: echo texture equal to the surrounding structures

Chapter Formulas

. 77
Maximum depth (cm) = ————
P em) = e
Maximum depth (cm) X Number of focal zones X Lines per frame X Frame rate < 77,000
Pulse repetition frequency (Hz) = Lines per frame X Frame rate (frames/sec)
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PULSE-ECHO INSTRUMENTATION REVIEW

1.

The motion of moving structures in a 2-D image
display describes:

a. motion mode

b. amplitude mode

c. real-time imaging

d. temporal resolution

. In a brightness-mode display, the y-axis represents

the:

a. penetration depth

b. compensation slope

c. amplitude of the reflector

d. right or left aspect of the body

. The number of images per second defines the:

a. frame rate

b. line density

¢. pulse repetition period

d. pulse repetition frequency

. The frame rate in real-time imaging can be modified

by adjusting the:
a. output power
b. dynamic range
¢. amplification
d. imaging depth

Using Fig. 4-2, answer question 5.

5.

Which of the following changes would improve
this sagittal sonogram of the left upper quadrant?
a. decrease overall gain and place focus deeper

b. place focus higher and increase overall gain

¢. increase gain in near zone and imaging depth
d. decrease imaging depth and place focus higher

6.

10.

1.

12.

13.

Which of the following display modes demon-
strates the strength of the reflections along the
vertical axis?

a. M-mode

b. B-mode

c. A-mode

d. E-mode

. Frame rate is determined by penetration depth

and:

a. temporal resolution

b. operating frequency

¢. pulse repetition frequency

d. propagation speed of the medium

. If the line density is increased, which of the

following is most likely to occur?

a. frame rate will decrease

b. spatial resolution will decrease

¢. temporal resolution will increase

d. pulse repetition frequency will decrease

. Propagation speed of a medium limits which of

the following?

a. penetration depth

b. pixel interpolation

¢. harmonic frequencies
d. spatial compounding

A pulse repetition frequency of 10,000 Hz will
demonstrate a maximum penetration depth of:
a. 7to8 cm

b. 8 to 10 cm

c. 10to 11 cm

d. 12to 14 cm

The maximum amount of lines per frame a trans-
ducer can employ at a depth of 10 cm when using
30 frames/s and two focal zones is:

a. 116

b. 128

c. 135

d. 178

Which of the following is directly related to pulse
repetition frequency?

a. line density

b. imaging depth

¢. spatial resolution

d. operating frequency

Increasing the amplitude of the sound beam by
3 dB will:

a. quadruple the acoustic intensity

b. increase the signal-to-noise ratio

¢. increase the pulse repetition frequency

d. increase the frequency of the transducer
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14.

15.

Which of the following describes a function of the

T/R switch?

a. delivers electric voltage to the memory

b. generates electric pulses to the crystal

c. protects the receiver components from the
pulse voltage

d. adjusts the pulse repetition frequency with
imaging depth

Output of a diagnostic ultrasound system ranges
between just above zero to:

a. 100V

. 200V

. 500V

. 600 W

20 T

Using Fig. 4-3, answer question 16.

16.

17.

18.

Which of the following imaging techniques would
improve this sagittal image of the right upper
quadrant?

a. placing the focus higher

b. placing the focus deeper

c. decreasing imaging depth

d. decreasing overall gain

Which of the following offsets for attenuation of
the sound beam?

a. amplifier

b. compression

¢. demodulation

d. compensation

Which of the following describes a function of the

transducer?

. delivers acoustic voltages to the display

b. delivers electrical voltages to the memory

c. controls the amplitude of the received signals

d. adjusts the pulse repetition frequency for imaging
depth

a

19.

20.

21.

22.

23.

24.

25.

26.

The knee of a time gain compensation curve

represents the:

a. area of minimum amplification

b. area of maximum amplification

c. depth at which variable compensation begins

d. deepest region attenuation compensation can
occur

Which component of the ultrasound system
adjusts the pulse repetition frequency with
changes in imaging depth?

a. pulser

b. T/R switch

¢. beam former

d. master synchronizer

The transmit and receiver switch is part of which
of the following instruments?

a. pulser

b. receiver

¢. beam former

d. digital scan converter

Which of the following constitutes a transmission
channel?

a. an electrical voltage and an element

b. an electrical voltage and firing delay

c. a delay path and an individual element

d. an independent pulse delay and an element

Which of the following statements accurately

describes demodulation?

a. Demodulation suppresses low-level echoes.

b. Demodulation changes the gray-scale charac-
teristics of an image.

¢. Structure boundaries are accentuated when
using demodulation.

d. Processing the received signal is made possible
by demodulation.

Which of the following receiver functions decreases
acoustic noise?

a. smoothing

b. threshold

c. rectification

d. compression

Which of the following allows for multiple focal
zones and harmonic frequencies?

a. channeling

b. code excitation

¢. dynamic focusing

d. constructive interference

Which of the following is a postprocessing feature?
a. cine loop

b. persistence

€. write zoom

d. 3-D acquisition
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2]. The binary number 0110010 corresponds to a
decimal number of:
a. 25
b. 50
c. 74
d. 100

28. How many shades of gray are in a 6-bit
memory?
a. 32
b. 48
c. 64
d. 96

29. What is the term used to describe a volume picture
element?
a. bit
b. byte
c. pixel
d. voxel

Using Fig. 4-4, answer question 30.

30. Which of the following modifications would
improve this image?
a. placing focus higher
b. decreasing imaging depth
c. decreasing overall gain
d. decreasing transducer frequency

LONG BLADDER POST VOID
FIG. 4-5

Using Fig. 4-5, answer question 31.

31. Which of the following real time imaging tech-
niques is the most likely to improve this image of
the urinary bladder?

a. harmonic imaging

b. pixel interpolation

c. spatial compounding
d. extended field of view

32. Which of the following is a characteristic of read
zoom?
a. acquires new data
b. displays only original data
¢. improves spatial resolution
d. rescans only in the area of interest

33. The number of frames per second necessary for a
real-time image to be free of flicker is:
a. 20
b. 30
c. 40
d. 60

34. Which of the following is most likely related to
pixel density?
a. log compression
b. spatial resolution
c. contrast resolution
d. temporal resolution

35. Storage of several preceding real-time frames
describes:
a. cine loop
b. freeze frame
c. video imaging
d. frame averaging
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36.

37.

38.

39.

40.

a1.

42.

Which of the following best describes a digital

matrix?

a. storage of picture elements

b. smallest amount of computer memory

¢. number of picture elements in a digital image

d. rows and columns of picture elements in a
digital image

Which of the following improves contrast
resolution?

a. rejection

b. B-color

¢. persistence

d. compression

Which of the following components increases the
number of scan lines?

a. read zoom

b. B-color

¢. persistence

d. write zoom

Which of the following artifacts improperly
displays a true reflector’s location?

a. mirror image

reverberation

. focal banding

range ambiguity

o

When the Doppler gain setting is too high, which
of the following artifacts is most likely to occur?
a. aliasing

b. mirror image

¢. range ambiguity

d. acoustic speckle

Which of the following decreases the likelihood of
range ambiguity artifact?

a. perpendicular incidence

b. decreasing the receiver gain

c. decreasing the operating frequency

d. decreasing the pulse repetition frequency

The design of ultrasound systems assumes:

a. the thickness of the imaging plane is uniform

b. sound travels at variable speeds in soft tissue

¢. sound travels directly to and from a reflector

d. secondary beams travel lateral to the primary
beam

Weakening of echoes distal to a strongly attenuating
structure describes:

a. refraction

b. ring-down

¢. shadowing

d. enhancement

Using Fig. 4-6, answer question 44.

44,

45,

46.

47.

48.

Which of the following adjustments will improve
this transverse image of the upper abdomen?

a. increase overall gain

b. decrease imaging depth

c. increase gain in the far field

d. increase gain in the near field

Enhancement of echo reflections occur distal to a:
a. nonspecular reflector

b. strongly reflecting structure

c. weakly attenuating structure

d. structure of high impedance

A change in direction of the ultrasound beam is

more commonly a result of:

a. the resonance phenomenon

b. interference from multiple scatterers

c. striking a boundary at an oblique angle

d. secondary sound beams emitted from a phased
array

Spaces between the active elements of a phased
array transducer result in:

a. multipath reflections

b. the production of side lobes

¢. enhancement in the focal zone

d. the production of grating lobes

The distance to a reflector is determined by the:
a. intensity of the returning echo

b. thickness of the imaging plane

c. time it takes for an echo to return

d. propagation speed of the medium
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49. A surgical clip will most likely demonstrate which 50. Shadowing and enhancement are a result of
of the following artifacts? which type of imaging artifacts?
a. refraction a. reflection
b. multipath b. refraction
c. comet tail c. attenuation
d. acoustic speckle d. propagation speed error
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Doppler Instrumentation
and Hemodynamics

aliasing a misrepresentation of the Doppler shift in a negative
direction occurring when the pulse repetition frequency is set
too low.

arterioles smallest arteries in the circulatory system controlling
the needs of organs and tissues.

Bernoulli effect pressure reduction in a region of high flow
speed.

bruit auscultatory sound within an artery produced by turbulent
blood flow.

capillaries the smallest of the body’s blood vessels connect-
ing the arterioles and venules and allowing the interchange of
oxygen or carbon dioxide and nutrients to the tissue cells.

clutter noise in the Doppler signal caused by high-amplitude
Doppler shifts.

Doppler effect observed frequency change of the reflected
sound resulting from movement relative to the sound source
or observer.

Doppler shift frequency shift created between the transmitted
frequency and received frequency by an interface moving with
velocity at an angle to the sound.

energy gradient energy difference between two points.

flow to move in a stream, continually changing position and
direction.

gate electronic device controlling the transmission or re-
ception of a Doppler signal; size of the gate is determined
by the beam diameter, receiver gate length, and length of
the ultrasound pulse.

helical flow twisting type of blood flow.

hemodynamics science or physical principles concerned
with the study of blood circulation.

hue color map the perceived color; any one or a combination
of primary colors.

hydrostatic pressure the pressure created in a fluid system,
such as the circulatory system; when supine, the hydrostatic
pressure is 0 mm Hg. When upright, the pressure is negative
above the heart and positive below the heart.

inertia the resistance to acceleration.

microcirculation consists of the arterioles, capillaries, and
venules.

Nyquist limit the highest frequency in a sampled signal rep-
resented unambiguously; equal to one half the pulse repetition
frequency.

packet positioning of multiple pulsed Doppler gates over the
area of interest.

peak velocity maximum velocity at any given time.
plug flow speed is constant across the vessel.

Poiseuille’s equation predicts volume flow in a cylindrical
vessel.

pressure gradient difference in pressure required for flow
to occur.

pulsatility index a parameter used to convey the pulsatility
of a time-varying waveform.

Reynolds number predicts the onset of turbulent flow.

resistant index difference between the maximum and
minimum Doppler frequency shifts divided by the maximum
Doppler frequency shift; also known as Pourcelot index.

sample volume electronic device that controls the region of
Doppler flow detection.

saturation color map degree to which the original color is
diluted with white; the paler the color (or the less saturated it
is), the faster the flow velocity; the purer the color, the slower
the flow velocity.

spectral broadening increase in the range of Doppler shift
frequencies displayed resulting in a loss of the spectral window;
usually seen with stenosis.

stroke volume amount of blood moving in a forward direction;
blood being ejected.

variance mode the average velocity is calculated, with the
colors placed side-to-side.

velocity rate of motion with respect to time.

velocity mode all measured velocities for each gate are
averaged, then the colors are arranged up and down.

venules the smallest veins that receive blood from the
capillaries and drain into largercaliber veins.

volume flow rate the quantity of blood moving through the
vessel per unit of time.

55
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HEMODYNAMICS

A difference in pressure (pressure gradient) is required for flow to occur.
Pressure difference can be generated by the heart or gravity.

Blood flows from the higher pressure to the lower pressure.

Equal pressure at both ends will result in no flow.

The greater the pressure difference, the greater the volume of blood flow.

Cardiac Circulation

* Deoxygenated blood flows from the superior and inferior vena cava into the right

atrium.

From the right atrium, blood courses through the tricuspid valve to the right ventricle.

Blood flows into the lungs through the pulmonary arteries from the right ventricle.

Oxygenated blood flows into the left atrium through the pulmonary veins.

Blood continues to flow through the mitral valve into the left ventricle.

From the left ventricle, blood is pumped into the aorta and systemic circulation.

Valves are present in the heart to permit forward flow and to prevent reverse flow.

Peripheral resistance is a primary regulatory control on cardiac output.

Vasodilation of the lower extremity arteries decreases resistance, increasing the

flow to the limbs.

® Vasoconstriction of the lower extremity arteries increases resistance, decreasing the
flow to the limbs.

* Malfunctioning valves can restrict forward flow (stenosis) or allow reverse flow by
not closing completely (insufficiency or regurgitation).

Blood Flow Variables

CONTRIBUTING FACTORS  DESCRIPTION

Density Mass per unit volume

Fluids Substances that flow and conform to the shape of their containers
Gases and liquid

Kinetic energy Proportional to its density and velocity squared

Mass Measure of an object’s resistance to acceleration

Directly related to the inertia and force to accelerate

Pressure Force per unit area
Driving force behind blood flow
Directly related to the blood flow volume
With each cardiac contraction, the blood is pressure-waved into the arteriole
system and microcirculation
Equally distributed throughout a static fluid and is forced in all directions

Pressure gradient Pressure difference required for flow to occur
Proportional to the flow rate

Resistance The resistance of the arterioles accounts for about one half of the total
resistance in the systemic system
The muscular walls of the arterioles can constrict or relax, producing dramatic
changes in flow resistance
Directly related to the length of the vessel and fluid viscosity
Inversely related to the vessel radius

Velocity Speed at which red blood cells (RBCs) travel in a vessel
Not constant or uniform across a vessel
Dependent on the left-ventricular output, resistance of the arterioles, cross-
sectional area, and course of the vessel

Viscosity A fluid’s ability to resist a change in shape or flow
Resistance to flow offered by a fluid in motion
Directly related to the number of RBCs
Blood is 4 times more viscous than water
Units—Poise or kg/m X's
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VOLUMETRIC FLOW RATE

Volume of blood passing a point per unit time.

Adult cardiac flows at a rate of 5000 mL/min.

Determined by the pressure difference and the resistance to flow.

Depends on the pressure difference, length and diameter of the tube, and viscosity
of the fluid.

Cardiac Output = stroke volume X heart rate.

e Stroke Volume (mL) = end diastolic volume minus end systolic volume.

Continuity Rule

e Volumetric flow rate must be constant, because blood is neither created nor
destroyed as it flows through a vessel.

e The average flow speed in a stenosis must be greater than that proximal and distal
to it so that the volumetric flow rate is constant throughout the vessel.

e Concerns a short portion of a vessel.

Poiseuille’s Equation

Change in pressure X 1 X Vessel radius’

Volume flow rate = —
8 X Viscosity of blood X Length of the vessel
DEFINITION RELATIONSHIP
Predicts flow volume in a long, straight Directly related to the pressure difference and the
cylindrical vessel size or radius of the vessel
Inversely related to the vessel length, resistance,
and fluid viscosity
Relates to a steady flow in a long unobstructed tube
Bernoulli Effect
DEFINITION RELATIONSHIP
Region of decreased pressure in an area of high If flow speed increases, pressure energy
flow speed decreases
Pressure decreases before a stenosis to allow Relates to short obstructed vessel

the fluid to accelerate into the stenosis and
decelerate out of it

TYPES OF BLOOD FLOW

e Blood flow is typically nonuniform through a specific vessel or throughout
the body.

e The muscular walls of the arterioles can constrict or relax, controlling blood flow
to specific tissues and organs according to their needs.

e Low-resistance waveforms demonstrate a slow upstroke in systole and a large
amount of diastolic flow (i.e., internal carotid artery).

e High-resistance waveforms demonstrate a sharp upstroke in systole and very little
diastolic flow (i.e., external carotid artery).
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Types of Arterial Blood Flow

TYPE

DESCRIPTION

Laminar

Parabolic flow

Plug

Pulsatile

Disturbed

Turbulent

Flow where layers of fluid slide over each other
Maximum flow velocity located in the center of the artery
Minimum flow velocity located near the arterial wall
Found in smaller arteries

Type of laminar flow
Average flow velocity is equal to one half the maximum flow speed at the center

Constant velocity across the vessel
Found in large arteries (i.e., aorta)

Steady flow with acceleration and deceleration over the cardiac cycle

Includes added forward flow and/or flow reversal throughout the cardiac cycle
in some locations in the circulatory system

Arterial diastolic flow shows the state of downstream arterioles

Altered or interrupted forward flow
Found at bifurcations and mild obstructions
Form of laminar flow

Random and chaotic flow pattern

Characterized by eddies and multiple flow velocities

Maintains a net forward flow

Onset predicted by a Reynolds number greater than 2000

Caused by a curve in a vessel’s course or a decrease in vessel diameter

VENOUS HEMODYNAMICS

standing.

Veins offer little resistance to flow.

Venous system demonstrates low-pressure, nonpulsatile flow.

Pressure is lowest when the patient is lying flat.

Greatest portion of the circulating blood is located in the venous system.

Veins accommodate larger changes in blood volume with little change in pressure.
Venous return from the legs in the supine position requires less energy than

Venous Flow Characteristics

CHARACTERISTIC

DESCRIPTION

Augmentation
Phasic

Proximal pressure

Spontaneous
Unidirectional

Increased flow velocity after one or more distal compression maneuvers

Flow variation during respiration
Inspiration:
Increases abdominal pressure, decreasing venous flow from the lower
extremities
Decreases thoracic pressure, increasing venous flow from the upper
extremities
Expiration:
Increases the thoracic pressure, decreasing venous flow from the upper
extremities
Decreases the abdominal pressure, increasing venous flow from the
lower extremities

Manual pressure or Valsalva maneuver impedes venous return
Evaluates valvular competency

Unprompted venous flow

Flow in only one direction
Exceptions include the hepatic veins and the proximal inferior vena cava
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Doppler Shift

The change in frequency caused by motion.

Difference between the emitted frequency and the echo frequency returning from
moving scatterers.

Doppler shift is proportional to the flow speed and source frequency.

Doppler shift is dependent on the Doppler angle.

Cosine values are inversely related to the Doppler angle.

DOPPLER EQUATION

Relates the Doppler shift to the flow speed and operating frequency.

2 X Transducer freq (MHz) X Blood velocity (m/sec) X Cosine Doppler angle

Doppler shift = - -
Propagation speed of the medium

“2” in the equation is a result of a Doppler shift as a moving receiver and a Doppler
shift as the moving emitter.

DOPPLER EFFECT

DETECTION OF

Units—Hz.

Result of the motion of blood.

Observed frequency or wavelength change of the reflected sound is a result of
reflector movement relative to the source or observer.

Used to determine the flow velocity and direction of moving reflectors.

DOPPLER SHIFT

RBCs are smaller than the wavelength of the sound beam, resulting in Rayleigh
scattering.
Doppler shift occurs in the audible range.

e If the received and transmitted frequencies are the same, there is no Doppler shift.
¢ A positive Doppler shift occurs when the received frequency is greater than the

transmitted frequency.
A negative Doppler shift occurs when the received frequency is lower than the
transmitted frequency.

FACTORS INFLUENCING THE DOPPLER SHIFT

The angle between the source and reflector is inversely related to the Doppler
shift.

Concentration of RBCs may directly affect the intensity of the Doppler shift.
Operating frequency is directly related to the Doppler shift.

A lower-frequency transducer may be necessary to achieve Doppler shifts at deeper
depths.
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Doppler Instrumentation

DOPPLER TYPE

INSTRUMENTATION

ADVANTAGES/DISADVANTAGES

Continuous
wave Doppler

Pulse wave
Doppler

Duplex imaging

Spectral
analysis

Color flow
Doppler

Uses two crystals—one to transmit and another to receive

Doppler information
Displays only a waveform

Large sample volume in the region where the transmitting

and receiving sound beams converge
Sound is transmitted 100% of the time

Uses a single crystal to transmit and receive
Doppler information

Displays a sonographic image of the vessel and
Doppler information

Sample volume or gate is placed within a specific
vessel

Minimum of 5 cycles per pulse and up to 30 cycles
per pulse

Combination of 2-D gray-scale imaging and Doppler
information

Electronic scanning permits switching between
imaging and Doppler functions several times per s,
giving the impression of simultaneous imaging

Imaging frame rates are decreased to allow for inter-
laced acquisition of Doppler information

Allows visualization of the Doppler signal

Provides quantitative data used for evaluating the
Doppler shift

High and low impedance conditions downstream give
rise to different spectral displays

Vertical axis represents frequency shift (velocity)

Horizontal axis represents time

Uses a fast Fourier transform (FFT) to convert Doppler
shift information into a visual spectral analysis

FFT breaks down the complex signals of the Doppler
shift into individual frequencies

Presents 2-D color-coded information of motion
imposed over a gray-scale image

Displays color-coded flow velocity and direction

Color is mapped in velocity or variance mode

Faster velocities will display lighter colors or hues

Color information is obtained in packets (positioning
of multiple sample gates over the area of interest)

310 32 pulses are used to obtain one scan line of color
information

Approximately 100 to 400 Doppler samples per scan line

4 10 60 frames per s are used depending on the size of
the color box

Increases in the length of the color box decreases the
frame rate

Changing the Doppler angle in an image produces various

colors in different locations
Autocorrelation is necessary for rapid obtainment of
Doppler shift frequencies

Advantages

Ability to measure high velocities (no aliasing)

Ability to use high frequencies

Highly sensitive to low flow velocities

Small probe size

Simplest form of Doppler

Disadvantages

Lack of imaging ability

Interrogates all vessels in the sampling area
(range ambiguity)

Advantages

Operator-adjusted placement of the sample volume
(range resolution)

Allows a smaller sample volume

Duplex imaging capabilities

Disadvantages

Maximum detectable Doppler shift is determined
by aliasing

Advantages

Ability to place sample volume in a specific vessel

Disadvantages

Decrease in gray-scale imaging frame rate

Advantages

Allows measurement of peak, mean, and minimum
flow velocities, flow direction, and characteristics
of the blood flow

Presents Doppler shift frequencies in frequency
order

Disadvantages

Cannot accurately measure high velocities without
aliasing

Advantages

Ability to detect blood flow quickly

Aids in distinguishing low flow velocities

Determines blood flow direction

Demonstrates nonvascular motion (ureteral jets)

Increasing packet size will increase sensitivity and
accuracy

Disadvantages

Displays mean velocities

Overgaining of the gray-scale image decreases color
sensitivity

Less accurate than spectral analysis

Increasing packet size will decrease frame rate and
temporal resolution

Aliasing occurs at lower velocities compared to
pulse or continuous wave Doppler
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Doppler Instrumentation—(cont'd)

DOPPLER TYPE

INSTRUMENTATION

ADVANTAGES/DISADVANTAGES

Power Doppler

A real-time image of the amplitude of the signal (z-axis)
* Displays a 2-D color image representing blood flow

imposed over a gray-scale image

Advantages

Increased sensitivity to Doppler shifts in slow low
flow and within deep vessels
Insensitive to Doppler angle effects and aliasing

Better wall definition
Disadvantages

Does not demonstrate flow direction, speed, or

character information

Doppler Artifacts

METHODS OF OVERCOMING
ARTIFACT DEFINITION CAUSE MANIFESTATION ARTIFACT
Aliasing Misrepresenting the Doppler shift exceeds Improper representation Increase the pulse

Flash

Mirror
imaging

Range
ambiguity

pulse wave Doppler
shift in a negative
direction

Exceeding the Nyquist
limit

Sudden burst of color
Doppler extending
beyond the region of
blood flow caused by
tissue or transducer
motion

Duplication of a vessel
or Doppler shift on
the opposite side of
a strong reflector

Doppler shifts received
are not all from the
same vessel

SPECTRAL RATIOS

¢ Indexes are used to obtain information involving blood flow and vascular impedance

that cannot be obtained by absolute velocity information alone.

one half of the pulse

repetition frequency
Undersampling of the

Doppler shift

Tissue motion
Transducer motion

Doppler gain is set too
high

Improper placement of
the sample volume

of the information
sampled
Wrap around of the
pulse wave or color
Doppler display
Incorrect flow direction

Extension of color
Doppler beyond the
region of blood flow

Added vessel or Doppler
shift

Improper representation
of Doppler shift

repetition frequency
(PRF) (scale)
Increase Doppler angle
Adjust baseline to zero
Decrease operating
frequency
Decrease depth of the
sample volume
Change to continuous
wave

Increase the PRF

Decrease the color gain

Increase filtering of low
flow velocities

Decrease color gain
Use a different acoustic
window

Readjust placement
of sample volume

¢ Indexes depend on ratios involving peak systole, end diastole, and mean velocity
throughout the cardiac cycle, so angle correction is not necessary.

Pulsatility Index

Most sensitive ratio.
A parameter used to convey the pulsatility of a time-varying waveform.
Equal to peak systole minus end diastole divided by the mean velocity.

Used in abdominal and obstetrical imaging.
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Resistant Index (Pourcelot Index)

* Index of pulsatility and opposition to flow.

* Low-resistance waveforms demonstrate broad systolic peaks and forward flow
through diastole.

e High-resistance waveforms demonstrate tall, narrow, sharp systolic peaks and
reversed or absent diastolic flow.
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HEMODYNAMICS AND DOPPLER REVIEW

1.

A major cellular component of blood is the:
a. plasma

b. platelet

c. leukocyte

d. erythrocyte

. Which of the following is an auscultatory conse-

quence of turbulent flow?
a. bruit

b. disturbed flow

c. high resistance

d. velocity increase

. Which of the following is the most accurate defini-

tion of hemodynamics?

a. The pressure created in a fluid system

b. A fluid’s ability to resist change in shape or flow

c. The pressure difference required for blood to flow

d. The physical principles concerned with the
study of blood circulation

. What type of arterial blood flow exhibits a constant

velocity across the vessel?
a. plug

b. laminar

¢. pulsatile

d. parabolic

. The microcirculation consists of the:

a. arteries and veins

b. arterioles and venules

c. arterioles, capillaries, and venules

d. arteries, veins, venules, and capillaries

. Which portion of the circulatory system exchanges

vital nutrients with tissue cells?
a. aorta

b. venules

c. arterioles

d. capillaries

. Which of the following will most likely resolve

aliasing?

a. decreasing the Doppler angle

b. increasing the operating frequency

¢. increasing the pulse repetition period

d. decreasing the depth of the sample volume

. A positive Doppler shift occurs when the:

a. spectral information is displayed below the
baseline

b. received frequency is less than the transmitted
frequency

c. received frequency is greater than the transmitted
frequency

d. transmitted frequency is greater than the
received frequency

9.

10.

1.

12.

13.

14.

15.

16.

Which of the following will most likely increase
the system’s sensitivity of the Doppler shifts?

a. increasing the Doppler angle

b. repositioning the sample volume

¢. increasing the operating frequency

d. decreasing the size of the sample gate

If the received and transmitted frequencies are
identical, which of the following will occur?

a. no Doppler shift

b. positive Doppler shift

¢. negative Doppler shift

d. proportional Doppler shift

A major advantage of continuous wave Doppler
is the:

a. ease of use

b. small probe size

c. ability to measure high velocities

d. interrogation of multiple vessels simultaneously

The Doppler equation determines the:

a. volume flow rate

b. Reynolds number

c. cosine of the Doppler angle

d. change in the transmitted and received fre-
quencies

Which of the following is the most consistent
predictor of turbulent flow?

a. Doppler shift

b. resistive index

¢. pressure gradient

d. Reynolds number

Which of the following is required for blood flow
to occur?

a. Doppler shift

b. kinetic energy

¢. pressure gradient

d. high cardiac output

The speed at which blood travels through a
vessel is more likely dependent on which of
the following?

a. volume flow rate

b. size of the capillaries

c. left-ventricular output

d. resistance of the venules

In which of the following positions is venous
pressure the lowest?

a. erect

b. supine

c. decubitus

d. semierect
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17.

18.

19.

20.

21.

22.

23.

The greatest portion of circulating blood is located
in the:

a. brain

b. heart

€. venous system

d. arterial system

What type of blood flow occurs if the average
flow velocity is equal to one half the maximum
flow speed in the center?

a. plug flow

b. laminar flow

c. pulsatile flow

d. parabolic flow

Normal respiratory variations in venous blood
flow are termed:

a. phasic

b. pulsatile

¢. spontaneous

d. bidirectional

Which of the following is a disadvantage of duplex
imaging?

a. decrease in imaging frame rate

b. combines imaging and Doppler information

c. allows measurement only of mean velocities

d. inability to use high operating frequencies

Noise within the Doppler signal is known as:
a. flash

b. clutter

c. aliasing

d. acoustic speckle

Which of the following is the driving force of
blood flow?

a. velocity

b. pressure

. resistance

d. volume flow rate

Observed frequency changes in moving structures
most accurately defines:

. Doppler shift

b. Nyquist limit

¢. Doppler effect

d. pressure gradient

1]

24,

25.

26.

21.

28.

29.

30.

The Nyquist limit is equal to:

a. the operating frequency

b. the peak systolic velocity

c. the pulse repetition frequency

d. one half of the pulse repetition frequency

What type of color Doppler mapping displays a
combination of primary colors?

a. hue

b. mosaic

¢. variance

d. saturation

Thickening of the spectral trace is most likely a

result of:

a. the reverberation artifact

b. low-amplitude Doppler shifts

¢. an increase in the range of Doppler shift
frequencies

d. the quantity of blood moving through the
sample volume

This spectral thickening is termed:
a. clutter

b. aliasing

¢. saturation

d. spectral broadening

The size of the sample volume is determined by
the beam diameter, length of the ultrasound pulse,
and:

a. Doppler shift

b. Doppler angle

c. operating frequency

d. receiver gate length

Which of the following converts Doppler shift
information into a visual spectral display?

a. scan converter

b. autocorrelation

c. fast Fourier transform

d. digital-analog converter

In color-flow Doppler, multiple sample gates
positioned in the area of interest are termed:
a. pixels

b. voxels

c. packets

d. color volumes
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Using Fig. 5-2 and Color Plate 2, answer question 34.

34. Which of the following changes will improve this
color Doppler image?
a. decrease color scale

FIG. 5-1 b. decrease color gain

c. decrease imaging depth

d. decrease operating frequency

Using Fig. 5-1 and Color plate 1, answer question 31. 35. The greater the pressure gradient, the greater the:
31. Which of the following changes will improve this a. flow velocity

color Doppler image? b. flow resistance

a. raise color baseline ¢. Reynolds number

b. decrease color gain d. blood flow volume

C. increase color scale 36. Resistance to blood flow is proportional to the

d. change acoustic window a. flow velocity

32. Which of the following correctly describes the b. Reynolds number
hemodynamics of blood flow? ¢. blood flow volume
a. Blood only flows when pressures are equal d. length of the vessel
b. g%ooj gows irom i?whpressure to hlglh pressure 37. Which of the following occurs during inspiration?
¢ prgssureows rom higher pressure to lower a. abdominal and thoracic pressure increase
. . b. abdominal pressure decreases and thoracic
d. Bl(l)oc!tﬂows from higher velocity to lower pressure increases
veloaty ¢. abdominal pressure increases and thoracic
33. Increasing the operating frequency will: pressure decreases
a. overcome aliasing d. abdominal pressure decreases and thoracic

b. increase the packet size pressure remains unchanged
¢. increase the Nyquist limit
d. increase sensitivity to low Doppler shifts
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38. Which of the following is the simplest form of
Doppler?
a. color
b. amplitude
c. pulse wave
d. continuous wave

39. The vertical axis of a spectral analysis represents:
a. time
b. motion
¢. intensity
d. frequency

40. Rate of motion with respect to time defines:
a. energy
b. inertia
c. velocity
d. acceleration

41. Poiseuille’s equation predicts:
a. the onset of aliasing
b. the onset of turbulence
¢. resistance to acceleration
d. flow volume in a cylindrical vessel

42. Pulse wave Doppler uses a maximum of:
a. 5 cycles per pulse
b. 15 cycles per pulse
c. 20 cycles per pulse
d. 30 cycles per pulse

43. Color Doppler frequency shifts are obtained using:
a. beam profiler
b. scan converter
¢. autocorrelation
d. fast Fourier transfer

Using Fig. 5-3, answer question 44.

44. In this spectral display, which of the following
changes will most likely demonstrate the low-
velocity blood flow?

a. decrease wall filter

b. increase spectral gain

c. increase operating frequency

d. decrease pulse repetition frequency

‘y’kﬁ / Hiﬁx, w

45. Demonstrating nonvascular motion is generally
accomplished using:
a. color Doppler
b. spectral analysis
c. pulse wave Doppler
d. continuous wave Doppler

46. Power Doppler imaging displays the signal’s:
a. energy
b. velocity
c. amplitude
d. frequency shift

Using Fig. 5-4, answer question 47.

47. Which of the following changes will improve this
duplex image?
a. increase wall filter
b. decrease Doppler gain
c. decrease pulse repetition frequency
d. increase pulse repetition frequency

FIG. 5-4
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48. Increasing the Doppler angle is a method of over-
coming:
a. flash
b. aliasing
€. mirror imaging

d. range ambiguity

49. Smaller arteries commonly demonstrate:
a. plug flow
b. laminar flow
¢. parabolic flow
d. turbulent flow

50. Increasing the packet size of color Doppler will
decrease the:

a.

accuracy

b. frame rate
C.
d. Doppler shift

sensitivity



CHAPTER

Quality Assurance,
Protocols, and New

Technologies

beam profiler a device that plots the reflection amplitudes
received by the transducer.

dead zone distance closest to the transducer in which
imaging cannot be performed.

hydrophone testing device that measures acoustic
output.

quality assurance (QA) the routine, periodic evaluation of
data collected on the performance of the ultrasound system
and transducers.

quality control (QC) testing used to collect data on the
operation and acoustic output of the ultrasound system.

phantom tissue-equivalent testing device with characteristics
that are representative of tissues.

preventive maintenance (PM) service periodic internal
cleaning and overall evaluation of the ultrasound system
function; generally performed by the system manufacturer.

registration accuracy ability to place echoes in proper
position when imaging from different orientations.

system sensitivity measure of how weak a reflection the
system can display.

test objects devices without tissuelike properties designed
to measure some characteristics of the imaging system.

QUALITY ASSURANCE (QA)

* Routine monthly assessment of the ultrasound system.

* Ensures diagnostic image quality and consistency.

* Prevents poor image quality and system breakdowns.

¢ Testing devices are available for determining whether sonographic or Doppler
instruments are operating correctly and consistently.

METHODS OF EVALUATION

Operation Testing

¢ Takes into account the entire ultrasound instrument.
¢ Evaluates the ultrasound system as a diagnostic tool.

Acoustic Output Testing

* Considers only the pulser and transducer.
* Evaluates the safety and biological effects of ultrasound and Doppler imaging.
* Requires specialized equipment and is generally performed by the manufacturer.

68
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Methods for Evaluating Operation

TESTING DEVICE DESCRIPTION PARAMETERS EVALUATED
AIUM 100 test A device without tissue properties Dead zone
object designed to measure some system Compensation
characteristics Axial resolution
Provides measurement of system Lateral resolution
performance Vertical and horizontal calibration
Uses 0.75-mm stainless steel rods Registration accuracy
placed in a mixture with a System sensitivity
propagation speed of 1540 m/s Cannot evaluate:
Gray scale
Penetration
Compression
Beam A device that plots 3-D reflection Reflected amplitudes received by
profiler amplitudes received by the the transducer

Tissue-mimicking
phantom

Doppler phantom

transducer

Tissue properties include soft tissue,
cystic, and solid structures

Small fibers are used to evaluate
axial and lateral resolution

A device using a blood-mimicking
fluid

Simulates clinical conditions

Velocity, pulse rates, and durations
are known

Some may contain a stenosis, or
moving string scatters the sound
beam

Easy to calibrate

Can produce pulsatile and
retrograde motion

AIUM, American Institute of Ultrasound in Medicine.

Methods for Evaluating Acoustic Output

A device with properties repre-
sentative of different tissue
types

Dead zone

Penetration

Compression
Compensation

Axial resolution

Lateral resolution
Contrast resolution

Slice thickness resolution
Vertical and horizontal calibration
System sensitivity
Registration accuracy

Penetration of the Doppler beam

Flow direction

Accuracy of gate location

Accuracy of measured flow
velocity

Image congruency

TESTING DEVICE

DESCRIPTION

PARAMETERS EVALUATED

Force-balance system

Hydrophone

A device that measures the force
(pressure) of the sound beam

A small transducer element
mounted on the end of a hollow
needle or a large piezoelectric
membrane with small metallic
electrodes centered on each
side

Membrane is made of polyvinyli-
dene fluoride (PVDF)

Measures the intensity or power
of the sound beam

Relationship between the amount
of acoustic pressure and the
voltage produced

Measures acoustic output

Measures pressure and intensi-
ties across the sound beam

Measures period, pulse repetition
period, and pulse duration
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RECORD KEEPING

Helps detect gradual or sporadic system changes.
Documents the need for replacement of existing equipment.
Necessary for hospital and outpatient clinic accreditation.
Files for each ultrasound unit should contain:

® Original purchase order and warranty.

¢ Equipment specifications.

® Results of previous QA tests.

¢ Documentation of problems.

¢ Service and preventive maintenance reports or invoices.

STATISTICAL INDICES

PROTOCOLS

Positive means the test predicted disease.

Negative means the test predicted the absence of disease.

True positive (TP) means test matches gold standard—both are positive for disease.

True negative (TN) means test matches gold standard—both are negative for disease.

False positive (FP) means test does not match gold standard—the test says there is

disease when there isn't.

o False negative (FN) means test does not match gold standard—the test says there is
no disease when there is.

Sensitivity: ability of a test to detect disease.

True Positive
True Positive + False Negative

Specificity: ability of a test to detect the absence of disease.

True Negative
True Negative + False Positive

Positive Predictive Value: measures how often the test is correct when positive for
disease.

True Positive
True Positive + False Positive

Negative Predictive Value: measures how often the test is correct when negative for
disease.

True Negative
True Negative + False Negative

Accuracy: measures the percentage of examinations that agree with the gold standard.

True Positive + True Negative
True Positive + True Negative -+ False Positive + False Negative

e American Institute of Ultrasound Medicine (AIUM) and American College of Radi-
ology (ACR) have adapted universal scanning protocols for medical sonography
examinations.

¢ Extension of these protocols may be necessary when anomalies, abnormalities, and
pathologies are discovered.
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Additional images should accurately represent findings and evaluate the surround-
ing structures, not just the area of interest.

Images of abnormality(s) with and without measurements must be documented in
two scanning planes.

Images should include Color Doppler and spectral analysis of abnormality.
Abnormality(s) should be viewed with high- to low-gain settings in two scanning
planes.

Location, echo, and Doppler characteristics should be incorporated in sonographer
technical reports.

NEW TECHNOLOGIES

Contrast Agents

¢ Injected into the body to enhance anatomic structures.
¢ Types include encapsulated gas bubbles, free gas bubbles, colloidal suspensions,

emulsions, and aqueous solutions.

¢ Reflectivity of small particles is dependent on the frequency.
* Microbubbles increase scatter and emit sound waves at harmonic frequencies.

Contrast agents improve lesion detection when lesion echogenicity is similar to
surrounding tissue, lesions demonstrating arterial and portal phases, and weak
Doppler signals.

Contrast agents approved in the United States include Definity (perflutren lipid
microsphere), Imagent (perflexane lipid microsphere), and Optison (perflutren
protein-type A microsphere).

Contrast agents approved in Canada, Europe, and Japan include Echovist,
Levovist, and SonoVue.

Contrast Harmonic Imaging

Elastography

¢ Produced during reflection from surface of microbubbles.
¢ Bubble disarray demonstrates a stronger harmonic signal.

Demonstrates higher mechanical indices.

Imaging version of palpation.

Detects the relative tissue displacement precompression (nonstress) and
compression (stress).

The radiofrequency of each line of the signal is acquired before and after
compression.

The amount of time shift yields displacement for that segment of tissue.

Depicts tissue stiffness.

Commonly shown as an overlay on top of gray-scale image.

Used to detect carcinoma of superficial anatomy, to assess viability of myocardium,
and to monitor altered tissue therapies (i.e., ablation procedures).
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QUALITY ASSURANCE REVIEW

1.

The number of correct test results divided by the
total number of tests defines:

a. accuracy

b. sensitivity

c. specificity

d. positive predictive value

. The ability of a test to detect the absence of disease

defines:

a. sensitivity

b. specificity

¢. accuracy

d. negative predictive value

. Which testing device measures acoustic output?

a. test object

b. hydrophone

¢. beam profiler
d. tissue phantom

. Which of the following most accurately describes

quality assurance?

a. routine evaluation of the ultrasound system

b. periodic evaluation of the ultrasound transducers

¢. periodic internal cleaning of the ultrasound
system

d. routine evaluation of the transducers and
ultrasound system

The beam profiler is a testing device that measures:
a. acoustic output

b. depth accuracy

c. flow characteristics

d. transducer characteristics

When using contrast agents, the reflectivity of
small particles is dependent on the:

a. frequency

b. frame rate

¢. imaging depth

d. contrast resolution

The ability to place reflections in proper posi-
tions regardless of the imaging orientation
describes:

a. accuracy

b. quality assurance

c. system specificity

d. registration accuracy

Elastography depicts tissue:
a. density

b. stiffness

c. temperature

d. water content

9. A testing device with characteristics of specific
soft tissue is termed a:
a. phantom
b. test object
¢. hydrophone
d. tissue profiler

10. Protocols for medical sonography examinations

have been adapted by the:

a. American College of Radiology

b. American Institute of Ultrasound Medicine

¢. American Registry of Diagnostic Medical
Sonographers

d. American College of Radiology and American
Institute of Ultrasound Medicine

11. The American Institute of Ultrasound in Medicine

(AIUM) 100 test object cannot evaluate:
a. dead zone

b. compression

¢. axial resolution

d. system performance

12. Record keeping of each ultrasound unit is

necessary for:

a. service requests

b. hospital and outpatient clinic accreditation

c. detection of gradual or sporadic system changes

d. scheduling the next preventive maintenance
service

13. What is the test accuracy if 10 of 100 examinations

are misdiagnosed?
a. 1%
b. 10%
c. 50%
d. 90%

14. The positive predictive value is determined by the

number of correct:

a. sums of the true positive and true negative
tests divided by the total number of tests

b. sums of the true negative and false negative tests

¢. true positive tests divided by the sum of the
true positive and true negative tests

d. true positive tests divided by the sum of the
true positive and false positive tests

15. The AIUM 100 test object evaluates which of the

following?

a. contrast resolution

b. system sensitivity

c. direction of blood flow
d. gray-scale characteristics
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16.

17.

18.

19.

20.

21.

22.

23.

24,

Which testing device employs a small transducer
element?

a. hydrophone

b. beam profiler

c. AIUM test object

d. force-balance system

Quality assurance programs provide assessment of:

a. image quality

b. sonographer accuracy

¢. examination protocols

d. preventive maintenance service

Which testing device will a quality assurance
program most likely use?

a. hydrophone

b. Doppler phantom

c. AIUM 100 test object

d. tissue-equivalent phantom

A force-balance system measures:

a. image congruency

b. horizontal calibration

c. the power of the sound beam

d. accuracy of measured flow speed

The hydrophone measures:
a. temporal resolution

b. registration accuracy

c. blood flow direction

d. pulse repetition period

The number of true positive test results divided
by the sum of the true positive and false negative
tests yields the:

a. specificity

b. accuracy

¢. sensitivity

d. positive predictive value

Which testing device plots reflection amplitudes
received by the transducer?

a. hydrophone

b. beam profiler

¢. moving string

d. force-balance system

Which of the following evaluates the operation of
the ultrasound system?

a. beam former

b. force-balance system

c. tissue-equivalent phantom

d. preventive maintenance service

Which of the following evaluates the safety and
biological effects of ultrasound imaging?

a. operation testing

b. transducer testing

¢. acoustic output testing

d. system maintenance program

25. Negative predictive value is the ability of a
diagnostic test to:
a. predict normal findings
b. predict abnormal findings
c. predict the presence of actual disease
d. identify the presence of actual disease

26. The output of the hydrophone indicates the:
a. likelihood of cavitation
b. pressure of the sound beam
c. likelihood of biological effects
d. acoustic exposure to the patient

2]. Which of the following contrast agents is
approved in the United States?
a. Imagent
b. Echovist
¢. Lenovist
d. SonoVue

28. Which of the following testing devices measures

the pulse repetition period?
a. hydrophone

b. beam profiler

c. tissue phantom

d. force-balance system

29. Which of the following is an imaging version of
palpation?
a. pulse inversion
b. elastography
¢. spatial compounding
d. three-dimensional imaging

30. Tissue-mimicking phantoms are unable to
evaluate:
a. penetration
b. compression
c. direction of flow
d. system sensitivity

31. Acoustic output testing considers only the:
a. pulser
b. receiver and pulser
¢. pulser and transducer
d. transducer and receiver

32. The width of the sound beam determines the:
a. dead zone
b. axial resolution
¢. lateral resolution
d. penetration depth

33. Development of a quality assurance program
ensures:
a. lab accreditation
b. image consistency
¢. increase in productivity
d. teamwork among the staff
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Using the research below, answer questions 34-37.

One hundred abdominal aorta examinations performed over a 6-month
period correctly diagnosed 20 true positive, 5 false positive, 75 true
negative, and 0 false negatives when compared to the gold standard.

34. The positive predictive value of this study is:
a. 20%
b. 50%
c. 75%
d. 80%

35. The sensitivity of this study is:
a. 21%
b. 50%
c. 80%
d. 100%

36. The overall accuracy of this study is:
a. 50%
b. 75%
¢. 95%
d. 100%

31. The negative predictive value of this study is:
a. 50%
b. 75%
c. 95%
d. 100%

38. Contrast harmonic imaging is produced during:
a. reflection off of small particles
b. transmission off of small particles
c. reflection from surface of microbubbles
d. transmission off of microbubbles

39. The dead zone is located:
a. near the transducer face
b. adjacent to the focal zone
c. superior to the focal zone
d. farthest from the transducer face

40. The ability of a diagnostic technique to identify
the presence of genuine disease is termed:
a. specificity
b. sensitivity
¢. positive predictive value
d. negative predictive value

#1. Use of a piezoelectric membrane is found in a:
a. hydrophone
b. beam profiler
c. force-balance system
d. moving-string phantom

42. Which of the following testing devices simulates
clinical conditions?
a. hydrophone
b. Doppler phantom
c. AIUM 100 test objects
d. force-balance system

43.

44.

45,

46.

41.

48.

49

50.

The ability to identify correctly the absence of
disease is termed:

a. sensitivity

b. specificity

¢. positive predictive value

d. negative predictive value

The percentage of examinations that agree with
the gold standard is termed:

a. sensitivity

b. accuracy

c. specificity

d. positive predictive value

Accuracy of a diagnostic test is most precisely
defined as the:

a. percentage of error

b. identification of disease

c. prediction of documenting disease

d. quality of being near to the true value

Tissue-mimicking phantoms cannot evaluate:
a. dead zone
b. gray scale
c. blood flow

d. compression

A device that plots three-dimensional reflection
amplitudes received by the transducer evaluates:
a. acoustic output

b. transducer characteristics

c. intensity of the sound beam

d. accuracy of the sample gate

Which of the following testing devices can
simulate pulsatile or retrograde flow?

a. hydrophone

b. AIUM 100 test object

¢. moving string phantom

d. tissue-mimicking phantom

The relationship between the amount of acoustic
pressure and the voltage produced is evaluated
by the:

a. hydrophone

b. beam profiler

c. force-balance system

d. moving string phantom

What is the accuracy of a diagnostic test if 2
examinations of 20 are misdiagnosed?

a. 65%

b. 75%

c. 90%

d. 95%



PHYSICS MOCK EXAM

1. Reducing the likelihood of bioeffects from acous-

9. When voltage is applied to the piezoelectric

tic energy is the mission of the:
a. Nyquist limit

b. Reynolds number

¢. Huygens principle

d. ALARA principle

crystal, the crystal will:

a. vibrate

b. increase in size

c. decrease in size

d. increase or decrease according to the polarity

2. The number of cycles in a pulse directly relates 10. The resistance of the arterioles accounts for
to the: approximately what percentage of the total
a. duty factor systemic resistance?
b. spatial pulse length a. 25%
c. operating frequency b. 33%
d. pulse repetition frequency c. 50%
O,
3. The Doppler shift frequency is proportional to the: d. 75%
a. cosine values 11. Rayleigh scattering is mostly likely to occur
b. Doppler angle when encountering the:
c. operating frequency a. liver
d. velocity of the reflector b. pleura
4. In the Fraunhofer zone, the beam c. diaphragm
: . d. red blood cells
a. width diverges
b. is conical in shape 12. Which color always represents the baseline in
c. intensity is greatest color Doppler imaging?
d. intensity is inconsistent a. red
5. Artifacts consisting of parallel equally spaced 2 Sjﬁie
lines are characteristic of: '
. d. black
a. multipath
b. grating lobes 13. Which of the following correctly defines acoustic
c. reverberation frequency?
d. range ambiguity a. length of one cycle
6. An increase in reflection amplitudes from reflectors b. number of pulses ma cycle
. . . ¢. number of cycles in a second
behind a weakly attenuating structure is termed: :
o d. strength of the compression wave
a. comet-tail artifact
b. acoustic shadowing 14. What component is not present in A-mode but is
c. slice thickness artifact necessary for B-mode imaging?
d. acoustic enhancement a. clock
1. The ratio of the largest power to the smallest b. dlsplé}.]
. c. amplifier
power the ultrasound system can handle describes: d
. . scan converter
a. bandwidth
b. compensation 15. Grating lobes are caused by:
¢. dynamic range a. dynamic focusing
d. contrast resolution b. reverberation artifact
8. Axial resolution directly relates to the: ¢ 1nter'f erence phenomenon
. d. spacing of the array elements
a. spatial pulse length
. temporal resolution 16. Clutter can be reduced using which of the

b
c. transducer diameter
d. operating frequency

following controls?

a. wall filter

b. smoothing

¢. dynamic range

d. pulse repetition frequency

15
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18.

19.

20.

21.

22.

23.

24,

25.
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Regions of high density in an acoustic wave are
termed:

a. reflections

b. rarefactions

c. transmissions

d. compressions

Decibel is the unit of measurement for:
a. intensity

b. pressure

c. amplitude

d. compression

Transmission of the sound wave from one medium
to the next is determined by the media’s:

a. density

b. stiffness

c. impedance

d. propagation speed

Focusing of the sound beam:

a. decreases beam intensity

b. improves lateral resolution

c. increases specular reflections

d. creates a spacious sound beam over a specified
area

As the transducer diameter increases, the:
a. near zone length decreases

b. thickness of the element decreases

c. intensity in the focal zone increases

d. divergence in the far field decreases

Holding a single image of sonographic informa-
tion for display is termed a:

a. pixel

b. scan line

c. cine loop

d. freeze frame

The binary number 0010011 converts to which
decimal equivalent?

a. 10

b. 19

c. 21

d. 35

The thickness of the matching layer is equal to:
a. the wavelength

b. twice the wavelength

c. one half of the wavelength

d. one quarter of the wavelength

Which of the following is most likely to improve
axial resolution?

a. increasing the frame rate

b. decreasing the beam width

c. decreasing the angle of incidence

d. increasing the transducer frequency

26.

21.

28.

29.

30.

31.

32.

33.

34.

What pulse wave transducer displays a trapezoidal
image?

a. vector

b. linear

€. convex

d. endocavity

Heat sterilization of ultrasound transducers is not

recommended, because:

a. the transducer’s stability decreases

b. heat will damage the electric cables

c. the piezoelectric properties will be lost

d. the transducer assembly cannot withstand the
temperature

The formation of a beam from an aperture is
explained by:

a. Snell’s law

b. ALARA principle

c. piezoelectric effect

d. Huygens principle

The Fresnel zone is another name for the:
a. far zone

b. dead zone

€. near zone

d. focal zone

Proximal to, at, and distal to a stenosis, which of
the following must remain constant?

a. velocity

b. pressure

¢. resistance

d. volumetric flow rate

The greater the impedance difference between
two structures, the greater the:

a. refraction

b. reflection

c. attenuation

d. transmission

Which Doppler angle yields the greatest Doppler
shift?

a. 0 degrees

b. 10 degrees

c. 45 degrees

d. 60 degrees

Increasing the transducer frequency will:
a. decrease contrast resolution

b. increase the penetration depth

c. increase the amount of attenuation

d. decrease sensitivity to Doppler shifts

Image quality is improved by:
a. decreasing the output

b. decreasing the frame rate

c. increasing the beam width
d. shortening the pulse length



35.

36.

31.

38.

39.

40.

a1.

42.

What is the purpose of the damping material in

the transducer assembly?

a. increase in sensitivity

b. reduction in pulse duration

¢. improvement in sound transmission into the
body

d. diminishment of reflections at the transducer
surface

Which of the following instruments generates the
pulse of sound?

a. pulser

b. transducer

c. beam former

d. master synchronizer

Firing delays found in array systems are
determined by the:

a. receiver

b. transducer

c. beam former

d. master synchronizer

The speed at which a wave travels through a
medium is determined by the:

a. distance from the sound source

b. stiffness and density of the medium

c. resistance and impedance of the medium
d. amplitude and intensity of the sound beam

Which of the following is a method for over-
coming aliasing?

a. shift the baseline

b. increase imaging depth

c. decrease the Doppler angle

d. increase the operating frequency

Brightening of echoes in the focal zone is a
result of:

a. acoustic speckle

b. slice thickness artifact

c. horizontal enhancement

d. propagation speed error

A disadvantage of duplex imaging is a(n):
a. decrease in imaging frame rate

b. inability to display peak velocities

c. inability to demonstrate flow direction
d. decrease in maximum penetration depth

Which of the following transducers will produce
a longer focal length if the crystal diameter
remains constant?

. 5-MHz focused transducer

b. 10-MHz focused transducer

¢. 5-MHz unfocused transducer

d. 10-MHz unfocused transducer

44.

45,

46.

41.

48.

49

50.

. The duty factor in pulse ultrasound is proportional

to the:

a. pulse duration

b. penetration depth

c. operating frequency

d. pulse repetition period

Depth gain compensation is necessary to:
a. counteract attenuation

b. increase axial resolution

¢. decrease contrast resolution

d. store echo amplitudes and locations

The Reynolds number predicts the onset of:
a. aliasing

b. turbulent flow

c. a Doppler shift

d. biological effects

Which of the following types of resolution does
the wavelength have the greatest effect on?

a. axial

b. lateral

¢. contrast

d. temporal

The objective of the matching layer in the assem-

bly of an ultrasound transducer is to reduce the:

a. pulse duration

b. spatial pulse length

¢. number of cycles in each pulse

d. impedance difference between the element and
skin

What is the minimum number of memory bits
necessary to display 128 shades of gray?

a. 2

b. 5

c. 7

d. 10

Which of the following is a function of read

zoom?

a. frame averaging

b. magnification and display of stored data

¢. acquisition and magnification of new
information

d. increase in the number of pixels per inch

Averaging the frame rate is operator adjustable
using which of the following functions?

a. read zoom

b. persistence

¢. dynamic range

d. contrast variation
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51.

52.

53.

54.

55.

56.

57.

58.

18

At a stenosis, pressure will:
a. double

b. increase

¢. decrease

d. remain unchanged

Reducing a 30-dB compensation gain by one half
would display a new gain setting of:

a. 10dB

b. 15dB

c. 24dB

d. 27 dB

Reduction in the intensity of the sound wave is a
result of:

a. heat, reflection, and, transmission

b. absorption, scattering, and reflection

c. scattering, refraction, and absorption

d. absorption, scattering, and transmission

Divergence of the sound beam is demonstrated
in the:

a. focal zone

b. dead zone

¢. Fresnel zone

d. Fraunhofer zone

The ability of a sonogram to identify the true
absence of disease is a test’s:

a. accuracy

b. specificity

c. sensitivity

d. positive predictive value

There is no confirmed significant biological effect

in mammalian tissue for exposures:

a. below 100 W/cm? with unfocused and 1 W /cm?
with focused transducers

b. above 100 W/cm? with unfocused and 1 W/cm?
with focused transducers

¢. below 1 mW/cm?with unfocused and
1 mW /cm? with focused transducers

d. below 100 mW /cm? with unfocused and
1 W/cm? with focused transducers

List the intensity ranges from smallest to highest:
a. SPTP, SATP, SPTA, SATA
b. SATA, SATP, SPTA, SPTP
c. SATA, SPTA, SATP, SPTP
d. SATA, SATP, SPTP, SPTA

Diagnostic ultrasound transducers operate on
which of the following theories?

. Snell’s law

b. ALARA principle

c. Piezoelectric effect

d. Huygens principle

1)

59. Uniform intensity of the sound beam is located
in the:
a. far field
b. near field
c. focal point
d. center of the beam

60. The amplitude of the transmitted and received
signals is the responsibility of the:
a. pulser
b. amplifier
c. transducer
d. system output

61. Which receiver function eliminates the weaker
reflections?
a. threshold
b. compression
¢. compensation
d. demodulation

62. Line density is directly related to the:
a. imaging depth
b. temporal resolution
c. pulse repetition period
d. pulse repetition frequency

63. Which of the following are even harmonic
frequencies of a 2-MHz transducer?
a. 2,4,6
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64. Which of the following will most likely occur if
the pulse repetition frequency is set too high?
a. flash
b. aliasing
c. acoustic speckle
d. range ambiguity

Using Fig. 1, answer question 65.




65.

66.

67.

68.

Which of the following changes would improve

the accuracy of the arterial velocity?

a. decrease the pulse repetition frequency; decrease
the Doppler gain

b. angle the sample volume; adjust angle correction
to blood flow

c. angle the color box; angle the sample volume;
decrease the Doppler gain

d. decrease the pulse repetition frequency; adjust
angle correction to blood flow

Mirror imaging artifact is a result of a(n):
a. weak reflector

b. strong reflector

¢. impedance difference

d. strong attenuating structure

Approximately what percentage of the sound
beam will reflect from a media boundary with
perpendicular incidence, if the impedances are
different?

a. 1

b. 10

c. 50

d. 99

Placement of an echo is determined by the reflec-
tor’s round-trip time and:

a. density

b. stiffness

c. amplitude

d. propagation speed

Using Fig. 2, answer question 69.
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69.

10.

n.

72.

13.

14.

5.

Which of the following changes will improve this

spectral display?

a. decrease the wall filter; decrease the Doppler
gain

b. move baseline up; decrease the pulse repetition
frequency

c. decrease the focal zone; decrease the pulse
repetition frequency

d. decrease the wall filter; decrease the pulse
repetition frequency

Which of the following determines the number of
scan lines per frame?

a. contrast resolution

b. operating frequency

c. temporal resolution

d. pulse repetition frequency

When coursing from a medium of lower propaga-
tion speed to a medium of higher propagation
speed, the frequency of the sound wave will:

a. double

b. increase

c. decrease

d. remain constant

Flow reversal in diastole indicates:
a. a stenosis

b. an obstruction

c. high resistance distally

d. high resistance proximally

How can the sonographer increase the temporal
resolution of this sonogram?

a. increase beam width

b. decrease imaging depth

c. increase transducer frequency

d. decrease the number of focal zones

How wide are the elements of a linear phased-
array transducer?

a. one wavelength

b. one half wavelength

c. one tenth wavelength

d. one quarter wavelength

In a time-gain compensation curve, the delay
represents:

a. area of minimum amplification

b. area of maximum amplification

c. available region for depth compensation

d. depth at which variable compensation begins
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76. Which instrument properly locates each series of
reflectors in individual scan lines for storage?
a. scan converter
b. autocorrelation
c. fast Fourier transfer
d. random access memory

71. Specular reflections occur when the sound wave:
a. strikes a rough surface
b. encounters a strong reflector
c. encounters a smaller reflector
d. strikes a smooth, large reflector

18. The sonographer can improve lateral resolution
by:

increasing the frame rate

increasing the imaging depth

decreasing the spatial pulse length

increasing the number of focal zones

e oo

Using Fig. 3, answer question 79.

79. Which of the following changes will optimize this

sonogram of the right upper quadrant?

a. increase imaging depth; lower focal zone;
increase overall gain

b. decrease imaging depth; increase the time gain
compensation in the far zone

c. decrease imaging depth; lower focal zone;
increase overall gain

d. increase focal zone number; increase time gain
compensation in the near zone

80. Operating frequency is determined by the:
a. frequency of the active element
b. thickness and diameter of the crystal
c. diameter and propagation speed of the crystal
d. propagation speed and thickness of the element

80

81. The portion of time the transducer is transmitting
a pulse is termed:
a. period
b. duty factor
c. pulse repetition period
d. pulse repetition frequency

82. If the duration of the pulse is shortened, the:
a. pulse repetition period will increase
b. pulse repetition frequency will decrease
¢. number of cycles in a pulse will increase
d. number of pulses per second will decrease

83. A large packet size in color-flow imaging will:
a. increase the frame rate

decrease Doppler sensitivity

increase the volume flow rate

decrease the temporal resolution

o

Using Fig. 4, answer question 84.

84. The spectral display is demonstrating which of
the following?
a. aliasing
b. bidirectional flow
c. turbulent flow
d. mirror image artifact

85. Which of the following controls adjusts the range
of displayed signal amplitudes?
a. rejection
b. compression
c¢. amplification
d. compensation

86. Which adjustable system control affects the frame
rate?
a. image depth
b. compression
¢. compensation
d. transmit power

87. Varying the excitation voltage to each element in
the array forming the ultrasound pulse is termed:
a. subdicing
b. apodization
¢. dynamic focusing
d. spatial compounding
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FIG. 5

Using Fig. 5, answer question 88.

89.

90.

91.

92.

How would the sonographer improve this image

using only one operator control?

a. increase the transducer frequency

b. decrease the imaging depth

c. increase the number of focal zones

d. increase the time gain compensation in the
near field

The mechanical index is inversely proportional
to the:

a. beam width

b. acoustic output

c. acoustic pressure

d. operating frequency

A linear phased array sweeps the ultrasound

beam:

a. electronically, by delayed activation of crystals
in the array

b. mechanically, by sequential activation of crystals
in the array

c. electronically, by sequential rotation of the
crystals in the array

d. electronically, by sequential activation of the
crystals in the array

Which of the following is a technique most likely
used in harmonic imaging?

a. apodization

b. pulse inversion

c. pixel interpolation

d. spatial compounding

Which of the following uses a variable receiving
focus?

a. subdicing

b. apodization

¢. dynamic aperture

d. dynamic focusing
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Using Fig. 6, answer question 93.

93.

94.

95.

97.

Which Doppler controls need adjustment in this
spectral display?

a. scale; gain; angle correction

b. baseline shift; invert; wall filter

c. invert; baseline; angle correction

d. sample gate size, baseline shift; wall filter

Which of the following is equal to one half of the
pulse repetition frequency?

a. Nyquist limit

b. pulsatility index

¢. Reynolds number

d. attenuation coefficient

Equal intensity for all similar structures regardless
of the depth is a function of:

suppression

rectification

amplification

compensation

60 so

. Which imaging technique is most likely to visualize

structures beneath a highly attenuating structure?
a. pulse inversion

b. pixel interpolation

c. spatial compounding

d. harmonic frequencies

Contrast agents improve visualization by
increasing:

a. scatter

b. reflection

¢. refraction

d. reverberation
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98.

Frequency is proportional to:
a. period

b. attenuation

c. wavelength

d. penetration depth

Using Fig. 7, answer question 99.

99.

100.

101.

102.

82

Which of the following changes will optimize the

diagnosis of this sonogram?

a. increase overall gain

b. increase imaging depth

¢. increase time gain compensation in the far
zone

d. increase time gain compensation in the near
zone

What type of blood flow demonstrates a constant
speed across the vessel?

a. plug

b. laminar

c. pulsatile

d. parabolic

If the amplitude of a wave doubles, the intensity
will:

a. double

b. quadruple

c. decrease by one half

d. decrease by one tenth

Structures that have lower amplitude echoes
than adjacent tissues are termed:

a. anechoic

b. isoechoic

c. echogenic

d. hypoechoic

FIG. 7

103.

104.

105.

106.

107.

108.

109.

110.

For refraction to occur, which of the following

must take place?

a. perpendicular incidence and a change of
velocity

b. perpendicular incidence and a change in
impedance

c. oblique incidence and a change of propagation
speed

d. oblique incidence and a change in the
transmission angle

Power Doppler imaging displays flow:
a. rate

b. presence

c. direction

d. characteristics

The concentration of scan lines within the field
of view directly relates to the:

a. frame rate

b. temporal resolution

c. pulse repetition period

d. pulse repetition frequency

A hydrophone is an instrument used to measure:
a. cavitation

b. thermal index

¢. acoustic output

d. mechanical index

A rise in tissue temperature is significant when it
exceeds:

a. 1°C

b. 2°C

c. 5°C

d. 9°C

For an unfocused transducer, two near-zone
lengths are equal to the:

a. transducer diameter

b. distance to the focus

¢. distance to the reflector

d. active element thickness

What artifact displays a series of closely spaced
echoes distal to a strong reflector?

a. speckle

b. multipath

c. comet tail

d. shadowing

Angling the color Doppler box to the right or left
changes the:

a. frame rate

b. flow velocity

c. Doppler shift

d. pulse repetition frequency



11.

112.

113.

114.

115.

Propagation speed less than that of soft tissue
will place reflectors that are too:

a. deep

b. medial

c. lateral

d. superficial

To overcome range ambiguity, the:

a. imaging depth should be increased

b. Reynolds number should be reduced

¢. pulse repetition period should be reduced

d. pulse repetition frequency should be reduced

Steering of the sound beam is accomplished by:
a. reducing the pulse repetition frequency

b. altering the frequency with increasing depth
c. emitting pulses from different starting points
d. altering the electronic excitation of the elements

Which of the following techniques provides
quantitative data?

a. amplitude mode

b. duplex imaging

c. spectral analysis

d. color flow imaging

Which of the following structures demonstrates
the highest attenuation coefficient?

a. fat

b. air

c. liver

d. muscle

116.

117.

118.

119.

120.

The range of frequencies contained in a pulse is
termed the:

a. spectrum

b. bandwidth

¢. harmonics

d. resonant frequencies

Which of the following frequencies is in the
infrasound range?

a. 10Hz

b. 25 Hz

c. 10 kHz

d. 25 kHz

Which of the following techniques uses separate
transmitter and receiver elements?

a. duplex imaging

b. motion mode

c. real-time imaging

d. continuous wave Doppler

The majority of imaging artifacts are likely a
result of:

a. operator error

b. system assumptions

c. weakly attenuating structures

d. strongly attenuating structures

Structures within the focal zone may display an
improper:

a. size

b. location

c. brightness

d. resolution
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CHAPTER

bare area a large triangular area devoid of peritoneal covering
located between the two layers of the coronary ligament.

Budd-Chiari syndrome thrombosis of the main hepatic
veins.

cavernous hemangioma most common benign neoplasm of
the liver consisting of large blood-filled cystic spaces.

cirrhosis a general term used for chronic and severe insult to
the liver cells leading to fibrosis and formation of regenerating
nodules.

collateral an accessory blood pathway developed through
enlargement of secondary vessels.

Couinaud anatomy divides the liver into eight segments in
an imaginary H pattern.

echinococcal cyst an infectious cystic disease associated
with underdeveloped sheepherding areas of the world.

fatty infiltration excessive deposition of neutral fat within
the parenchymal cells.

functional lobar-segmental anatomy divides the liver into
the right, left, and caudate lobes.

hepatofugal blood flowing away from the liver.

hepatomegaly enlargement of the liver.
hepatopetal blood flowing into the liver.

liver function tests (LFTs) generic term used for the laboratory
values determining liver function (i.e., alt, alkaline phosphatase).

porta hepatis region in the hepatic hilum containing the
proper hepatic artery, common duct, and main portal vein.

portal hypertension increased venous pressure in the portal
circulation associated with compression or occlusion of the
portal or hepatic veins.

Riedel lobe extension of the right lobe inferior and anterior
to the lower pole of the right kidney.

shunt a passageway between two natural channels.

stent a tube designed to be inserted in a passageway or vessel
to keep it patent.

traditional lobar anatomy divides the liver into the right,
left, caudate, and quadrate lobes.

true hepatic cyst congenital cyst formation associated with
weakening of the bile duct wall.

varix an enlarged or tortuous vein, artery, or lymph vessel.

PHYSIOLOGY

Functions of the Liver

Manufactures heparin.

ANATOMY (Figs. 7-1 and 7-2)

Breaks down red blood cells, producing bile pigments.

Secretes bile into the duodenum through the bile ducts.
Converts excess amino acids into urea and glucose.
Manufactures glycogen from glucose and stores it for future use.
Releases glycogen as glucose.

e The liver is the largest solid organ in the body, weighing up to 1600 grams in males

and 1400 grams in females.

e It is covered by Glisson’s capsule.
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Coronary ligament

Left triangular
ligament

Right triangular
ligament

. Left lobe
Right lobe

Falciform ligament
Costal surface

Ligamentum teres

Gallbladder Inferior margin

FIG. 7-1 Liver anatomy, anterior surface.

Fundus of the gallbladder
Falciform ligament

Left lobe

Right lobe

Diaphragmatic surface

Coronary ligament

/

Left triangular ligament
9 9 Caudate lobe

Inferior vena cava Bare area
FIG. 7-2 Liver anatomy, posterior surface.

Liver Divisions

Left Lobe

* Divided into medial and lateral segments by the left hepatic vein and ligamentum
of teres.

® Separated from the caudate lobe by the ligamentum of venosum.

® Separated from the right lobe by the middle hepatic vein superiorly and the main
lobar fissure inferiorly.

Right Lobe

® Divided into the anterior and posterior segments by the right hepatic vein.
* Six times larger than the left lobe.
¢ Three posterior fossae: gallbladder, porta hepatis, and inferior vena cava.
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Liver Ligaments

Caudate Lobe

¢ Smallest lobe of the liver.
e Separated from the left lobe by the ligamentum of venosum.
¢ Arterial supply through the portal veins or hepatic arteries.

Liver Spaces

® The liver is attached to the diaphragm, anterior abdominal wall, stomach, and
retroperitoneum by ligaments.

Coronary

* Consists of an upper and a lower layer.

¢ The upper layer is formed by the peritoneum from the upper margin of the bare
area to the undersurface of the diaphragm.

® The lower layer is reflected from the lower margin of the bare area to the right kidney
and is termed the hepatorenal ligament.

¢ The right and left triangular ligaments are part of the coronary ligament.

¢ Connects the posterior liver to the diaphragm.

Falciform

¢ Attaches the liver to the anterior abdominal wall.
* Extends from the diaphragm to the umbilicus.
¢ Separates the right and left subphrenic spaces.

Gastrohepatic

e Connects the lesser curvature of the stomach to the liver.

Hepatoduodenal

® Connects the liver to the proximal duodenum.

Teres

® Lies within the falciform ligament.
e Previous fetal umbilical vein.

Triangular

® The most lateral portion of the coronary ligament.
¢ Connects the liver to the body wall.

Venosum

e Separates the left lobe from the caudate lobe of the liver.
¢ Obliterated ductus venosum.
¢ Lesser omentum attaches to the liver in the fissure of the ligamentum venosum.

Morison Pouch (Hepatorenal Pouch)

¢ Located lateral to the right lobe of the liver and anterior to the right kidney.
e Communicates with the right paracolic space.

Subhepatic Space

e Space located between the inferior edge of the right lobe and anterior to the right
kidney.
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Subphrenic Space

Space located between the diaphragm and the superior border of the liver.

VASCULAR ANATOMY

Hepatic Arteries

Hepatic Veins

Proper hepatic artery enters the liver at the porta hepatis and divides into the right
and left hepatic arteries.

Thirty percent of the liver’s blood supply is through the hepatic artery.

Lies medial to the common hepatic duct and anterior to the main portal vein.
Normal diameter of the proper hepatic artery is 2 to 4 mm.

Portal Veins

Right, middle, and left hepatic veins converge to empty into the inferior vena cava.
Transport deoxygenated blood from the liver cells to the inferior vena cava.
Course between lobes (interlobar) and between segments (intersegmental).

Have a minimum amount of collagen in the walls.

Follow a straight longitudinal course increasing in caliber closer to the diaphragm.

Main portal vein enters the porta hepatis, dividing into the right and left portal
veins.

e Left portal vein subdivides into the left medial and left lateral portal veins.
¢ Right portal vein subdivides into the right anterior and right posterior portal

veins.

¢ Provide approximately 70% of the liver’s blood supply.
¢ Transport nutrient-rich blood from the digestive tract to the liver cells for metabolic

processing and storage.

Are located within the lobes (intralobar) or within the segments (intrasegmental) of
the liver.

Walls contain fibrin.

Normal diameter of the main portal vein should not exceed 13 mm.

LOCATION

¢ Liver is an intraperitoneal organ.
¢ Located in the right hypochondriac region.

Left Lobe
¢ Lies anterior to the porta hepatis and middle hepatic vein.
¢ Located inferior to the diaphragm.
* May extend to the left midclavicular line.

Right Lobe

Caudate Lobe

Lies anterior to the right kidney.
Located posterior to the middle hepatic vein.

Lies anterior and medial to the inferior vena cava.

¢ Located posterior to the ligamentum of venosum and porta hepatis.
¢ Located lateral to the lesser sac.
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Congenital Anomalies
DIFFERENTIAL
ANOMALY DESCRIPTION SONOGRAPHIC FINDINGS CONSIDERATIONS
Left lobe variants Extension into the left Extension of the left lobe into the subphrenic Splenomegaly
upper quadrant space or across midline Hepatomegaly
Small left lobe Echogenicity equal to the liver parenchyma Splenic neoplasm
Riedel lobe Extension of the right lobe Extension of the right lobe inferior and anterior Hepatomegaly
Female prevalence to the lower pole of the kidney Renal neoplasm
Echogenicity equal to the liver parenchyma
Left lobe rarely extends across the midline
Size
CLINICAL SONOGRAPHIC DIFFERENTIAL
SIZE ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Normal adult Midclavicular 7-17 cm in length
10-12.5 cm in height
20-22.5 cm in width
Hepatomegaly Congestive heart failure Asymptomatic Length exceeding 18 cm Riedel lobe
Inflammatory processes Right upper quadrant (RUQ) pain Anteroposterior diameter Left lobe variant
Polycystic disease Palpable RUQ mass exceeding 15 cm Technical error

Fatty infiltration
Biliary obstruction

Neoplasm

Budd-Chiari syndrome

SONOGRAPHIC

Liver

APPEARANCE

Bile Ducts

Homogeneous, moderately echogenic smooth parenchyma.
Anechoic tubular structures within the parenchyma representing blood vessels and
biliary ducts.

Hepatic Vein

* Anechoic tubular structures coursing through the liver parenchyma.
* Smooth hyperechoic wall margins.

Portal Vein

Anechoic tubular structures coursing toward the inferior vena cava.
Caliber increases closer to the inferior vena cava.

Smooth wall margins.

Multiphasic hepatofugal blood flow pattern.

Hepatic Artery

Anechoic tubular structures coursing from the hepatic hilum through the liver
parenchyma.

¢ Caliber increases closer to the hepatic hilum.
¢ Prominent smooth hyperechoic wall margins.

Phasic hepatopetal blood flow pattern.

Anechoic tubular structure coursing through the liver parenchyma.
Smooth wall margins.
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TECHNIQUE

Preparation

Low-resistance hepatopetal blood flow pattern, demonstrating continuous flow
throughout diastole.
Not typically visualized within the liver parenchyma.

Nothing by mouth (NPO) 6 to 8 hours before examination for adults, 6 hours for
children, and 4 hours for infants.
Emergency examinations may be performed without preparation.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

Place gain settings to display the normal liver parenchyma as a medium shade of
gray with adjustments to reduce echoes within the vessels.

® Focal zone(s) at or below the place of interest.
e Sufficient imaging depth to visualize structures immediately posterior to the region

of interest.

Harmonic imaging or decreasing system compression (dynamic range) can be used
to reduce artifactual echoes within anechoic structures.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

Systematic approach to evaluate and document the entire liver in both the longitu-
dinal and transverse planes using specific anatomical landmarks.

Longitudinal and anteroposterior diameter measurements of the liver should be
included.

Anteroposterior diameter measurement of the common hepatic or common bile
duct should be included.

Color Doppler imaging, using a 60-degree angle or less, to evaluate flow direction
and spectral analysis of the portal and hepatic veins.

¢ Evaluation and documentation of intrahepatic and extrahepatic bile ducts.
¢ Documentation and measurement of any abnormality in two scanning planes with

and without color Doppler should be included.

Indications for Examination

Abnormal liver function tests (LFTs).
Hepatocellular disease.

Biliary disease.

Abdominal pain.

Postprandial pain.

Palpable liver or spleen.
Pancreatitis.

LABORATORY VALUES

Alkaline Phosphatase

Alpha-Fetoprotein

Normal adult range 35 to 150 U/L.

An enzyme produced primarily by the liver, bone, and placenta and excreted
through the bile ducts.

Marked elevation is associated with obstructive jaundice.

A protein normally synthesized by the liver, yolk sac, and GI tract of the fetus.
A nonspecific marker for malignancy.
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Alanine Aminotransferase (ALT)

e Normal range 1 to 45 U/L.

An enzyme found in high concentration in the liver and lower concentrations in
the heart, muscle, and kidneys.

Remains elevated longer than aspartate aminotransferase (AST).

Used to access jaundice.

Elevation associated with cirrhosis, hepatitis, and biliary obstruction.

Mild elevation associated with liver metastasis.

Aspartate Aminotransferase (AST)

e Normal range 1 to 36 U/L.

® An enzyme present in many kinds of tissue that is released when cells are injured
or damaged; levels will be proportional to the amount of damage and the time
between cell injury and testing.

e Used to diagnose liver disease before jaundice occurs.

e Elevation associated with cirrhosis, hepatitis, and mononucleosis.

Bilirubin

e Normal total bilirubin 0.3 to 1.1 mg/dL.

e Normal direct bilirubin 0.1 to 0.4 mg/dL.

e A product from the breakdown of hemoglobin in old red blood cells; a disruption
in the process may cause abnormal levels; leakage into tissues gives the skin a
yellow appearance.

e Reflects the balance between production and excretion of bile.

e Elevation of direct or conjugated bilirubin is associated with obstruction, hepatitis,
cirrhosis, and liver metastasis.

e Elevation of indirect or nonconjugated bilirubin is associated with nonobstructive
conditions.

Prothrombin Time

Normal clotting time is 10 to 15 seconds.

Enzyme produced by the liver.

Production depends on amount of vitamin K.

Elevation associated with cirrhosis, malignancy, malabsorption of vitamin K, and
clotting failure.

e Decreases with subacute or acute cholecystitis, internal biliary fistula, carcinoma of the
gallbladder, injury to biliary ducts, and prolonged extrahepatic biliary obstruction.

Serum Albumin

e Normal 3.3 to 5.2 g/dL.
e Decrease suggests a decrease in protein synthesis.

Hepatic Cysts

DIFFERENTIAL

CYSTS ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS

Cyst Acquired secondary to Asymptomatic Anechoic round- or oval-shaped mass  Resolving hematoma
parasitic infection, Dull right upper Well-defined, smooth wall margins Abscess
inflammation, or trauma quadrant Posterior acoustic enhancement Polycystic disease

True cyst is caused by a (RUQ) pain May contain septations or Cystadenoma

weakening of a bile ductile low-level internal echoes Echinococcal cyst

Cystadenoma  Benign neoplasm containing  Hepatomegaly Multiloculated cystic mass Resolving hematoma
cystic structures within Palpable RUQ Well-defined margins Hemorrhagic cyst
the lesion mass Thin septations demonstrating Echinococcal cyst

Rare
Middle-aged women

thin wall margins
Thick septations or mural nodules
are suspicious for malignancy

Abscess
Adenoma
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Hepatic Cysts—(cont'd)

DIFFERENTIAL

CYSTS ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Polycystic An inherited disorder Asymptomatic Multiple cystic structures within the Multiple simple cysts
disease Occurs in 1 of 500 Hepatomegaly liver tissue Cystic metastasis
Female prevalence Palpable RUQ Difficult to distinguish normal liver Cystadenoma
Middle age mass parenchyma
RUQ pain Posterior acoustic enhancement
Multiple cysts may also be found in
the kidneys, pancreas, and spleen
Hepatic Inflammation and Infection
INFLAMMATION/ CLINICAL SONOGRAPHIC DIFFERENTIAL
INFECTION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Abscess, Ascending cholangitis is most ~ Abdominal pain Complex mass Resolving
includes: common Fever and chills Right lobe is the most hematoma
Amebic Recent travel abroad Leukocytosis common location (80%) Complicated
Fungal Biliary infection Elevated alkaline Oval or round shape cyst
Pyogenic Appendicitis phosphatase Irregular wall margins Cavernous
Diverticulitis Jaundice Usually solitary hemangioma
Hepatomegaly Posterior acoustic Echinococcal
enhancement cyst
Metastases
Candidiasis Fungal infection Immune-suppressed Uniformly hypoechoic lesions Metastases
patients within the liver parenchyma Resolving
Abdominal pain Thick wall margins hematoma
Fever and chills Hepatomegaly
Palpable liver May demonstrate a target or “wheel
within a wheel” appearance
Hyperechoic lesions with
posterior acoustic
shadowing
Echinococcal Parasite Echinococcus Right upper quadrant (RUQ)  Septated cystic mass Septated
cyst granulosum pain (honeycomb) liver cyst
Recent travel to Leukocytosis Mobile internal echoes Resolving
underdeveloped Fever (snowflakes) abscess
countries Hepatomegaly Cyst containing smaller cysts Resolving
Elevated alkaline (daughter cysts) hematoma
phosphatase Collapsed cyst within a cyst Cystadenoma
(water lily sign) Complicated
Round or oval shape cyst
Smooth wall margins
Hepatitis Type A Fatigue Normal-appearing liver Normal liver
Viral infection Loss of appetite parenchyma Biliary
Incubation of 30-40 days Fever and chills Hypoechoic liver parenchyma obstruction

Type B

Viral infection, transmitted by
inoculation of infected
blood or body fluids

Increases risk of developing a
hepatoma

Type C

Blood transfusion or “dirty”
needle

Increases risk of developing
cirrhosis or hepatic
neoplasm

Nausea
Nonobstructive jaundice

Marked elevation in aspartate
aminotransferase, alanine

aminotransferase, and
bilirubin

Prominence of the portal veins

(star effect)
Hepatomegaly
Associated splenomegaly
Increased parenchymal

echogenicity in chronic cases

Continued
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Hepatic Inflammation and Infection—(cont'd)

INFLAMMATION/ CLINICAL SONOGRAPHIC DIFFERENTIAL
INFECTION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Peliosis Occurs in chronically ill Hepatomegaly Focal or diffuse cystic liver masses  Cystic
hepatitis patients Development of necrotic, metastases
Rare disorder blood-filled liver spaces Abscess
communicating with the Cystadenoma
hepatic veins
Schistosomiasis  Parasite entering the skin or Rash Increase in echogenicity of the Hepatitis
mucosa and traveling to Fever portal walls Cirrhosis
the lung and then liver Diarrhea Thick portal wall margins Fatty infiltration
Symptoms may take 4-6 wks Lymphadenopathy Atrophy of the right lobe
to appear RUQ pain Hypertrophy of the left lobe
May even take several yrs to Thickening of the gallbladder wall
develop Portosystemic collaterals
Benign Hepatic Conditions
CLINICAL SONOGRAPHIC DIFFERENTIAL
CONDITION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Adenoma Long history of use of oral Asymptomatic Solid slightly hypoechoic Cavernous
contraceptives Normal labs mass hemangioma
Associated with Type 1 Right upper quadrant Hypoechoic halo Focal nodular
glycogen storage (RUQ) pain Complex mass is hyperplasia
disease demonstrated with Hematoma
hemorrhage or necrosis Abscess
Cavernous Benign congenital neo- Asymptomatic Homogeneous hyperechoic ~ Metastases
hemangioma plasm consisting of large RUQ pain mass Focal nodular
blood-filled cystic Well-defined wall margins hyperplasia
spaces Round shape Adenoma
Female prevalence May increase in size Abscess
Most common benign liver Complex echo pattern from
mass hemorrhage or necrosis
Cirrhosis Alcoholism and chronic Weakness and fatigue Diffuse increase in Fatty infiltration

Fatty infiltration

hepatitis C are the most
common cause in the
United States
Biliary obstruction
Viral hepatitis
Budd-Chiari syndrome
Nutritional deficiencies
Cardiac disease

Obesity

Diabetes

Cirrhosis

Hepatitis

Alcohol abuse
Hyperlipidemia
Metabolic disorder
Ulcerative colitis

Weight loss

Abdominal pain

Ascites

Elevated aspartate
aminotransferase,
alanine aminotrans-
ferase, and bilirubin

Skin changes and hair
loss

Nonobstructive
jaundice

Asymptomatic

Elevated liver function
tests

Hepatomegaly

parenchymal
echogenicity

Irregular nodular contour

Inability to distinguish portal
vein wall margins

Increase in sound
attenuation

Enlargement of the caudate
lobe

Splenomegaly

Ascites

Diffuse increase in paren-
chymal echogenicity

Normal vessel wall margins

Normal liver parenchyma
appears as a hypoechoic
mass adjacent to the
inferior vena cava (IVC)
or anterior to the porta
hepatis

Diffuse
metastases

Cirrhosis
Glycogen storage
disease
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Benign Hepatic Conditions—(cont'd)

CONDITION

ETIOLOGY

CLINICAL
FINDINGS

SONOGRAPHIC
FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Focal nodular
hyperplasia

Glycogen storage
disease

Hemangioendothelioma

Hemochromatosis

Mesenchymal
hamartoma

Hormone influence

Congenital vascular
malformation

Second most common
benign liver mass

Autosomal recessive
disorder

Excessive deposition of
glycogen in the liver,
kidneys, and Gl tract

Type [—Von Gierke disease
is the most common

Type [l—Pompe disease
typically affects the skel-
etal muscle and heart

Infantile hemangioma

Most common symptomatic
vascular tumor in infancy

Complications:
Thrombocytopenia
Angiopathic anemia
Gastrointestinal bleeding

Rare disease characterized
by excess iron deposits
throughout the body

May cause cirrhosis

Rare lesion occurring in
children less than 2 yrs
of age

Asymptomatic

Hepatomegaly
Stunted growth
Kidney failure
Hypoglycemia
Bruising
Osteoporosis

Abdominal mass

Fatigue

Shortness of breath

Heart palpitations
Chronic abdominal
pain
Developmental
unencapsulated
cystic tumor
Disordered
arrangement of

bile ducts, hepatic
parenchyma, and
primitive mesoderm

Hyperechoic or isoechoic
liver mass

Well-defined wall margins

Subcapsular location

Hypoechoic central stellate
scar

Peripheral and central
blood flow

Frequently found in the
right lobe

Marked diffuse increase in
echogenicity of the liver
parenchyma

Increase in acoustic
attenuation

Hepatomegaly

Solid liver masses

Associated with
nephromegaly, liver
adenoma, and focal
nodular hyperplasia

Multiple hypoechoic
lesions
Size varies from 1 cm—3 cm
Multiple peripheral vessels
Large draining veins
with dilated proximal
abdominal aorta with
AV shunting

Hepatomegaly

Uniform increase in
parenchymal
echogenicity

Diffuse abdominal
distention

Palpable abdominal mass

Well-defined large complex
mass

Predominently anechoic

Lacelike configuration

Adenoma

Cavernous
hemangioma

Metastases

Fatty
infiltration
Cirrhosis

Hepatoblastoma
Abscess

Fatty infiltration
Cirrhosis

Hepatoblastoma
Abscess
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Malignant Hepatic Neoplasms

CLINICAL SONOGRAPHIC DIFFERENTIAL
MALIGNANCY ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Hemangiosarcoma  Exposure to arsenic, Abdominal pain Heterogeneous, Hepatoblastoma

Hepatoblastoma

Hepatocellular
carcinoma
(hepatoma)

Metastases

polyvinyl, and
Thorotrast

Germ cell tumor

Most common malignant
tumor in children
3yrsold or less

Cirrhosis

Chronic hepatitis B

Exposure to carcinogens
in food or environment

Majority from colon
Pancreas

Breast

Lung

Loss of appetite
Lethargy

Abdominal distention
Nausea/vomiting
Weight loss

Precocious puberty
Marked elevation of AFP

Palpable mass

Abdominal pain

Weight loss

Unexplained fever

Elevated alanine
aminotransferase (ALT),
aspartate aminotransferase
(AST), and alkaline
phosphatase

Positive alpha-fetoprotein

Jaundice

Hepatomegaly

Right upper quadrant (RUQ)
pain

Weight loss

Loss of appetite

Jaundice

Increase in AST, ALT, and
bilirubin

Mild increase in alkaline

hyperechoic mass

Cystic mass with internal
septation

Metastatic lesions to the
portal vein, spleen, lungs,
lymph nodes, thyroid, and
peritoneal cavity

Internal blood flow

Heterogeneous,
hyperechoic mass

Cystic mass with internal
septations

Low resistance internal
arterial flow

Solid mass with variable
echogenicity

May demonstrate a
hypoechoic halo

Multiple nodules or diffuse
infiltrative masses may
also be demonstrated

Hepatomegaly

Ascites

Five Patterns

Bull's-eye or target lesion
Hyperechoic masses
Cystic masses

Complex masses

Diffuse pattern

Degenerating
cavernous
hemangioma

Resolving
hematoma

Cystadenocarcinoma

Metastasis

Metastases
Abscess
Cavernous
hemangioma
Adenoma
Cirrhosis

Multiple abscesses
Nodular cirrhosis
Fatty infiltration
Multiple cavernous
hemangiomas

phosphatase
Hepatic Vascular Abnormalities
VASCULAR CLINICAL SONOGRAPHIC DIFFERENTIAL
CONDITION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Budd-Chiari Hepatoma Abdominal pain Hypoechoic intraluminal echoes in  Cirrhosis
syndrome Tumor extension (renal or Hepatomegaly the hepatic veins (thrombus) Portal vein
liver) Lower-extremity edema Dilated hepatic veins thrombosis
Hematologic disorder Mild increase in alkaline Vein wall thickening Technical
Congenital webbing of IVC phosphatase Absence of or altered hepatic error

or right atrium

venous flow
Hepatomegaly
Enlarged caudate lobe
Ascites

Hyperechoic liver parenchyma
Thrombosis in the portal veins
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Hepatic Vascular Abnormalities—(cont'd)

VASCULAR CLINICAL SONOGRAPHIC DIFFERENTIAL
CONDITION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Portal Cirrhosis Splenomegaly Intrinsic liver disease Cirrhosis
hypertension Hepatitis Hepatomegaly Main portal vein diameter Budd-Chiari
Fatty infiltration Increase in liver function exceeding 13 mm syndrome
Portal vein obstruction tests Splenomegaly Portal vein
Budd-Chiari syndrome Hematemesis Ascites thrombosis
Jaundice Splenic and superior mesenteric
Abdominal distention vein exceeding 10 mm
Changes in portal venous flow
a. hepatofugal
b. pulsatile
c. decrease in velocity
Portosystemic collaterals
Resistive index exceeding 0.8 in
the hepatic artery implies portal
hypertension
Portal vein Hepatoma or liver Severe abdominal pain Hypoechoic intraluminal echoes in ~ Budd-Chiari
thrombosis metastasis Loss of appetite the portal vein(s) syndrome
Sepsis Increase in portal vein diameter Cirrhosis
Blood coagulation disorders Prominence of the intrahepatic Technical
Cirrhosis arteries error
Idiopathic Absence or altered portal venous
blood flow
Transjugular A shunt is placed between Asymptomatic Normal Gray Scale Technical
intrahepatic a portal vein and a Symptoms may vary with Brightly echogenic, nonshad- error

portosystemic
shunt (TIPS)

hepatic vein

Commonly placed between
the right portal vein and
the right hepatic vein

Complications include
hepatic vein stenosis,
stent occlusion, and
stent stenosis

underlying liver disease

owing tubular structure
Connects a portal vein to the
right hepatic vein
Stent should measure 8-12 mm
in diameter throughout
Abnormal Gray Scale
Diameter less than 8 mm
New onset of ascites
Normal Doppler
Hepatopetal flow in main portal
vein at 20-60 cm/s
Hepatofugal flow in right and
left portal veins
Peak flow velocity within stent
ranges from 65-225 cm/s
Abnormal Doppler
Elevated velocity within the
stent
Velocity within the stent less
than 60 cm/s
Decrease in main portal vein
velocity
Retrograde flow within the stent



Portal Hypertension Collaterals and Portal Caval Shunts

COLLATERAL DESCRIPTION
Coronary vein Located in the midepigastric area superior to the portosplenic junction
Gastroesophageal Located posterior to the left lobe of the liver near the gastroesophageal junction

Tends to rupture and cause internal bleeding

Mesoenterocaval Detection of retrograde flow in the superior mesenteric vein implies

mesoenterocaval shunting
Collaterals in the pelvis

Paraumbilical vein Courses within the falciform ligament from the left portal vein to the

umbilicus
Hepatofugal flow

Splenorenal Shunts blood from the splenic vein to the left renal vein

Associated with enlargement of the left renal vein

Portal Caval Shunts

Mesocaval Surgical attachment of the mid to distal portion of the superior mesenteric vein
to the inferior vena cava

Portacaval Surgical attachment of the main portal vein at the portosplenic confluence to
the anterior aspect of the inferior vena cava

Splenorenal Surgical removal of the spleen with anastomosis of the splenic vein to the left
renal vein

HEPATIC TRANSPLANT

Hepatic artery provides the only blood supply to the biliary tree.
Liver function tests are best indicators of rejection.

Preoperative Protocol

Measure the diameter of the portal vein and hepatic artery.

Document patency of the portal and hepatic veins, superior mesenteric vein, hepatic
artery, and the inferior vena cava.

Evaluate for portosystemic collaterals.

Measure the length of the spleen.

Evaluate liver and biliary tree for pathology.

Evaluate abdominal cavity for ascites.

Postoperative Complications

Hepatic artery thrombosis—most common in the first 6 weeks; increase in resistive
index (RI).

Hepatic artery stenosis—typically at anastomoses; normal peak systolic velocity
may be as high as 250 cm/s; Rl less than 0.5.

Infection or fluid collections—abscess, ascites, biloma, hematoma, lymphocele,
and seroma.

Portal vein stenosis—caused by folding or kinking at the anastomoses; peak systolic
velocity greater than 100 cm/s.

Portal vein thrombosis—associated with acute rejection; hepatic artery RI equal or
less than 0.5.
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LIVER REVIEW

1.

The adult liver is considered enlarged after the
anteroposterior diameter exceeds:

a. 10 cm

b. 12 cm

c. 15cm

d. 20 cm

. Sonographic findings commonly associated

with portal hypertension include which of the

following?

a. hypoechoic liver parenchyma and gastric
varices

b. splenomegaly and hepatofugal flow in the main
portal vein

¢. hyperechoic liver parenchyma and hepatopetal
flow in the main portal vein

d. splenomegaly and decreased resistance in the
proper hepatic artery.

. Gain settings should be placed to demonstrate the

normal liver:

a. as a medium shade of gray

b. hypoechoic to the spleen

¢. hyperechoic to the pancreas

d. hyperechoic to the renal cortex

. A hepatic cavernous hemangioma most commonly

appears on ultrasound as a(n):
a. complex mass

b. hyperechoic mass

¢. isoechoic mass

d. hypoechoic mass

. Which of the following ligaments separates the left

lobe from the caudate lobe of the liver?
a. coronary

b. falciform

€. venosum

d. hepatoduodenal

. The most common cause of cirrhosis in the United

States is:

a. hepatitis B

b. anorexia nervosa
c. alcohol abuse

d. biliary obstruction

. Which of the following symptoms in not associ-

ated with hepatocellular carcinoma?
a. weight loss

b. abdominal pain

¢. unexplained fever

d. elevated serum albumin

10.

1.

12.

13.

14.

In the United States, a hepatic abscess is most
likely to develop in which of the following
conditions?

a. acute pancreatitis

b. biliary obstruction

c. ascending cholangitis

d. Budd-Chiari syndrome

Which of the following structures separate the left

lobe of the liver from the right lobe?

a. left hepatic vein and main lobar fissure

b. middle hepatic vein and ligamentum of
venosum

¢. middle hepatic vein and main lobar fissure

d. left hepatic vein and right intersegmental
fissure

The right lobe of the liver is divided into anterior
and posterior segments by the:

a. main portal vein

b. right portal vein

c. right hepatic vein

d. middle hepatic vein

A patient presents with a history of right upper
quadrant pain, fever, and leukocytosis. On
further questioning, the patient discloses recent
travel abroad. A complex mass is identified in
the right lobe of the liver. This mass most likely
represents a(n):

a. hepatic abscess

b. metastatic lesion

¢. echinococcal cyst

d. cholangiocarcinoma

Patients with a history of hepatitis B have a
predisposing risk factor for developing:

a. an adenoma

b. a hepatoma

c. focal nodular hyperplasia

d. a cavernous hemangioma

“Daughter cysts” are associated with which of the
following pathologies?

a. adenoma

b. fungal abscess

c. cystadenoma

d. echinococcal cyst

Which of the following hepatic structures is
interlobar in location?

a. hepatic artery

b. portal vein

¢. hepatic vein

d. biliary duct
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15. The normal blood flow pattern in the main portal
vein is described as:
a. phasic
b. pulsatile
¢. hepatofugal
d. continuous

Using Fig. 7-3, answer questions 16 and 17.

16. An asymptomatic obese adult patient presents
with elevated aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels discovered
during a life insurance physical. The hypoechoic
area documented in the sonogram most likely
represents
a. nodular fibrosis
b. a lymph node
¢. a malignant lesion
d. normal liver tissue

17. The hepatic pathology demonstrated in this
sonogram most likely represents:
a. cirrhosis
b. lymphoma
c. fatty infiltration
d. liver metastasis

Using Fig. 7-4, answer question 18.

18. A postmenopausal patient presents with a history
of right upper quadrant pain and normal liver
function tests. She denies hormone replacement
therapy or previous abdominal surgery. A solitary
mass is identified in the right lobe of the liver.
This mass most likely represents a(n):

a. adenoma

b. hematoma

c. cavernous hemangioma
d. focal nodular hyperplasia

DECUB PORTA
FIG. 7-32 Transverse liver.

LONG LIVER

FIG. 7-4 Sagittal liver.

Using Fig. 7-5, answer question 19.

19. A patient presents with a history of hepatitis C
and abdominal distention. The finding in this
duplex image of the porta hepatis is most com-
monly associated with which of the following
conditions?

a. hepatitis

b. portal hypertension

¢. Budd-Chiari syndrome
d. portal vein thrombosis

ULTRASOUND

FIG. 7-5 Duplex sonogram of the main portal vein.
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Using Fig. 7-6, answer question 20. Using Fig. 7-8, answer questions 22 and 23.

20. The arrow identifies which of the following he- 22,

patic lobes?

a. caudate lobe

b. lateral left lobe

¢. medial left lobe
d. anterior right lobe

Using Fig. 7-7, answer question 21.

21. A female patient presents with a history of post-
prandial pain. The left lobe of the liver does not
extend across the midline. This image of the right

lobe is most likely demonstrating which of the 23.

following conditions?
a. hepatitis

b. cirrhosis

c. Riedel lobe

d. hepatomegaly

TRAN LIVER
FIG. 7-6 Transverse image of the liver.

FIG. 7-7 Longitudinal sonogram of the right upper
quadrant.

24,

25.

26.

An asymptomatic patient presents to the ultrasound
department for evaluation of a solitary hepatic mass
documented on a recent computed tomography
(CT) examination. A nonvascular anechoic structure
is identified in the area in question. Based on this
clinical history and sonogram, the mass identified is
most consistent with a(n):

a. biloma

b. simple cyst

¢. resolving hematoma

d. echinococcal cyst

Which of the following pathologies is also dem-
onstrated in the sonogram?

a. cholecystitis

b. choledocholithiasis

¢. cholelithiasis

d. cavernous hemangioma

Which of the following liver pathologies is associ-
ated with immune-suppressed patients?

a. adenoma

b. candidiasis

¢. echinococcal cyst

d. polycystic disease

Metastatic lesions involving the liver most com-
monly originate from a primary malignancy of the:
a. pancreas

b. colon

¢. stomach

d. gallbladder

Which of the following ligaments serves as a
barrier between the subphrenic space and
Morison pouch?

a. falciform

b. coronary

¢. gastrohepatic

d. hepatoduodenal

FIG. 7-8 Right upper quadrant.
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21.

28.

29.

30.

31.

32.

33.

34.

An abnormally enlarged or dilated vein is most
commonly termed a(n):

a. shunt

b. varix

€. aneurysm

d. perforator

Traditional lobar anatomy divides the liver into:
a. three lobes

b. four lobes

c. six lobes

d. eight lobes

Severe insult to the liver cells leading to subse-
quent necrosis describes:

a. cirrhosis

b. portal hypertension

¢. Budd-Chiari syndrome

d. focal nodular hyperplasia

Von Gierke disease is most commonly associated
with:

a. cirrhosis

b. schistosomiasis

c. glycogen storage disease

d. focal nodular hyperplasia

Prominence of the portal veins is most
commonly associated with which of the
following pathologies?

a. cirrhosis

b. hepatitis

c. polycystic disease

d. glycogen storage disease

A transjugular intrahepatic portosystemic shunt
(TIPS) is commonly placed between the:
right hepatic vein and the right portal vein

right portal vein and the inferior vena cava
left portal vein and the inferior vena cava

eo oo

The paraumbilical vein courses from the umbilicus

to the:

a. left hepatic vein

b. superior mesenteric vein
¢. middle hepatic vein

d. left portal vein

Which of the following conditions describes a
congenital extension of the liver anterior and
inferior to the right kidney?

a. hepatomegaly

b. Riedel lobe

c. left lobe variant

d. hyperplastic caudate lobe

middle hepatic vein and the inferior vena cava

35.

36.

31.

38.

Which of the following spaces is located superior
to the liver and inferior to the diaphragm?

a. pleura

b. lesser sac

c. subhepatic space

d. subphrenic space

Enlargement of the caudate lobe is most commonly
associated with which of the following pathologies?
a. cirrhosis

b. candidiasis

c. fatty infiltration

d. liver metastasis

On spectral Doppler, the hepatic veins are charac-
terized by which of the following flow types?

a. laminar

b. parabolic

¢. multiphasic

d. turbulent

Which of the following ligaments attaches the
liver to the anterior abdominal wall?

a. venosum

b. falciform

c. triangular

d. right coronary ligament

Using Fig. 7-9 and color plate 3, answer question 39.

39.

A transverse duplex image of the liver displays:
a. normal portal venous flow

b. normal hepatic venous flow

¢. normal and abnormal portal venous flow

d. normal and abnormal hepatic venous flow

FIG. 7-9 Sagittal image of the liver (see color plate 3).
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40.

Which of the following most accurately describes
the location of the caudate lobe?

a. medial to the lesser sac

b. posterior to the inferior vena cava

¢. posterior to the porta hepatis

d. lateral to the inferior vena cava

Using Fig. 7-10 and color plate 4, answer question 41.

a1.

42.

43.

44.

A patient presents with a history of cirrhosis.
Based on this clinical history, the duplex image of
the left upper quadrant is most suspicious for:

a. flash artifact

b. gastric varices

¢. bowel peristalsis

d. abdominal aortic aneurysm

Decreases in prothrombin time are associated
with which of the following?

a. cirrhosis

b. clotting failure

c. acute cholecystitis

d. malabsorption of vitamin K

The most common symptom associated with
acute thrombosis of the portal veins is:

a. weight loss

b. tachycardia

c. severe abdominal pain

d. lower-extremity edema

The diameter of a transjugular portosystemic
shunt (TIPS) should measure a minimum of:
a. 4 mm

b. 6 mm

c. 8 mm

d. 10 mm

Doppler image of the left upper quadrant
(see color plate 4).

Using Fig. 7-11, answer question 45.

45. A 30-year-old female patient presents to the

ultrasound department with postprandial pain.
Gallstones are identified along with a mass in the
right lobe of the liver. The patient has been taking
oral contraceptives for 10 years. Based on this
clinical history and sonogram, the mass is most
suspicious for:

a. an adenoma

b. a hepatoma

¢. a cavernous hemangioma

d. focal nodular hyperplasia

Using Fig. 7-12, answer questions 46 and 47.

46. A 70-year-old patient presents with elevated

alkaline phosphatase, right upper quadrant pain,
and rectal bleeding. A sagittal sonogram of the
right upper quadrant is documented. Based on
this clinical history, the sonographic findings

are most consistent with which of the following
pathologies?

a. cirrhosis

b. fatty infiltration

¢. candidiasis

d. liver metastasis

LIVER SAG

Sagittal sonogram of the liver.
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47. The fluid collection identified in this image is
located in which of the following spaces?
a. right pleura

b. subhepatic space

c. right paracolic gutter

d. right subphrenic space

Using Fig. 7-13, answer question 48.

48. A patient who is complaining of postprandial
pain presents for an abdominal ultrasound.
Laboratory values are within normal limits. Based
on this clinical history and sonogram, the mass is
most suspicious for a (an):

a. choledochal cyst

b. simple hepatic cyst

¢. abnormal lymph node
d. hepatic artery aneurysm

-0

FIG. 7-14 Transverse liver.

Using Fig. 7-14, answer question 49.

49. Which of the following ligaments is demonstrated
in this sagittal image of the liver?
a. coronary

b. venosum

c. falciform

d. triangular

LONG LIVER

FIG. 7-13 Sagittal sonogram of the liver.

Using Fig. 7-15, answer question 50.

50. A 40-year-old patient arrives for an abdominal

ultrasound to rule out gallstones. The patient
complains of fatigue, fever, chills, and a loss of
appetite for the previous week. Laboratory tests
show marked elevation in AST, ALT, and bilirubin
levels. Based on this clinical history, the sonogram
is most suspicious for which of the following
pathologies?

a. candidiasis

b. acute hepatitis

c. fatty infiltration

d. portal vein thrombosis

FIG. 7-15 Transverse liver.
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acute cholecystitis acute inflammation of the gallbladder.

adenoma a benign epithelial tumor; histologically similar to a
bowel wall polyp; most common benign neoplasm.

adenomyomatosis hyperplasia of epithelial and muscle lay-
ers in the gallbladder wall; a small polypoid mass of the gall-
bladder wall; diverticulosis of the gallbladder.

ampulla of Vater opening in the duodenum for the entrance
of the common bile duct.

ascariasis roundworm that inhibits the intestine.

bile a fluid secreted by the liver, concentrated in the gallblad-
der, and poured into the small intestine via the bile ducts; plays
a role in emulsification, absorption, and digestion of fats.

bilirubin yellow pigment in bile formed by the breakdown of
red blood cells.

biliary atresia partial or complete absence of the biliary
system.

biliary colic visceral pain associated with passing of stone(s)
through the bile ducts; also called cholecystalgia.

biliary dilatation dilated bile duct(s).

biloma an extrahepatic collection of extravasated bile from
trauma, surgery, or gallbladder disease.

Bouveret syndrome paroxysmal tachycardia.

Caroli disease a segmental, saccular, or beaded appearance
to the intrahepatic biliary ducts.

cholangitis inflammation of a bile duct.
cholangiocarcinoma carcinoma of a bile duct.
cholecystitis inflammation of the gallbladder.

cholecystokinin a hormone secreted in the small intestine that
stimulates gallbladder contraction and secretion of pancreatic
enzymes; stimulation occurs after food reaches the duodenum.

choledochal cyst cystic dilatation of the common bile duct.

choledocholithiasis calculus in the common duct; stones
contain bile pigments, bile calcium salts, and cholesterol.

cholelithiasis the presence or formation of gallstones; stones
contain cholesterol, calcium bilirubinate, and calcium carbonate.

cholesterolosis a form of hyperplastic cholecystosis caused
by the accumulation of triglycerides and esterified sterols in
the macrophage of the gallbladder wall.

cholesterosis type of cholesterolosis associated with a
strawberry appearance to the gallbladder.

chronic cholecystitis recurrent attacks of acute cholecystitis.

clonorchiasis parasite that typically resides in the intrahepatic
ducts; the gallbladder and pancreas may also be affected.

common bile duct portion of the extrahepatic biliary system
formed at the junction of the common hepatic and cystic
ducts; empties into the second portion of the duodenum.

common duct term used to include the extrahepatic common
hepatic duct and common bile duct.

common hepatic duct the right and left hepatic ducts join to
form the common hepatic duct in the porta hepatis (hepatic hilum).

Courvoisier sign painless jaundice associated with an
enlarged gallbladder caused by the obstruction of the distal
common bile duct by an external mass (typically adenocarci-
noma of the pancreatic head).

cystic duct small duct that drains the gallbladder.

emphysematous cholecystitis gas in the gallbladder wall or
lumen.

gallbladder reservoir for bile.

hematobilia bleeding into the biliary tree associated with liver
biopsy, blunt trauma, or rupture of a hepatic artery aneurysm

Hartmann pouch small posterior pouch near the gallbladder
neck.

jaundice yellowish discoloration of the skin or sclera related
to an increased level of bilirubin in the blood.

junctional fold fold or septation of the gallbladder at the
junction of the neck and body.

Klatskin tumor carcinoma located at the junction of the right
and left hepatic ducts.

main lobar fissure a hyperechoic line extending from the
portal vein to the gallbladder fossa; a boundary between the
left and right lobes of the liver.

Mirizzi syndrome impacted stone in the cystic duct causing
compression on the common hepatic duct resulting in jaundice.

parallel channeling condition in biliary obstruction represent-
ing imaging of the dilated hepatic duct and adjacent portal vein.

phrygian cap fold in the gallbladder fundus.

pneumobilia air in the biliary tree.

polyp a soft tissue mass protruding from the gallbladder wall.
porcelain gallbladder calcification of the gallbladder wall.
sludge echogenic bile; viscous bile; contains calcium bilirubinate.

sludgeball mobile, echogenic, nonshadowing mass in the
dependent portion of the gallbladder.

tumefactive sludge echogenic bile that does not layer
evenly; resembles a polypoid mass.

WES sign wall-echo-shadow sign; “double arc” sign; seen
with a stone-filled gallbladder.
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BILIARY SYSTEM

Functions of the Biliary System

Transport bile to the gallbladder through the bile ducts.
Store and concentrate bile in the gallbladder.
Transport bile through the bile ducts to the duodenum.

BILIARY ANATOMY (Fig. 8-1)

Bile Ducts

The biliary system originates in the liver as a series of ductules coursing between
the liver cells.

Biliary ducts are subdivided into intrahepatic and extrahepatic ducts.
Intrahepatic ducts follow the course of the portal veins and hepatic arterial
branches.

The main right and left hepatic ducts lie anterior to the corresponding portal venous
trunk.

Extrahepatic ducts include the cystic and common ducts.

Bile flows if intraductal pressure is lower than the hepatic secretory pressure.
Pressure differences are affected by the activity of the sphincter of Oddi, filling
and resorption of the bile in the gallbladder, and the bile flow from the liver.

Common Hepatic Duct

The right and left hepatic ducts join near the level of the porta hepatis, forming the
common hepatic duct (CHD).

Cystic Duct

Gallbladder——

Area of the ampulla

Drains the gallbladder.

Variable configuration, with a mean length of approximately 4 cm.
Postcholecystectomy, the cystic duct remnant measures 1 to 2 cm in length.
Contains the spiral valves of Heister.

Courses posterior and inferiorly merging with the CHD to form the common bile
duct (CBD).

Not routinely visualized on ultrasound.

Right hepatic duct~_ _— Left hepatic duct

LCommon hepatic duct

Common bile duct

Pancreas

Pancreatic duct
(duct of Wirsung)

of Vater with
sphincter of Oddi

Duodenum

FIG. 8-1 Biliary anatomy.
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Common Bile Duct

The CHD is joined by the cystic duct to form the CBD.

Courses inferiorly, joining the main pancreatic duct at the ampulla of Vater to enter
the descending portion of the duodenum.

Lies anterior to the main portal vein and lateral to the proper hepatic artery.

Size of the Normal Bile Duct

Average intraluminal diameter of the CHD is 4 mm and should not exceed 6 mm in
adults.
Average intraluminal diameter of the CBD is 6 mm in diameter or less in adults.

e Starting at age 60, the CBD may increase in diameter by 1 mm per decade.
® Postcholecystectomy patients may demonstrate a slight increase in diameter but

SONOGRAPHIC

should not exceed 10 mm.

Average intraluminal diameter of the CBD is less than 4 mm in children, less than
2 mm in infants up to 1 year, and less than 1 mm in neonates.

The CBD will decrease in size or remain unchanged after a fatty meal.

APPEARANCE

Normal Intrahepatic Bile Ducts

Anechoic nonvascular tubular structures coursing within the hepatic parenchyma.
Smooth hyperechoic walls.

Normal intraluminal diameter of the CHD.

The right and left hepatic bile ducts generally lie anterior to the corresponding
portal vein.

Intrahepatic bile ducts are not routinely visualized on ultrasound.

Normal Extrahepatic Bile Ducts

Longitudinal Plane

Anechoic nonvascular tubular structure anterior to the main portal vein and proper
hepatic artery.

Smooth hyperechoic walls.

Normal intraluminal diameter of the CBD.

Transverse Plane

Anechoic nonvascular tubular structure anterior to the main portal vein and lateral
to the proper hepatic artery.
Smooth hyperechoic walls.

Abnormal Intrahepatic and Extrahepatic Ducts

Abnormal intraluminal diameter of the common hepatic or common bile ducts
(=6 mm and =10 mm, respectively, in postcholecystectomy adult patients).
Thick, irregular, or nonparallel walls.

GALLBLADDER PHYSIOLOGY AND ANATOMY

Functions of the Gallbladder

Concentrates bile through the gallbladder epithelium.

Stores concentrated bile.

Contracts to release bile when the hormone cholecystokinin is released into the
bloodstream.
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Gallbladder Divisions

® Fundus: most inferior and anterior portion; blind end.

® Body: midportion between the neck and fundus.

® Neck: narrow, tapering tubelike structure; most superior portion; smallest
transverse diameter; fixed anatomic relationship to the main lobar fissure and
right portal vein.

Layers of the Gallbladder Wall

1. Outer serosal layer—visceral peritoneum.

2. Subserous layer—connective tissue.

3. Muscular layer—contracts in response to cholecystokinin.
4. Inner epithelial layer—mucosal layer.

Gallbladder Location

¢ An intraperitoneal organ.

® Located in the gallbladder fossa on the posterior surface of the liver.

® Lies lateral to the inferior vena cava and anterior and medial to the right kidney.
¢ Lies posterior and inferior to the main lobar fissure.

¢ Gallbladder neck lies most superior.

GALLBLADDER ANATOMICAL VARIANTS

® Hartmann pouch: small posterior pouch near the gallbladder neck.

e Junctional fold: fold or septation of the gallbladder at the junction of the neck and
body.

® Phrygian cap: fold in the gallbladder fundus.

CONGENITAL ANOMALIES

Agenesis—rare.

Duplication—partial or complete.

Hypoplasia—associated with cystic fibrosis.

Intrahepatic or ectopic location—may herniate into the lesser sac.
Multiseptated—congenital malformation.

GALLBLADDER SIZE

* The normal fasting adult gallbladder measures approximately 8 to 10 cm in length
and 3 to 5 cm in diameter.

* The normal fasting pediatric gallbladder measures approximately 1.5 to 3.0 cm in
length and 1.2 cm in width in infants less than 1 year of age, and 3 to 7 cm in
length and 1 to 3 cm in diameter in children between 2 and 16 years of age.

SONOGRAPHIC APPEARANCE

Normal Fasting Gallbladder

* An ellipsoid anechoic structure located in the gallbladder fossa demonstrating
posterior acoustic enhancement.

* Demonstrates smooth hyperechoic walls measuring 3 mm or less in thickness.

¢ Located in the inferior medial aspect of the liver.

Abnormal Fasting Gallbladder

e Transverse diameter less than 2 cm or exceeding 5 cm.
® Thick or edematous wall exceeding 3 mm in thickness.
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Irregular wall contour.
Intraluminal focus or echoes.
Acoustic shadowing posterior to the gallbladder fossa.

Reasons for Nonvisualization of the Gallbladder

Nonfasting patient.

Surgically absent.

Obliteration of the gallbladder lumen by intestinal air or gallstones.
Patient body habitus.

Ectopic location.

Agenesis.

Noninflammatory Causes of Gallbladder Wall Thickening

TECHNIQUE

Preparation

Nonfasting patient.
Ascites.

Cirrhosis.

Congestive heart failure.
Hypoalbuminemia.
Acute hepatitis.

Nothing by mouth (NPO) 6 to 8 hours before examination for adults, 6 hours for
children, and 4 hours for infants.

Appointments are typically made at the beginning of the patient’s day.

1. decreases the amount of intestinal air.

2. patient is fasting.

Emergency examinations may be performed without preparation.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal
resolution for penetration depth.

Place gain settings to display the normal liver parenchyma as a medium shade of
gray with adjustments to reduce echoes within the vessels.

Focal zone(s) at or below the place of interest.

Sufficient imaging depth to visualize structures immediately posterior to the region
of interest.

Harmonic imaging and decreasing the compression (dynamic range) can be used to
reduce artifactual echoes within anechoic structures and improve prominence of
posterior acoustic shadowing.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

¢ Begin with the patient in the supine position.
¢ Intrahepatic ducts, extrahepatic ducts, gallbladder, and pancreas should always be

evaluated.

After the supine evaluation, the patient is positioned in the oblique, decubitus, or
erect views to demonstrate mobility of gallstones or avoid obscuring bowel gas
patterns.

Systematic approach to evaluate and document the intra- and extrahepatic ducts,
gallbladder, and pancreas in both the longitudinal and transverse planes using
specific anatomical landmarks.

Intraluminal measurement and images of the common hepatic and common bile
ducts must be documented. (Only the inner diameter is measured.)

In the jaundice patient, careful evaluation of the intrahepatic ducts is warranted.
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¢ Color Doppler imaging, using a 60-degree angle or less to distinguish vascular
structures from the intrahepatic and extrahepatic biliary tree and to evaluate struc-
tures within or around the gallbladder.

¢ Documentation and measurement of any abnormality in two scanning planes
should be included.

Indications for Ultrasound Examination

RUQ pain—may radiate to the upper back and chest.
Increase in liver function tests.

Nausea/vomiting.

Intolerance to fatty foods.

Postprandial pain.

Positive Murphy sign.

Jaundice.

LABORATORY VALUES

Alkaline Phosphatase

e Normal adult range 35 to 150 U/L.

* An enzyme produced primarily by the liver, bone, and placenta and excreted
through the bile ducts.

* Marked increase is seen typically with obstructive jaundice.

Alanine Aminotransferase (ALT)

* Normal range 1 to 45 U/L.

¢ An enzyme found in high concentration in the liver and in lower concentrations in
the heart, muscle, and kidneys.

¢ Remains elevated longer than aspartate aminotransferase (AST).

¢ Elevation associated with cirrhosis, hepatitis, and biliary obstruction.

¢ Mild elevation associated with liver metastasis.

Aspartate Aminotransferase (AST)

* Normal range 1 to 36 U/L.

* An enzyme present in many types of tissue that is released when cells are injured
or damaged; levels will be proportional to amount of damage and the time between
cell injury and testing.

¢ Elevation associated with cirrhosis, hepatitis, and mononucleosis.

Bilirubin

e Normal total bilirubin 0.3 to 1.1 mg/dL.

e Normal direct bilirubin 0.1 to 0.4 mg/dL.

* A product from the breakdown of hemoglobin in old red blood cells; a disruption
in the process may cause abnormal levels; leakage into tissues gives the skin a
yellow appearance.

¢ Reflects the balance between production and excretion of bile.

¢ Elevation of direct or conjugated bilirubin is associated with obstruction, hepatitis,
cirrhosis, and liver metastasis.

¢ Elevation of indirect or nonconjugated bilirubin is demonstrated in nonobstructive
conditions.
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Intrahepatic Pathology

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Biliary Biliary obstruction Asymptomatic Dilated intrahepatic and/or Normal biliary tree
dilatation Right upper quadrant (RUQ) extrahepatic bile ducts Portal hypertension

Biliary atresia

Hemobilia

Pneumobilia

Caroli disease

Clonorchiasis

Klatskin tumor

Congenital anomaly
Viral infection
Complications:
Death
Cirrhosis
Cholangitis
Portal hypertension
Liver biopsy
Trauma
Vascular malformation

Surgical procedure

Trauma

Infection

Incompetent
sphincter of Oddi

Ingestion of raw
freshwater fish

pain

Jaundice

Elevated direct bilirubin and
alkaline phosphatase

Persistent jaundice

Abdominal pain
Hematemesis

Asymptomatic
RUQ pain

Abdominal pain
Abdominal cramping
Fever

Intermittent jaundice

RUQ pain
Fever
Leukocytosis

Jaundice

Acute onset of abdominal
pain

Biliary colic

Weight loss

Elevated bilirubin and
alkaline phosphatase
levels

Mild increase in aspartate
aminotransferase
(AST) and alanine
aminotransferase
(ALT) levels

Parallel channeling
Portal vein may appear flattened
with progressive dilatation

Absent hepatic biliary radicles
Small or absent gallbladder
Absent common hepatic duct (CHD)
Hepatomegaly

Low-level echoes within the bile
ducts
Gravity dependent

Hyperechoic focus(i) in the

intrahepatic bile ducts
Comet-tail reverberation artifact
Often centrally located

Segmental, saccular, or beaded
appearance of the intrahepatic
bile ducts

Multiple cystic structures in the
liver that communicate with the
biliary tree

Dilatation of the intrahepatic bile
ducts

Diffuse thickening of the bile duct
walls

Echogenic focus within the bile
duct

Small echogenic mass near the
hepatic hilum

Dilatation of the intrahepatic bile
ducts

Normal extrahepatic bile ducts

Normal biliary tree
Hepatitis

Technical error
Cholangitis

Foreign body
Biliary calculus
Arterial calcification

Polycystic liver
disease
Biliary obstruction

Cholangitis
Cholangiocarcinoma

Artifact

Portal vein thrombosis
Hepatic tumor
Lymphadenopathy
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Extrahepatic Pathology

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Biloma Surgery Right upper quadrant (RUQ)  Anechoic fluid collection Seroma
Trauma pain near the porta hepatis Fluid in the stomach
Gallbladder disease Fluid may demonstrate or intestines
mobility with changes in Ascites
patient position
Check pelvis and paracolic
gutters for free fluid
Cholangitis Congenital or acquired Abdominal pain Biliary dilatation Biliary obstruction

Cholangiocarcinoma

Choledocholithiasis

Complications:
Biliary obstruction
Cholangitis
Pancreatitis

Choledochal cyst

Ascariasis

stricture
Infection
Parasitic infestation
Biliary stasis
Ulcerative colitis
Autoimmune deficiency
syndrome (AIDS)

Risk Factors:
Ulcerative colitis
Cholangitis
Choledochal cyst
Chronic biliary stasis
Caroli disease
Male prevalence

Stone within the
common duct

Majority have migrated
from the gallbladder

Congenital weakness of
the ductile wall

Reflux of pancreatic
juices into the bile
duct

Ingestion of contami-
nated water or food

More prevalent in
Africa, Asia, and
South America

Fever

Leukocytosis

Jaundice

Mild elevation in aspartate
aminotransferase
(AST) and alanine
aminotransferase
(ALT) levels

Marked elevation in
bilirubin and alkaline
phosphatase levels

Jaundice

Acute onset of abdominal
pain

Biliary colic

Weight loss

Fatigue

Elevated bilirubin and
alkaline phosphatase
levels

Mild increase in AST
and ALT

RUQ colicky pain

Elevated bilirubin and
alkaline phosphatase

Mild increase in AST and
ALT levels

Asymptomatic
Jaundice
RUQ mass
RUQ pain

Asymptomatic
RUQ pain
Fever
Leukocytosis

Thickening of the bile duct
walls

Pneumobilia

Gallbladder hydrops

Brightly echogenic portal
triad

Echogenic mass within a
bile duct

Dilatation of the intrahe-
patic and extrahepatic
bile ducts

Gallbladder hydrops

Hepatomegaly

Gallstones (30% of cases)

Ascites

Echogenic focus(i) within
the common duct

Posterior acoustic
shadowing (60% to 80%
of cases)

Biliary dilatation

Hydropic gallbladder

Nonvascular cystic mass
medial to the gallbladder
and lateral to the head of
the pancreas

Dilated common hepatic
duct (CHD), common bile
duct (CBD), or cystic
duct entering the cystic
mass

Dilated intrahepatic bile
ducts

Spaghetti-like echogenic
structure within a hile
duct

Nonshadowing

Posterior acoustic
enhancement

Caroli disease

Artifact

Portal vein thrombosis
Lymphadenopathy
Choledocholithiasis
Pancreatic mass

Surgical clip
Tortuous bile duct
Cystic duct remnant
Intestinal air
Intraductal tumor

Hepatic cyst
Pancreas cyst
Normal junction
of the common
hepatic and cystic
ducts
Gallbladder
duplication

Stent

Cholangitis
Cholangiocarcinoma
Choledocholithiasis
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Gallbladder Pathology
DIFFERENTIAL
PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Adenoma (polyp) Benign epithelial tumor Asymptomatic Echogenic intraluminal focus(i) ~ Cholelithiasis
Dull right upper quadrant ~ Immobile Fold in the
(RUQ) pain Nonshadowing gallbladder
Intolerance to fatty foods  Thickening of the gallbladder Carcinoma
wall
Adenomyomatosis  Hyperplasia of the epithelial ~ Asymptomatic Echogenic intraluminal focus Cholelithiasis
and muscle layers of the Dull RUQ pain Diffuse comet-tail reverbera- Fold in the
gallbladder wall Intolerance to fatty foods tion artifact gallbladder
Twinkling artifact on color Carcinoma
Doppler
Immobile
Cholesterolosis Local disturbance in Asymptomatic Echogenic intraluminal foci Cholelithiasis
cholesterol metabolism Abdominal pain Nonshadowing Carcinoma
Not associated with serum Normal gallbladder in the Fold in the
cholesterol levels majority of cases gallbladder
Two types—cholesterosis Strawberry appearance with
and cholesterol polyps cholesterosis
Cholelithiasis Abnormal bile composition Asymptomatic Hyperechoic intraluminal Intestinal air
Bile stasis RUQ pain focus(i) Adenomyomatosis
Infection Epigastric pain Posterior acoustic shadowing Polyp
Risk Factors: Chest or shoulder pain Mobile Fold in the
Family history Elevated liver function Wall-echo-shadow (WES) gallbladder
Obesity tests Surgical clip
Pregnancy Nausea/vomiting
Diabetes Postprandial pain
Female prevalence (4:1) Fatty food intolerance
Porcelain Decrease in vascular Asymptomatic Gallstones (95%) Contracted
gallbladder supply to the gallbladder ~ Vague RUQ pain Hyperechoic wall gallbladder
Cystic duct obstruction Marked posterior acoustic with stones
causing bile stasis shadowing (WES)
Chronic low-grade infection Diffuse or localized Intestinal air

Risk Factors:
Female prevalence

Mirizzi syndrome Impacted stone in the cystic
duct or gallbladder neck

Obstruction of the common
hepatic duct (CHD)

Jaundice

Dilated CHD superior to the

obstruction

Sludge Prolonged fasting
Biliary stasis
Biliary obstruction
Cholecystitis

Sickle cell anemia

RUQ pain

Jaundice

Elevated bilirubin and
alkaline phosphatase

Increase in aspartate
aminotransferase
(AST) and alanine
aminotransferase
(ALT) levels

Asymptomatic

RUQ pain

Nausea/vomiting

Immobile calculus in the
cystic duct or neck of the
gallbladder

Dilatation of the intrahepatic
and CHDs

Normal common bile duct (CBD)

Nonshadowing low-amplitude
echoes layering in the
dependent portion of the
gallbladder

Echoes move slowly with
position change

May fill entire gallbladder

May demonstrate fluid-fluid
levels

Adenomyomatosis

Choledocholithiasis

Technical factors
Intestinal air
Carcinoma
Hematobilia

Continued
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Gallbladder Pathology—(cont'd)

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Gallbladder Fifth most common Asymptomatic Thick, irregular gallbladder wall ~ Adenoma
carcinoma malignancy RUQ pain Irregular intraluminal mass Sludge
Adenocarcinoma in greater  Palpable mass Immobile mass Cholecystitis
than 90% of cases Jaundice Cholelithiasis (90% of cases) Adenomyomatosis
Risk Factors: Anorexia Lymphadenopathy Metastases
Cholelithiasis Nausea/vomiting Metastatic liver lesions
Porcelain gallbladder Elevated alkaline
Cholecystitis phosphatase
Female prevalence (3:1) Mild increase in AST and
=60 yrs of age ALT levels
Metastatic Direct Extension: Asymptomatic Focal gallbladder wall Cholecystitis
gallbladder Pancreas RUQ pain thickening Adenoma
disease Stomach Jaundice Irregular intraluminal mass Primary carci-
Bile duct Nausea/vomiting Nonshadowing noma

Indirect Extension:
Melanoma—most
common
Lung
Kidney
Esophagus

Gallbladder Inflammation

Elevated alkaline
phosphatase

Absence of gallstones

NFLAMMATION

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Acute cholecystitis

Complications:
Ascending
cholangitis
Empyema
Perforation

Pericholecystic
or liver abscess

Septicemia

Emphysematous
cholecystitis

Gangrenous
cholecystitis

Gallbladder
perforation

Obstruction of the cystic
duct
Infection
Idiopathic
Risk Factors:
Female prevalence
(3:1)
Cholelithiasis
40-50 yrs of age

Cholelithiasis
Idiopathic

Risk Factors:
Diabetes
Older adult
Male prevalence

Risk Factors:
Diabetes
Older adult
Infection
Cholelithiasis
Trauma

Severe epigastric or right
upper quadrant (RUQ) pain

Biliary colic

Positive Murphy sign

Nausea/vomiting

Fever and chills

Elevated aspartate
aminotransferase (AST),
bilirubin, and alkaline
phosphatase

Leukocytosis

RUQ pain

Nausea/vomiting

Fever

Leukocytosis

RUQ pain radiating to the
back

Positive Murphy sign

Fever

Leukocytosis

Elevated AST, bilirubin, and
alkaline phosphatase

RUQ mass

Severe RUQ or epigastric
pain

Positive Murphy sign

Nausea/vomiting

Leukocytosis

Thick, edematous gallbladder
wall; “halo sign”

Impacted stone in the cystic
duct or gallbladder neck

Cholelithiasis (90% of cases)

Pericholecystic fluid

Positive Murphy sign

Peripheral hyperemia on color
Doppler

Sludge

Echogenic focus(i) within the
gallbladder wall or lumen

lll-defined posterior acoustic
shadowing

Cholelithiasis

Pericholecystic fluid

Diffuse echogenic focus within
the lumen

Immobile

Nonshadowing

Nonlayering

Edematous, thick gallbladder
wall

Pericholecystic fluid

Cholelithiasis

Liver abscess

Ascites

Nonfasting
patient

Acute
cholecystitis
Porcelain
gallbladder
Large gallstone
Intestinal air

Acute
cholecystitis
Emphysematous
cholecystitis
Adenoma
Carcinoma

Ascites

Hepatic
abscess

Perforated
peptic ulcer
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Gallbladder Inflammation—(cont'd)

NFLAMMATION ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Recurrent inflammation
secondary to infection,
obstruction, or meta-
bolic disorders

Chronic cholecystitis

Hydrops Obstruction of the cystic
duct
Prolonged biliary stasis
Surgery
Hepatitis
Gastroenteritis
Diabetes
Gallbladder Portal hypertension
varices Portal vein thrombosis

Cholecystitis

Asymptomatic

Vague RUQ pain

Heartburn

Fatty food intolerance

Intermittent nausea/vomiting

Mild increase in AST and
alanine aminotransferase
(ALT) levels

Possible increase in alkaline
phosphatase and bilirubin

Asymptomatic

RUQ or epigastric pain

Nausea/vomiting

Palpable mass

Dependent on etiology

Small or contracted
gallbladder

Thick, hyperechoic walls

Cholelithiasis (90% of cases)

Posterior acoustic shadowing

Sludge

Enlargement

Gallbladder diameter
exceeding 4 cm

Thin, hyperechoic walls

Multiple tortuous tubular
structures in the gallbladder
periphery

Vascular flow

Nonfasting
patient
Cholelithiasis
Porcelain
gallbladder
Carcinoma

Normal
gallbladder

Hepatic cyst

Phrygian cap

Intestinal fluid
Normal vessels
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BILIARY REVIEW

1. Cholangiocarcinoma located at the junction of the

right and left hepatic ducts is termed a(n):
a. biloma

b. phlegmon

c. Caroli disease

d. Klatskin tumor

2. Which of the following patient positions may aid
in visualization of the cystic duct?
a. supine
b. prone
c. left posterior oblique
d. right lateral decubitus

3. A small septation located between the neck and
body of the gallbladder best describes:
a. ajunctional fold
b. a phrygian cap
¢. Hartmann pouch
d. diverticulosis of the gallbladder

4. A 73-year-old patient complains of vague right
upper quadrant pain. A hyperechoic focus with
marked posterior acoustic shadowing is demon-
strated in the anterior wall of the gallbladder.
This history is most consistent with which of the
following pathologies?

a. emphysematous cholecystitis
b. porcelain gallbladder

c. cholelithiasis

d. Mirizzi syndrome

5. Nonshadowing, low-amplitude echoes located
in the dependent portion of the gallbladder best
describes:

a. cholecystitis

b. cholelithiasis

c. biliary sludge

d. adenomyomatosis

6. Which of the following is associated with
cholesterolosis?
a. increase in serum cholesterol levels
b. intolerance to fatty foods
¢. decrease in serum cholesterol levels
d. local disturbance in cholesterol metabolism

1. The spiral valves of Heister are located in which of

the following structures?
a. cystic duct

b. duct of Wirsung

¢. common bile duct

d. common hepatic duct

8. A patient presents with a sudden onset of abdomi-

nal pain and extreme tenderness over the gallblad-
der fossa. Localized gallbladder wall thickening

is visualized on ultrasound. This most likely
represents:

a. cholelithiasis

b. acute cholecystitis

¢. adenomyomatosis

d. gallbladder carcinoma

Using Fig. 8-2, answer questions 9 and 10.

9.

10.

FIG. 8-2

A 43-year-old woman presents to the emergency
department complaining of right upper quadrant
pain and a sudden onset of jaundice. Which of the
following findings is identified in this sonogram?
a. cholangitis

b. cholecystitis

¢. cholangiocarcinoma

d. choledocholithiasis

Complications with this abnormality would most
likely include:

a. biliary obstruction

b. cholecystitis

¢. lymphadenopathy

d. portal hypertension

Longitudinal sonogram of the porta

hepatis.
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Using Fig. 8-3, answer question 11.

1.

A 26-day-old neonate presents with a history of
persistent jaundice. A sagittal sonogram demon-
strates a small contracted gallbladder (arrow) and
a large anechoic, nonvascular tubular structure in
the region of the porta hepatis. Based on this his-
tory, the anechoic structure is most suspicious for:
a. a hepatic cyst

b. a hepatic artery aneurysm

c. a choledochal cyst

d. gallbladder duplication

Using Fig. 8-4, answer questions 12 and 13.

12. The gallbladder in this sonogram is demonstrating;:
a. a phrygian cap

b. Hartmann pouch

¢. ajunctional fold

d. a gallbladder diverticulum

Sagittal image of the gallbladder.

13.

14.

15.

16.

17.

18.

19.

20.

Which type of sonographic artifact is demonstrated
adjacent to this structure?

a. grating lobe

b. refraction

¢. reverberation

d. slice thickness

The biliary system has three main functions.
Which of the following describes one of these
functions?

a. produces bile

b. stores enzymes

c. stores fats

d. stores bile

Which of the following conditions is most likely
to occur with an episode of prolonged fasting?
a. cholangitis

b. biliary sludge

c. cholelithiasis

d. gallbladder carcinoma

The gallbladder wall is composed of which of the
following layers?

a. serosal, subserosal, muscular, and epithelial

b. serosal, endothelial, muscular, and epithelial
¢. serosal, subserosal, muscular, and endothelial
d. serosal, subserosal, endothelial, and epithelial

The distal portion of the common bile duct termi-
nates in which of the following structures?

a. pylorus

b. pancreas

¢. duodenum

d. hepatic hilum

In the portal hepatis, the common hepatic duct is
located:

a. posterior to the main portal vein

b. lateral to the proper hepatic artery

c¢. medial to the proper hepatic artery

d. anterior to the common hepatic artery

Which of the following is an indication for a
gallbladder ultrasound?

a. elevated creatinine

b. left upper quadrant pain

¢. positive McBurney sign

d. intolerance to fatty foods

Which of the following hormones stimulates
gallbladder contraction and the secretion of
pancreatic enzymes?

a. amylase

b. gastrin

c. bilirubin

d. cholecystokinin
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21. The diameter of a normal fasting adult gallblad-
der should not exceed:
a. 2cm
b. 5cm
c. 6cm
d. 10 cm

Using Fig. 8-5, answer question 22.

22. An afebrile patient presents with a 2-week history
of moderate right upper quadrant pain and a lack
of appetite. The findings demonstrated in this
sonogram most likely represent:

a. an abscess

b. empyema

c. biliary sludge

d. gallbladder carcinoma

FIG. 8-6 Longitudinal sonogram near the porta
hepatis.

Using Fig. 8-6, answer questions 23 and 24.

23. The hyperechoic linear structure identified by the
arrow is the: Using Fig. 8-7, answer questions 25 and 26.
a. ligamentum venosum
b. intrasegmental fissure
¢. main lobar fissure
d. falciform ligament

25. A patient presents with a history of moderate
right upper quadrant pain throughout the
previous few months. A sonogram of the
gallbladder shows which of the following

24. This hyperechoic structure is routinely used as pathologies?
a sonographic landmark to locate which of the a. cholelithiasis
following structures? b. adenomyomatosis
a. caudate lobe ¢. acute cholecystitis

b. gallbladder d. tumefactive sludge
c. left lobe of the liver
d

. 26. Which of the following technical factors would
. common hepatic duct

aid in the diagnosis of this pathology?
a. deep inspiration

b. drinking 12 oz of water

c. an intercostal approach

d. patient position change

FIG. 8-5 Supine transverse sonogram of the
gallbladder. FIG. 8-7 Longitudinal image of the gallbladder.
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21.

28.

29.

30.

31.

32.

33.

Gravity dependent low-level echoes within the
bile ducts describe:

a. hemobilia

b. cholangitis

¢. pneumobilia

d. Klatskin tumor

Which of the following enzymes is produced
primarily by the liver, bone, and placenta?

a. alanine aminotransferase (ALT)

b. alkaline phosphatase

c. aspartate aminotransferase (AST)

d. prothrombin

A decrease in diameter of the common bile duct
after ingestion of a fatty meal is associated with:
a. normal findings

b. cholecystitis

c. distal pathology

d. obstructive jaundice

Thickness of the gallbladder wall in a normal
fasting patient should not exceed:

a. 3mm

b. 6 mm

c. 8 mm

d. 10 mm

Dilatation of the intrahepatic ducts with normal
extrahepatic ducts is characteristic of:

a. cholangitis

b. a Klatskin tumor

c. choledocholithiasis

d. a pancreatic neoplasm

Which of the following complications associated
with acute cholecystitis is more prevalent in
older diabetic patients?

a. hepatic abscess

b. ascending cholangitis

¢. gangrenous cholecystitis

d. emphysematous cholecystitis

As dilatation of the intrahepatic biliary tree
progresses, the portal system becomes:

a. rounded

b. fusiform

c. beaded

d. flattened

Using Fig. 8-8, answer question 34.

34.

An abdominal ultrasound is ordered for a patient
with a history of elevated liver function tests.
Based on this clinical history, the sonogram is
most likely demonstrating:

a. acute cholecystitis

b. gallbladder hydrops

¢. chronic cholecystitis

d. ectopic gallbladder

TRAN GB

FIG. 8-8 Transverse image of the gallbladder.

Using Fig. 8-9, answer question 35.

35. The gallbladder in this sonogram is
demonstrating a:

a

b
c
d

FIG.

. WES sign

. target sign

. Murphy sign

. comet-tail artifact

LONG GB

8-9 Longitudinal sonogram of the gallbladder.
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Using Fig. 8-10, answer question 36.

36. An abdominal ultrasound is ordered for an asymp-
tomatic 35-year-old patient with a history of a
small hepatic cavernous hemangioma. Based on
this clinical history the sonographic findings are
most consistent with:

a. adenomyomatosis
b. tumefactive sludge
c. multiple adenomas
d. metastatic lesions

Using Fig. 8-11, answer question 37.

37. An asymptomatic patient with a history of
choledochojejunostomy 3 years earlier presents
for an abdominal ultrasound. Hyperechoic foci
are documented in the liver and identified by the
arrows. Based on the clinical history, these foci
most likely represent:

a. ascariasis

b. pneumobilia

c. arterial calcifications
d. choledocholithiasis

Using Fig. 8-12, answer questions 38 and 39.

38. A 30-year-old asymptomatic patient presents with
a history of hepatitis B. A sonogram is ordered to
rule out pathology. The gallbladder demonstrates
multiple echogenic foci. Based on this clinical
history, the sonographic findings are most
consistent with:

a. cholelithiasis

b. acute cholecystitis
c. chronic cholecystitis
d. adenomyomatosis

DECUB GB

FIG. 8-10 Longitudinal sonogram of the gallbladder.

FIG. 8-11 Longitudinal sonogram of the liver.

FIG. 8-12 Longitudinal sonogram of the right upper
quadrant.

39.

40.

Which of the following acoustic artifacts is associ-
ated with this finding?

a. comet-tail artifact

b. edge artifact

¢. mirror image

d. posterior acoustic shadowing

A small protrusion near the neck of the gallblad-
der describes:

a. ajunctional fold

b. Hartmann pouch

c. a choledochal cyst

d. Morison pouch
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a1.

42.

43.

44.

45,

46.

In biliary obstruction, identifying multiple an-
echoic tubular structures in the left lobe of the
liver is termed.:

a. parallel channeling

b. star effect

¢. Murphy sign

d. twinkle sign

Which of the following liver function tests is pro-
duced from the breakdown of hemoglobin?

a. bilirubin

b. alpha fetoprotein

¢. alpha phosphatase

d. alanine aminotransferase

Which of the following are predisposing factors

linked to the development of cholelithiasis?

a. family history, pregnancy, obesity, and
pancreatitis

b. female gender, family history, hepatitis, and
cirrhosis

c. diabetes mellitus, family history, female gender,
and cirrhosis

d. obesity, female gender, pregnancy, and diabetes
mellitus

Which of the following technical factors would
most likely aid in demonstrating shadowing
posterior to small-caliber gallstones?

a. decreased image depth

b. decreased overall gain

¢. increased transducer frequency

d. fewer focal zones

Which of the following is the most likely cause of
ascariasis?

a. bile stasis

b. surgical procedure

c. ingestion of contaminated water

d. hyperplasia of the gallbladder wall

All of the following are potential differential
considerations in cases of pneumobilia except:
a. stent

b. surgical clip

c. biliary calculus

d. cavernous hemangioma

Using Fig. 8-13, answer questions 47 and 48.

47.

48.

FIG. 8-13 Left lateral decubitus image of the

An inpatient presents with a history of abdominal
pain and weight loss. A solid immobile mass is
identified in the gallbladder. Differential consider-
ations for these findings may include all of the
following except:

a. adenoma

b. tumefactive sludge

c. gallbladder carcinoma

d. metastatic gallbladder disease

Additional clinical history of pancreatic carcinoma
is documented in the patient’s chart. Multiple
target-shaped lesions are demonstrated within

the liver. Given this additional information, the
echogenic mass is most suspicious for:

a. adenoma

b. tumefactive sludge

c. gallbladder carcinoma

d. metastatic gallbladder disease

gallbladder.
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Using Fig. 8-14, answer question 49.

49. Which of the following congenital gallbladder
anomalies is most likely demonstrated in this
sonogram of the gallbladder?

a. phrygian cap

b. gallbladder duplication

c¢. multiseptated gallbladder

d. strawberry gallbladder

FIG. 8-14 Longitudinal image of the gallbladder
fossa.

Using Fig. 8-15, answer question 50.

50. A patient presents with a positive Murphy sign
and elevated bilirubin level. Based on this clinical
history, the sonogram is most suspicious for:

a. Wall-echo-shadow (WES)

b. acute cholecystitis

¢. cholangiocarcinoma

d. gallbladder carcinoma
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| Pancreas

acute pancreatitis acute inflammation causing escape of
pancreatic enzymes from the acinar cells into the surrounding
tissue. Most commonly caused by biliary disease followed by
alcohol abuse.

amylase digestive enzyme produced in the pancreas that
aids in converting starches to sugars; also produced in the
salivary glands, liver, and fallopian tubes.

ampulla of Vater opening in the duodenum for the entrance
of the common bile duct.

annular pancreas anomaly caused by the failure of a normal
regression of the left ventral bud.

chronic pancreatitis multiple, persistent, or prolonged
episodes of pancreatitis.

cystic fibrosis autosomal recessive exocrine gland disorder
where organs become clogged with mucus secreted by the
exocrine glands.

endocrine pertaining to a process in which a group of cells
secrete into the blood or lymph circulation a substance fi.e.,
hormone) that has a specific effect on tissues in another part
of the body (Mosby's Dictionary 2012).

exocrine the process of secreting outwardly through a duct
to the surface of an organ.

duct of Santorini secondary secretory duct of the pancreas.

duct of Wirsung primary secretory duct of the pancreas.

glucose controls the blood sugar level in the body.

lipase enzyme produced primarily by the pancreas that
changes fats to fatty acids and glycerol; increases after damage
has occurred to the pancreas.

pancreaticoduodenal pertaining to the pancreas and
duodenum.

pancreatoduodenectomy also known as Whipple procedure;
a surgical resection of the pancreatic head or periampullary
area; relieves obstruction of the biliary tree that is often caused
by a malignant tumor. The remaining normal pancreatic tissue is
attached to the duodenum.

phlegmon an extension of pancreatic inflammation into
the peripancreatic tissues, resulting in an enlarged solid
inflammatory mass with retroperitoneal fat necrosis.

portosplenic confluence the joining of the portal, splenic,
and superior mesenteric veins.

pseudocyst a space or cavity, without a lining membrane,
containing gas or liquid; caused by a leakage of pancreatic
enzymes into surrounding tissues.

sphincter of Oddi a sheath of muscle fibers surrounding the
distal common bile and pancreatic ducts as they cross the wall
of the duodenum.

Whipple procedure see pancreatoduodenectomy.

PANCREAS PHYSIOLOGY

Functions of the Pancreas

Exocrine

e Highly digestive enzymes are secreted by the acinar cells and drain into the
duodenum through the pancreatic ducts.
a. amylase—breaks down carbohydrates.

b. lipase—breaks down fats.

c. trypsin—breaks down proteins into amino acids.
¢ Chyme from the duodenum stimulates release of hormones that act on the pancreatic

juices.

a. cholecystokinin—produced in the duodenum to stimulate secretion of pancreatic
enzymes and contraction of the gallbladder.

b. gastrin—secreted by the stomach to stimulate secretion of gastric acids; stimulates
growth of mucosa of the exocrine pancreas.

c. secretin—produced in the duodenum to stimulate secretion of sodium bicarbonate.

123
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Endocrine

¢ Islet cells of Langerhans secrete hormones directly into the bloodstream.
a. alpha cells secrete glucagon (increases blood glucose).
b. beta cells secrete insulin (decreases blood glucose) and move amino acid out of
blood and into tissue cells.
c. delta cells secrete somatostatin (autoregulator).
® Failure to produce sufficient amount of insulin leads to diabetes mellitus

PANCREAS ANATOMY (Fig. 9-1)

* An elongated organ lying transverse and obliquely in the epigastric and hypochon-
driac regions of the body.
® Retroperitoneal organ located posterior to the lesser sac.

Pancreas Divisions and Location

¢ The pancreas is 12 to 18 cm long.
e Divided into the tail, body, neck, head, and uncinate process.

Tail

® Most superior portion of the pancreas lying anterior and parallel with the splenic
vein.

e Lies anterior to the upper pole of the left kidney, posterior to the stomach, and
lateral to the spine.

* Generally extends toward the splenic hilum (occasionally left renal hilum).

Body

® Largest and most anterior aspect of the pancreas.

¢ Lies anterior to the aorta, superior mesenteric artery, superior mesenteric vein,
splenic vein, left renal vein, and spine.

e Lies posterior to the antrum of the stomach.

Neck

¢ Lies directly anterior to the superior mesenteric vein and portosplenic confluence.
e Lies posterior to the pylorus of the stomach.

Right hepatic duct

Cystic duct
\ W72 Left hepatic duct

'-Z\;H\ \m Common hepatic duct

ot [
|

Duct of Santorini
(accessory duct)

Ampulla of Vater

Sphincter of Oddi

FIG. 9-1 Pancreas anatomy.
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Head

Lies medial to the descending portion of the duodenum, lateral to the superior
mesenteric vein, and anterior to the inferior vena cava.
Lies inferior and lateral to the main portal vein and hepatic artery.

¢ Gastroduodenal artery lies in the anterolateral portion of the pancreatic head.
¢ Common bile duct is situated in the posterolateral and inferior portion of the

pancreatic head.

Uncinate Process

Portion of the pancreatic head directly posterior to the superior mesenteric vein
and anterior to the aorta and inferior vena cava.
Variable in size.

Ducts of the Pancreas

Contain smooth muscles that aid in transportation of the pancreatic enzymes.

Duct of Wirsung

Primary secretory duct extending the entire length of the pancreas.

Joins the distal common bile duct entering the descending portion of the duodenum
through the ampulla of Vater.

Frequently visualized in the body of the pancreas.

Duct of Santorini

Secondary secretory duct draining the upper anterior portion of the pancreas.
Enters the duodenum at the minor papilla approximately 2 cm proximal to the
ampulla of Vater.

CONGENITAL ANOMALIES

Pancreatic Divisum

¢ Failure of the normal fusion of the ducts of Wirsung and Santorini.
® Duct of Wirsung is small and only drains the inferior portion of the pancreatic

head.

¢ Duct of Santorini drains the majority of the pancreas.
¢ Associated with a higher incidence of pancreatitis.

Annular Pancreas

Rare anomaly caused by the failure of a normal regression of the left ventral bud.
The head of the pancreas surrounds the duodenum, resulting in obstruction of the
biliary tree or duodenum.

Male prevalence.

Ectopic Pancreatic Tissue

Cystic Fibrosis

Ectopic tissue located in the stomach, duodenum, and small or large intestines.
Small, polypoid-appearing mass.
Male prevalence.

Autosomal recessive exocrine gland disorder in which organs become clogged with
mucus secreted by the exocrine glands.

Pancreas becomes hyperechoic as a result of fibrosis or fatty replacement.

Small cysts may be present.
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Pancreas Size

HEAD NECK BODY TAIL

Adult =3.0cm =25cm =25cm =20cm

SONOGRAPHIC APPEARANCE

Normal Pancreas

Smooth or coarse homogeneous parenchyma.

Adult pancreas is either isoechoic or hyperechoic when compared to the normal
liver.

May appear hypoechoic in young children and hyperechoic in older adults.
May demonstrate a cobblestone appearance.

Abnormal Pancreas

e Irregular or heterogeneous parenchyma.
¢ Calcifications.

Normal Pancreatic

Duct

Anechoic nonvascular tubular structure.

Smooth parallel hyperechoic walls measuring =3 mm in the head /neck and =2 mm
in the body.

Most commonly visualized in the body of the pancreas.

Abnormal Pancreatic Duct

TECHNIQUE

Preparation

Anechoic nonvascular tubular structure.
Irregular or nonparallel hyperechoic walls.
Measurement exceeding 3 mm in the head /neck or 2 mm in the body.

Nothing by mouth (NPO) 6 to 8 hours before examination for adults, 6 hours for
children, and 4 hours for infants.
Emergency examinations may be performed without preparation.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

Place gain settings to display the normal liver parenchyma as a medium shade of
gray with adjustments to reduce echoes within the vessels.

e Focal zone(s) at or below the place of interest.
e Sufficient imaging depth to visualize structures immediately posterior to the region

of interest.

Harmonic imaging and decreasing the compression (dynamic range) can be used to
reduce artifactual echoes within anechoic structures and to improve prominence of
posterior acoustic shadowing.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

Begin with the patient in the supine position.

The pancreas lies obliquely in the abdomen and may be difficult to visualize. Use
the liver as an acoustical window.
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The entire pancreas and surrounding vascular landmarks must be examined and
documented in two scanning planes from the level of the celiac axis to below the
renal veins.

Varying patient position and imaging windows should aid in visualization.
Suspended inspiration, expiration, or Valsalva maneuver may optimize visualization.
Distending the stomach with water may aid in outlining the pancreas.
Documentation and measurement of any abnormality in two scanning planes with
and without color Doppler should be included.

Indications for Ultrasound Examination

Severe epigastric pain.

Elevated pancreatic enzymes.

Biliary disease.

Abdominal distention with hypoactive bowel sounds.
Pancreatitis.

Weight loss.

Anorexia.

Pancreas neoplasm.

Evaluate mass from previous imaging study (i.e., CT).

LABORATORY VALUES

Serum Amylase

Urine Amylase

Normal range 25 to 125 U/L.

Increases with acute pancreatitis, pancreatic pseudocyst, intestinal obstruction, and
peptic ulcer disease.

Decreases with hepatitis and cirrhosis.

Remains elevated for approximately 24 hours in episodes of acute pancreatitis.

Serum Lipase

Remains increased longer than serum amylase in episodes of acute pancreatitis.

Normal range 10 to 140 U/L.

* Remains elevated for a longer period (up to 14 days).
¢ Increases with pancreatitis, obstruction of the pancreatic duct, pancreatic carci-

Glucose

noma, acute cholecystitis, cirrhosis, and severe renal disease.

Pancreas Inflammation

Normal range =100 mg/dL (fasting), =145 mg/dL (2 hours postprandial).
Increases with severe diabetes mellitus, chronic liver disease, and overactivity of
several of the endocrine glands.

Decreases with tumors of the islets of Langerhans in the pancreas.

PANCREAS CLINICAL SONOGRAPHIC DIFFERENTIAL
INFLAMMATION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Acute Biliary disease Abrupt onset of epigastric Normal findings (30%) Normal pancreas
pancreatitis  Alcohol abuse pain Decrease in parenchymal Neoplasm
Trauma Nausea/vomiting echogenicity
Peptic ulcer disease Elevated lipase and amylase ~ Smooth bhorders
Idiopathic Paralytic ileus Enlargement

Continued
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Pancreas Inflammation—(cont'd)

PANCREAS CLINICAL SONOGRAPHIC DIFFERENTIAL
INFLAMMATION ETIOLOGY FINDINGS FINDINGS CONSIDERATIONS
Chronic Repeated, prolonged, or ~ Chronic right upper quadrant  Increase in parenchymal Fatty replacement
pancreatitis persistent attacks of (RUQ) or epigastric pain echogenicity Neoplasm
pancreatitis Nausea/vomiting Irregular borders
Hypocalcemia Weight loss Calcifications
Hyperlipidemia Abnormal glucose tolerance  Pseudocyst formation
test Atrophy
Normal amylase and lipase Prominent pancreatic duct
values
Cystic fibrosis Exocrine gland disorder ~ Variable Increase in parenchymal Chronic
echogenicity pancreatitis
Small cysts Fatty
Nonvisualization of the gallbladder replacement
Biliary sludge Polycystic
Thick, irregular folds in the Gl tract disease

Complications of Pancreatitis

("donut sign”)

COMPLICATIONS DESCRIPTION CLINICAL FINDINGS SONOGRAPHIC FINDINGS
Abscess Develops as a result of infection of the Abdominal pain Ranges from anechoic to
necrotic pancreas Leukocytosis echogenic
Occurs 2 to 4 wks following an episode of Nausea/vomiting Irregular or smooth borders
acute pancreatitis Fever Fluid-debris levels
Duodenal High protein concentration in the pancreas Abdominal pain Limited bowel peristalsis

obstruction

Hemorrhage

Phlegmon

Pseudocyst

enzymes can irritate the duodenum

Rapid development of inflammation causing
necrosis and hemorrhage

Extension of pancreatic inflammation into
the peripancreatic tissues

Focal collection of inflammatory necrotic
tissue, blood, and pancreas secretions

Most often located in the lesser sac
followed by the anterior pararenal space

Cysts of the Pancreas

Abdominal distention
Nausea/vomiting
Constipation

Severe abdominal pain
Nausea/vomiting

Elevated amylase

Decrease in hematocrit level

Severe abdominal pain
Nausea/vomiting
Elevated amylase

Abdominal pain
Palpable mass
Persistent elevated amylase

Well-defined homogeneous mass
Cystic mass with debris
Fluid-debris levels

Hypoechoic solid mass adjacent to
the pancreas

Posterior acoustic enhancement

Irregular borders

Usually involves the lesser sac,
transverse mesocolon, and
anterior pararenal space

Anechoic or complex mass
Well-defined borders
Variable shape

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Cyst Congenital anomalous develop- Asymptomatic Anechoic mass Fluid-filled stomach
ment of the pancreatic duct Dyspepsia Smooth borders Pseudocyst
Acquired: Jaundice Posterior acoustic enhancement  Polycystic disease

Retention cyst
Parasitic cyst
Neoplastic cyst
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Cysts of the Pancreas—(cont'd)

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Cystadenoma  Microcystic: Asymptomatic Majority are located in the body Pseudocyst
Accounts for 50% of cystic Abdominal pain and tail Polycystic disease
neoplasms involving the Palpable mass Microcystic: Abscess
pancreas Weight loss Echogenic or complex mass Fluid-filled stomach
Macrocystic: Female Macrocystic:
Arise from the ducts prevalence (4:1) Multiloculated cystic mass
Malignant potential Irregular margins
Solid nodules
Displacement of the common
bile duct, pancreatic duct,
and splenic vein may occur
Polycystic Associated with polycystic liver Asymptomatic Multiple cysts True cyst
disease or kidney disease Abdominal pain Associated with multiple cysts in  Fluid-filled loops of
the liver, kidney, or spleen bowel
Cystadenoma
Pseudocyst Inflammation of the pancreas Abdominal pain Anechoic or complex mass Fluid-filled stomach

Pancreas Neoplasms

Palpable mass
Elevated amylase

Thick, irregular borders
Variable in size and shape

Neoplasm

Dilated pancreatic duct
Left renal vein

Omental cyst
Cystadenoma

DIFFERENTIAL

NEOPLASM ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Carcinoma Adenocarcinoma in 90% of ~ Abdominal pain Hypoechoic mass in the Focal
Fourth most cases Severe back pain pancreas pancreatitis
common 75% involve the head of Weight loss Irregular borders Adenoma
malignancy the pancreas Painless jaundice Dilated biliary tree Caudate lobe
20% involve the body Anorexia Hydropic gallbladder of the liver
New onset of diabetes Liver metastasis
Ascites
Islet cell Functional: Insulinoma: Small, well-defined Adenoma
tumor Insulinoma Increase in insulin levels hypoechoic mass Carcinoma
Gastrinoma Hypoglycemia Large tumors are more Complex cyst
Nonfunctional: Headaches echogenic
90% are malignant Obesity Typically located in the body
Comprise one third of all Confusion or tail
islet cell tumors Gastrinoma: Calcifications

Gastric hyperstimulation

Necrotic cystic areas are more

associated with peptic ulcer
disease

likely malignant
Majority are hypervascular

PANCREATODUODENECTOMY (Whipple Procedure) (Fig. 9-2)

Preoperative Criteria

® Absence of extrapancreatic metastasis.

¢ Portal, splenic, and superior mesenteric veins are evaluated for patency and absence
of tumor or thrombus.

¢ Celiac axis and superior mesenteric arteries are evaluated for patency.
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W

Common
bile duct

Stomach

Pancreas

Duodenum

FIG. 9-2 Pancreatoduodenectomy.

Basic Procedure

Gallbladder is removed.

Common duct is ligated superior to the cystic duct and anastomosed to the
duodenum distal to the pancreas.

Remaining pancreas tissue is attached to the duodenum.

Stomach is anastomosed distal to the bile duct.
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PANCREAS REVIEW

1.

Demonstration of the pancreatic head surrounding

the duodenum is consistent with:
a. a phlegmon

b. ectopic pancreas tissue

¢. pancreas divisum

d. an annular pancreas

. Common clinical findings associated with acute

pancreatitis include:

a. left upper quadrant pain, flank pain, elevated
glucose levels

b. severe epigastric pain, nausea/vomiting,
elevated bilirubin

c. paralytic ileus, severe epigastric pain, elevated
serum lipase

d. right upper quadrant pain, nausea/vomiting,
elevated alkaline phosphatase

. Which of the following enzymes is responsible for

the breakdown of proteins into amino acids?
a. amylase

b. gastrin

c. lipase

d. trypsin

. The location of the uncinate process is described as:

a. superior to the aorta

b. anterior to the main portal vein

¢. posterior to the superior mesenteric vein
d. lateral to the gastroduodenal artery

. The most common complication associated with

acute pancreatitis is a(n):
a. abscess

b. phlegmon

¢. pseudocyst

d. bowel obstruction

. Islet cells of Langerhans secrete hormones directly

into the:

a. duodenum

b. bloodstream

¢. lymphatic circulation
d. main pancreatic duct

. In a Whipple procedure, normal pancreatic tissue

is attached to the:

a. liver

b. stomach

¢. duodenum

d. common bile duct

. Extension of pancreatic inflammation into the

peripancreatic tissues is called a(n):
a. abscess

b. pseudocyst

¢. phlegmon

d. annular pancreas

. The most common cause of acute pancreatitis is:

a. alcohol abuse

b. biliary disease

¢. hyperlipidemia

d. peptic ulcer disease

Using Fig. 9-3, answer question 10.

10. A 59-year-old male inpatient presents with a history

of acute pancreatitis. His clinical symptoms include
abdominal pain, palpable left upper quadrant mass,
and extreme elevation in pancreatic enzymes. Based
on this clinical history, the calipers in this sonogram
are most likely measuring a:

a. biloma

b. phlegmon

¢. pseudocyst

d. duodenal obstruction

TRAN PANC

FIG. 9-3 Transverse image of the pancreas.
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Using Fig. 9-4, answer question 11. Using Fig. 9-6, answer questions 13 and 14.

11. Which of the following structures is demonstrated 13. A 91-year-old woman presents to the ultrasound
directly anterior to the splenic vein? department complaining of severe back pain,
a. splenic artery weight loss, and jaundice. Based on this clinical
b. pancreatic duct history, the findings in this sonogram are most
¢. common bile duct suspicious for a(n):
d. gastroduodenal artery a. abscess

b. pseudocyst
Using Fig. 9-5, answer question 12. ¢. malignant neoplasm

12. Which of the following vascular structures does d. islet cell tumor

the arrow identify? 14. The anechoic tubular structure demonstrated
a. aorta anterior to the splenic vein is most likely a(n):
b. splenic artery a. gastric varix

c. left renal vein b. dilated pancreatic duct

d. superior mesenteric artery ¢. tortuous splenic artery

d. enlarged superior mesenteric vein

15. Pseudocyst formation is most commonly located
in which of the following abdominal recesses?
a. lesser sac
b. perirenal space
c. anterior pararenal space
d. subhepatic space

16. Which of the following enzymes changes fats into
fatty acids and glycerol?
a. amylase

. gastrin

. lipase

. trypsin

o0 T

17. Which region of the pancreas is located most
superiorly?
a. head
b. body
c. neck

d. tail

FIG. 9-4 Transverse image of the pancreas.

FIG. 9-5 Transverse image of the pancreas. FIG. 9-6 Transverse image of the pancreas.
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18.

19.

20.

21.

22.

23.

24,

Ectopic pancreatic tissue is most commonly located
in which of the following organs?

a. liver

b. spleen

c. kidney

d. stomach

The pancreas and surrounding vascular landmarks

should be examined from the level of the:

a. celiac axis to below the renal veins

b. superior mesenteric artery to below the renal
arteries

¢. main portal vein to below the renal veins

d. splenic artery to below the superior mesenteric
vein

Which of the following pathologies accounts
for half of the cystic neoplasms involving the
pancreas?

a. retention cyst

b. cystic fibrosis

¢. polycystic disease

d. microcystic cystadenoma

In acute pancreatitis, which of the following
laboratory tests remains elevated longest?

a. lipase

b. amylase

c. bilirubin

d. glucose

The main pancreatic duct is most commonly
visualized in which section of the pancreas?
a. head

b. body

c. neck

d. tail

The majority of nonfunctioning islet cell tumors
are:

a. malignant

b. hyperechoic in echo texture

c. located in the head of the pancreas

d. dependent on insulin levels

Chronic pancreatitis is most likely to appear on

ultrasound as a(n):

a. enlarged hypoechoic pancreas with multiple
parenchymal calcifications

b. hypoechoic enlarged pancreas with associated
pseudocyst formation

¢. hypoechoic irregular pancreas with multiple
parenchymal calcifications

d. hyperechoic pancreas with a prominent
pancreatic duct and multiple parenchymal
calcifications

25. Clinical findings commonly associated with

pancreatic carcinoma may include:
a. chest pain

b. weight gain

¢. new onset of diabetes

d. lower-extremity edema

Using Fig. 9-7, answer question 26.

26. A patient presents with a history of elevating insulin

levels. An abdominal ultrasound is ordered to rule
out pancreatic disease. Based on this history, the
sonographic finding is most suspicious for a(n):

a. adenoma

b. focal pancreatitis

c. islet cell tumor

d. adenocarcinoma

Using Fig. 9-8, answer question 27.

2]. The sonographic appearance of the pancreas in

this asymptomatic patient is most suspicious for:
a. a phlegmon

b. microlithiasis

¢. chronic pancreatitis

d. normal pancreas parenchyma

TEANS PAHC TAIL

FIG. 9-8 Transverse image of the pancreas.
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Using Fig. 9-9, answer question 28.

28.

29.

30.

31.

32.

The anechoic structure located in the lateral
portion of the pancreatic head is the:

a. common bile duct

b. gastroduodenal artery

¢. common hepatic duct

d. superior mesenteric vein

An endocrine function of the pancreas includes
secretion of:

a. gastrin

b. lipase

¢. insulin

d. trypsin

Which of the following vascular landmarks is
located superior to the pancreas?

a. splenic vein

b. celiac axis

¢. main portal vein

d. superior mesenteric artery

The tail of the pancreas generally extends
toward the:

a. stomach

b. splenic hilum

c. pararenal space

d. left renal hilum

Which of the following vascular structures is used
as a sonographic landmark in locating the tail of
the pancreas?

a. splenic artery

b. left renal vein

c. splenic vein

d. portosplenic confluence

FIG. 9-9 Transverse image of the pancreas.

33.

34.

35.

36.

31.

38.

39.

The diameter of the pancreatic duct in the head/
neck region should not exceed:

a. 2mm

b. 3 mm

c. 6 mm

d. 10 mm

Which of the following structures is responsible
for the secretion of pancreatic enzymes?

a. beta cells

b. acinar cells

c. alpha cells

d. islet cells of Langerhans

Which of the following best describes the location
of the pancreatic neck?

a. posterior to the superior mesenteric vein

b. superior to the celiac axis

c. anterior to the portosplenic confluence

d. posterior to the superior mesenteric artery

The majority of pancreatic malignancies involve
which portion of the pancreas?

a. head

b. neck

c. body

d. tail

In which section of the pancreas are islet cell
tumors most commonly located?

a. body and tail

b. head and body

¢. neck and body

d. head and tail

The secondary secretory duct of the pancreas is
termed the duct of:

a. Vater

b. Langerhans

¢. Santorini

d. Wirsung

Gain settings should be in place to demonstrate
the normal adult pancreas as:

a. hypoechoic compared to the normal liver

b. hypoechoic compared to the normal renal cortex
¢. hyperechoic compared to the normal spleen

d. isoechoic compared to the normal liver
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LONG PANCREAS]|
FIG. 9-10 Sagittal image of the pancreas.

Using Fig. 9-10, answer questions 40 through 42.

40. The superior mesenteric vein corresponds to
which of the following letters?
a. A
b. B
c. D
d. E

41. The abdominal aorta corresponds to which of the

following letters?
a. A
b. B
c. D
d. E

42. The superior mesenteric artery corresponds to
which of the following letters?
a.

-moc:;>

b.
c.
d

Using Fig. 9-11, answer questions 43 and 44.

43. Letter B corresponds to which of the following
vascular structures?
a. splenic artery
b. celiac axis
c. right renal artery
d. superior mesenteric artery

44. Letter C corresponds to which of the following
vascular structures?
a. splenic vein
b. coronary vein
¢. main portal vein
d. superior mesenteric vein

45,

46.

47.

48.

49.

50.

TRANSVERSE PANCREAS]

FIG. 9-11 Transverse image of the pancreas.

The majority of cystadenomas involving the
pancreas are located in the:

a. body and tail

b. head and neck

¢. head and body

d. uncinate process

The largest and most anterior section of the
pancreas is the:

a. head

b. neck

c. body

d. tail

Which of the following structures should be
evaluated when multiple cysts are discovered
in the pancreas?

a. kidneys, liver, spleen

b. kidneys, liver, adrenal glands

c. spleen, kidneys, ovaries/testes

d. liver, spleen, abdominal aorta

Rapid progression of pancreatic inflammation is a
complication associated with:

a. acute cholecystitis

b. cystic fibrosis

¢. acute pancreatitis

d. biliary obstruction

A sheath of muscle fibers surrounding the distal
common bile duct describes the:

a. ampulla of Vater

b. minor papilla

c. sphincter of Oddi

d. major papilla

The leakage of pancreatic enzymes into the
surrounding peritoneal space describes a(n):
a. abscess

b. seroma

c. pseudocyst

d. phlegmon



CHAPTER

; Urinary System

acute tubular necrosis (ATN) ischemic necrosis of tubular
cells; most common cause of renal failure.

angiomyolipoma benign tumor composed of blood vessels,
smooth muscle, and fat.

angiotensin polypoid in the blood that causes vasoconstric-
tion, increase in blood pressure, and the release of aldosterone.

dromedary hump cortical bulge on the lateral aspect of the
kidney.

fascia fibrous connective membrane of the body that may be
separate from other structures.

fetal lobulation immaturity of renal development resulting in
a lobulated renal contour.

Gerota’s fascia protective covering of tissue surrounding
each kidney.

glomerulonephritis inflammation of the glomerulus of the
kidney.

glomerulus structure composed of blood vessels or nerve
fibers.

hypertrophied column of Bertin enlargement of a column
of Bertin that extends into the renal pyramid.

junctional parenchymal defect embryonic remnant of the
fusion site between the upper and lower poles of the kidney.

medullary pyramid renal pyramid.

papilla blunt apex of the renal pyramid.

parapelvic cyst cyst beside the renal pelvis; may obstruct
the kidney.

pelviectasis dilation of the renal pelvis.

peripelvic cyst cyst around the renal pelvis; does not obstruct
the kidney.

renal colic sharp, severe flank pain radiating to the groin.

renal failure the inability of the kidneys to excrete waste,
concentrate urine, and conserve electrolytes.

renal insufficiency partial kidney function failure characterized
by less than normal urine output.

renal parenchyma the functional tissue of the kidney
consisting of the nephrons.

renal sinus lipomatosis excessive accumulation of fat in the
renal sinus.

renin renal enzyme that affects blood pressure.

twinkle artifact quick fluctuating color Doppler signal from a
rough surface or highly reflective object.

urachus epithelial tube connecting the apex of the urinary
bladder to the umbilicus.

ureterocele prolapse of the distal ureter into the urinary
bladder.

PHYSIOLOGY

¢ The nephron is the basic functional unit of the kidney.
¢ Each kidney contains over one million nephrons.

Functions of the Urinary System

® Produces urine and erythropoietin.
¢ Influences blood pressure, blood volume, and intake or excretion of salt and water
through the renin-angiotensin system.

¢ Regulates serum electrolytes.
¢ Regulates acid-base balance.

136
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ANATOMY

Renal Anatomy (Fig. 10-1)

ANATOMY

DESCRIPTION

Renal capsule
Renal cortex

Medulla

Column of Bertin
Renal sinus

Renal hilum

Fibrous capsule (true capsule) surrounding the cortex

Outer portion of the kidney
Bound by the renal capsule and arcuate vessels
Contains glomerular capsules and convoluted tubules

Inner portion of the renal parenchyma
Within the medulla lie the renal pyramids
Renal pyramids contain tubules and the loops of Henle

Inward extension of the renal cortex between the renal pyramids

Central portion of the kidney
Contains the major and minor calyces, peripelvic fat, fibrous tissues, arteries,
veins, lymphatics, and part of the renal pelvis

Contains the renal artery, renal vein, and ureter

Renal Vasculature

RENAL VESSEL

DESCRIPTION

Main Renal Artery

Segmental artery

Interlobar artery

Arcuate artery

Interlobular artery
Main Renal Vein

The right renal artery arises from the anterolateral aspect of the aorta; the left
renal artery arises from the posterolateral aspect of the aorta

May have multiple ipsilateral arteries

A single ipsilateral artery may divide into multiple renal arteries at the hilum

Courses posterior to the renal vein

Main renal artery arises 1.0-1.5 cm inferior to the origin of the superior
mesenteric artery

Right renal artery is longer than the left renal artery

Demonstrates low-resistance blood flow

Supplies the kidney, ureter, and adrenal gland

After entering the renal hilum, the artery divides into 4 to 5 segmental arteries
Demonstrates low-resistance blood flow

Branch of the segmental artery
Course alongside the renal pyramids
Demonstrates low-resistance blood flow

Boundary between the cortex and medulla

Branch of the interlobar artery located at the base of the medulla
Arcuate arteries give rise to the interlobular arteries
Demonstrates low-resistance blood flow

Branch of the arcuate arteries entering the renal glomeruli

Formed from the junction of tributaries in the renal hilum

Courses anterior to the renal artery

Left renal vein receives the left suprarenal and left gonadal vein

Left renal vein is longer than the right renal vein

Dilatation of the left renal vein, caused by mesenteric compression, may be
demonstrated
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Renal si
Medullary enal sinus

pyramid

Renal pelvis
Calyces

Renal column of Bertin
FIG. 10-1 Renal anatomy.

Ureter Anatomy

e 25 to 34 cm long tubular structure connecting the renal
pelvis to the urinary bladder.

e Course vertically with retroperitoneum along the psoas
muscles.

e Insert posterior and inferiorly at the trigone of the
bladder.

e Distal ureter at the trigone considered extraperitoneal.

Arterial Supply to the Ureter

® Renal artery.
e Testicular or ovarian artery.
e Superior vesical artery.

Support Structure of the Kidneys

Psoas muscle

Major groin muscle
Primary flexor of the hip joint
Lies posterior to the inferior pole of each kidney

Quadratus lumborum muscle Muscle of the posterior abdominal wall

Lies posterior and medial to each kidney

Transversus abdominis muscle Deepest layer of flat muscles of the anterolateral wall

Gerota’s fascia

Perinephric fat
Renal capsule

Location

Lies lateral to each kidney

Fibrous covering of tissue surrounding each kidney
Also known as Gerota's capsule; renal fascia

Fatty tissue surrounding each kidney
Protective connective tissue capsule surrounding each kidney

e Paired bean-shaped structures lying in a sagittal oblique
plane in the retroperitoneal cavity.
® Located between the first and third lumbar vertebrae.
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® Superior poles lie more posterior and medial.
¢ Inferior poles lie more anterior and lateral.
¢ Left kidney lies superior to the right kidney.

Each Kidney is Located

® Anterior to the psoas and quadratus lumborum muscles.
* Medial to the transverse abdominis muscle and liver or spleen.
® Lateral to the quadratus lumborum muscle.

Renal Anatomical Variants

VARIANT

DESCRIPTIONS

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Dromedary hump  Cortical bulge on the lateral Asymptomatic Lateral outward cortical bulge Carcinoma
aspect of the kidney Echogenicity equal to the cortex Hematoma
Demonstrated most often on Renal cyst
the left Hypertrophied column
of Bertin
Extrarenal pelvis Renal pelvis extrudes from the Asymptomatic Anechoic oval-shaped structure Hydroureter
renal hilum medial to the renal hilum Renal cyst
No vascular flow Renal vein
Fetal lobulation Immature renal development Asymptomatic Lobulations in the renal contour Junctional
parenchymal defect
Dromedary hump
Hypertrophied Enlarged column of Bertin Asymptomatic Mass extending from the cortex Carcinoma
column of into the renal pyramids Renal duplication
Bertin Echogenicity similar to cortex Abscess
Junctional Embryonic remnant of the Asymptomatic Triangular echogenic area in the Technical factors
parenchymal fusion site between the anterior aspect of the kidney Calcified artery
defect upper and lower portions Angiomyolipoma
of the kidney Fetal lobulation
Congenital Anomalies
ANOMALY DESCRIPTION CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Agenesis Absence of the kidney(s) Asymptomatic when Empty renal fossa(e) Pelvic kidney
Unilateral or bilateral unilateral Large, contralateral kidney Surgical removal
Fatal when bilateral Crossed fused ectopia
Associated with genital
anomalies
Cake Variant of a horseshoe Asymptomatic Fusion of entire medial aspect Crossed fused ectopia
kidney kidney Pelvic mass of both kidneys Renal mass
Found in the pelvis Anterior rotation of the renal
pelvis
Crossed Both kidneys are fused in Asymptomatic One single, large kidney Renal mass
fused the same quadrant Abdominal mass Irregular contour Cake kidney
ectopia Two separate collecting Inferior pole is directed medially ~ Sigmoid kidney
systems
Two normally located
adrenal glands
Duplication  Two distinct collecting Asymptomatic Increase in renal length Hypertrophied column of

systems

May involve kidney, ureter,
and/or renal pelvis

May be partial or complete

Flank pain

Two distinct collecting systems
The superior system is most
likely to obstruct

Bertin
Renal mass

Continued
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Congenital Anomalies—(cont'd)

ANOMALY DESCRIPTION CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Horseshoe Fusion of the kidneys usually ~ Asymptomatic Bilateral low-lying medially Renal mass
kidney at the inferior poles Pulsatile abdominal placed kidneys with partial or ~ Lymphadenopathy
Connected by an isthmus of mass complete fusion of the inferior ~ Bowel
functioning parenchyma poles Retroperitoneal tumor
or nonfunctioning fibrotic “Dipping effect” of both inferior
tissue poles
Anterior rotation of the renal Isthmus of tissue demonstrated
pelves and ureters anterior to the abdominal
Separate collecting systems aorta
Most common form of renal Isthmus echo texture is similar
fusion to the renal cortex
Pelvic Failure to ascend with Asymptomatic Elongated core of echogenic Bowel
kidney development Pelvic pain tissue surrounded by less Pelvic mass
Associated with a short echogenic parenchyma
ureter Located in the lower abdomen
Renal artery and vein are or pelvis
located more inferior Empty ipsilateral renal fossa
Renal vein drains directly Lies in an oblique plane
into the inferior vena
cava (IVC)
Renal Unusual mobile kidney Asymptomatic Abnormal mobility of a kidney Pelvic kidney
ptosis that descends from the Horseshoe kidney
normal position toward
the pelvis
Poor support structures
Sigmoid Variant of the horseshoe Asymptomatic Superior pole of one kidney is Bowel
kidney kidney Abdominal mass fused with the inferior pole of ~ Abdominal mass
the contralateral kidney
S-shaped
Thoracic Kidney migrates into Chest mass Elongated core of echogenic Chest mass
kidney the chest through a tissue surrounded by less
herniation in the echogenic parenchyma
diaphragm Located in the chest
Rare finding Not easily demonstrated on
ultrasound
SIZE
Adult
* 9.0 to 12.0 cm in length.
e 4.0 to 5.0 cm in width.
e 2.5 to 3.0 cm in height.
e Minimum of 1 cm in cortical thickness.
Child
e 7.0 to 8.0 cm in length.
e Formula: (© SDMS National Certification Exam Review: Abdominal Sonography: 2010).
® Renal length (cm) = 6.79 + [0.22 X age (years)].
Infant

5.0 to 6.0 cm in length.

Formula: (© SDMS National Certification Exam Review: Abdominal Sonography: 2010).
® Renal length (cm) = 4.98 + [0.155 X age (months)].



CHAPTER 10 Urinary System 11

Normal Sonographic Appearance—Adult Kidney

DIVISION SONOGRAPHIC APPEARANCE
Renal capsule Well-defined echogenic line surrounding the kidney
Renal cortex Fine, moderate, to low-level echogenicity

Less echogenic compared to the normal liver parenchyma
Medulla Hypoechoic; may appear anechoic
Columns of Bertin Moderate to low-level echogenicity
Renal sinus Hyperechoic; most echogenic
Arcuate vessels Small echogenic foci at the corticomedullary junction
Cortical thickness Minimum 1 cm

Normal Sonographic Appearance—Pediatric Kidney

DIVISION SONOGRAPHIC APPEARANCE

Renal capsule Sparse amount of perinephric fat makes it difficult to distinguish the capsule
Renal cortex Moderate to highly echogenic

Medulla Commonly anechoic

Do not mistake for hydronephrosis
Renal sinus Barely visible in infants

TECHNIQUE

Preparation

¢ Kidneys—patient should be hydrated.
® Renal vessels—nothing by mouth for 6 to 8 hours before the examination.
¢ Bladder—drink 8 to 16 ounces of water 1 hour before the examination.

Examination Technique and Imaging Optimization

® Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

¢ Place gain settings to display the normal adult renal cortex as moderate or low-level
echogenicity and the renal sinus as the most echogenic with adjustments to reduce
echoes within the vessels.

e Position the focal zone(s) at or below the region of interest.

¢ Sufficient imaging depth to visualize structures posterior to the region of interest.

¢ Harmonic imaging and decreasing the compression (dynamic range) can be used to
reduce artifactual echoes within anechoic structures and improve prominence of
posterior acoustic shadowing.

e Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

e Evaluation and documentation of the superior, inferior, medial, and lateral aspects
of each kidney in the coronal or sagittal plane.

¢ Evaluation and documentation of the superior pole, renal hilum, and inferior pole
of each kidney in the transverse plane.

* Measurements of maximum length, thickness, and width of each kidney.

* Measurement of the cortical thickness of each kidney.

e Evaluation and documentation of the bladder wall.
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¢ Prevoid and postvoid bladder volumes may be included.

¢ Kidneys are best evaluated with an empty urinary bladder.

¢ Documentation and measurement of any abnormality in two scanning planes with
and without color Doppler should be included.

Patient Positions

PATIENT POSITION DEMONSTRATES/BENEFITS

Supine Right superior pole with intercostal approach
Right inferior pole with subcostal approach

Left posterior oblique (LPO) Allows bowel to move away from right kidney
Subcostal or intercostal approach

Left lateral decubitus Liver and kidney “fall” from the rib cage
Aids in obese or gassy patients

Right posterior oblique (RPQ) Left superior pole with intercostal approach
Posterior subcostal approach for left inferior pole

Right lateral decubitus Left posterior approach with deep inspiration

Prone Demonstrates mid and inferior poles of both kidneys

Great for infants and small children
Superior poles may be visualized
Used in renal biopsies

Indications for Examination

Increase in creatinine or blood to nitrogen (BUN) levels.

Urinary tract infection.

Flank pain.

Hematuria.

Hypertension.

Decrease in urine output.

Trauma.

Evaluate mass from previous medical imaging study (i.e., computed
tomography [CT]).

LABORATORY VALUES

Creatinine

¢ Normal 0.6 to 1.2 mg/dL.

¢ A waste product produced from meat protein and normal wear and tear on the
muscles in the body.

* More specific in determining renal dysfunction than BUN levels.

e Elevated in renal failure, chronic nephritis, or urinary obstruction.

Blood Urea Nitrogen

Normal 11 to 23 mg/dL.

Produced from the breakdown of food proteins.

Elevated in urinary obstruction, renal dysfunction, or dehydration.

Decreased levels associated with overhydration, pregnancy, liver failure, decrease
in protein intake, and smoking.

Hematuria

® Visible or microscopic red blood cells in the urine.
® Associated with early renal disease.



CHAPTER 10 Urinary System 143

Proteinuria

e Abnormal amount of proteins in the urine.
® Associated with nephritis, nephrolithiasis, carcinoma, polycystic disease, hyperten-

sion, and diabetes mellitus.
e Increases risk of developing progressive renal dysfunction.

Concentration-Dilution Urinalysis

e Used to detect chronic renal disease.

Cystic Pathology of the Kidneys

PATHOLOGY

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Simple cyst

Parapelvic cyst

Peripelvic cyst

Adult polycystic
kidney disease

Childhood
polycystic
kidney disease

Multicystic
dysplasia

Acquired condition
Found in 50% of patients over
the age of 55

Acquired condition originating
from the renal parenchyma

Acquired condition that may
develop from the lymphatic
system or an obstruction

Inherited disorder

Normal renal parenchyma is
replaced with cysts

Increased incidence of renal
calculi and infection

Inherited disorder
Normal renal parenchyma is
replaced with cysts

Affects the left kidney more
frequently

Noninherited disorder

Urinary obstruction in early
embryology

Male prevalence (2:1)

Infants of diabetic mothers

Asymptomatic

Asymptomatic
Hypertension
Hematuria

Asymptomatic

Asymptomatic

Palpable abdominal mass

Hypertension

Hematuria

Colicky pain

Elevated blood urea
nitrogen (BUN) and
creatinine

Renal failure

Palpable abdominal mass
Hypertension

Hematuria

Colicky pain

Renal failure

Asymptomatic

Palpable abdominal mass
Flank pain

Hypertension

Anechoic mass
Hyperechoic thin walls
Smooth margins
Posterior acoustic
enhancement

Anechoic mass located in
the renal hilum

Does not communicate with
the collecting system

Hyperechoic thin walls

Smooth margins

Posterior acoustic
enhancement

Anechoic mass located
near or around the renal
pelvis

Hyperechoic thin walls

Smooth margins

Posterior acoustic
enhancement

Bilateral disease

Multiple cysts

Irregular margins

Normal renal parenchyma
may not be visualized

Associated cysts in liver,
pancreas, and spleen

Bilateral disease
Hyperechoic enlarged
kidneys

Unilateral disease

Numerous cysts of variable
shape and size

Associated with
ureteropelvic junction
obstruction and
malrotation

Normal renal parenchyma
may not be visualized

Liver cyst
Adrenal cyst

Hydronephrosis
Renal vein
Extrarenal pelvis
Renal artery
aneurysm

Prominent renal
pyramid

Localized
hydronephrosis

Multiple simple
cysts
Hydronephrosis

Chronic renal
failure

Renal sinus
lipomatosis

Multiple simple
cysts
Hydronephrosis
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Inflammatory Conditions

INFLAMMATORY DIFFERENTIAL
CONDITION ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Renal abscess Infection Flank pain Hypoechoic or complex mass Neoplasm

Acute tubular
necrosis (ATN)

Chronic renal failure

Toxic drug exposure

Hypotension

Trauma

Surgery of the heart or
aorta

Jaundice

Sepsis

Glomerulonephritis

Fever or chills
Leukocytosis

Asymptomatic
Renal failure
Oliguria

Elevated BUN and

Thick irregular wall margins
Shadowing associated with gas
formation

Bilateral enlarged kidneys
Hyperechoic renal pyramids
Normal renal cortex

Renal atrophy

Focal pyelonephritis
Complicated cyst
Resolving hematoma

Renal sinus lipomatosis
Chronic pyelonephritis
Renal failure
Nephrocalcinosis

Renal sinus lipomatosis

Hypertension creatinine Hyperechoic parenchyma Hypoplastic kidney
Vascular disease Proteinuria Thin renal cortex
Diabetes mellitus Polyuria Difficult to distinguish the kidney
Chronic hydronephrosis ~ Headaches from surrounding structures
Fatigue
Weakness
Anemia
Glomerulonephritis Immune diseases Asymptomatic Hyperechoic renal cortex Renal sinus lipomatosis
Infection Proteinuria Enlarged kidney(s)
Strep throat Oliguria
Lupus Hypertension
Chronic hepatitis C Hematuria
Vasculitis Fatigue
Edema
Pyelonephritis Bacteria ascends from Flank pain Generalized or focal swelling of Renal abscess
the bladder Fever or chills the kidney(s) Neoplasm
Dysuria Well-defined renal pyramids
Pyuria Loss of corticomedullary
Leukocytosis definition
Obstruction and Calculus of the Kidney
DIFFERENTIAL

O0BSTRUCTION

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

CONSIDERATIONS

Hydronephrosis

Obstruction of the urinary tract

Flank pain
Hematuria
Fever
Leukocytosis

Grade 1

Small fluid-filled separation of the renal

pelvis
Grade 2

Dilation of some but not all calyces

Grade 3

Marked dilation of renal pelvis and all

calyces

Extrarenal pelvis

Parapelvic cyst

Polycystic
disease

Reflux

Overdistended
urinary bladder

Echogenic line separating the collecting
system from the parenchyma can be

demonstrated
Grade 4

Prominent dilatation of collecting system

Cortical thinning

Unable to separate collecting system

and renal parenchyma

Regardless of the grade evaluate bladder
for ureteral jets using color Doppler
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Obstruction and Calculus of the Kidney—(cont'd)

OBSTRUCTION ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Hydroureter Obstruction of the ureteropelvic
junction (UPJ), ureterovesical
junction (UVJ), or region
where the ureter crosses the

pelvic brim

Nephrolithiasis  Urinary stasis

Benign Pathology of the Kidney

Asymptomatic
Flank pain

Anechoic tubular structure connecting

Fluid filled bowel

the renal pelvis to the urinary bladder

No internal blood flow

Asymptomatic
Renal colic
Flank pain
Hematuria

Hyperechoic focus within the kidney

Occurs in the corticomedullary junction
Posterior acoustic shadowing
Color Doppler Twinkle artifact

Calcified vessel
Angiomyolipoma

BENIGN PATHOLOGY ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Adenoma Glandular epithelium
Risk Factors: Most common cortical
Male tumor

prevalence (3:1)
Tobacco use
Long-term dialysis

Angiomyolipoma Composed of fat, blood
vessels, and muscle

Tends to hemorrhage

Lipoma Composed of fat

Medullary sponge
kidney

Benign congenital
condition

Mesoblastic
nephroma

Pediatric parenchymal
tumor

90% occur in first year
of life

Benign version of the
Wilm'’s tumor

Nephrocalcinosis Formation of aggregates
of calcium in the distal

tubules and loops of

Henle
Renal sinus Obesity
lipomatosis Previous urinary

obstruction
Chronic renal infection
Steroid therapy

Asymptomatic
Hematuria

Asymptomatic
Flank pain
Gross hematuria

Asymptomatic

Asymptomatic

Palpable flank mass
Hematuria

Asymptomatic
Hyperparathyroidism
Hypercalcemia
hypercalciuria

Asymptomatic
Elevated creatinine

Well-defined hypoechoic
cortical mass
Generally small

Well-defined hyperechoic
mass

May distort renal
architecture

Well-defined hyperechoic
mass

Hyperechoic foci in the
region of the renal
papillae

Widening of the distal
collecting system

Homogeneous hypoechoic
mass

Large solid parenchymal
mass

Typically involves the renal
sinus

Frequently grow through the
renal capsule

Hyperechoic medullary
pyramids
May demonstrate shadowing

Increase in echogenicity of
the renal sinus

Thinning of the renal cortex

Normal renal contour

Abscess
Complicated cyst

Carcinoma

Junctional parenchymal
defect

Lipoma

Angiomyolipoma

Junctional parenchymal
defect

Nephrolithiasis
Angiomyolipoma

Wilms' tumor
Neuroblastoma

Nephrolithiasis
Medullary sponge kidney
Angiomyolipoma

Chronic renal failure
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Malignant Pathology of the Kidney

MALIGNANT PATHOLOGY

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Renal cell carcinoma

Stages:

1. Confined to the kidney

2. Spread to perinephric fat

3. Extension to the renal
vein, inferior vena cava
(IVC), or lymph nodes

4. Extension to near or
distant structures

Wilms' tumor
(nephroblastoma)

Adenocarcinoma in 85%
of cases (renal cell)
Transitional cell carcinoma

Risk Factors:

Beckwith-Wiedemann
syndrome

Hemihypertrophy

Sporadic aniridia

Male prevalence

Omphalocele

5yrs of age or less

Painless gross
hematuria
Uncontrolled
hypertension
Palpable mass
Flank pain

Palpable mass
Abdominal pain
Nausea/vomiting
Gross hematuria
Hypertension

Irregular mass with
echogenicity ranging
from hypoechoic (larger
mass) to hyperechoic
(smaller mass)

Focal bulge in renal contour

Indistinct borders

Hypervascular mass

Metastasis to the lung,
liver, and long bones

Extension into the renal
vein and IVC

Predominately solid, well-

defined renal mass
Variable echo pattern
Echogenic rim

Adrenal tumor

Abscess

Focal
pyelonephritis

Adenoma

Angiomyolipoma

Neuroblastoma

Renal carcinoma

Mesoblastic
nephroma

Occasional calcification (10%)

Intramural vascular flow

Displacement of the IVC and

aorta

Metastasis to the renal vein,

IVC, liver, contralateral
kidney, and lymph nodes

Metastases Primary malignancy of Asymptomatic Multiple small bilateral Angiomyolipomas
the bronchus, breast, masses of variable Renal cell
gastrointestinal tract, echogenicity carcinoma
contralateral kidney, and
non-Hodgkin's lymphoma

Vascular Disorders of the Kidneys

SONOGRAPHIC DIFFERENTIAL

VASCULAR DISORDER

ETIOLOGY

CLINICAL FINDINGS

AND DOPPLER FINDINGS

CONSIDERATIONS

Infarction

Necrosis of tissue caused

by occlusion of the
arterial blood supply

Renal artery
stenosis

Atherosclerosis
Fibromuscular hyperplasia

(mid to distal)

Renal artery

Fibromuscular dysplasia

Asymptomatic
Acute back pain
Hematuria
Proteinuria

Uncontrolled
hypertension
Renal
insufficiency
Abdominal bruit
Decrease in
urine sodium
concentration
Hematuria

Asymptomatic

Wedge-shaped hypoechoic (acute)
or hyperechoic (chronic) defect

Peak systolic velocity greater than
180 cm/s

Spectral broadening

Absence of diastolic flow

Delayed acceleration time

Renal artery ratio greater than 3.5

Visual narrowing of the renal artery
by atherosclerosis or thickening of
the arterial wall

Kidney atrophy

Kidney infarct

Doubling of the normal artery

aneurysm
Risk factor:
Pregnancy

Blunt trauma
Kawasaki disease
Intraluminal catheter-
induced injury
Atherosclerosis

Hypertension
Flank pain
Hematuria

Artery diameter of 1.5 cm or greater
Risk of rupture when the diameter
exceeds 2 cm

Angiomyolipomas

Junctional
parenchymal
defect

Calcified artery

Tortuous artery
Poor Doppler angle

Tortuous renal artery

Bifurcation of the
renal artery

Renal vein
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Vascular Disorders of the Kidneys—(cont'd)

VASCULAR DISORDER ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC
AND DOPPLER FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Arteriovenous
fistula Trauma

Renal biopsy complication

Renal vein Renal disease
thrombosis Surgery
Risk factors: Trauma
Malignancy Dehydration
Primary renal
disease

IVC obstruction

Systemic lupus
erythematosus

Sickle cell
anemia

Amyloidosis

Hypercoagulable
state

Renal carcinoma
Renal lymphoma
Nephroblastoma

Renal vein tumor
extension

RENAL DIALYSIS

Congenital malformation

Asymptomatic

Flank pain
Hematuria
Hypertension
Proteinuria
Azotemia

Depends on the
underlying
cause

High-peak systolic velocity associated
with high diastolic velocity
Extremely turbulent flow

Increase in vein diameter
Hypoechoic or complex echoes
within the renal vein
Continuous, minimal, or absent
intraluminal venous flow
Enlarged kidney

Increase in vein diameter

Echogenic mass within the renal vein

Vascular flow within the mass

Continuous, minimal, or absent intra-
luminal venous flow

Renal artery stenosis

Renal vein tumor
extension

Improper gain or fo-
cal zone settings

Improper Doppler
settings or angle

Renal vein thrombosis

Improper gain or focal
zone settings

Improper Doppler set-
tings or angle

¢ Renal dialysis is a process of diffusing blood across a membrane to remove
substances a normal kidney would eliminate.

¢ Renal dialysis may restore electrolytes and acid-base balance.

* Renal dialysis patients have an increased incidence of developing a renal:

a. cyst.
b. adenoma.
c. carcinoma.

RENAL TRANSPLANT

Transplanted kidney is usually placed in the anterior right iliac fossa.
Renal artery is anastomosed to the ipsilateral internal iliac artery.
Renal vein is anastomosed to the ipsilateral external iliac vein.
Ureter is implanted into the superior portion of the urinary bladder.
Fat from around the bladder is placed over the ureter to act as a valve.

Renal Transplant Complications

TRANSPLANT COMPLICATION

DESCRIPTION

Renal artery stenosis

Renal artery thrombosis

Primary renal vein thrombosis

Secondary renal vein thrombosis

Occurs months to years posttransplant

Occurs in the first few days
Originates in the renal vein

Extends into the iliac vein
Can result from iliac compression

Continued
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Renal Transplant Complications—(cont'd)

TRANSPLANT COMPLICATION DESCRIPTION

Hematoma Hypoechoic when acute

Complex when subacute
Anechoic when chronic

Urinoma Develops in the first few weeks

Rapid increase in size on serial examinations
Anechoic fluid collection

Lymphocele Usually found medial to the transplant

Anechoic fluid collection frequently containing septations

Abscess Usually develops in the first few weeks

Variable sonographic appearance

Normal Sonographic Appearance of the Renal Transplant

Renal sinus appears hyperechoic.
Renal cortex appears hypoechoic.
Prominent renal pyramids.

Arcuate vessels may be demonstrated.

Abnormal Sonographic Appearance of the Renal Transplant

Increase in renal size (circular in appearance).
Increase in size of the renal pyramids.

Increase in echogenicity of the renal cortex.
Decrease in echogenicity of the renal sinus.
Loss of corticomedullary definition.
Hypoechoic areas within the renal parenchyma.

Normal Doppler Appearance of the Renal Transplant

Low-resistance vascular flow in the renal, segmental, and arcuate arteries.
Resistive index (RI) of 0.7 or less.
Peak systolic velocity may be as high as 250 cm/s.

Abnormal Doppler Appearance of the Renal Transplant

Monophasic or absence of vascular flow.
RI of 0.9 suggests rejection.

URINARY BLADDER ANATOMY

Apex

Extraperitoneal muscle reservoir for urine.

Bladder wall contains three layers; serosa, muscle, mucosa.

Normal bladder wall thickness is 3 mm when distended.

Normal bladder wall thickness is 5 mm when empty.

Normal bladder wall is thicker in infants than in adults.

Ureters enter the bladder wall at an oblique angle approximately 5 cm above the
bladder outlet.

Postvoid residual normally should not exceed 20 mL.

Neck

Superior portion of the bladder.

Inferior portion of the bladder continuous with the urethra.
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Trigone

¢ Inflexible region between the apex and neck of the bladder.
¢ Area where ureters enter the bladder.

NORMAL SONOGRAPHIC APPEARANCE

¢ Anechoic fluid-filled structure located in the pelvic midline.
¢ Ureteric orifices appear as small echogenic protuberances on the posterior aspect of
the bladder.
¢ Bladder wall thickness is dependent on distention of urinary bladder but should
not exceed 5 mm.

Congenital Abnormalities of the Urinary Bladder

CONGENITAL DIFFERENTIAL
ABNORMALITY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Bladder Failure of the mesoderm Typically discovered in  Lower anterior abdominal wall defect Omphalocele
exstrophy to form over the lower utero Mass protruding from this defect Inguinal hernia
abdomen Normal bladder not identified Umbilical hernia
Bladder Bladder wall muscle Asymptomatic Anechoic pedunculation of the urinary Ovarian cyst
diverticulum weakness Urinary tract infection bladder Fluid-filled bowel
Pelvic pain Neck of diverticulum is small Ascites
May enlarge when bladder contracts
Bladder Congenital obstruction of Asymptomatic Hyperechoic septation seen within the Artifact

ureterocele

Urachal sinus

the ureteric orifice

Epithelial tube connecting
the apex of the bladder
with the umbilicus

Urinary tract infection

Asymptomatic
Fluid draining from the
umbilicus

Pathology of the Urinary Bladder

bladder at the ureteric orifice
Demonstrated when urine enters the
bladder

Linear tubular structure extending from
the apex of the urinary bladder to the
umbilicus

Bladder tumor
Catheter balloon

Rectus abdominis
hematoma
Subcutaneous fat

BLADDER DIFFERENTIAL
PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Bladder Urinary stasis Asymptomatic Hyperechoic focus within the urinary Intestinal air
calculus Migrates from the Hematuria bladder Calcified vessel
kidney(s) Urinary frequency and urgency  Posterior acoustic shadowing
Recurrent urinary tract Mobile with patient position change
infections
Cystitis Infection Dysuria Increase in bladder wall thickness Bladder sludge
Urinary frequency Mobile internal echoes Hematuria
Leukocytosis
Bladder Debris in the Asymptomatic Homogeneous low-level echoes Cystitis
sludge bladder Mobile with patient position change Hematuria
Bladder Transitional cell Painless hematuria Echogenic mass Benign tumor
malignancy carcinoma Frequent urination Irregular margins Bladder sludge
Dysuria Immobile with patient position change  Ureterocele
Internal vascular blood flow Metastatic tumor
Bladder polyp Papilloma Asymptomatic Echogenic intraluminal mass Malignant tumor

Frequent urination

Smooth margins
Immobile with patient position change
Internal vascular flow

Bladder sludge
Ureterocele
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URINARY SYSTEM REVIEW

1.

Which of the following terms describes the typical
sonographic appearance of the medullary pyramids
in the neonate?

a. anechoic

b. hypoechoic

¢. hyperechoic

d. barely visible

. Which of the following conditions is associated

with a decrease in blood urea nitrogen (BUN)?
a. dehydration

b. hydronephrosis

c. liver failure

d. renal failure

. The renal arteries arise from which aspect of the

abdominal aorta?
a. medial

b. lateral

¢. anterior

d. inferior

. Which of the following structures is considered the

basic functional unit of the kidney?
a. nephron

b. glomerulus

c. loop of Henle

d. collecting tubule

. The quadratus lumborum is a muscle located in the:

a. medial abdominal wall
b. lateral abdominal wall

¢. anterior abdominal wall
d. posterior abdominal wall

. Fusion of the entire medial aspect of both kidneys

is a congenital anomaly termed:
a. crossed fused ectopia

b. cake kidney

c. sigmoid kidney

d. junctional parenchymal defect

. Which of the following conditions is most likely to

mimic a duplicated urinary system?
a. junctional parenchymal defect

b. fetal lobulation

¢. dromedary hump

d. hypertrophied column of Bertin

. Dialysis patients are at increased risk for developing:

a. nephrocalcinosis

b. renal carcinoma

¢. nephrolithiasis renal vein thrombosis
d. renal vein thrombosis

9. The most common renal neoplasm identified in
patients over the age of 55 years is a(n):
a. simple cyst
b. renal calculus
¢. angiomyolipoma
d. renal cell carcinoma

10. Rejection of a renal transplant is suggested after

the resistive index reaches:
a. 0.3
b. 0.7
c. 0.9
d. 1.5

Using Fig. 10-2, answer question 11.

11. A catheterized paraplegic patient is scheduled

for a retroperitoneum ultrasound. An anechoic
structure is identified in the region of the urinary
bladder. This structure most likely represents a(n):
a. ureterocele

b. bladder diverticulum

¢. catheter balloon

d. small amount of residual urine

FIG. 10-2 Longitudinal image of the urinary bladder.
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RT
LONG BLADDER

Longitudinal image of the right side of the
urinary bladder.

Longitudinal image of the kidney.

14. The most common etiology for this pathology is:
a. bladder infection
b. kidney infection
¢. urinary stasis

Using Fig. 10-3, answer question 12.

12. A 5-week-old infant presents to the ultrasound d. urinary tract obstruction
department with a history of a single urinary tract
infection. The sonogram of the kidney most likely Using Fig. 10-5, answer question 15.
demonstrates:

15. A 45-year-old female patient arrives for a pelvic
ultrasound complaining of urinary frequency. An
anechoic structure is identified contiguous with
the urinary bladder. The pathology identified is
most suspicious for a(n):

a. ureterocele

b. ovarian cyst
13. A 25-year-old woman presents to the emergency c¢. dilated urethra
d

department complaining of severe left flank
pain. A sonogram of the kidney most likely
demonstrates which of the following conditions?
a. pelviectasis

b. pyelonephritis

¢. nephrolithiasis

d. hydronephrosis

a. hydronephrosis

b. infantile polycystic disease
¢. normal medullary pyramids
d. dilated arcuate vessels

Using Fig. 10-4, answer questions 13 and 14.

. bladder diverticulum

16. Which of the following renal structures is
composed of blood vessels or nerve fibers?
a. glomerulus
b. loop of Henle
c. renal pyramid
d. renal tubule

17. A patient complaining of sharp, severe flank pain
radiating to the groin is describing:
a. renal colic
b. dysuria
¢. Mittelschmerz
d. dyspareunia

18. Which of the following structures are contained in
the renal sinus?
a. renal artery, renal vein, ureter
b. lymphatics, perinephric fat, minor calyces
¢. major calyces, renal pelvis, ureter
d. lymphatics, peripelvic fat, major calyces

Longitudinal image of the kidney.
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19. Which of the following muscles is located lateral
to each kidney?
a. psoas
b. quadratus lumborum
c. internal oblique
d. transversus abdominis

20. A hyperechoic focus located in the anterior renal
cortex in an asymptomatic patient most likely
represents:

a. adenoma

b. ischemic necrosis

c. renal calculus

d. a junctional parenchymal defect

LONG RUQ

21. Normal postvoid residual urine volume should

not exceed: FIG. 10-6 Sagittal image of the right upper quadrant.
a. 5mL

b. 20 mL

c. 50 mL

d. 100 mL Using Fig. 10-6, answer question 26.

22. A 43-year-old female patient presents to the 26. A 54-year-old woman presents to the ultrasound

ultrasound department complaining of right flank
pain and dysuria. A generalized swelling of the
kidney is demonstrated. The medullary pyramids
appear well defined. This is most suspicious for:
a. pyelonephritis

b. metastatic disease

¢. hydronephrosis

d. acute tubular necrosis

department complaining of right upper quadrant
pain. Which of the following anatomical variants
is most likely identified in this sonogram?

a. fetal lobulation

b. crossed fused ectopia

¢. junctional parenchymal defect

d. hypertrophied column of Bertin

Using Fig. 10-7, answer question 27.
23. Which of the following patient positions is g 4

typically used for renal biopsy procedures? 2]. A morbidly obese patient presents to the

a. supine

b. prone

c. right lateral decubitus
d. left posterior oblique

24. Small echogenic protuberances identified on the

posterior wall of the urinary bladder most likely
represent:

a. arcuate vessels

b. ureteric orifices

¢. hydroureters

d. bladder diverticulums

25. Patients with adult polycystic renal disease have

an increased incidence of developing;:
a. nephrocalcinosis

b. renal calculi

c. renal carcinoma

d. an adrenal adenoma

ultrasound department with a history of elevated
liver function tests. He denies abdominal or
flank pain. The arrow in this sonogram most likely
identifies:

a. perinephric fat

b. an adrenal adenoma

¢. an adrenal hemorrhage

d. a complicated renal cyst

FIG. 10-7 Sagittal image of the right upper quadrant.
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FIG. 10-8 Transverse image of the right kidney.

Using Fig. 10-8, answer question 28.

28. A 70-year-old patient presents with a history of
painless hematuria, uncontrolled hypertension,
and vague right upper quadrant pain. A mass is
identified that demonstrates internal blood flow.
Based on this history, the mass identified in the
sonogram is most suspicious for a(n):

a. hematoma

b. dromedary hump
c. renal carcinoma
d. hemorrhagic cyst

Using Fig. 10-9, answer question 29.

29. During a screening obstetrical examination, an
intermittent bladder abnormality is identified. This
incidental finding is most consistent with a(n):

a. diverticulum

b. ureterocele

c. catheter balloon
d. ureteral jet

FIG. 10-9 Sagittal image of the urinary bladder.

RT REMAL

FIG. 10-10 Transverse image of the right kidney.

Using Fig. 10-10, answer question 30.

30

31.

32.

33.

34.

. An asymptomatic patient presents to the
ultrasound department with a clinical history
of microscopic hematuria. The anechoic area
demonstrated in the sonogram is MOST
consistent with a(n):

a. extrarenal pelvis
b. peripelvic cyst
¢. parapelvic cyst
d. hydroureter

Mesoblastic nephromas are more likely to occur
in patients under:

a. 1 year of age

b. 5 years of age

c. 10 years of age

d. 18 years of age

A benign tumor composed of fat, blood vessels,
and muscle describes a(n):

a. adenoma

b. lipoma

¢. fibroma

d. angiomyolipoma

Fibromuscular hyperplasia is most commonly
associated with stenosis in which of the following
renal arteries?

a. main renal artery

b. arcuate artery

c. interlobar artery

d. segmental artery

Renal artery stenosis is suggested after the peak
systolic velocity exceeds:

a. 90 cm/s

b. 135 cm/s

c. 180 cm/s

d. 230 cm/s
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35. Which of the following conditions is most likely
associated with painless hematuria?
a. hydronephrosis
b. pyelonephritis
¢. angiomyolipoma
d. renal cell carcinoma

36. Which of the following conditions is frequently
associated with urinary stasis?
a. parapelvic cyst
b. nephrolithiasis
c. renal carcinoma
d. chronic renal failure

37. Fusion of the superior pole of one kidney to the
inferior pole of the contralateral kidney is most
consistent with which of the following congenital
anomalies?

a. cake kidney

b. crossed fused ectopia
c. sigmoid kidney

d. duplicated kidney

38. Aneurysms involving the renal artery are at an
increased risk of rupturing after the diameter
exceeds:

a. 0.5 cm
b. 1.0 cm
c. 1.5cm
d. 2.0 cm

39. The complete inability of the kidneys to excrete
waste, concentrate urine, and converse electrolytes
is termed renal:

a. colic

b. failure

¢. obstruction
d. insufficiency

Using Fig. 10-11, answer question 40.

40. A 51-year-old man complaining of right upper
quadrant pain presents to the ultrasound depart-
ment with a history of gallstones. This sonogram
is most likely identifying which of the following
conditions?

a. angiomyolipomas
b. nephrocalcinosis

c. glomerulonephritis
d. metastatic lesions

LONG LT

FIG. 10-11 Sagittal sonogram of the left kidney.

Using Fig. 10-12, answer question 41.

a1.

A middle-aged patient presents with a history of
elevated creatinine levels. The left kidney is not
identified in the left flank. A sonogram of the
right flank is documented. Which of the following
congenital anomalies is most likely demonstrated
in this sonogram?

a. lump kidney

b. cake kidney

¢. renal duplication

d. sigmoid kidney

PRONE RUQG
FIG. 10-12 Prone image of the right flank.
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Sagittal sonogram of the pelvis.
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Longitudinal image of the kidney.

Using Fig. 10-13, answer question 42.

42. A patient presents with a history of intermittent
umbilical discharge. The patient denies a history
of abdominal trauma, pain, or fever. A sono-
gram of the pelvic midline shows a tubular
mass between the urinary bladder and umbili-
cus. Based on the clinical history, the sonogram
is most likely demonstrating which of the
following conditions?

a. rectus abdominis hematoma
b. umbilical abscess

c. Meckel’s diverticulum

d. urachal sinus

Using Fig. 10-14, answer question 43.

43. A patient hospitalized with malaria presents with
a history of proteinuria. An enlarged hyperechoic
kidney is demonstrated on ultrasound. Based
on this clinical history, the sonogram is most
suspicious for which of the following conditions?
a. pyelonephritis
b. chronic renal failure
¢. glomerulonephritis
d. renal sinus lipomatosis

Using Fig. 10-15, answer question 44.

44. A 40-year-old patient presents with a

history of elevated creatinine levels. A sagittal
image of the right kidney demonstrates multiple
masses. Based on the clinical and sonographic
findings, the masses are most suspicious for:

a. a nephroblastoma

b. renal sinus lipomatosis

c. polycystic kidney disease

d. a medullary sponge kidney

Sagittal image of the right kidney.
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FIG. 10-16 Transverse image of the urinary bladder.

Using Fig. 10-16, answer questions 45 and 46.

45. A 78-year-old patient presents to the ultrasound
department to rule out an abdominal aortic aneu-
rysm. An incidental mass was discovered in the
urinary bladder. Blood flow was demonstrated
within the mass using color Doppler imaging.
This incidental finding is most suspicious for a
bladder:

a. diverticulum
b. adenoma

¢. carcinoma

d. sludge ball

46. When encountering this type of pathology, which
of the following questions in most important for
the sonographer to ask the patient?

a. Do you have high blood pressure?

b. How often do you urinate each day?

¢. Have you noticed any blood in your urine?
d. How much water do you drink each day?

Using Fig. 10-17 and color plate 5, answer question 47.

47. This image of the urinary bladder is most likely
demonstrating which of the following?
a. ureterocele
b. ureteral jet
c. flash artifact
d. external iliac artery

FIG. 10-17 Transverse Doppler sonogram (see color
plate 5).

Using Fig. 10-18, answer question 48.

48. A renal ultrasound is ordered on an older
patient with elevated creatinine levels. Based on
this clinical history the sonogram is most likely
demonstrating:

a. pyelonephritis

b. fetal lobulation

¢. renal carcinoma

d. junctional parenchymal defect

FIG. 10-18 Sagittal image of the left kidney.
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Using Fig. 10-19 and color plate 6, answer question 49.

49. Duplex imaging of the lower pole of the left
kidney most likely demonstrates which of the
following?

a. renal veins

b. renal arteries
c. Bertin vessels
d. arcuate vessels

50. The normal renal cortex measures a minimum of:
a. 0.5cm
b. 1.0 cm
c. 1.5cm
d. 2.0 cm

FIG. 10-19 Sagittal Doppler image (see color plate 6).
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accessory spleen a nodule of normal splenic tissue commonly
located near the splenic hilum.

anemia a decrease in hemoglobin levels in the blood.

asplenia syndrome absence of the spleen associated with
two right lungs, a midline liver, and gastrointestinal and urinary
anomalies.

hamartoma a rare benign neoplasm composed of lymphoid
tissue. Also known as splenoma.

hematocrit the percentage of red blood cells in the blood.

hemoglobin carries oxygen from the lungs to the cells and
returns carbon dioxide back to the lungs.

intraparenchymal hematoma hematoma located within the
splenic parenchyma.

leukemia proliferation of white blood cells.

leukocytosis white blood cell count above 20,000 mmé.
leukopenia white blood cell count below 4000 mm3.

lymphoma malignant disorder involving the lymphoreticular
system.

polysplenia multiple small spleens associated with two left
lungs and gastrointestinal, cardiovascular, and biliary anomalies.
splenic artery aneurysm a localized dilatation of the splenic
artery.

splenic infarction occlusion of the main splenic artery or
one of its branches.

subcapsular hematoma hematoma located between the
splenic capsule and parenchyma.

wandering spleen refers to an abnormal location of the
spleen.

PHYSIOLOGY

Function of the Spleen

¢ Removes foreign material from the blood.
¢ Initiates an immune reaction, resulting in production of antibodies and

lymphocytes.

* Major destruction site of old red blood cells; red blood cells are removed and

hemoglobin is recycled.
® Reservoir for blood.

ANATOMY (Fig. 11-1)

¢ Predominant organ in the left upper quadrant.
¢ Except at the hilum, the spleen is covered by the peritoneum.
¢ The spleen is divided into the:

1. Superior and medial portion.

2. Inferior and lateral portion.

3. Splenic hilum.

Splenic Vasculature

* The splenic artery arises from the celiac axis, courses along superior pancreatic
borders, dividing into six branches after entering the splenic hilum.

¢ The splenic vein joins the superior mesenteric vein, forming the main portal vein.

¢ In cases of portal hypertension, the splenic vein may shunt blood directly into the

left renal vein.

158
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Splenic
parenchyma

Splenic artery

and vein

FIG. 11-1 Splenic anatomy.

Location
¢ Intraperitoneal organ.
® Predominantly located in the left hypochondriac region with the superior aspect
extending into the epigastric region.
® Located inferior to the diaphragm and anterior to the left kidney.
¢ Lies posterior and lateral to the stomach.
¢ Located lateral to the pancreas.
Congenital Anomalies
VARIANT DESCRIPTION CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Accessory Improper splenic fusion Asymptomatic Homogeneous mass typically located Lymphadenopathy
spleen Common variant inciden- medial to the splenic hilum Pancreatic mass
tally found in 30% of Echogenicity similar to spleen Adrenal mass
the population Round or oval in shape
Variable size
Aplasia Failure of the spleen to Asymptomatic Absence of the spleen Splenectomy
develop Wandering spleen
Polysplenia Multiple small spleens Asymptomatic Multiple small spleens Lymphadenopathy
Varies with Located along the greater curvature Retroperitoneal masses
associated of the stomach
congenital Associated with gastrointestinal, car-
anomalies diovascular, and biliary anomalies
Wandering Improper fusion of the Asymptomatic Abnormal location of the spleen Asplenia
spleen dorsal mesentery Splenic rupture

with the posterior
peritoneum
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Splenic Size
SIZE ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Normal adult Length: 10-12 cm
spleen Width: 7 cm

Splenomegaly

Congestive heart failure

Thickness: 3-4 cm

Asymptomatic Enlargement of the spleen Technical error

Cirrhosis Dyspepsia Adults Splenic rupture
Portal hypertension Fatigue Length exceeding 13 cm

Portal vein thrombosis Abdominal pain Hypoechoic parenchyma

Infection Palpable left Evaluate liver for pathology

Diabetes mellitus upper quad- Evaluate abdominal cavity

Hypertension rant mass for ascites

Hepatitis

Trauma

Hemolytic anemia

NORMAL SONOGRAPHIC APPEARANCE

TECHNIQUE

Preparation

Moderately echogenic homogeneous parenchyma.
Isoechoic to slightly hypoechoic compared to the normal liver parenchyma.

No preparation is necessary for a sonogram of the spleen.
Nothing by mouth 6 to 8 hours before examination is the typical preparation,
because imaging the spleen is rarely requested alone.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

Place gain settings to display the normal splenic parenchyma as a medium shade
of gray (similar to the liver) with adjustments to reduce echoes within the vessels.
Focal zone(s) at or below the place of interest.

Sufficient imaging depth to visualize structures immediately posterior to the region
of interest.

Harmonic imaging or decreasing system compression (dynamic range) can be used
to reduce artifactual echoes within anechoic structures.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

Patients may lie in the supine, right posterior oblique, or right lateral decubitus
position.

Coronal and transverse scanning planes are used to evaluate the spleen from the
left hemidiaphragm to the left kidney.

Evaluation and documentation of the length, width, and thickness of the spleen.
Documentation and measurement of any abnormality in two scanning planes with
and without color Doppler should be included.

Indications for Examination

e Chronic liver disease.

e Infection.
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Leukocytosis.
Leukopenia.
Palpable mass.
Abdominal pain.
Fatigue.

Trauma.

LABORATORY VALUES

Erythrocyte

¢ Normal serum levels:

o Male—4.6-6.2 million/mm?.

e Female—4.2-5.4 million/mm?.

Red blood cell.

Carries oxygen from the lungs to the tissues in the body.

Carries carbon dioxide back to the lungs.

Develops in the bone marrow and has a life span of 120 days.
Spleen stores red blood cells and destroys old red blood cells.
Contains hemoglobin.

Elevation associated with polycythemia vera and severe diarrhea.
Decreases associated with internal bleeding, hemolytic anemia, Hodgkin's disease,
and hemangiosarcomas.

Leukocyte

Normal serum levels: 4500-11,000 mm?.

White blood cell.

Defends the body from infection.

Elevation associated with infection, leukemia, hemorrhage, and malignancy.
Decreases associated with lymphoma, leukemia, viral infection, hypersplenia, and
diabetes mellitus.

Hematocrit

e Normal serum levels:
e Male—40-54 mL/dL.
e Female—37-47 mL/dL.
e Percentage of red blood cells in the blood.
e Elevation associated with dehydration, shock, polycythemia vera, and infection.
e Decreases associated with hemorrhage, anemia, and leukemia.

Hemoglobin

¢ Normal serum levels:
e Male—13-18 g/dL.
e Female—12-16 g/dL.

e Oxygen-carrying pigment of the red blood cell.

e Carries oxygen from the lungs to the cells and carbon dioxide from the cells back to
the lungs.

¢ Developed in the bone marrow inside the red blood cell.

® Recycled by the spleen into iron.

e Basis of bilirubin.
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Splenic Pathology
PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Abscess Infective endocarditis— Fever Hypoechoic or com- Hematoma
most common Left upper quad- plex splenic mass Splenic infarction

Calcifications

Cavernous
hemangioma

Cavernous
lymphangioma
Cyst

Cystic lymphangio-
myomatosis

Hamartoma

Splenic artery
aneurysm

Risk factors:
Atherosclerosis

Portal hypertension

Infection
Trauma

Female prevalence

Splenic candidiasis

Splenic infarction

Infection
Trauma

Granulomatosis
Splenic infarction
Calcified cyst
Abscess

Consists of large
blood-filled cystic
spaces

Most common benign
splenic neoplasm

Malformation of the lymph
system

Rare finding
Congenital
Infective
Neoplastic
Parasitic
Previous trauma

Rare neoplasm

Proliferation of the smooth
muscle cells in the
lymph node

Rare benign neoplasm
Composed of lymphatic
tissue

Localized dilatation of
the splenic artery

Multiple splenic infections

Associated with patients
with autoimmune
disorders

Emboli from the heart

Associated with subacute
bacterial endocarditis,
leukemia, sickle cell
anemia, metastasis, and
pancreatitis

rant (LUQ) pain
Leukocytosis

Asymptomatic
Abdominal pain

Asymptomatic
LUQ pain

Asymptomatic

Asymptomatic

Asymptomatic
Abdominal mass

Asymptomatic

Asymptomatic
LUQ pain
Nausea/vomiting
Shoulder pain

Fever
Splenomegaly

Usually asymp-
tomatic
LUQ pain

lll-defined, thick wall
margins

May demonstrate
posterior acoustic
enhancement

Hyperechoic focusfi)
disperse(s) within the
splenic parenchyma

May demonstrate
posterior acoustic
shadowing

Well-defined hypere-
choic splenic mass

Homogeneous or com-
plex echo texture

Hypoechoic solid
splenic mass

Well-defined anechoic
mass

Smooth wall margins

Posterior acoustic
enhancement

May demonstrate
septations or debris

Diffuse or focal
multiloculated cystic
mass

Hyperechoic paren-
chymal mass

Well-defined borders

Solitary or multiple in
number

Anechoic dilatation of
the splenic artery

Target lesion or “wheel
within a wheel”
appearance

Acute stage:
Hypoechoic mass
Well-defined

margins

Chronic stage:
Hyperechoic mass
Well-defined

margins
Splenic atrophy

Cavernous lymphangioma

Calcified vessel(s)

Splenic infarction
Hemangiosarcoma
Metastases

Abscess
Hematoma

Hematoma

Abscess

Cystic lymphangiomyo-
matosis

Splenic cyst

Cavernous hemangioma
Metastases
Hemangiosarcoma

Tortuous artery
Splenic vein

Metastases

Hematoma
Cavernous hemangioma
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Splenic Pathology—(cont'd)

PATHOLOGY

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL CONSIDERATIONS

Splenic rupture

Trauma
Splenomegaly

Infectious disorder

Malignancy of the Spleen

LUQ pain
Tachycardia
Palpable mass
Abdominal pain
Decrease in
hematocrit

Hypoechoic or
complex mass
May demonstrate
posterior acoustic
enhancement
Subcapsular rupture
appears as a
crescent-shaped
fluid collection
Evaluate abdominal
cavity for free fluid

Recent splenic infarction
Abscess
Cyst

MALIGNANCY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Hemangiosarcoma  Rare splenic Anemia is most common Hyperechoic or complex Abscess
malignancy Left upper quadrant (LUQ) mass Hematoma

Leukemia

Lymphoma

Metastases

Proliferation of
white blood cells

Malignant disorder
involving the
lymphoreticular
system

Divided into
Hodgkin’s and
Non-Hodgkin's

Melanoma is the
most common

Breast

Lung

Ovary

Leukemia

Lymphoma

pain
Leukocytosis
Weight loss

Lymphadenopathy
Palpable spleen
Joint pain
Weakness

Fever

Elevated WBC
Anemia

Lymphadenopathy
Anemia

Unexplained fever
Weight loss

Fatigue

Decrease in WBC count

Asymptomatic

Frequently metastasizes
to the liver

Splenomegaly

Diffuse increase in paren-
chyma echogenicity

Hypoechoic or hypere-
choic nodules

Hypoechoic splenic
masses

lll-defined margins

May demonstrate
splenomegaly

Typically hypoechoic or
target lesions

Cavernous hemangioma

Hematoma
Lymphoma
Metastases

Metastatic lesion
Hematoma

Multiple abscesses
Lymphoma

Splenic candidiasis
Leukemia
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SPLEEN REVIEW

1.

The most common location of an accessory spleen
is near the:

a. left renal hilum

b. left adrenal gland

¢. splenic hilum

d. lesser curvature of the stomach

. Gain settings should be placed to demonstrate the

normal spleen as:

a. isoechoic to the normal pancreas

b. hyperechoic to the normal liver

¢. hypoechoic to the normal renal cortex
d. isoechoic to the normal liver

. The spleen is predominantly located in which of

the following quadrants?
a. left lumbar

b. epigastrium

¢. hypogastrium

d. left hypochodrium

. The most common benign neoplasm of the spleen

is a(n):

a. cyst

b. accessory spleen

¢. cystadenoma

d. cavernous hemangioma

Hematocrit is defined as the percentage of:
a. platelets in the red blood cell

b. oxygen in the red blood cell

c¢. red blood cells in the blood

d. platelets in the blood

The most common clinical finding associated with
a hemangiosarcoma is:

a. anemia

b. weight loss

c. leukopenia

d. abdominal pain

Metastasis to the spleen most commonly originates

from which of the following malignancies?
a. hepatoma

b. melanoma

¢. nephroblastoma

d. adrenocortical carcinoma

Multiple splenic infection is a predisposing factor
for which of the following conditions?

a. infarction

b. candidiasis

c. arterial calcification

d. cavernous hemangioma

9.

10.

The normal adult spleen measures approximately:

a. 9 cm in length, 2 cm in width, and 5 cm in
thickness

b. 11 cm in length, 7 cm in width, and 4 cm in
thickness

¢. 17 cm in length, 4 cm in width, and 7 cm in
thickness

d. 15 cm in length, 5 cm in width, and 7 cm in
thickness

Hemangiosarcoma involving the spleen frequently
metastasizes to which of the following organs?

a. liver

b. colon

c. lung

d. kidney

Using Fig. 11-2, answer questions 11 and 12.

1.

12,

A 50-year-old patient with a long history of alco-
hol abuse presents to the ultrasound department
complaining of left upper quadrant pain. This
sonogram of the left upper quadrant is most con-
sistent with which of the following conditions?

a. lymphoma

b. splenomegaly

¢. splenic rupture

d. splenic infarction

Based on this history and sonogram, the sonogra-
pher should also evaluate for which of the following
pathologies?

a. pancreatitis

b. portal hypertension

¢. lymphadenopathy

d. abdominal aortic aneurysm

19.41cm

SPLEEN|

FIG. 11-2 Coronal sonogram of the left upper
quadrant.
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FIG. 11-3 Transverse sonogram of the left upper
quadrant.

Using Fig. 11-3, answer question 13.

13.

A patient presents with a history of liver func-
tion tests showing elevated levels. Based on this
clinical history, the sonogram is most likely
demonstrating a(n):

a. pancreatic mass

b. enlarged lymph node

c. accessory spleen

d. adrenal adenoma

Using Fig. 11-4, answer question 14.

14. An asymptomatic patient presents to the ultrasound

15.

department with a history of hepatitis B. An inci-
dental finding is identified in the superior portion of
the spleen. This finding is most consistent with a(n):
a. cyst

b. abscess

¢. hematoma

d. cystic lymphangioma

Which of the following splenic abnormalities is
most commonly linked to infective endocarditis?
a. hematoma

b. abscess

c. infarction

d. hamartoma

16.

17.

18.

19.

20.

FIG. 11-4 Coronal image of the spleen.

The location of the spleen is best described as:
a. anterior to the stomach

b. posterior to the left kidney

c. lateral to the stomach

d. medial to the left adrenal gland

Patients with a history of portal hypertension
have an increased risk of developing a splenic:
a. cyst

b. infarction

¢. hamartoma

d. artery aneurysm

A congenital anomaly of the spleen associated
with gastrointestinal, cardiovascular, and biliary
anomalies is most consistent with:

a. asplenia syndrome

b. wandering spleen

¢. polysplenia syndrome

d. accessory spleen

The splenic artery is a branch of which of the
following vascular structures?

a. abdominal aorta

b. celiac axis

¢. gastric artery

d. superior mesenteric artery

A clinical finding associated with splenic infarction
may include:

a. hypertension

b. leukocytosis

€. no symptoms

d. epigastric pain
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FIG. 11-5 Transverse sonogram of the left upper
quadrant.

m—_
FIG. 11-6 Coronal sonogram of the left upper
quadrant.

Using Fig. 11-5, answer questions 21 and 22.

21. A retroperitoneal ultrasound is ordered on an
older patient with a history of elevated creatinine
levels. Hyperechoic foci are identified in the
splenic parenchyma. These foci are most suspi-
cious for:

a. candidiasis

b. pneumobilia

¢. splenic calcifications

d. multiple small hemangiomas

22. Based on the clinical history, these sonographic
findings are most likely considered:
a. life threatening
b. incidental findings
¢. postsurgical changes
d. hypervascular lesions

Using Fig. 11-6, answer question 23.

23. An afebrile 13-year-old female patient presents to the
ultrasound department complaining of vague left
upper quadrant pain. She admits to “wrestling” with
her brother a week earlier. She denies blunt force
trauma. Laboratory tests are pending. Based on this
clinical history, the sonographic findings are most
suspicious for which of the following conditions?

a. hematoma

b. polycystic disease
c. loculated abscess
d. pseudocyst

Using Fig. 11-7, answer question 24.

24. An asymptomatic middle-aged patient presents
with a history of liver function tests showing
elevated levels on an annual physical examina-
tion. An abdominal ultrasound is ordered to rule
out liver disease. A sonogram of the left
upper quadrant demonstrates a hyperechoic mass
in the splenic parenchyma. Based on
this history, the mass identified most likely
represents a(n):

a. abscess

b. lipoma

c. cavernous hemangioma
d. primary malignant tumor

- — —

FIG. 11-7 Coronal sonogram of the spleen.
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Coronal sonogram of the spleen.

Using Fig. 11-8, answer question 25.

25,

26.

21.

28.

An afebrile patient with a history of leukemia
presents to the ultrasound department complain-
ing of left upper quadrant pain. A sonogram of
the spleen demonstrates hypoechoic nodules
within the splenic parenchyma. These nodules
most likely represent:

a. candidiasis

b. primary malignant tumors

¢. multiple splenic abscesses

d. metastatic disease

Which of the following structures carries carbon
dioxide back to the lungs?

a. platelet

b. lymphocyte

¢. hematocrit

d. hemoglobin

A hemanigosarcoma located in the spleen on
ultrasound would appear as a(n):

a. anechoic or hypoechoic mass

b. hyperechoic or complex mass

¢. hypoechoic or complex mass

d. isoechoic or hyperechoic mass

Which of the following is an indication for an
ultrasound of the spleen?

a. fatigue

b. hypotension

c. weight gain

d. elevated serum amylase

29.

30.

31.

32.

33.

34.

35.

Which of the following splenic pathologies is
associated with granulomatosis?

a. cysts

b. calcifications

c. cavernous hemangioma

d. cavernous lymphangioma

A patient presents with a history of portal hyper-
tension. The spleen is expected to demonstrate:
a. atrophy

b. enlargement

¢. intraparenchymal calcifications

d. reversal of flow in the splenic vein

Leukocytosis is defined as a white blood cell
count:

a. below 4000

h. below 11,000

¢. above 12,000

d. above 20,000

A hematoma located below the splenic capsule

most commonly appears on ultrasound as a:

a. lateral anechoic mass

b. hypoechoic parenchymal mass

c. crescent-shaped fluid collection inferior to the
diaphragm

d. loculated mass anterior to the left kidney

Which of the following pathologies is associated
with a “wheel within a wheel” appearance on
ultrasound?

a. candidiasis

b. infarction

¢. hemangiosarcoma

d. cystic lymphangiomatosis

Splenic infarction is most commonly associated
with an embolism originating from which of the
following structures?

a. heart

b. liver

c. spleen

d. pancreas

Which of the following conditions is most likely
to demonstrate an elevated hematocrit?

a. infection

b. leukemia

¢. hemorrhage

d. overhydration
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TR 1/ =3 .
FIG. 11-9 Transverse sonogram of the spleen.

FIG. 11-10 Sonogram of the left upper quadrant.

Using Fig. 11-9, answer questions 36 through 38.

36. Which of the following splenic regions is identi-
fied by arrow A?
a. superior portion
b. inferior portion
¢. splenic hilum
d. anterior portion

37. Which of the following splenic regions is identi-
fied by arrow B?
a. superior portion
b. inferior portion
¢. splenic hilum
d. anterior portion

38. Which of the following splenic regions is identi-
fied by arrow C?
a. superior portion
b. inferior portion
¢. splenic hilum
d. posterior portion

Using Fig. 11-10, answer question 39.

39. Which of the following scanning planes is most
likely demonstrated in this sonogram?
a. anterior
b. subcostal
¢. transverse
d. coronal

Using Fig. 11-11, answer question 40.

40. A patient presents with a history of increased

abdominal girth and liver function tests showing

elevated levels. Which of the following findings is
most likely demonstrated in this sonogram of the

left upper quadrant?

a. ascites

b. phlegmon

c. pleural effusion

d. hemoperitoneum

FIG. 11-11 Transverse sonogram of the left upper
quadrant.
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a1.

42.

43.

44.

45,

A patient arrives at the emergency department
following a motor vehicle accident. An abdominal
ultrasound is most likely ordered to evaluate for
which of the following conditions?

a. pancreatitis

b. biliary obstruction

¢. urinary obstruction

d. hemoperitoneum

In cases of portal hypertension, the splenic vein is
most likely to shunt blood directly into the:

a. gastric vein

b. left renal vein

c. inferior vena cava

d. inferior mesenteric vein

The splenic vein joins the superior mesenteric
vein to form the:

a. coronary vein

b. hepatic vein

c. portal vein

d. gastric vein

Leukopenia is defined as a white blood cell count:
a. below 4000

b. below 11,000

¢. above 12,000

d. above 20,000

Which of the following structures is recycled into
iron by the spleen?

a. erythrocytes

b. platelets

c. leukocytes

d. hemoglobin

46.

41.

48.

49

50.

Which of the following conditions is most likely
associated with a decrease in leukocytes?

a. anemia

b. lymphoma

c. leukemia

d. malignancy

Normal hemoglobin levels should not exceed:
a. 5g/dL

b. 10 g/dL

c. 20 g/dL

d. 50 g/dL

In a 40-year-old patient, splenomegaly is suggested
after the length of the spleen exceeds:

a. 7cm

b. 11 cm

c. 13 cm

d. 18 cm

A patient with an accessory spleen will most likely
present with which of the following symptoms?

a. dyspepsia

b. no symptoms

c. left upper quadrant pain

d. palpable abdominal mass

Which of the following benign neoplasms is
composed of lymphoid tissue?

a. lipoma

b. adenoma

¢. hamartoma

d. cavernous hemangioma
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 Retroperitoneum

Addison disease life-threatening condition caused by partial
or complete failure of the adrenocortical function. Also known
as adrenocortical insufficiency.

adrenogenital syndrome congenital disorder causing an
increase in production of androgens.

Conn syndrome uncommon condition resulting from
excessive aldosterone secretions.

Cushing syndrome a metabolic disorder resulting from
chronic and excessive production of cortisol by the adrenal
cortex. Results in the inability of the body to regulate
secretions of cortisol or adrenocorticotrophic hormone
(ACTH). Also known as hyperadrenalism.

diaphragmatic crura fibers that connect the vertebral
column and diaphragm. They are identified superior to the
celiac axis and lie anterior to the aorta and posterior to the
inferior vena cava.

floating aorta enlarged lymph nodes posterior to the aorta
giving the impression that the aorta is floating above the spine.

hyperaldosteronism excessive production of aldosterone.

lymphadenopathy focal or generalized enlargement of the
lymph nodes.

neuroblastoma malignant tumor of the adrenal gland found
in young children.

pheochromocytoma rare vascular tumor of the adrenal
medulla.

retroperitoneal pertaining to organs closely attached to the
posterior abdominal wall.

retroperitoneal fibrosis dense fibrous tissue proliferation
typically confined to the paravertebral and central retroperito-
neum areas.

suprarenal glands adrenal glands.

PHYSIOLOGY

Adrenal Glands (Fig. 12-1)

* A pair of endocrine glands located in the retroperitoneum.

Function of the Adrenal Glands

e Produce hormones.

Epinephrine (Adrenaline)

Norepinephrine

Secreted by the medulla.
Increases in times of excitement or emotional stress.

* Secreted by the medulla.

* Acts to increase blood pressure by vasoconstriction without affecting cardiac

output.

Glucocorticoids

e (Cortisol.
* Normal range:
e Serum

* 4to 22 pg/dL (morning)

e 3to 17 pg/dL (afternoon)

e Urine
* 20 to 90 pg/dL

170
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Gonadal Hormones

Capsule

Cortex\g
TS 3

Medulla ;
LF i1

FIG. 12-1 Adrenal anatomy.

Secreted by the cortex.

Aids in the body’s response to stress.

Modifies the body’s response to infection, surgery, or trauma.
Aids in controlling the amount of water in the body.

Controls protein and carbohydrate metabolism.

Increases with stress and decreases with inflammation.

Mineral Corticoids

Androgens, estrogens, and progesterone.
Secreted by the cortex.

ANATOMY

LOCATION

SIZE

Aldosterone.

Secreted by the cortex.

Helps maintain the body’s fluid and electrolyte balance by promoting sodium
reabsorption and potassium excretion within the kidneys.

Consists of two regions.
Medulla—inner portion, which comprises 10% of the gland.
Cortex—outer portion, which comprises 90% of the gland.

Retroperitoneal structures located in Gerota’s fascia within the perinephric space.
Located anterior, medial, and superior to each kidney.

Lie lateral to the diaphragmatic crura.

Right adrenal gland lies posterior and lateral to the inferior vena cava.

Left adrenal gland lies lateral to the aorta and posterior-medial to the splenic artery
and tail of the pancreas.

Adult adrenal gland measures 3 to 5 cm in length, 2 to 3 cm in width, and 1 cm in
height.

VASCULAR ANATOMY

The superior, middle, and inferior suprarenal arteries supply the adrenal glands.
Superior suprarenal artery arises from the inferior phrenic artery.
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Middle suprarenal artery arises from the lateral aspect of the abdominal aorta.
Inferior suprarenal artery arises from the renal artery.

Right suprarenal vein drains directly into the inferior vena cava.

Left suprarenal vein drains into the left renal vein.

NORMAL SONOGRAPHIC APPEARANCE

TECHNIQUE

Preparation

Solid, hypoechoic, crescent-shaped structures surrounded by echogenic fat.
Prominent in the neonate and children demonstrating a hypoechoic cortex and
hyperechoic medulla.

Difficult to visualize in the adult.

No preparation is necessary for a sonogram of the adrenal glands or
retroperitoneum.

Nothing by mouth (NPO) 6 to 8 hours before examination for adults, 6 hours for
children, and 4 hours for infants to decrease intestinal interference.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

Place gain settings to display the normal liver parenchyma as a medium shade of
gray with adjustments to reduce echoes within the vessels.

Focal zone(s) at or below the place of interest.

Sufficient imaging depth to visualize structures immediately posterior to the region
of interest.

Harmonic imaging or decreasing system compression (dynamic range) can be used
to reduce artifactual echoes within anechoic structures.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

Supine, oblique, and/or decubitus positions may be used.

Sagittal or coronal and transverse planes are used to evaluate and document the
adrenal glands using surrounding anatomical landmarks.

Documentation and measurement of the length, height, and width.

Color Doppler imaging, using a 60-degree angle or less, to evaluate each adrenal
gland visualized.

Evaluation and documentation of the retroperitoneum using a four- or nine-quadrant
method.

Length, height, and width of visible lymph nodes, including color Doppler imaging
of the hilum.

Documentation and measurement of any abnormality in two scanning planes with
and without color Doppler should be included.

Indications for Examination

Hypertension.

Abdominal distention.

Severe anxiety.

Sweating.

Tachycardia.

Weight loss.

Diabetes mellitus.

Evaluate mass from previous medical imaging study (i.e., CT).
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LABORATORY VALUES

Adrenocorticotrophic Hormone (ACTH)

Aldosterone

Normal range: 10 to 80 pg/mL.
Regulates cortisol production.
Produced in the pituitary gland.
Elevation associated with adrenal tumor, Cushing disease, and lung tumor.

Potassium

* Normal range:
® Recumbent 3 to 10 ng/dL
¢ Erect 5 to 30 ng/dL

Steroid secreted by the cortex.
Regulates sodium and water levels, which affects blood volume and pressure.
Elevation associated with hyperaldosteronism.
Decreases associated with hypoaldosteronism and Addison disease.

Sodium

Normal range: serum 3.5 to 5.0 mEq/L.

Essential to the normal function of every organ system.
Maintains necessary concentration of nutrients inside and outside of the cell.
Elevation associated with Addison disease.
Decreases associated with Cushing disease and hyperaldosteronism.

e Normal range: serum 135 to 145 mEq/L.
* Major component in determining blood volume.
e Decreases associated with Addison disease.

Benign Adrenal Pathology

DIFFERENTIAL
PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Adenoma Benign cortical mass Asymptomatic Hypoechoic, homogeneous  Adrenal hyperplasia

Adrenal cyst

Adrenal
hemorrhage

Adrenal
hyperplasia

Functioning or
nonfunctioning

Risk Factors:
Diabetes mellitus
Obesity
Hypertension
Older population

Rare
Unilateral

Adrenal mass
Hypoxia

Traumatic delivery
Septicemia

Proliferation in adrenal
cells
Typically bilateral

Elevated adrenal hormones

Asymptomatic
Hypertension

Asymptomatic
Palpable abdominal mass
Decrease in hematocrit

Asymptomatic

Hypertension

Elevated adrenocorticotrophic
hormone (ACTH) level

mass

Smooth wall margins

May demonstrate necrosis
or hemorrhage

Anechoic mass

Well-defined wall margins

Posterior acoustic
enhancement

Walls may calcify

Cystic or complex adrenal
mass

Frequently located on the
right

Enlargement of the adrenal
gland(s)

Change in the normal
triangular shape

Adrenocortical
carcinoma

Renal or liver mass

Adrenal
hemorrhage

Cyst of the liver,
spleen, or kidney
Hydronephrosis

Cyst or neoplasm of
the liver, spleen,
or kidney

Adenoma

Adrenocortical
carcinoma

Adenoma
Adrenocortical
carcinoma
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Benign Adrenal Pathology—(cont'd)

DIFFERENTIAL

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS CONSIDERATIONS
Pheochromocytoma  Rare vascular tumor Hypertension Solid mass Renal mass
of the medulla Sweating Homogeneous texture Adrenocortical
Small percentage are Tachycardia May appear complex carcinoma

malignant
Right-side prevalence Headache
Palpitations

Severe anxiety

Increase in epinephrine and

norepinephrine

Malignant Adrenal Pathology

Chest or epigastric pain

hemorrhage
May calcify

because of necrosis or

Adrenal adenoma
Adrenal hemorrhage

Metastasis to liver, lymph

malignant

nodes, lung, and bone if

PATHOLOGY

ETIOLOGY CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL
CONSIDERATIONS

Adrenocortical
carcinoma

Metastases

Neuroblastoma

Third most
common
malignancy
in infancy

Neoplasm of the Hypertension

adrenal cortex Weakness
Functioning or Abdominal pain
nonfunctioning Weight loss
Weakening of the
bones

Lung most common
Breast
Stomach

Hypertension
Abdominal pain

Neoplasm of the Palpable mass

adrenal gland common  Abdominal
in young children distention
Male prevalence Sweating
Half occur before 2 years ~ Weight loss
of age Fatigue

More common on the left ~ Tachycardia

Conditions Associated with the Adrenal Glands

Complex or echogenic mass
Irregular wall margins
Tends to invade the IVC

Metastasis to the lungs and hone

Focal mass
Variable in appearance

Heterogeneous mass
Poorly defined wall margins
Pinpoint calcifications (30%)
Lymphadenopathy

Renal mass
Adrenal
hemorrhage
Pheochromocytoma
Metastases

Renal mass

Adrenal hemorrhage
Pheochromocytoma

Adrenocortical
carcinoma
Nephroblastoma

Lymphoma
Adrenal
hemorrhage

Mass encases the aorta, inferior vena
cava, superior mesenteric artery,

and vein
No invasion of the renal vein

Metastasis to the liver, bone, lung, and

lymph nodes

CONDITION

DESCRIPTION

ETIOLOGY

CLINICAL FINDINGS

Addison disease

Life-threatening condition caused by partial
or complete failure of adrenocortical
function (hypofunction)

Destruction of the adrenal cortex

Loss of cortisol and aldosterone secretions

Increased incidence in females

Diagnosis is established if the amount of
cortisol in the plasma and steroid in the
urine do not increase after stimulation
with adrenocorticotrophic hormone
(ACTH)

Autoimmune reaction

Tuberculosis

Adrenal hemorrhage

Chronic infection

Surgical removal of both
adrenal glands

Anorexia

Bronze skin pigmentation

Chronic fatigue

Dehydration

Emotional changes

Gl disorders

Hypotension

Weakness

Salt cravings

Elevated serum potassium

Decreases in serum sodium
and glucose
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Conditions Associated with the Adrenal Glands—(cont'd)

CONDITION DESCRIPTION ETIOLOGY CLINICAL FINDINGS
Adrenogenital Congenital disorder causing excessive Congenital disorder Increased androgen
syndrome secretion of sexual hormones and Adrenal tumor or hyperplasia production
adrenal androgens Increases in body hair

Deepening of the voice
Atrophy of the uterus

Acne
Conn syndrome Excessive production of aldosterone Adrenal adenoma is the most Hypertension
common (70% with female Elevated aldosterone levels
prevalence) Muscular weakness
Adrenal hyperplasia (male Abnormal electrocardiogram
prevalence)
Adrenal carcinoma (rare)
Cushing disease Rare and serious disorder resulting from Results in accumulation of fat Fatigue
excessive production of cortisol on the abdomen, face, upper Purplish striae on the skin
Excessive use of cortical hormones back, and upper chest Decrease in immunity to
Pituitary mass is the most infection
common cause Emotional changes
Adrenal mass Increase in thirst and urination
Polycystic ovarian disease Muscle weakness
Excessive amount of New onset of diabetes mellitus
glucocorticoid hormone Osteoporosis

Elevation in ACTH, white
blood cells, and blood
glucose levels

Decrease in serum potassium

RETROPERITONEUM

o Area of the body behind the peritoneum.

Borders of the Retroperitoneum

Superior border—diaphragm.

Inferior border—pelvic rim.

Anterior border—posterior parietal peritoneum.

Posterior border—posterior abdominal wall muscles and spine.

Lateral border—transversalis fascia and peritoneal portions of the mesentery.

Spaces in the Retroperitoneum

Anterior Pararenal

o Fat area between the posterior peritoneum and Gerota’s fascia.
e Includes: pancreas, descending portion of the duodenum, ascending and descending colon,
superior mesenteric vessels, and inferior portion of the common bile duct.

Posterior Pararenal

e Space between Gerota’s fascia and the posterior abdominal wall muscles.
o Includes: iliopsoas and quadratus lumborum muscles and the posterior abdominal wall.
o Contains fat and nerves.

Perirenal

e Space separated from the pararenal space by Gerota’s fascia.
e Includes: kidneys, adrenal glands, perinephric fat, ureters, renal vessels, aorta, inferior vena
cava, and lymph nodes.
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LYMPH NODES

Functions of Lymph Nodes

Filter the lymph of debris and organisms.
Form lymphocytes and antibodies to fight infection.

Divisions of Lymph Nodes

Parietal Nodes

Located in the retroperitoneum and course along the prevertebral vessels.
Surround the aorta.

Kidney, adrenal gland, ovarian/testicular nodes drain into the paraaortic nodes.
Subdivided into:

e Common iliac

¢ Epigastric

e External iliac

liac circumflex

Internal iliac

Lumbar

Sacral

Visceral Nodes

SONOGRAPHIC
NODE

SONOGRAPHIC
NODE

SONOGRAPHIC
MASSES

Located in the peritoneum and follow the course along the vessels supplying the
major organs.
Generally located at hilum of the organ.

APPEARANCE OF THE NORMAL LYMPH

Hypoechoic solid mass.

Hyperechoic fatty center.

Smooth margins.

Oval shape.

Internal vascular blood flow especially at the hilum
Usually measures less than 1 cm.

APPEARANCE OF THE ABNORMAL LYMPH

Enlarged hypoechoic mass exceeding 1 cm in size.

Loss of hyperechoic fatty center.

Smooth wall margins and oval shape typically caused by infection.
Irregular margins and round shape suspicious for malignancy.
Displacement of adjacent structures.

APPEARANCE OF RETROPERITONEAL

Hyperechoic to hypoechoic mass(es).

Irregular wall margins.

Anterior displacement of the kidneys, inferior vena cava, aorta, and mesenteric
vessels.

Deformity of the inferior vena cava and urinary bladder.

Obstruction of the urinary tract or biliary system.

Loss of organ definition.
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Lymphadenopathy Patterns

NODE REGION

LOCATION

ASSOCIATED PATHOLOGY

Gastrohepatic

Mesenteric
Pancreaticoduodenal

Pelvic
Perisplenic

Porta hepatis

Retrocrural

Retroperitoneal

Superior mesenteric
and celiac arteries

Region of the gastrohepatic ligament

Along the mesentery
Anterior to the inferior vena cava
Between the duodenum and head of the pancreas

Along the iliac vessels
Splenic hilum

Anterior and posterior to the portal vein

Inferior posterior mediastinum

Periaortic, pericaval, and intraaortocaval

Stomach, esophageal, and pancreatic carcinoma
Lymphoma

Metastatic disease

Inflammatory bowel

Small bowel carcinoma

Colon and stomach carcinoma
Carcinoma of the pancreatic head

Carcinoma of the pelvis

Leukemia

Non-Hodgkin's lymphoma

Small bowel and colon carcinoma
Metastatic disease

Gallbladder, biliary, liver, stomach, and
pancreatic carcinoma

Lymphoma

Metastatic disease

Lung carcinoma

Lymphoma

Lymphoma

Renal carcinoma

Metastatic disease

Periaortic

Benign Pathology of the Retroperitoneum

Intraabdominal neoplasms

PATHOLOGY DESCRIPTION SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Lymphadenopathy Any disorder characterized by a localized Hypoechoic mass Lipoma
or generalized enlargement of the lymph May appear complex Retroperitoneal fibrosis
nodes or lymph vessels Smooth or irregular margins Retroperitoneal hemorrhage
Exceeds 1 cm in size Horseshoe kidney
Lymphocele A fluid collection containing lymph from an Anechoic fluid collection Hematoma
injured lymph vessel Round or oval in shape Urinoma
Commonly associated with organ trans- Well-defined borders Ascites
plant and lymph node removal Frequently contain septations Abscess
Posterior acoustic enhancement
Retroperitoneal A collection of pus between the peritoneum Hypoechoic or complex mass Hemorrhage
abscess and the posterior abdominal wall Irregular margins Lymphadenopathy
May demonstrate posterior Retroperitoneal fibrosis
acoustic shadowing Horseshoe kidney
Mass takes on the shape of the
space
Retroperitoneal A chronic inflammatory process in which Hypoechoic bulky midline mass Lymphadenopathy
fibrosis fibrotic tissue surrounds the large blood Rarely extends above the second Retroperitoneal hemorrhage
vessels located in the lumbar area lumbar vertebra Retroperitoneal abscess
Usually idiopathic May demonstrate associated Horseshoe kidney
hydronephrosis
Retroperitoneal Associated with trauma, tumor, aneurysm, Hypoechoic fluid collections Ascites
hemorrhage cyst, or infarction May demonstrate echogenic clot Retroperitoneal fibrosis
Lymphadenopathy

Horseshoe kidney

Continued
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Benign Pathology of the Retroperitoneum—(cont'd)

PATHOLOGY DESCRIPTION SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Urinoma A cyst filled with urine Anechoic fluid collection Lymphocele
Adjacent or within the urinary tract Smooth, thin walls Hematoma
Typically located in the perinephric space Frequently contain septations Cyst
Rapid increase in size on serial Abscess

Benign Neoplasms of the Retroperitoneum

examinations

PATHOLOGY DESCRIPTION SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Fibroma A neoplasm consisting largely of fibrous Hyperechoic mass Lipoma
connective tissue Well-defined wall margins Mesothelioma
Myxoma
Lipoma A neoplasm consisting of fatty tissue Hyperechoic mass Fibroma

Mesothelioma  Abnormal growth of the epithelial cells

Myxoma A neoplasm consisting of connective tissue
Subcutaneous, retroperitoneal, cardiac, and
urinary in location
May be extremely large
Teratoma A neoplasm composed of different types of

tissues that do not occur together or at the
site of the tumor

Malignant Neoplasms of the Retroperitoneum

Well-defined wall margins

Localized echogenic mass

Irregular wall margins

Similar appearance to the fetal
placenta

Complex or echogenic mass
Lobulated or smooth wall margins

Complex mass

Liposarcoma
Mesothelioma
Myxoma

Liposarcoma
Lymphadenopathy
Lipoma

Myxoma
Horseshoe kidney

Fibroma

Lipoma
Mesothelioma
Lymphadenopathy
Horseshoe kidney
Leiomyosarcoma

Abscess
Myxoma

PATHOLOGY DESCRIPTION

SONOGRAPHIC FINDINGS

DIFFERENTIAL CONSIDERATIONS

Fibrosarcoma A sarcoma containing fibrous connective

tissues

Leiomyosarcoma A sarcoma containing large spindle cells

of smooth muscle

Liposarcoma A malignant growth of fat cells

Most common retroperitoneal neoplasm

Rhabdomyosarcoma A highly malignant tumor derived from

striated muscle

Hypoechoic or complex mass
May infiltrate surrounding structures

Echogenic or complex mass
Cystic areas of necrosis may be
demonstrated

Hyperechoic mass
Thick wall margins
May infiltrate surrounding tissues

Hyperechoic or complex mass

Lymphadenopathy
Retroperitoneal fibrosis
Retroperitoneal hemorrhage
Horseshoe kidney

Teratoma
Rhabdomyosarcoma
Retroperitoneal abscess
Lipoma

Fibroma
Rhabdomyosarcoma
Mesothelioma

Teratoma
Liposarcoma
Fibrosarcoma
Leiomyosarcoma
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RETROPERITONEUM REVIEW

1.

Which of the following hormones modifies the
body’s response to inflammation?

a. aldosterone

b. norepinephrine

¢. glucocorticoids

d. epinephrine

. A malignant neoplasm derived from striated muscle

describes a:

a. myxoma

b. leiomyosarcoma

¢. rthabdomyosarcoma
d. pheochromocytoma

. Gastrohepatic lymphadenopathy is associated with:

a. lymphoma

b. renal cell carcinoma
¢. uterine carcinoma
d. inflammatory bowel

. Bilateral adrenal hyperplasia is associated with:

a. hyperaldosteronism
b. Addison disease
¢. Conn syndrome
d. Cushing disease

. Which of the following is considered a function of

the lymph node?

a. modify the body’s response to inflammation
b. maintain the water and sodium balance

c. form antibodies to fight infection

d. maintain normal blood circulation

. Which of the following is a symptom associated

with adrenocortical carcinoma?
a. severe anxiety

b. weight loss

¢. muscle cramps

d. hypotension

. Which of the following is the most common cause

of Conn syndrome?

a. adrenal adenoma

b. adrenal carcinoma
c. adrenal hemorrhage
d. adrenal hyperplasia

. Which of the following adrenal neoplasms is most

likely to infiltrate surrounding structures?
a. teratoma

b. liposarcoma

¢. mesothelioma

d. leiomyosarcoma

9.

10.

1.

12.

13.

14.

15.

16.

A urinoma is most likely to develop in which of
the following regions?

a. lesser sac

b. paracolic gutter

c. perinephric space

d. subhepatic space

The most common neoplasm to develop in the
retroperitoneum is a:

a. liposarcoma

b. myxoma

c. fibrosarcoma

d. mesothelioma

Which of the following statements correctly

describes the adrenal glands?

a. The medulla comprises 25% of the gland

b. Gonadal hormones are secreted by the medulla

¢. Norepinephrine is secreted by the cortex

d. The suprarenal arteries arise from the aorta,
renal, and inferior phrenic arteries

The anterior pararenal space is most accurately
defined as the area between the:

a. perirenal space and the posterior pararenal space
b. posterior peritoneum and Gerota’s fascia

¢. anterior abdominal wall and the psoas muscle
d. anterior peritoneum and Gerota’s fascia

Young children have a predisposing factor for de-
veloping which of the following adrenal neoplasms?
a. nephroblastoma

b. Wilms” tumor

¢. neuroblastoma

d. liposarcoma

Which of the following structures form the anterior
border of the retroperitoneum?

a. diaphragm

b. pelvic rim

¢. posterior parietal peritoneum

d. posterior abdominal wall muscles

An enlarged irregular lymph node demonstrating
a round appearance is most consistent with an
underlying:

a. malignancy

b. hemorrhage

¢. infection

d. obstruction

Which of the following structures is located in the
anterior pararenal space?

a. kidneys

b. pancreas

c. adrenal glands

d. inferior vena cava
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17.

18.

19.

20.

21.

22.

23.

24,

25.

Benign adrenal pathology associated with hyper-
tension, tachycardia, and palpitations is most con-
sistent with which of the following pathologies?
a. hyperplasia

b. pheochromocytoma

¢. hemorrhage

d. adenoma

Visceral lymph nodes are located:
a. around the aorta

b. along the prevertebral vessels
¢. in the peritoneum

d. near the adrenal glands

The location of the right adrenal gland most accu-
rately correlates to which of the following regions?
a. lateral to the right kidney

b. posterior to the inferior vena cava

c¢. medial to the diaphragmatic crura

d. medial to the inferior vena cava

Elevation in which of the following laboratory
tests is a clinical finding in Addison disease?
a. cortisol

b. aldosterone

c. serum sodium

d. serum potassium

Which of the following conditions is a predispos-
ing factor for development of an adrenal adenoma?
a. anorexia

b. hypotension

c. diabetes mellitus

d. polycythemia vera

The “floating aorta” sign is caused by lymphade-
nopathy in which of the following regions?

a. perinephric space

b. anterior to the aorta

¢. surrounding the aorta

d. posterior to the aorta

An adrenal cyst is considered a:
a. rare finding

b. bilateral condition

¢. functioning neoplasm

d. proliferation of adrenal cells

Which of the following hormones is secreted by
the adrenal medulla?

a. cortisol

b. epinephrine

¢. estrogen

d. aldosterone

A condition caused by complete or partial failure
of the adrenocortical function describes:

a. Conn syndrome

b. Addison disease

¢. Cushing disease

d. Graves disease

Neonatal adrenal gland.

Using Fig. 12-2, answer question 26.

26. A 2-day-old neonate presents with a history of

decreased urinary output. A sagittal image
demonstrates a hyperechoic focus within the
right adrenal gland. This finding is most
suspicious for a(n):

a. adrenal lipoma

b. normal cortex

c. adrenal hemorrhage

d. normal medulla

Using Fig. 12-3, answer questions 27 and 28.

2]. A 35-year-old man presents with a history of a

sudden onset of hypertension. An anechoic area
is identified in the right upper quadrant. On the
basis of the clinical history, the anechoic area in
this sonogram is most suspicious for a(n):

a. adrenal cyst

b. liver cyst

¢. pheochromocytoma

d. retroperitoneal hemorrhage

Sagittal image of the right upper quadrant.
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28.

The pathology identified in this sonogram is con-
sidered a(n):

a. result of trauma

b. rare finding

¢. malignant lesion

d. rare vascular tumor

Using Fig. 12-4, answer question 29.

29.

30.

31.

32.

A 45-year-old woman presents with a history

of weight loss, severe back pain, and elevated
alkaline phosphatase. A sonogram of the great
vessels identifies multiple masses anterior to the
inferior vena cava and abdominal aorta. These
masses are most suspicious for:

a. lymphoceles

b. lymphadenopathy

¢. pseudomyxoma peritonei

d. retroperitoneal fibrosis

Which of the following abnormalities is the most
likely complication of retroperitoneal fibrosis?

a. pancreatitis

b. cholecystitis

¢. hydronephrosis

d. portal hypertension

An enlarged lymph node demonstrating an oval
shape and smooth wall margins is most consistent
with an underlying;:

a. malignancy

b. hemorrhage

c. infection

d. obstruction

Which of the following fluid collections is most
likely to demonstrate a rapid increase in size
following renal transplant surgery?

a. seroma

b. hematoma

€. urinoma

d. lymphocele

Midline transverse image of the great

vessels.

33.

34.

35.

An abnormal growth of epithelial cells is
demonstrated in which of the following
neoplasms?

a. myxoma

b. teratoma

c. lipoma

d. mesothelioma

Which of the following malignant neoplasms
contains cells of smooth muscle?

a. fibrosarcoma

b. liposarcoma

c. leiomyosarcoma

d. mesothelioma

The sonographic appearance of a liposarcoma is
most likely described as a:

a. hypoechoic mass with thin wall margins

b. hyperechoic mass with thick wall margins

¢. complex mass with irregular wall margins

d. hyperechoic mass with irregular wall margins

Using Fig. 12-5, answer question 36.

36.

A neonate presents with a history of decreasing
hematocrit levels. A sonogram of the right upper
quadrant demonstrates a complex mass in the
right adrenal gland. On the basis of the clinical
history, the mass is most suspicious for a(n):

a. abscess

b. adenoma

¢. hemorrhage

d. adrenocortical carcinoma

SLBS902
TRANS  RT

Transverse sonogram of the right upper

quadrant.
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TRAN LIVER

FIG. 12-6 Transverse sonogram of the right upper
quadrant.

Using Fig. 12-6, answer question 37.

37. A 15-month-old toddler presents with a history
of a palpable abdominal mass, poor weight gain,
and fatigue. A hypervascular complex mass is
identified superior and medial to the right kidney.
On the basis of the clinical history, the sonogram
is most suspicious for which of the following
pathologies?

a. nephroblastoma

b. intussusception

¢. neuroblastoma

d. adrenal hemorrhage

Using Fig. 12-7, answer question 38.

38. A 70-year-old patient presents with a palpable mass
in the left groin following a recent invasive proce-
dure. A sonogram of the left groin demonstrates an
oval-shaped mass in the superficial tissues of the
thigh. This mass is most likely a:

a. lipoma

b. hematoma

¢. lymph node

d. pseudoaneurysm

39. The outer portion of the adrenal gland comprises:
a. 10% of the gland
b. 25% of the gland
c. 75% of the gland
d. 90% of the gland

40. The adrenal glands are also known as the:
a. cortisol glands
b. adrenaline glands
¢. suprarenal glands
d. retroperitoneal glands

a1.

42,

43.

44

45.

FIG. 12-7 Sonogram of the left groin.

The right suprarenal vein empties into which of
the following vascular structures?

a. splenic vein

b. right renal vein

¢. inferior vena cava

d. right gonadal vein

Which of the following hormones increases during
times of excitement or stress?

a. cortisol

b. aldosterone

c. epinephrine

d. norepinephrine

Which of the following components is a major
factor in determining blood volume?

a. sodium

b. vitamin K

¢. potassium

d. calcium

Obesity is most likely a predisposing factor in
developing which of the following adrenal
neoplasms?

a. cyst

b. hemorrhage

¢. adenoma

d. pheochromocytoma

Which of the following hormones is produced by
the pituitary gland?

a. trypsin

b. epinephrine

c. aldosterone

d. adrenocorticotrophic hormone
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46. Which of the following is considered a function of

41.

48.

the adrenal glands?

a. produce hormones

b. release secretin hormones
c. regulate serum electrolytes
d. release glycogen as glucose

A rare vascular tumor of the adrenal gland
defines a:

a. teratoma

b. neuroblastoma

c¢. rhabdomyosarcoma

d. pheochromocytoma

The inner portion of the adrenal gland is
termed the:

a. hilum

b. cortex

¢. intima

d. medulla

49

50.

The location of the left adrenal gland most
accurately correlates to which of the following
regions?

a. lateral to the kidney

b. medial to the aorta

c. inferior to the kidney

d. posterior to the splenic artery

Cushing disease is most commonly caused by
which of the following pathologies?

a. adrenal hyperplasia

b. pituitary mass

¢. adrenal mass

d. polycystic ovarian disease
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abdominal aortic aneurysm dilatation of the aorta equal to
or exceeding 3 cm in diameter; also known as AAA.

aneurysm a localized widening or dilatation of a blood vessel.

arteriovenous fistula an abnormal connection between an
artery and vein; also known as arteriovenous shunting.

berry aneurysm small saccular aneurysms primarily affecting
the cerebral arteries.

dissecting aneurysm a result of a tear in the intimal lining of
the artery, creating a false lumen within the media. This false
lumen allows blood to dissect the media and adventitia layers.

ectatic aneurysm dilatation of an artery when compared with
a more proximal segment. In the abdominal aorta, the ectatic
dilatation does not exceed 3.0 cm.

fusiform aneurysm characterized by a uniform dilatation of
the arterial walls; most common type of abdominal aortic
aneurysm.

mycotic aneurysm a saccular dilatation of a blood vessel
caused by a bacterial infection.

pseudoaneurysm dilatation of an artery as a result of damage
to one or more layers of the arterial wall caused by trauma or
aneurysm rupture; also known as pulsatile hematoma.

saccular aneurysm dilatation of an artery characterized by a
focal outpouching of one arterial wall; most often caused by
trauma or infection.

PHYSIOLOGY AND ANATOMY

Functions of the Vascular System

Vessel Wall Layers

Arteries and arterioles carry oxygenated blood away from the heart.
Veins and venules carry blood toward the heart.

Capillaries connect the arterial and venous systems.

Extremity veins contain valves.

Valves extend inward toward the intima.

Capillaries exchange nutrients and wastes.

¢ Venous walls are thinner and less elastic compared with arterial walls.

Tunica Adventitia

¢ Outer layer.

* Lends greater elasticity to the arteries.

Tunica Media
¢ Middle muscle layer.

® Helps regulate blood flow by controlling the vessel-wall diameter.

Tunica Intima

e Inner layer.

e Composed of three layers giving it a smooth surface.
® Layers: endothelial cells; connective tissue; internal elastic membrane.

184
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ARTERIAL ANATOMY (Fig. 13-1)

Abdominal Aorta
¢ Originates at the diaphragm and courses inferiorly until it bifurcates into the right
and left common iliac arteries.
e Tapers in size as it courses anterior and inferior in the abdomen.
Common iliac arteries are the terminal branches of the abdominal aorta.
e Common iliac artery bifurcates into the external and internal (hypogastric) iliac

arteries.
e External iliac artery becomes the common femoral artery after passing beneath the

inguinal ligament.
¢ Internal iliac artery bifurcates into anterior and posterior divisions.

Main Visceral Branches of the Abdominal Aorta

Celiac Axis (CA)

¢ First major branch of the abdominal aorta.
* Arises from the anterior aspect of the aorta.
* Branches into the splenic, left gastric, and common hepatic arteries.

!/

Celiac artery
Left gastric artery

Common
hepatic
artery

Left hepatic artery
Middle hepatic artery\\\s
Right hepatic artery\J

Cystic artery

Splenic artery

Left gastroepiploic artery

Proper hepatic arter
P P g Superior mesenteric artery

J\%Leﬂ renal artery

Inferior anterior and posterior
pancreatic duodenal artery

Gastroduodenal artery

Right gastric artery
Right renal artery
Right gastroepiploic artery

Superior anterior and posterior
pancreatic duodenal artery

Testicular/ovarian artery
Inferior mesenteric artery

Common iliac artery

Median sacral artery

FIG. 13-1 Arterial anatomy.
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® 1 to 3 cm in length.
e Low-resistance blood flow, with continuous forward flow in diastole.
¢ Peak systolic velocity remains unchanged after a meal.

Superior Mesenteric Artery (SMA)

Second major branch of the abdominal aorta.

Arises from the anterior surface of the aorta, inferior to the celiac axis.

Courses inferiorly and parallel to the aorta.

Branches supply the jejunum, ileum, cecum, ascending colon, portions of the

transverse colon, and the head of the pancreas.

High-resistance multiphasic blood flow when fasting.

* Low-resistance elevated systolic and diastolic velocities, with continuous forward
flow in diastole following a meal.

¢ Distance from the anterior wall of the aorta to the posterior wall of the SMA should

not exceed 11 mm.

Middle Suprarenal Arteries

¢ Arise from the lateral aspect of the abdominal aorta.
¢ Courses laterally and slightly superior over the crura of the diaphragm to the
adrenal glands.

Main Renal Arteries

Right renal artery arises from the anterior lateral aspect of the abdominal aorta.
Left renal artery arises from the posterior lateral aspect of the abdominal aorta.
Located 1.0 to 1.5 cm inferior to the superior mesenteric artery.

Course posterior to the renal veins.

Right side arises superior to the left and courses posterior to the inferior vena cava.
Renal artery bifurcates into segmental arteries at the renal hilum.

Renal artery gives rise to the inferior suprarenal artery.

Low-resistance blood flow, with continuous forward flow in diastole.

Duplicated arteries are found in 33% of the population.

Gonadal Arteries

¢ Arise from the anterior aspect of the abdominal aorta inferior to the renal arteries.
¢ Course parallel to the psoas muscle into the pelvis.

* Low-resistance blood flow, with continuous flow through diastole.

¢ Not visualized with ultrasound.

Inferior Mesenteric Artery

Last major branch of the abdominal aorta superior to the aortic bifurcation.
Arises from the anterior aorta.

Courses inferior and to the left of midline.

Supplies the left transverse colon, descending colon, upper rectum, and sigmoid.
Source of collateral flow to the lower extremities.

Visualized on ultrasound in an oblique plane, slightly to the left of midline and
approximately 1 cm superior to the aortic bifurcation.

* Low-resistance blood flow, with continuous flow through diastole.

Main Parietal Branches of the Abdominal Aorta

Inferior Phrenic Artery

® Arises from the anterior aspect of the abdominal aorta branching into the right
and left inferior phrenic arteries just below the diaphragm near the level of the
12th thoracic vertebrae.

* Supplies the inferior portion of the diaphragm.

¢ Gives rise to the superior suprarenal artery.
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Lumbar Arteries

Four arteries arise on each side of the abdominal aorta.
Supplies the abdominal wall and spinal cord.
Located inferior to the gonadal arteries and superior to the inferior mesenteric artery.

Median Sacral Artery

Located inferior to the inferior mesenteric artery and superior to the aortic bifurcation.
Source of collateral flow to the lower extremities.

Additional Abdominal Arteries

Gastroduodenal Artery (GDA)

Branch of the common hepatic artery.
Lies between the superior portion of the duodenum and the anterior surface of the
pancreatic head.

Hepatic Artery

Common hepatic artery is a branch of the celiac axis.

Gives rise to the gastroduodenal artery and is now termed the proper hepatic artery.
Proper hepatic artery gives rise to the right gastric artery.

Courses adjacent to the portal vein.

The proper hepatic artery bifurcates into the right and left hepatic arteries at the
hepatic hilum.

The right hepatic artery gives rise to the cystic artery to supply the gallbladder.
Low-resistance blood flow, with continuous flow through diastole.

Increased flow velocity is associated with jaundice, cirrhosis, lymphoma, and
metastases.

Left Gastric Artery

Branch of the common hepatic artery.
Courses toward the left to supply the stomach.
Often originates from the splenic artery.

Splenic Artery

Tortuous branch of the celiac axis.

Gives rise to the left gastroepiploic artery and additional branches to the pancreas
and stomach.

Courses along the superior margin of the pancreatic body and tail.
Low-resistance blood flow, with continuous flow through diastole.

May be mistaken for a dilated pancreatic duct.

VENOUS ANATOMY (Fig. 13-2)

Inferior Vena Cava (IVC)

Formed at the junction of the right and left common iliac veins.

Carries oxygen-depleted blood from the body superiorly to the right atrium of the
heart.

Major abdominal branches include lumbar veins, right gonadal vein, renal veins,
right suprarenal vein, inferior phrenic vein, and hepatic veins.

Main Venous Tributaries

Common lliac Veins

Drain blood from the lower extremities and pelvis.
Formed by the junction of the external and internal iliac veins.
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Inferior phrenic vein

Hepatic veins

Right suprarenal vein Left suprarenal vein

£—|eft renal vein
Right renal vein

Left gonadal vein

Right gonadal vein Lumbar veins

FIG. 13-2 Venous anatomy.

Renal Veins

Course anterior to the renal arteries.

Left renal vein courses posterior to the superior mesenteric artery and anterior to
the abdominal aorta.

Left renal vein receives the left suprarenal and gonadal veins.

Left renal vein may appear dilated because of compression from the mesentery.
Right renal vein has a short course to drain into the lateral aspect of the IVC.
Demonstrates spontaneous phasic blood flow.

Hepatic Veins

Lie at the boundaries of the hepatic segments (intersegmental) and course toward
the IVC.

® Three major branches: left, middle, and right hepatic veins.
* Right hepatic vein courses coronally between the anterior and posterior segments

of the right hepatic lobe.

Middle hepatic vein follows an oblique course between the left and right hepatic
lobes.

Left hepatic vein courses posterior between the medial and lateral segments of the
left hepatic lobe.

Doppler demonstrates spontaneous, multiphasic, and pulsatile blood flow toward
the IVC (hepatofugal).

Increase in blood flow with inspiration and diminished flow with Valsalva
maneuver.

Additional Abdominal Veins

Main Portal Vein

Drains the gastrointestinal tract, pancreas, spleen, and gallbladder.
Provides approximately 70% of the liver’s blood supply.
Formed by the junction of the splenic and superior mesenteric veins.
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LOCATION

¢ Bifurcates into the right and left portal veins just beyond the porta hepatis.

¢ Should not exceed:

¢ 1.3 cm in diameter in adults greater than 20 years of age.

® 1.0 cm in diameter between 10 and 20 years of age.

® (.85 cm in diameter less than 10 years of age.

Demonstrates phasic low-flow velocities toward the liver (hepatopetal).

Blood flow will decrease with inspiration and increase with expiration.

Diameter will increase after a meal.

Additional tributaries include:

a. Coronary vein—enters at the superior border of the portosplenic confluence;
empties the left gastric vein.

b. Inferior mesenteric vein—enters at the inferior border of the portosplenic confluence;
drains the descending and sigmoid colon and rectum.

Splenic Vein

® Joins the superior mesenteric vein to form the main portal vein.

* Courses posterior to the pancreas and crosses anterior to the superior mesenteric
artery.

Demonstrates spontaneous phasic flow away from the spleen and toward the liver.
Normal adult diameter is 10 mm or less.

Increase in caliber with inspiration.

Drains the spleen, pancreas, and a portion of the stomach.

Superior Mesenteric Vein

¢ Courses parallel to the superior mesenteric artery.

* Demonstrates spontaneous phasic flow toward the liver.

* Normal adult diameter is 10 mm or less.

¢ Caliber will increase with inspiration and following a meal.
¢ Drains the small intestines, ascending and transverse colon.

Gonadal Veins

¢ Right gonadal vein empties directly into the inferior vena cava.
¢ Left gonadal vein empties into the left renal vein and occasionally into the left
suprarenal vein.

Lumbar Veins

¢ Branches of the common iliac veins.
¢ Course lateral to the spine and posterior to the psoas muscles.

Abdominal Aorta

¢ Lies to the left of midline adjacent to the inferior vena cava.

® Courses inferior and anterior in the abdomen to the level of the fourth lumbar vertebra
(umbilicus), where it bifurcates into the right and left common iliac arteries.

¢ Lies anterior to the spine and psoas muscle.

® Separated from the spine by 0.5 to 1.0 cm of soft tissue.

Inferior Vena Cava

¢ Lies to the right of midline parallel to the abdominal aorta.

¢ Formed at the level of the fifth lumbar vertebra at the junction of the right and left
common iliac veins coursing superiorly in the abdomen to the right atrium of the heart.

¢ Lies anterior to the spine, psoas muscle, crus of the diaphragm, and right adrenal
gland.

e Lies posterior to the head of the pancreas.
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Abdominal Aorta

The size of the normal abdominal aorta should not exceed 3 cm in diameter.
The aorta tapers as it courses inferiorly and measures approximately:

¢ Suprarenal: 2.5 cm.

e Renal: 2.0 cm.

e Infrarenal: 1.5 cm.

e Common iliac: 1.0 cm.

Inferior Vena Cava

e Usually measures less than 2.5 cm.
® Decrease in caliber is demonstrated in expiration and an increase in size is demon-

SIZE
SONOGRAPHIC
TECHNIQUE

Preparation

strated with suspended inspiration.

APPEARANCE

Anechoic tubular structure.

Thin hyperechoic wall margins.

Internal vascular flow.

Aorta demonstrates a high-resistance multiphasic parabolic flow pattern.

Inferior vena cava demonstrates spontaneous phasic flow and multiphasic pulsatile
flow as it nears the diaphragm.

Nothing by mouth (NPO) 6 to 8 hours before examination for adults, 6 hours for
children, and 4 hours for infants.
Emergency examinations may be performed without preparation.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth.

Place gain settings to display the normal abdominal aorta as an anechoic structure
with hyperechoic margins.

Focal zone(s) at or below the place of interest.

Sufficient imaging depth to visualize structures immediately posterior to the region
of interest.

Harmonic imaging or decreasing system compression (dynamic range) can be used
to reduce artifactual echoes within anechoic structures.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure.

Color Doppler imaging, using a 60-degree angle or less, to evaluate flow direction
and spectral analysis.

Patients are typically in the supine position but oblique, decubitus, semierect, and
erect may be used to displace bowel gas.
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e Evaluation and documentation of the abdominal aorta, aortic bifurcation, common
iliac arteries, and inferior vena cava in the sagittal and transverse planes.

® Anteroposterior and transverse diameter measurements of the proximal, mid- and
distal sections of the abdominal aorta, proximal common iliac arteries, and inferior
vena cava. (Diameter measurements are taken from outer wall to outer wall.)

¢ Spectral analysis in at least two different areas to prove patency and to rule out
stenosis.

* Duplex evaluation and documentation of any additional vascular structures
requested (i.e., renal arteries).

¢ Duplex evaluation, documentation, and measurement of any abnormality should
be included.

¢ If intraluminal thrombus is present, measurement of the vessel lumen should be
included.

Indications for Examination

e Pulsatile abdominal mass.
¢ Family history of abdominal aortic aneurysm.
¢ Hypertension.
¢ Abdominal pain.
¢ Lower back pain.
¢ History of arteriosclerosis.
¢ Severe postprandial pain.
¢ Pulmonary embolism.
e Liver disease.
¢ Evaluate mass from previous medical imaging study (i.e., CT).
Arterial Pathology
ARTERIAL PATHOLOGY DESCRIPTION
Aneurysm Weakening of the arterial wall
All layers of the artery are stretched but intact
Rare in patients less than 50 yrs
Male prevalence 5:1
Growth rate of 2 mm/yr is average and considered normal up to 5 mm/yr
Exceeds 3.0 cm in diameter for the abdominal aorta
Exceeds 2.0 cm in diameter for the common iliac artery
Exceeds 1.0 cm in diameter for the popliteal artery
25% of popliteal aneurysms are associated with an abdominal aortic
aneurysm
Arterial stenosis Narrowing or constriction of an artery
Caused by atherosclerosis, arteriosclerosis, or fibrointimal hyperplasia
Arteriosclerosis Pathologic thickening, hardening, and loss of elasticity of the arterial walls
Atherosclerosis Disorder characterized by yellowish plaques of lipids and cellular debris in
the medial and intimal layers of the arterial walls
Pseudoaneurysm Dilatation of an artery caused by damage to one or more layers of the

artery as a result of trauma or aneurysm rupture
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Aneurysms of the Abdominal Aorta

ANEURYSM

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL CONSIDERATIONS

Abdominal aortic
aneurysm

Dissecting
aneurysm

Ectatic
aneurysm

Mycotic

aneurysm

Pseudoaneurysm

Ruptured
aneurysm

Surgical repair

Arteriosclerosis most
common

Infection

Hypertension

Family history

Extension of a dissecting
thoracic aneurysm

Hypertension

Marfan syndrome

Idiopathic

Trauma

Weakening of the
arterial wall

Bacterial infection

Trauma to the arterial
wall permits the
escape of blood into
the surrounding
tissues

Most common complica-
tion of an aortic graft

Tear in all three layers
of the aortic wall with
leakage of blood

Risk of rupture within

5yrs:

5¢cm=5%
6 cm = 16%
7cm = 75%

Previous history of
aneurysm

Asymptomatic

Pulsatile abdominal
mass

Back and/or leg pain

Abdominal pain

Abdominal bruit

Sharp chest or
abdominal pain

Audible bruit

Headache

Shock

Asymptomatic

Asymptomatic

Abdominal pain

Pulsatile abdominal
mass

Pulsatile mass
Focal pain
Bruising

Severe abdominal
pain

Severe groin pain

Hypotension

Loss of consciousness

Hypovolemic shock

Asymptomatic
Abdominal or lower
back pain

Typically fusiform-shaped
dilatation of the aorta
Saccular dilatation of the
aorta may be demonstrated
Diameter of 3 cm or greater
Vessel becomes tortuous
Wall calcifications
Intramural thrombus

Thin hyperechoic membrane
within the aorta

Membrane flaps with
arterial pulsations

Doppler demonstrates
opposite flow direction
between the membrane
during diastole

Dilatation of the aorta when
compared with a more
proximal segment

Dilatation measures less
than 3 cm in diameter

Typically saccular-shaped
dilatation of the aorta

Asymmetrical wall
thickening

Fluid collection communi-
cating with an artery

Doppler will demonstrate
turbulent swirling blood
flow within the fluid
collection

To and fro blood flow pattern
is demonstrated in the
neck of the aneurysm

Normal aortic size

Aneurysm may still be
visualized

Asymmetric or unilateral
paraaortic hypoechoic
mass

“Veil appearance” over the
aorta and surrounding
structures

Free fluid in the peritoneal
cavities

Anechoic space between
the graft and repaired
aorta

Hyperechoic parallel
echoes along the arterial
walls

Lymphadenopathy
Retroperitoneal tumor
Dissection

Chronic intraluminal
thrombus
Postsurgical repair

Tortuous artery
Technical error

Lymphadenopathy
Retroperitoneal tumor
Intramural thrombus

Hematoma
Lymphadenopathy
Aneurysm
Arteriovenous fistula

Lymphadenopathy
Chronic intraluminal
thrombus

Dissection

Rupture aneurysm
Chronic intraluminal clot
Retroperitoneal pathology
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Abdominal Venous Pathology

VENOUS PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Arteriovenous shunts Trauma Presence of a bruit or Doppler demonstrates: Tortuous vessel
(AV fistula) Congenital “thrill” Pulsatile flow within the Stenotic vessel
Surgery Lower back or vein
Inflammation abdominal pain Increase in arterial flow
Neoplasm Edema proximal to site of

Enlargement

Infiltrating neoplasm
of the IVC

Primary caval
neoplasm of the IVC

Thrombosis of the IVC

Congestive heart
failure

Thrombosis

Infiltrating neoplasm

Renal carcinoma
(most common)

Leiomyosarcoma is
most common

Extension of throm-
bus from femoral
(most common),
iliac, renal,
hepatic, or
gonadal veins

Hypertension

Asymptomatic
Edema

Asymptomatic
Edema

Asymptomatic
Edema

Asymptomatic

Edema

Pulmonary embolism

History of lower
extremity DVT

shunting
Decrease in arterial flow
distal to site of shunting
Turbulent waveform with
high velocities in both
the artery and the vein

Inferior vena cava exceeding
3.7 cmin diameter

Main portal vein exceeding
1.3 cmin diameter

Splenic or superior mesen-
teric vein exceeding
1.0cm

Intraluminal medium-level to
low-level echoes seen with
neoplasms or thrombus

Intraluminal medium-level to
low-level echoes

Intraluminal medium-level to
low-level echoes

Vessel enlargement

Intraluminal medium-level to
low-level echoes

May result in complete or
partial occlusion

Spectral analysis may
demonstrate continuous
nonphasic flow

Extrinsic compression
Arteriovenous shunting
Portal hypertension
Technical error

Venous thrombosis
Primary caval tumor
Technical error

Infiltrating tumor
Venous thrombosis
Technical error

Infiltrating tumor
Primary caval tumor
Technical error
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ABDOMINAL VASCULATURE REVIEW

1. A true aortic aneurysm is defined as a dilatation of

PART Il Abdomen

8. The abdominal aorta usually bifurcates into the

the abdominal aorta:

a. when compared with a more proximal segment
b. measuring 3.0 cm or greater

¢. when compared with a previous imaging study
d. measuring 2.5 cm or greater

. A fusiform aneurysm is best described as:

a. a focal outpouching of one arterial wall

a uniform dilatation of the arterial walls
asymmetric thrombus formation

an increase in size when compared to a more
proximal segment

o=

. The first visceral branch of the abdominal aorta

is the:

a. gastric artery

b. celiac axis

c. inferior phrenic artery

d. middle suprarenal artery

. The left renal vein receives tributaries from which

of the following veins?
a. inferior mesenteric and coronary veins

10.

right and left common iliac arteries at the level of
the:

a. 12th thoracic vertebra

b. 2nd lumbar vertebra

¢. 4th lumbar vertebra

d. 5th lumbar vertebra

. The celiac axis branches into which of the following

arteries?

a. proper hepatic, left gastric, and splenic arteries

b. common hepatic, right gastric, and splenic
arteries

c. proper hepatic, gastroduodenal, and splenic
arteries

d. common hepatic, left gastric, and splenic arteries

The presence of a palpable “thrill” within an artery
is suspicious for a(n):

a. aneurysm

b. occlusion

c. stenosis

d. arteriovenous fistula

b. left suprarenal and inferior mesenteric veins 1. The contour of a mycotic aneurysm is most
c. coronary and left suprarenal veins commonly described as:
d. left suprarenal and left gonadal veins a. berry shaped
5. The main portal vein bifurcates at the hepatic b. ?aCFular shaped
hilum into the: c. fusiform shaped
. . . d. teardrop shaped
a. anterior and posterior portal veins
b. medial and lateral portal veins 12. The gonadal arteries arise from the:
c. left and right portal veins a. renal arteries
d. superior and inferior portal veins b. abdominal aorta
6. Which of the following statements most accurately ; !umbar arteries
. . . internal iliac arteries
describes the left renal vein?
a. The left renal vein demonstrates a pulsatile flow 13. Which of the following arteries gives rise to the
pattern. gastroepiploic artery?
b. The left renal artery is located anterior to the left a. gastric artery
renal vein. b. splenic artery
c¢. The superior mesenteric artery courses posterior c. gastroduodenal artery
to the left renal vein. d. superior mesenteric artery
d. z?sc}i;izgglozeflﬁ)giﬁ:ﬁzi;?i;ted because 14. Which of the following veins courses in an
' oblique plane between the right and left lobes of
1. Which of the following structures is located anterior the liver?
to the inferior vena cava? a. right hepatic vein
a. psoas muscle b. right portal vein
b. right adrenal gland ¢. main portal vein
¢. diaphragmatic crura d. middle hepatic vein
d- head of the pancreas 15. The normal diameter of the main portal vein

should not exceed:
a. 0.8 cm
b. 1.0 cm
c. 1.3cm
d. 1.8 cm
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FIG. 13-3 Sagittal sonogram of the right upper
quadrant.

Using Fig. 13-3, answer questions 16 through 18.

16.

17.

18.

A patient presents with a history of pulmonary
embolism. A sagittal image of the inferior vena
cava demonstrates an intraluminal mass. On the
basis of the clinical history, the mass is most
suspicious for a(n):

a. neoplasm

b. thrombus

¢. incompetent valve

d. ulcerative plaque

The arrow is demonstrating which of the follow-
ing vascular structures?

a. hepatic artery

b. portal vein

¢. hepatic vein

d. right renal artery

The anechoic structure lying anterior to the infe-
rior vena cava and posterior to the liver most
likely represents the:

a. main portal vein

. gallbladder

right hepatic vein

superior mesenteric vein

o

Using Fig. 13-4, answer questions 19 and 20.

19.

Which of the following visceral branches of the
abdominal aorta is identified by arrow A?

a. renal artery

b. celiac axis

¢. inferior phrenic artery

d. superior mesenteric artery

20.

21.

22,

23.

24.

FIG. 13-4 Sonogram of the abdominal aorta.

Which of the following branches of the abdominal
aorta is identified by arrow B?

a. celiac axis

b. renal artery

¢. superior mesenteric artery

d. inferior suprarenal artery

Which of the following conditions most commonly
coexists with a popliteal aneurysm?

a. carotid stenosis

b. venous insufficiency

¢. abdominal aortic aneurysm

d. dissection of the thoracic aorta

Development of an abdominal aortic aneurysm is
most commonly caused by:

a. trauma

b. infection

c. arteriosclerosis

d. fibrointimal hyperplasia

Which of the following aneurysms is associated
with a recent history of bacterial infection?

a. ectatic

b. dissecting

¢. mycotic

d. ruptured

The inferior vena cava is considered enlarged after
the diameter exceeds:

a. 20 cm

b. 2.5 cm

c. 3.0 cm

d. 3.7 cm
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25. Development of an arteriovenous fistula may be
caused by:
a. neoplasm
b. hypertension
¢. venous thrombosis
d. congestive heart failure

26. An infiltrating neoplasm within the inferior vena
cava most commonly originates from which of the
following structures?

a. liver

b. spleen

c. kidney

d. adrenal gland

FIG. 13-5 Transverse sonogram of the distal
abdominal aorta.

21. Direct extension of thrombus into the inferior
vena cava is most likely caused by thrombus
originating in the:

a. renal vein

b. femoral vein Using Fig. 13-6, answer questions 32 and 33.
c. hepatic vein ' 32
d. right gonadal vein

. Which of the following vascular structures is
identified by arrow A?

28. Berry-shaped aneurysms primarily affect which of a. splenic artery
the following arteries? b. splenic vein
a. splenic c. left renal vein
b. cerebral d. superior mesenteric vein
C. extracranial 33. Which of the following vascular structures is

d. abdominal aorta identified by arrow B?

29. Duplication of the main renal arteries is demon- a. celiac axis
strated in approximately: b. splenic artery
a. 10% of the population c. gastroduodenal artery
b. 25% of the population d. superior mesenteric artery

¢. 33% of the population
d. 50% of the population

30. Hypovolemic shock is a clinical finding in
patients with a history of:
a. Marfan syndrome
b. a ruptured aortic aneurysm
¢. a myocotic aortic aneurysm
d. an arteriovenous shunt

Using Fig. 13-5, answer question 31.

31. A 65-year-old local farmer presents with a history
of leukocytosis and an enlarging, pulsatile abdomi-
nal mass. The anterior, posterior, and lateral borders
of the distal aorta are outlined by the calibers. On
the basis of the clinical history, the sonogram is
most likely demonstrating which of the following FIG. 13-6 Transverse sonogram of the upper
pathologies? abdomen.

a. lymphadenopathy

b. arterial dissection

¢. retroperitoneal fibrosis

d. mycotic abdominal aortic aneurysm

TRANS MIDLINE UPPER ABDOMEN
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FIG. 13-7 Transverse sonogram of the abdominal
aorta.

Using Fig. 13-7, answer question 34.

34. An asymptomatic patient presents with a history
of an abdominal aortic aneurysm. The findings in

this sonogram are most suspicious for which of
the following conditions?

a. pseudoaneurysm

b. dissecting aneurysm

c. ruptured aneurysm

d. aneurysm with chronic thrombus

Using Fig. 13-8, answer questions 35 and 36.

35. Arrow A is most likely identifying which of the
following vascular structures?
a. hepatic vein
b. main portal vein
¢. inferior vena cava
d. right renal vein

TRANSVERSE MIDLINE UPPER ABDOMEN

FIG. 13-8 Transverse sonogram of the upper
abdomen.

36.

31.

38.

39.

40.

a1.

42,

43.

The anechoic area identified by arrow B is most
consistent with which of the following vascular
structures?

a. splenic vein

b. inferior vena cava

¢. abdominal aorta

d. main portal vein

Dilatation of an artery caused by damage to one
or more layers of the arterial wall describes a(n):
a. berry aneurysm

b. dissecting aneurysm

¢. pseudoaneurysm

d. abdominal aortic aneurysm

The common iliac artery is considered enlarged
after the diameter exceeds:

a. 1.0cm

b. 1.5cm

c. 20 cm

d. 25cm

Which of the following vascular structures
courses posterior to the inferior vena cava?
a. splenic artery

b. right renal artery

c. left renal vein

d. inferior mesenteric artery

Which of the following vessels lies between the
duodenum and the anterior portion of the pan-
creatic head?

a. gastric artery

b. celiac axis

¢. common hepatic artery

d. gastroduodenal artery

The inferior vena cava generally measures less
than:

a. 1.0cm

b. 25cm

c. 3.0cm

d. 3.5cm

Which of the following arteries supplies the left
transverse colon, the descending colon, and the
sigmoid?

a. gonadal artery

b. superior mesenteric artery

c. external iliac artery

d. inferior mesenteric artery

Patients with Marfan syndrome have a predisposing
risk factor for developing a(n):

a. pseudoaneurysm

b. pulmonary embolism

¢. abdominal aortic aneurysm

d. stenosis in the common carotid artery
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44. The risk of rupture in an abdominal aortic aneurysm

45,

46.

41.

measuring 6.0 cm in diameter is approximately:
a. 5% within 1 year

b. 15% within 5 years

¢. 50% within 2 years

d. 75% within 5 years

The amount of blood supplied to the liver from
the portal venous system is approximately:

a. 10%

b. 30%

c. 50%

d. 70%

Which of the following vessels course anterior to
the abdominal aorta and posterior to the superior
mesenteric artery?

a. portal vein

b. splenic vein

c. left renal vein

d. superior mesenteric vein

Normal diameter of the splenic vein should not
exceed:

a. 0.5cm

b. 1.0 cm

c. 1.5cm

d. 2.0 cm

48.

49

50.

Which of the following vascular structures is
most commonly mistaken as a dilated pancreatic
duct?

a. splenic vein

b. celiac axis

c. splenic artery

d. superior mesenteric vein

A dilatation of an artery when compared with a
more proximal segment describes which of the
following abnormalities?

a. pseudoaneurysm

b. arteriovenous fistula

¢. ectatic aneurysm

d. saccular aneurysm

Which of the following controls will decrease
artifactual echoes only within the abdominal
aorta?

a. Overall gain

b. Dynamic range

¢. Postprocessing

d. Time-gain compensation
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Gastrointestinal Tract

alimentary tract digestive tract.
cardiac orifice opening at the upper end of the stomach.
chyme semiliquid mass composed of food and gastric juices.

Crohn disease inflammation of the intestines; occurs most
frequently in the ileum.

diverticulum saccular outpouching of the mucous membrane
through a tear in the muscular layer of the gastrointestinal tract.

fecalith a hard compacted mass of feces in the colon.
gastritis inflammation of the stomach.

gastroparesis failure of the stomach to empty; caused by a
decrease in gastric motility.

greater curvature of the stomach Ionger, convex, left border
of the stomach.

haustra a recess or sacculation demonstrated in the walls of
the ascending and transverse colon.

ileus obstruction of the small intestines.

intussusception prolapse of one segment of bowel into the
lumen of an adjacent segment of bowel.

lesser curvature of the stomach shorter, concave, right border
of the stomach.

malrotation a congenital abnormality of the bowel where the
intestine or bowel does not fold or properly rotate in early fetal

development. The malrotated intestines are not properly attached
to the abdominal wall, which can result in the intestines twisting
around one another.

Meckel diverticulum an anomalous sac protruding from the
ileum; caused by an incomplete closure of the yolk stalk.

McBurney point situated midway between the umbilicus
and the right iliac crest.

McBurney sign extreme pain or tenderness over McBurney
point; associated with appendicitis.

mucocele distention of the appendix or colon with mucus.

pepsin a protein-digesting enzyme produced by the
stomach.

peristalsis rhythmic serial contractions of the smooth muscle
of the intestines that forces food through the digestive tract.

pyloric orifice opening at the lower end of the stomach.

pylorospasm spasm of the pyloric sphincter; associated with
pyloric stenosis.

rugae ridges or folds in the stomach lining.

target sign a circular structure demonstrating alternate
hyperechoic and hypoechoic wall layers. A target sign may or
may not signify pathology in the gastrointestinal tract.

volvulus abnormal twisting of a portion of the intestines or
bowel, which can impair blood flow.

GASTROINTESTINAL (Gl) TRACT (Fig. 14-1)

e Extends from the mouth to the anus.
¢ Divisions include the mouth, pharynx, esophagus, stomach, small intestines, and

colon.

* Also called digestive tract, alimentary tract or canal, and intestinal tract.
e Lined with a mucous membrane.

PHYSIOLOGY

Functions of the Gl Tract
Ingest food.
Digest food.

Form solid feces.
Release fecal waste.

Secrete mucus and digestive enzymes.
Absorb and break down food.
Reabsorb fluid in the intestinal walls to prevent dehydration.

199
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/; o,

p{_;’ y — Salivary glands

/

Y

Pharynx

Esophagus

Hver ‘ : Y Stomach
Gallbladder (

Duodenum

Pancreas

Small intestine
Transverse colon

Descending colon
Ascending colon

Sigmoid colon
Cecum

Vermiform appendix Rectum

Anus

FIG. 14-1 Gl anatomy.

ANATOMY

Esophagus

* Muscular tube extending from the pharynx to the stomach.
¢ Courses down the chest through the esophageal hiatus of the diaphragm, terminating
at the cardiac orifice of the stomach.
e Wall layers from the outer layer to the lumen include:
* External or fibrous.
* Muscularis.
¢ Submucosal.
* Mucosal.

Stomach

* Principal organ of digestion located between the esophagus and small intestines.
¢ Secretes hydrochloric acid and pepsin.
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Small Intestines

Divided into the fundus, body, and pylorus.

Wall layers from the outer layer to the lumen include:
* Serosal.

® Muscularis propria.

¢ Submucosal.

* Muscular.

* Mucosal or rugae.

Duodenum

Elaborate tube extending from the pyloric opening to the ileocecal valve.
Secretes mucus and receives digestive enzymes.

Divided into the duodenum, jejunum, and ileum.

Majority of food absorption occurs in the small intestines.

Wall layers from outer layer to lumen include:

* Serous.

* Muscular.

¢ Submucosal.

* Mucosal.

Jejunum

* Divided into the superior, descending, horizontal, and ascending portions.
¢ Secretes large quantities of mucus, protecting the small intestines from the strongly

acidic chyme.
Enzymes from the duct of Wirsung and bile from the common bile duct empty into
the descending portion.

lHHeum

Begins at the ligament of Trietz.
Extends from the duodenum to the ileum.

Colon

Extends from the jejunum to the junction with the cecum (ileocecal junction).

Cecum

Extends from the terminal ileum to the anus.

¢ Secretes large quantities of mucus.
¢ Divisions include the cecum, appendix, ascending colon, transverse colon, descending

colon, sigmoid, rectum, and anus.

® Bacteria in the colon produce vitamin K and some B-complex vitamins.
¢ Wall layers from the outer layer to the lumen include:

e Serous.

e Muscular or haustra.
e Submucosal.

e Mucosal.

Appendix

Blind pouch of the colon located in the right lower quadrant directly posterior to
the abdominal wall and lateral to the ileum.
Largest diameter.

Narrow, blind-end, tubular structure communicating with the cecum.
Nonperistaltic structure generally located in the right lower quadrant.
Contains lymphoid tissue.

Variable position.
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Ascending Colon

Transverse Colon

Extends superiorly from the cecum.

Curves to the left, forming the hepatic flexure.

Lodged in a shallow depression on the undersurface of the right lobe of the liver
and to the right of the gallbladder.

Descending Colon

Courses transversely from the right to the left side of the upper abdomen.
Curves inferiorly, forming the splenic flexure.

Begins inferior to the spleen and terminates at the sigmoid.
Passes inferiorly along the left flank to the iliac crest.

Sigmoid
¢ Narrowest portion of the colon, terminating at the rectum.
¢ Mobile structure in contact with the psoas muscle.
e Located in the left iliac fossa, anterior to the left ureter and left iliac vessels and
superior to the urinary bladder.
Rectum

Anal Canal

Terminal portion of the colon located between the sigmoid and anus.

Capable of considerable distention.

Lies adjacent to the posterior border of the urinary bladder in males and posterior
to the vagina and uterus in females.

Terminates at the anal sphincter.

Lower portion of the rectum.
Extends upward and forward, then turns backward following the sacral canal.

LOCATION
Esophagus
® Located to the left of midline, posterior to the left lobe of the liver and anterior to
the abdominal aorta.
¢ Right margin is contiguous with the lesser curvature of the stomach.
¢ Left margin is contiguous with the greater curvature of the stomach.
Stomach

Small Intestines

Located in the left upper quadrant extending transversely and slightly to the right
of midline.

Located inferior to the diaphragm; anteromedial to the spleen, left adrenal gland,
and left kidney; anterior to the pancreas; superior to the splenic flexure.

Pylorus lies in a transverse plane slightly to the right of midline.

Duodenum

Located in the central and lower portion of the abdominal cavity.
Surrounded superiorly and laterally by the colon.

Jejunum

Located lateral and posterior to the head of the pancreas.

Located in the umbilical and left iliac regions.
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lHHeum

Colon

Located in the umbilical and right iliac regions.

SIZE

SONOGRAPHIC

TECHNIQUE

Preparation

Forms an upside down U shape extending from the right lower quadrant to the left
lower quadrant.

Stomach wall should not exceed 5 mm in thickness when distended.

Normal bowel wall should not exceed 4 mm in thickness.

Normal appendix should not exceed 2 mm in wall thickness or 6 mm in diameter.
Small intestines decrease in size from the pylorus to the ileocecal valve.

Colon is largest at the cecum and gradually decreases in size toward the
rectum.

APPEARANCE

Walls of the gastrointestinal tract demonstrate alternating hyperechoic and hypoechoic
circular echo patterns (mucosal layer appears hyperechoic).

Gastroesophageal junction appears as a target structure lying posterior to the liver
and slightly to the left of midline.

Stomach appears as a target structure when empty and an anechoic structure with
swirling hyperechoic echoes when distended with fluid.

Small intestines are usually gas-filled.

Jejunum and ileum demonstrate small folds in the wall, termed the keyboard sign.
Ascending and transverse colon are identified by haustral wall markings

(3 to 5 cm apart).

Descending colon is seen as a tubular structure with echogenic wall margins.
Peristalsis should be observed in the stomach and small and large intestines.
Rectum is best evaluated with an endorectal transducer.

Vascularity is imperceptible in the normal bowel wall.

Nothing by mouth 4 to 8 hours before a gastrointestinal tract examination.
Fluid in the stomach is helpful when evaluating for pyloric stenosis.
Emergency examinations may be performed without preparation.

Examination Technique and Image Optimization

Use the highest-frequency abdominal transducer possible to obtain optimal resolution
for penetration depth when surveying the abdomen.

Use the highest-frequency linear transducer possible to obtain optimal resolution
for penetration depth when surveying the appendix.

Focal zone(s) at or below the place of interest.

Sufficient imaging depth to visualize structures immediately posterior to the region
of interest.

Harmonic imaging or decreasing system compression (dynamic range) can be used
to reduce artifactual echoes within anechoic structures.

Spatial compounding can be used to improve visualization of structures posterior
to a highly attenuating structure (i.e., bowel gas).

Evaluate and document gastrointestinal structures in two imaging planes.

Evaluate for peristalsis.

Document compression technique when evaluating the appendix.



204 PART Il

Abdomen

Indications for Examination

¢ Document length, width, and wall thickness of the pyloric canal when indicated.
¢ Evaluate and document vascularity of abnormal structures using color and spectral
Doppler (hyperemia is seen with inflammatory changes).

Vomiting.
Fever.

Diarrhea.

Pathology of the Stomach

Weight loss.

Abdominal mass.

Absence of bowel sounds.

Abdominal or right lower quadrant pain.
Leukocytosis.

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Carcinoma Adenocarcinoma in 80% Upper abdominal Target tumor of the Polyp
of cases discomfort stomach Ulcer
Male prevalence Nausea/vomiting Hypervascular mass Lymphoma
Decrease in appetite Gastric wall thickening Metastases

Gastric dilatation

Gastric ulcer

Gastritis

Hypertrophied
pyloric stenosis

Gastric obstruction
Gastroparesis
Duodenal ulcer
Inflammation
Pylorospasm
Neurological disease
Neoplasm
Medication

Bacterial infection (75%)
Stress
Malignant neoplasm

Bacterial infection
Bile reflux
Smoking
Excessive alcohol
consumption
Radiation

Marked thickening of the
circular muscle fibers
of the pylorus

Male prevalence (4:1)

Between 2-10 wks of age
(most common)

Fatigue
Weight loss
Abdominal mass

Abdominal pain
Nausea/vomiting
Bloating

Epigastric pain
Postprandial pain
Bloating

Nausea
Heartburn

Upper abdominal
discomfort

Decrease in appetite

Belching

Nausea/vomiting

Fatigue

Fever

Projectile vomiting

Weight loss or poor
weight gain

Decreased urination

Palpable upper
abdominal mass
(olive sign)

Lethargy

Change in stools

(decrease in number

and size)

Left upper quadrant mass

Fluid-filled mass in the left
upper quadrant

Swirling hyperechoic
interluminal echoes

Decrease or lack of
forward peristalsis of
stomach contents

Thin gastric wall margins

Thick gastric wall margins

Hypervascular gastric wall

Most commonly located
in the lesser curvature
of the stomach

Diffuse or localized
thickening in the
gastric wall

Enlarged and prominent
rugae

Pyloric wall thickness
above 3-4 mm

Pyloric diameter exceeding
15 mm

Length of the pyloric
canal exceeding 17 mm

Omental cyst

Renal cyst

Liver cyst

Pancreatic pseudocyst

Gastritis
Neoplasm

Gastric ulcer
Neoplasm

Normal pyloric canal
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Pathology of the Stomach—(cont'd)

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Leiomyoma Benign neoplasm of the Asymptomatic Intraluminal solid gastric Polyp
smooth muscle mass Leiomyosarcoma
Well-defined wall Gastritis
margins
Leiomyosarcoma Malignant neoplasm of Asymptomatic Intraluminal target lesion Leiomyoma
the smooth muscle Epigastric pain May appear hypoechoic Polyp
Decrease in appetite
Weight loss
Polyp Abnormal growth of the Asymptomatic Hypoechoic lesion Carcinoma
mucous membrane protruding from the Leiomyoma
tissue gastric wall Gastritis

Most common tumor of

the stomach

Pathology of the Small Intestines

Smooth wall margins

PATHOLOGY

ETIOLOGY

CLINICAL FINDINGS

SONOGRAPHIC FINDINGS

DIFFERENTIAL CONSIDERATIONS

Crohn disease

lleus

Intussusception

Lymphoma

Meckel diverticulum

Chronic inflammation of
the intestines

Bowel obstruction
Peritonitis

Renal colic

Acute pancreatitis
Bowel ischemia
Neoplasm

Telescoping of one part
of the intestines into
the lumen of an
adjacent part

Hodgkin's or
non-Hodgkin’s

Incomplete closure of the

yolk stalk

Abdominal cramping
Blood in stool
Diarrhea

Fever

Decrease in appetite
Weight loss

Abdominal pain

Constipation

Fever

Nausea/vomiting

Absence of bowel
sounds

Abdominal pain
Palpable mass
Vomiting
Abnormal stools

Lymphadenopathy

Left upper quadrant pain

Fever

Blood loss

Leukopenia

Weight loss

Anorexia

Abdominal mass

Asymptomatic

Abdominal or pelvic
pain

Rectal bleeding

Thick walled loops of
bowel

Matted loops of bowel

Abscess formation

Mesenteric
lymphadenopathy

Distention of the small
bowel with air or
fluid

Hypoactive or absent
peristalsis

Edematous bowel

Multiple circular rings
“Donut sign”

Hypovascular intestinal
wall

Hypervascular
mesentery

Irregular complex
bowel mass

Target sign

Mesenteric
lymphadenopathy

Anechoic or complex
mass located slightly
to the right of the
umbilicus

Thick wall margins

Round or oval in shape

lleus
Diverticular abscess

Intussusception
Crohn disease

lleus
Crohn disease

Lymphadenopathy
Retroperitoneal
pathology

Diverticular abscess
Appendicitis
Ovarian pathology
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Pathology of the Colon

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Acute Obstructed appendix Periumbilical or right Noncompressible tubular Bowel obstruction
appendicitis lower quadrant (RLQ) structure generally located Diverticulum
pain in the RLQ Normal cecum
Fever Diameter of the appendix Ovarian pathology
Nausea/vomiting exceeding 6 mm Ectopic pregnancy
Leukocytosis Wall thickness exceeding 2 mm
McBurney sign Hypervascular structure
Rebound pain at McBurney point
Fecalith or calculus formation
Appendiceal Infection Tender palpable RLQ mass  Poorly defined hypoechoic mass  Diverticular abscess
abscess Spiking fever Noncompressible Tuboovarian abscess
Marked leukocytosis Ovarian torsion
McBurney sign Ectopic pregnancy
Carcinoma 50% are located in the Asymptomatic Hypoechoic thickening of the Polyp
rectum Rectal bleeding bowel wall Diverticulum
25% are located in the Change in bowel patterns  Compressed wall layers Abscess
sigmoid Crohn disease
Diverticular Infection Asymptomatic Hypoechoic circular or oval Neoplasm
abscess Lower abdominal pain mass adjacent to the colon Appendicitis
Fever Thickening of the colon wall Lymphadenopathy
Leukocytosis Hypervascular periphery
Rectal bleeding
Mucocele Inflammatory scarring—  Palpable abdominal mass  Cystic to hypoechoic intraluminal ~ Cystadenoma
most common Abdominal pain bowel mass Ovarian cyst
Neoplasm Posterior acoustic enhancement  Appendiceal abscess
Fecalith Irregular inner wall margin Diverticulum
Polyp May demonstrate calcification(s)
Polyp Abnormal growth of Asymptomatic Hypoechoic mass of the bowel Carcinoma
mucous membrane Rectal bleeding wall protruding into the lumen Diverticulum
tissue Abdominal pain Fecal material
Diarrhea or constipation
Volvulus Torsion of a segment of ~ Acute abdominal pain Dilated loops of bowel lleus

bowel (emergent
surgery)
Malrotation
Colonic most common

Bilious vomiting

Vascular Pathology of the GI Tract

Superior mesenteric vein (SMV)
wraps around the superior
mesenteric artery (SMA).
Whirlpool sign on color Dop-
pler at the level of the superior
mesenteric vein and artery.

Intussusception

PATHOLOGY ETIOLOGY CLINICAL FINDINGS SONOGRAPHIC FINDINGS DIFFERENTIAL CONSIDERATIONS
Mesenteric Embolus Acute abdominal Celiac peak systolic velocity greater than Tortuous vessels
Ischemia Atherosclerosis pain 200 cm/s with poststenotic turbulence
Prolonged vessel Postprandial pain SMA peak systolic velocity greater than
constriction Weight loss 280 cm/s with poststenotic turbulence

Gray scale or color Doppler evidence of
celiac, SMA, or inferior mesenteric artery
(IMA) stenosis.

A minimum of two mesenteric vessels must
demonstrate stenosis
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GASTROINTESTINAL TRACT REVIEW

1.

The esophagus begins at the pharynx and terminates
at the:

a. cardiac orifice of the stomach

b. pyloric orifice of the stomach

¢. gastric orifice of the stomach

d. esophageal hiatus of the stomach

. Male infants have a predisposing factor for

developing which of the following gastrointestinal
conditions?

a. ileus

b. gastritis

¢. intussusception

d. hypertrophied pyloric stenosis

. Which of the following is a clinical symptom of

acute appendicitis?

a. heartburn

b. leukopenia

¢. periumbilical pain

d. positive Murphy sign

. Which portion of the gastrointestinal tract is most

likely to demonstrate rugae?
a. esophagus

b. stomach

¢. duodenum

d. transverse colon

. The stomach produces which of the following

enzymes?
a. gastrin
b. lipase

c. secretin

d. pepsin

. Which of the following is considered a function of

the duodenum?

a. secrete pepsin

b. produce lipase

c. secrete large quantities of mucus
d. produce vitamin K and B complex

. Crohn disease most commonly occurs in which of

the following regions?
a. duodenum

b. ileum

c. cecum

d. sigmoid

. Prolapse of one section of bowel into the lumen

of another bowel segment describes which of the
following conditions?

a. ileus

b. diverticulitis

¢. intussusception

d. volvulus

9.

10.

1.

12.

13.

14.

15.

16.

The walls of the jejunum and ileum demonstrate
small folds termed the:

a. olive sign

b. target sign

c. keyboard sign

d. doughnut sign

Twisting of a portion of the bowel describes:
a. volvulus

b. malrotation

¢. pylorospasm

d. intussusception

The right margin of the esophagus is contiguous
with the:

a. pyloric canal

b. tail of the pancreas

c. lesser curvature of the stomach

d. greater curvature of the stomach

Which of the following structures demonstrate
haustral wall markings?

a. cecum

b. appendix

c. stomach

d. ascending colon

The small intestine is a region of the gastrointestinal
tract extending from the:

a. duodenum to the ileum

b. pyloric opening to the appendix

¢. duodenum to the cecum

d. pyloric opening to the ileocecal valve

To be considered within normal limits, the length
of the pyloric canal should not exceed:

a. 10 mm

b. 12 mm

c. 15mm

d. 17 mm

The diameter of the normal adult appendix
should not exceed:

a. 2 mm

b. 4 mm

c. 6 mm

d. 10 mm

Extreme pain over McBurney point is most
commonly associated with:

a. cholecystitis

b. intussusception

¢. appendicitis

d. diverticulitis
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17. Malignant neoplasms involving the large intes-
tines are most frequently located in which of the
following regions?

a. ileum

b. rectum

c. sigmoid

d. descending colon

18. The common bile duct enters which of the following
sections of the duodenum?
a. superior
b. descending
c. ascending
d. horizontal

19. An episode of excessive alcohol consumption is
most commonly associated with which of the
following conditions?

a. ileus

b. colitis

¢. gastritis

d. appendicitis

20. Which of the following organs is considered the
principal organ of digestion?
a. mouth
b. esophagus
c. stomach
d. small intestines

21. Which of the following gastrointestinal regions is
composed of five individual wall layers?
a. esophagus
b. stomach
¢. duodenum
d. rectum

22. McBurney point is best described as a point
between the:
a. umbilicus and inguinal canal
b. symphysis pubis and right iliac crest
c¢. umbilicus and right iliac crest
d. right costal margin and right iliac crest

23. The duodenum is divided into ascending,
descending,
a. inferior, and horizontal portions
b. superior, and transverse portions
c. transverse, and vertical portions
d. superior, and horizontal portions

24. Diagnosis of mesenteric ischemia can be made when:

a. the peak systolic velocity of the SMA exceeds
280 cm/s

b. the peak systolic velocity of the celiac axis
exceeds 180 cm/s

¢. a minimum of one mesenteric vessel demon-
strates stenosis

d. a minimum of two mesenteric vessels demon-
strate stenosis

Using Fig. 14-2, answer question 25,

25. A 50-year-old male patient presents with a history

of lower abdominal pain and occasional rectal
bleeding. He is afebrile and denies abnormal
bowel patterns. On the basis of this clinical
history, the sonographic finding (arrow) is most
suspicious for a(n):

a. polyp

b. abscess

c. diverticulum

d. carcinoma

Using Fig. 14-3, answer question 26.

26. A 4-month-old infant presents with a history of

projectile vomiting and a palpable upper abdomi-
nal mass. The finding in this sonogram is most
suspicious for:

a. gastritis

b. pancreatitis

c. pyloric stenosis

d. intussusception

FIG. 14-2 Sonogram of the descending colon.

FIG. 14-3 Sonogram of the upper abdomen.
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COMPRESSING °

TRAN RLQ
FIG. 14-4 Sonogram of the right lower quadrant.

LUQ STOMACH POST MEAL

FIG. 14-5 Sonogram of the left upper quadrant.

Using Fig. 14-4, answer question 27.

2]. A 20-year-old woman presents to the emergency
department complaining of severe pelvic pain.
Laboratory tests show a negative pregnancy test
and leukocytosis. A pelvic ultrasound is ordered
to rule out pelvic pathology. A transverse image
lateral to the right ovary shows a noncompress-
ible tender mass. On the basis of the clinical
history, this mass is most suspicious for a(n):

a. volvulus

b. appendicitis

€. paraovarian cyst

d. Meckel diverticulum

Using Fig. 14-5, answer question 28.

28. A 90-year-old woman presents with a history of
upper abdominal discomfort and weight loss.
One hour after ingesting 16 oz of fluid, a signifi-
cant amount of fluid remains in the stomach.
This may be associated with all of the following
conditions EXCEPT:

a. gastritis

. duodenal ulcer

esophageal reflux

. gastroparesis

20 o

Using Fig. 14-6, answer question 29.

29. Which of the following normal gastrointestinal
structures is demonstrated in this midline sono-
gram of the upper abdomen?

a. duodenum

b. pyloric canal

¢. ascending colon

d. gastroesophageal junction

FIG. 14-6 Longitudinal midline sonogram of the
upper abdomen.
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FIG. 14-7 Sonogram of the small intestines.

Using Fig. 14-7, answer question 30.

30. A 30-year-old woman presents with a history of
chronic abdominal cramping, weight loss, and
diarrhea. On the basis of this clinical history, the
findings in this sonogram are most consistent with:
a. peritoneal ascites
b. diverticulitis
¢. Crohn disease
d. acute appendicitis

Using Fig. 14-8, answer question 31.

31. A patient complaining of right lower quadrant
pain demonstrates discomfort in the region of
the ascending colon. The recesses identified by
the arrows are most suspicious for which of the
following structures?

a. polyps

b. fecaliths

c. diverticulums

d. haustral wall markings

Using Fig. 14-9, answer question 32.

32. The intestinal wall layer identified by the arrow is
most likely the:
a. submucosal layer
b. muscular layer
c¢. mucosal layer
d. serosal layer

FIG. 14-8 Sonogram of the ascending colon.

FIG. 14-9 Transverse sonogram of the duodenum.

33. An older patient presents with a history of rectal
bleeding and a change in normal bowel patterns.
An irregular complex mass is identified in the
rectum on an endorectal sonogram. On the basis
of this history, the finding in this sonogram is
most suspicious for:

a. polyp

b. diverticulum
¢. hemorrhoid
d. carcinoma

34. To be considered within normal limits, the
wall thickness of the pyloric canal should not
exceed:

a. 2 mm
b. 4 mm
c. 6 mm
d. 8 mm
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35.

36.

37.

38.

39.

40.

a1.

42.

Hypertrophied pyloric stenosis most commonly
develops in infants between:

a. 1 to 2 months of age

b. 1 to 6 weeks of age

c. 2 to 3 months of age

d. 2 to 10 weeks of age

Ulcers are more commonly located in which of
the following regions of the stomach?

a. body

b. pylorus

c. lesser curvature

d. greater curvature

A patient presents with a history of abdominal
distention and pain. A sonogram of the periumbil-
ical area demonstrates distended fluid-filled loops
of small bowel. On the basis of the clinical history,
the sonographic findings are most suspicious for
which of the following conditions?

a. ileus

b. intussusception

c. diverticulitis

d. Crohn disease

The wall in an adult appendix is considered
abnormal once the thickness exceeds:

a. 2 mm

b. 4 mm

c. 6 mm

d. 8 mm

The duodenum protects the small intestines from
chyme by secreting:

a. pepsin

b. mucus

¢. sodium bicarbonate

d. cholecystokinin

The ileum is a section of the gastrointestinal tract
extending from the:

a. duodenum to the cecum

b. jejunum to the appendix

c. cecum to the ascending colon

d. jejunum to the ileocecal junction

The majority of food absorption occurs in which
portion of the gastrointestinal tract?

a. stomach

b. cecum

c. small intestines

d. ascending colon

Which of the following sections of the gastrointes-
tinal tract terminates at the junction with the
sigmoid colon?

a. cecum

b. rectum

c. transverse colon

d. descending colon

43.

44,

45,

46.

41.

48.

49

50.

Forward movement of intestinal contents caused
by rhythmic contractions of the intestines is
termed:

a. rugae

b. pylorospasm

€. cramping

d. peristalsis

A febrile female patient complaining of periumbili-
cal pain and vomiting presents to the emergency
department. Her last menstrual period was 2 weeks
earlier. Based on this clinical presentation, the
referring physician should order a(n):

a. pelvic ultrasound to rule out ovarian cyst

b. pelvic ultrasound to rule out ectopic pregnancy
¢. abdominal ultrasound to rule out appendicitis
d. abdominal ultrasound to rule out gallstones

Which portion of the colon follows the sacral canal?
a. rectum

b. sigmoid

c. anal canal

d. descending

A gastric ulcer is most commonly caused by a(n):
a. increase in gastrin

b. bacterial infection

¢. decrease in hydrochloric acid

d. decrease in sodium bicarbonate

Gastritis is most likely described in sonographic
terms as a(n):

a. intraluminal target lesion

b. absence of rugae in the stomach walls

c. fluid-filled mass in the left upper quadrant

d. diffuse thickening of the gastric walls

Which of the following abnormalities is not
associated with a mucocele?

a. polyp

b. fecalith

¢. gastritis

d. scarring

Which portion of the large intestines demonstrates
the narrowest lumen?

a. cecum

b. sigmoid

c. ascending

d. descending

An asymptomatic patient demonstrates a small,
intraluminal hypoechoic mass on ultrasound.

The mass appears to protrude from a gastric wall.
This is most suspicious for which of the following
gastric pathologies?

a. polyp

b. ulcer

¢. adenoma

d. leiomyoma
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abdominal hernia protrusion of peritoneal contents through
a defect in the abdominal wall.

Achilles tendon attaches the gastrocnemius and soleus
muscles.

acini smallest functional unit of the breast.

anisotropy artifact hypoechoic sonographic artifact caused
when the ultrasound beam is not perpendicular to the fibrillar
structure of a tendon.

Baker cyst a synovial cyst adjacent and posterior to the knee
joint.

Barlow maneuver determines if hip can be dislocated. Hip is
flexed and the thigh adducted while gently placing posterior
pressure on the femoral head.

bursa a fibrous sac found between the tendon and bone;
lined with a synovial membrane and secretes synovial fluid;
facilitates movement of the musculoskeletal structures.

Cooper ligament strands of connective tissue serving as a
support structure of the breast; provides shape and consistency
to the breast parenchyma.

Development Displacement of the Hip (DDH) preferred
term to describe the abnormal relationship of the femoral head
to the acetabulum; a congenital or acquired deformation or
misalignment of the hip joint.

fibril a small filamentous fiber that is often a component of
a cell.

fibrocystic disease the presence of a single or multiple
palpable cysts in the breast.

galactocele a cyst caused by obstruction of a lactating duct.

ganglion cyst small tumor or fluid collection that can occur
at the connection of any tendon

gynecomastia an abnormal enlargement of a male breast or
breasts.

lactiferous duct one of many channels that carry milk for the
lobes of each breast to the nipple.

lactiferous sinus an area of enlargement in a lactiferous duct
near the areola.

ligament a flexible band of fibrous tissue binding joints
together; provides flexibility to a joint.

linea alba a midline tendon of the anterior abdominal
wall extending from the xiphoid process to the symphysis
pubis.

lobe a collection of lobules within the breast parenchyma;
approximately 15 to 20 lobes per breast.

lobule the simplest functional unit of the breast.

mammary zone breast parenchyma lying within the superficial
fascia.

Morton’s neuroma a nonneoplastic fusiform enlargement of
a digital branch of the medial or lateral plantar nerves.

muscle tissue composed of fibers and cells that are able to
contract, causing movement of the body parts or organs.

musculoskeletal system consists of all the muscles, bones,
joints, ligaments, and tendons that function in the movement
of the body and organs.

Ortolani maneuver relocates the femoral head within the
acetabulum. Hip is flexed and abducted while gently pulling
anteriorly. Demonstrates whether the dislocated hip is
reducible.

rectus abdominis muscle one of a pair of anterolateral
abdominal wall muscles located lateral to the linea alba.

retromammary zone located between the posterior margin
of the mammary zone and the pectoralis muscles.

sprain a painful wrenching or laceration of the ligaments of a
joint.
st