TECHNIQUES
OF VENOUS
IMAGING




TECHNIQUES
OF VENOUS
IMAGING

Steven R. Talbot, RVT

Mark A. Oliver, MD, RVT, FACP

Special Contributors
Helen C. Redman, MD, and Jean Ellison, BVT

lllustrations by Stephen Beebe

APPLETON DAVIES, INC.

Publishers in Medicine and Surgery
Pasadena, California




This book is first in the series

Techniques of Vascular Sonography

Library of Congress Cataloging-in-Publication Data

Talbot, Steven R, 1954-
Techniques of venous imaging / by Steven R Talbot and Mark A Oliver
p cm

Includes bibliographical references and index

ISBN 0-941022-22-6

| Blood vessels—Ultrasonic Imaging 2 Blood-vessels—Magnetic resonance imaging | Ohver, Mark A 11. Title

[DNLM 1 Magnetic Resonance Imaging 2 Phlebography 3 Thrombophlebitis—diagnosis. 4. Veins—pathology

5. Vemns—ultrasonography WG 610 T142t]

RC691 6 U47T35 1991

616 1'40754—dc20

DNLM/DLC

for Library of Congress 91-31486
cIp

Copynght @ 1992 by Appleton Davies, Inc.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted i any form
or by any means, electronic or mechanical, including photocopying and recording, without permission in writing
from the publisher

Appleton Davies, Inc

Publishers in Medicine and Surgery
32 South Raymond Avenue
Pasadena, California 91105-1935
Plione 818.792 3046

Facsinle 818.792.5308

llustrations by Stephen Beebe
Index by Lillian R. Rodberg & Associates.
Cover and text design and production by Graphics Two.

Printed and bound 1in Hong Kong.

ISBN 0-941022-22-6



CONTRIBUTORS

Robert M. Carroll, MD
Medical Director, Cedars Sinai Vascular Diagnostic Services
Los Angeles, California

David V. Cossman, MD
Medical Director, Cedars Sinai Vascular Diagnostic Services
Los Angeles, California

Jean E. Ellison, RVT
Technical Director, Cedars Sinai Vascular Diagnostic Services
Los Angeles, California

William A. Erdman, MD

Assistant Professor of Radiology

Director, Nuclear Medicine Division

The University of Texas Southwestern Medical Center
Dallas, Texas

George L. Miller, III, MD

Assistant Professor of Radiology

University of Texas Southwestern Medical School
Chief of Angiography and Interventional Radiology
Department of Radiology

Parkland Memorial Hospital

Dallas, Texas



TECHNIQUES OF VENOUS IMAGING

Mark A. Oliver, MD, RVT, FACP

Co-Director, Peripheral Vascular Laboratory
Attending Physician, Department of Internal Medicine
Morristown Memorial Hospital

Morristown, New Jersey

Assistant Clinical Professor of Medicine

College of Physicians and Surgeons

Columbia University

New York, New York

Helen C. Redman, MD

Professor of Radiology

University of Texas Southwestern Medical School
Chief of Body Imaging and Special Procedures
Department of Radiology

Parkland Memorial Hospital

Dallas, Texas

Steven R. Talbot, RVT

Technical Director, Peripheral Vascular Laboratory
LDS Hospital

Salt Lake City, Utah

Vil



ACKNOWLEDGMENTS

After embarking on a project such as this, it seems unfair that only
one or two names appear on the cover. The authors wish first to
thank those who contributed to this book. Steven Talbot also
thanks the technical staff at LDS Hospital Peripheral Vascular
Department (Janis McChesney, Pam Visser, Joni Boone, Julie Louie)
and Dr. Clynn Ford, Medical Director, all of whom were extremely
supportive and tolerant during the long preparation of this text.
Sandy Edwards, technical assistant and secretary at LDS Hospital,
was especially helpful in reviewing and editing drafts of the
manuscript.

Mark Oliver expresses his thanks to Steven Talbot and Carolyn
Semrow for introducing him to venous imaging; to Dr. Eugene
Strandness for his continued support throughout the years; to Dr.
John Castronuovo, codirector of the Morristown Memorial
Hospital Peripheral Vascular Laboratory, for his unending support
and creativity in the field of vascular medicine; to the technical staff
of that laboratory—Joan Dennis, Sam Parmiter, Barbara Taylo—for
their loyalty, dedication, support, and technical expertise before and
during the completion of this work; to Lynn, Lori, Jean, and Sally
for their invaluable support; to Grace Moore for her photographic
expertise; and, finally, to Gail Best for her patience in typing my
chapters.

The authors would also like to thank Mike Davies for his
personal attention to this book project.



CONTENTS

PART 1
Ultrasonographiclmaging . . . . . . . .. .. ... ... ....... 1

CHAPTER 1

A Brief History of Venous Imaging . . . . . . . . . ... ... .... 3
Before Venous Imaging . . . . . . . . ... ... 4
AfterVenous Imaging . - . v o v von vomva wes s m a5 5 85 o6 5
References . . . . . . . . . . ... 9

CHAPTER 2

Anatomy and Physiology . . . . . . .. ... ... ... .. ..... 11
Microscopic Anatomy . . . . . . . .. .. 11
Gross Anatomy . . ... L e e e 12

Deep Veins of the Lower Extremity, Superficial Veins of the Lower
Extremity, Veins of the Upper Extremity



TECHNIQUES OF VENOUS IMAGING

Physiology . . . . . . . . 16
Hemodynamics, Regulation of Body Temperature, Cardiac Output,
Muscle Pump

REfBIONEES: . v v v v i a voam % % Mo m % & %5 5o wa wi e 20

CHAPTER 3

Risk Factors for Venous Thrombosis . . . . . . . . . ... ... .. 21
Changes or Injury tothe VesselWall . . . . . ... ... .. ..... 22
SIESIS waw sas 28R Ta S48 RS E Y BB SRS 0K 23

The Muscle Pump, Residual Force from Contraction of the Heart,
Negative Pressure within the Chest, Venous Valves

Hypercoagulability . . . . . . . . . . . ... ... ... 24
Predisposing Factors . . . . . i v v o v v v v e v v n v s e 24
References . . . . . . . . . e e 25

CHAPTER 4
Clinical Evaluation . . . . . . . . . . . . . . . . ... .. ... 27

Mechahisms . x5 o5 508 252 E35 S WEN He5 P ST F5F 27
Venous Obstruction, Valvular Insufficiency, Vascular or Perivascular
Inflammation, Embolization of VVlenous Thrombosis

Signs and Symptoms . . . . ..o 28
Pain and Tenderness, Swelling, Venous Distention, Discoloration,
Palpable Cord, Homan's Sign, Dyspnea, Tachypnea, Chest Pain,
Tachycardia

Differential Diagnosis of Venous Thrombosis . . . . . . . . . .. ... 30
Neuromuscular Problems, Vascular Problems, Inflammation,
Hormonal Problems and Pregnancy, Cysts, Other Problems

Conclusions . . . . . . . . e 34

BESIences’: o s vumad @5k E5 5 945 @ F6E @85 DVntms &6 5 4 35

CHAPTER 5

Thrombus ldentification and Characterization . . . . . . . . . .. 37
Imaging Normal, Thrombus-Free Veins . . . . . . . . . ... .. ... 37
Determining the Presence of Thrombus . . . . . . . . . . . ... ... 38
Characterizing ThremBus . . « « v v« v i v v v 64 v o s e v o5 & 40

Acute Thrombus, Chronic Thrombus, Acute versus Chronic in
Context of Risk



CONTENTS

AveidingPitfalls « -« ¢ o v s v vi v i v e i v e e e 44
Lymph Nodes, Baker’s Cyst, Hematoma and Abscess, Nerves,
Bowel, Edema, Venous Catheters, Valves, Tumors

L= (= =] o = - A S 57

CHAPTER 6

Venous Imaging Technique . . . . . . . . . .. .. ... ... .... 59
Equipment Selection . .« o o ¢« v i v v e v e e v e v e e 60
Environment and Patient Positioning. . . . . . . . . .. ... ... .. 60

Ensure a Warm Environment, Tilt the Bed, Begin With the Patient in
a Supine Position, Externally Rotate the Leg, Interrogate the Major
Deep Veins with Doppler Ultrasound
Imaging Technigue: Lower Extremity . . . . . . . . . . .. ... ... 66
The Common Femoral Vein, The Superficial and Deep Femoral
Arteries, The Saphenofemoral Junction, The Deep Femoral Vein,
The Superficial Femoral Vein, The Adductor Canal, The Greater
Saphenous Vein, Why Image the Superficial Veins?, The Posterior
Tibial Veins, The Peroneal Veins, Perforating Veins, Soleal Veins,
The Common Tibial and Common Peroneal Trunks, The Popliteal
Vein, The Gastrocnemius Muscular Veins, The Lesser Saphenous
Vein, Overlap Examination of the Popiliteal \iein, Anterior Tibial Veins
Imaging Technique: Upper Extremity . . . . . . . . . ... ... ... 101
The Internal Jugular Vein, The External Jugular Vein, The
Subclavian Vein, The Subclavian-Cephalic Junction, The Axillary
Vein, The Brachial Vleins, The Radial and Ulnar Veins, The Basilic
Vein, The Median Cubital Vein, The Céphalic VVein, Anatomic
Variations
REIEIENCES o v 6 wow o v v @ misn B dw G v va wih o as o u6 118

CHAPTER 7

Doppler Color Flow lmaging . . . . . . . . . .. .. .. .. .... 119
Balipment: . o« v s ssamus a5 o ooman s 9 omom e s 566 b 120
Interpretalion; = s svw s 5% 58 va8 TR ETS S5E SRBEE & a & 5 2]

Normal, Abnormal
IEga TeChnigue « . o v waw oo s sy W EE w o8 wE@en G s R 123

Major Deep Veins (Above Knee, Femoral-Popliteal), Superficial
Veins (Greater and Lesser Saphenous), Calf Vieins, Upper
Extremities, lliac and Inferior VVena Cava

Xvii



TECHNI@UES ©OF VENGUS IMAGING

Advantages of Color Flow Imaging . . . . . . .. . .. .. ... ... 129
Anatomy, Acute Deep Venous Thrombosis, Saphenous Vein,
Occlusive versus Nonocclusive Clot, Venous Insufficiency,
Collateral Veins, Calf Veins
Limitations of Color Flow Imaging . . . . . . . . . .. ... ... .. 133
Doppler Angle, Nonobstructive Thrombus, Nonocclusive Clot
versus Compressed Vein versus Collaterals, Operator Dependency
Conclusion . . . . . . . e e e 134
Bef6rances « vumu g v b @ Pa @ sa 504 Ram DWW E3 @ Es 64 134

CHAPTER 8

Saphenous Vein Mapping . . . . . . . . . .. .. ... 135
ANSTOITIY » o v n wows v om o s M du oo u @05 &6 & 6K S s 6 0 137
Equipment . . . . . . . 138
Patient Preparation . . « .« v« oo v v i v v v e s e e s 139
TechniGUe . . . . . & v o e e e v o v o e a e e s e e e s 140

Measuring the Vein, Tracking the Vein, Marking Valves and
Tributaries, Marking the Vein

Practical Considerations . . . . . . . . . . . . . . . ... ... 143
The Case for Vein Mapping . . . . . . . . . . v v 143
References . . . . . . o e e e 143

CHAPTER 9

The Accuracy of Venous Imaging . . . . . . . . ... . ... ... 145
Clinical Experience . . . . . . . . . e e e 145
Factors Influencing Accuracy . . . . . . . . . ..o 147

Technical Expertise and Experience of the Examiner, Experience
and Expertise of the Reading Physician, Type of Equipment,
Technique, Size and Condition of the Patient, Anatomic Area under

Examination
CONGIISIONS & 5 v 45 vwum g o o n B o s W@ m @5k &9 6 & 5 o &5 152
References . . . . . . . . . . e 152
PART 2
Venography and Magnetic Resonance Imaging . . . . . . . . . . 155

Xvilil



CONTENT

w

CHAPTER 10

Ascending Contrast Venography . . . . . . . . . ... . ... ... 157
Anatomy . . . . e e 157
Backgrourdl : : <o cun s EE S 8% R RS BA W R 162
Technigque . . . . . . . . 163

Technique 1, Technigue 2
Complications . . . . . . . . . . e 165

Allergic Reactions, Nephrotoxicity, Thrombophlebitis, Tissue
Necrosis, Pain

INtOrEratatidn . « o v v wonon e w R s s s ww e B s R E s BB e s 167
In Deep Venous Thrombosis, In Other Cases, Pitfalls
GORNCIESION o v s oo o ow 5 6o om 6w o0 B w B8 oEl R R G B @ E E 6 S 172
RefelBnees « ¢ v v o 54 Vs S8k 6388 £k S @ ¥8 6 172
Further Reading . . . . . . . . . . . . . . . ... 172
CHAPTER 11
Magnetic Resonancelmaging . . . . . . . . . .. .. ... ... .. 175
MRI as a Diagnostic Tool for Venous Disease . . . . . . .. .. ... 175

Disadvantages of Magnetic Resonance Imaging, The Role of MR/
in Patients with Suspected Venous Disease, How Does MR/
Work?, MR Approach to Venous Imaging, Imaging Parameters in
the MR Evaluation of Venous Disease, Interpretation of Spin-
Echo/Phase MR Images in Deep Venous Thrombosis
ConcluSions 4w va vus v us B @sd L5 LA ah 8% 64 184
References . . . . . . . . . e 185

APPENDIX
Technical Protocols lllustrated . . . . . . . . . . . . .. .. .... 187



CHAPTEHR 5

THROMBUS
IDENTIFICATION
AND
CHARACTERIZATION

Steven R. Talbot, RVT

The two main goals in diagnosing venous thrombosis are to deter-
mine (1) the presence or absence of intraluminal thrombus and (2) the
relative risk of embolization. Venous imaging is uniquely suited to both
of these tasks. This chapter explains how to differentiate thrombus-
free veins from veins containing thrombus. In addition, it emphasizes
the importance of observing such things as degree of attachment to the
vein wall, echogenicity, and texture of the thrombus. Attention to these
characteristics can help in assessing the potential risk of emboliza-
tion. Finally, this chapter discusses pitfalls and how to avoid them.

IMAGING NORMAL, THROMBUS-FREE VEINS

First, we will discuss the on-screen appearance of normal veins, refer-
ring to the vessels as they are visualized from a transverse plane.
The deep veins are located alongside a corresponding artery. This
artery can be used as a landmark to find the vein. The artery is a
thicker-walled but typically smaller structure, and it is visibly pul-
satile. In contrast, the vein has thin walls that are held open only by
the pressure of the blood within it (i.e., the transmural pressure).'
This is an important point, because the size and appearance of the vein
vary greatly depending on the pressure within the venous system.
Many factors may affect the caliber of the vein during ultrasono-
graphic examination, the most common being patient positioning.
The extremity under examination must be below the level of the



CHAPTER 6

VENOU
IMAGIN
TECHNIQU

Steven R. Talbot, RVT
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On occasion [ have heard people say how easy venous imaging is. I often
wonder if we are talking about the same procedure. I have found
venous imaging, especially imaging the deep calf veins, to be extreme-
ly challenging. Many people have attempted to image veins with-
out formal instruction, only to fail miserably. One of my colleagues had
such difficulty that she called venous imaging “imaging in vain.”

The best way to avoid this frustration is to have hands-on instruc-
tion from an experienced venous imager. Unfortunately, such a person
is not always available. Still, anyone getting started in venous imaging
should do everything possible to obtain this kind of instruction; doing
so takes several months off an already lengthy learning curve.

This chapter is designed to walk the examiner through a com-
plete venous imaging examination, step by step. Exactly how the
examination is done in day-to-day practice may vary slightly from
examiner to examiner, sometimes because of variations in equipment
or personal preference. However, too much variation from the tech-
niques described here may adversely effect the accuracy of your study.

There are three factors for success:

1. Equipment selection.
2. Environment and patient positioning.
3. Proper examination technique.

Venous examinations will be successful if attention is paid to these impor-
tant factors.
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EQUIPMENT SELECTION

The ultrasound equipment itself greatly
influences the quality of the study. One
should select a high-resolution imager,
preferably with an integrated, pulsed,
range-gated Doppler.

Special consideration should be giv-
en to selecting an imager with excellent
resolution in all fields of view. This is
important because many of the structures
to be examined are very small and may
move quickly from a very superficial posi-
tion to a deep field. Some imagers with-
out variable focusing capabilities do well
with vessels in the mid field, but are unable
to clearly resolve targets in the near or far
fields.

Emphasis also should be placed on
obtaining an imager with excellent gray
scale. The combination of high resolu-
tion and excellent gray scale makes it pos-
sible to identify lightly echogenic thrombi
that may be missed by imagers without
these qualities.

The imager should be able to pene-
trate to a depth of five to six centimeters.
In the design and selection of probes, there
is always a conflict—and therefore a com-
promise—between penetration and image
quality. Recently, several manufacturers
have addressed this problem quite well,
producing probes (usually operating between
8 and 5 MHz) that allow visualization
even into difficult areas like the adductor
canal and the deep calf while still provid-
ing excellent image quality. Color is advan-
tageous, but not necessary for good-quality
venous imaging (see Chapter 7).

60

IMAGING

ENVIRONMENT AND PATIENT
POSITIONING

Proper set-up for this examination is
extremely important. Neglecting these
simple preparations can greatly compli-
cate the examination and even lead to
erroneous results.

Ensure a Warm Environment

The first consideration is ambient tem-
perature: If at all possible, the examination
room should be warm. A cold environment
causes the veins to contract, making small
veins even smaller. A thermostat in the
examination rooem is optimal, but most
examination rooms are not so equipped, and
many studies are done at the bedside where
room temperature is not controlled by
the examiner. One solution is to provide
the patient a warmed blanket whenever the
room temperature is cooler than desired.
We also do this whenever the patient com-
plains of being cold. This practice helps us
not only to obtain better views by enlarg-
ing the veins, but also to build rapport
with the patient by demonstrating sensi-
tivity to his or her needs.

Tilt the Bed

To examine the lower extremities, the legs
of the patient must be well below the lev-
el of the heart so that blood pools in the legs,
thus enlarging the veins. This is of great
benefit when imaging the calf veins. Omis-
sion of this preparatory maneuver is the most
common reason for inadequate identification of
the deep calf veins.

The best way to accomplish this goal
is to place the patient in a reversed Tren-



delenburg’s position (Figure 6-1). The bed
or table remains flat, so the patient is not
bent in the middle, but the entire surface
is tilted so the head of the patient is elevated.
As a general rule, the more elevation, the
better the result. A 10-20 degree tilt is
usually sufficient.

Another way to achieve dilatation of
the veins is to have the patient sit up on

VENOUS IMAGING TECHNIQUES

the edge of the bed and dangle both legs.
The examiner sits in a chair and rests the
foot of the leg not being examined in his
or her lap (Figure 6-2). This technique
can be most helpful when the veins under
examination are poorly visualized because
of their small diameter. The technique
may be quite clumsy, however, if the probe
being used has a large scanhead or if the

Figure 6-1. Patient in the reversed
Trendelenburg's position. The
bed is tilted 10-20 degrees with
the head elevated to enhance
venous filing of the lower extrem-
ities.

Figure 6-2. An alternate
imaging position that can be
used on selected patients. The
patient sits on the edge of the
examination table with the legs
apart. The examiner is seated,
facing the patient.

6 1
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Figure 6-3. An extreme
measure that can be taken to
increase the size of the veins
being examined involves
placing a blood pressure cuff
around the thigh and inflating it

30-50 mmHag.

scanhead has a long handle. Some exam-
iners who have equipment with small
scanheads use this position on all patients
who can sit up.

One word of caution: The more ele-
vation, the harder it is to compress the
veins. The examiner must keep this fact
in mind when performing maneuvers that
enlarge the veins. For example, an extreme
measure to aid in the dilatation of the calf
veins is to inflate a blood pressure cuff
around the thigh to between 30 and 50
mmHg (Figure 6-3). This traps venous
blood in the calf, causing maximum dilata-
tion of even the smallest calf veins.
Although this technique is quite effec-
tive, it stops the blood in the veins so

62

completely that they may appear to be
filled with thrombus. The stagnant flow
can become brightly echogenic and can
be distinguished from thrombus only by
compressing the vein. Because the venous
outflow has been occluded by the cuff,
these veins are quite resistant to com-
pression. Much more force is needed to com-
press them. Inexperienced examiners may
mistake these difficult-to-compress ves-
sels for veins that are filled with thrombus.
For this reason, those who choose to use
this thigh-cuff method should inflate the
cuff for only a moment or two to allow ves-
sel identification, and then slowly bleed off
the pressure in the cuff while imaging.
In this way the venous outflow is restored
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Figure 6-4. To examine the
common femoral, superficial
femoral, deep fermoral (profunda
femoris), and greater

.= saphenous veins, the knee is
= bent slightly and the hip is
slightly rotated externally. For
simplicity of presentation, the
illustrations in this chapter focus
on the right extremity; for the
left extremity, imagine a mirror
image.

common femoral vein
deep femoral vein
superficial femoral vein

y

greater saphenous vein

quickly and the veins can be compressed
more readily. This thigh-cuff procedure
should be used only after the thigh and
popliteal areas have been scanned and
found to be thrombus-free.

Begin with the Patient in a Supine
Position

With the bed in the reversed Trendelenburg’s
position, the patient is placed in the supine
position to begin the examination. The
examiner should inform the patient that
the examination will involve no injec-
tions. This often calms the anxious patient
and allows for better cooperation during
the procedure.

Externally Rotate the Leg

The leg being examined should be posi-
tioned with the knee slightly bent and
with slight external rotation of the hip
(Figure 6-4). This is accomplished by so
instructing the patient and then careful-
ly guiding the leg until it is in the desired
position. Some patients may not be able
to externally rotate the hip comfortably
unless they move slightly onto their side.
Other patients, including those with recent
hip replacements, may not be able to do this
at all. But if this position can be achieved
comfortably and safely, it will make exam-
ination of the groin and thigh areas much
easier.
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NORMAL BREART

VENDUS
-"ig
FLOW []

Figure 6-5. Placement of the Doppler cursor
within the lumen of the vein in preparation for
pulsed Doppler interrogation of venous flow.

Figure 6-6. Normal venous flow in phase with respiration.
Spectral display of the Doppler signals demonstrates that
forward venous flow stops during inspiration and resumes
with expiration. This finding suggests that the venous system

above the sample site is patent. In this example flow
displayed above the baseline represents flow toward the

heart.

Interrogate the Major Deep Veins with
Doppler Ultrasound
A generous amount of ultrasound gel is
applied to the medial surface of the thigh
from the groin to the knee approximating
the course of the femoral and saphenous
veins. In our laboratory, we perform a
continuous-wave Doppler examination
of the common femoral, superficial femoral,
popliteal, and posterior tibial veins before
we begin the duplex examination,'”
although pulsed-Doppler interrogation
can be performed during the imaging study
if so desired (Figure 6-5).

At each major vessel, the examiner
should listen for good phasic venous flow
signals, i.e., flow that stops during inspi-

ration and returns during expiration (Fig-
ure 6-6). The absence of phasic flow or the
presence of continuous flow may suggest
thrombosis above the level under exami-
nation. Once phasic flow is determined,
the examiner should squeeze below the
area being examined (at the thigh and
calf, for example, when listening at the
level of the common femoral vein). Aug-
mentation of the flow signal with distal
compression suggests patent vessels be-
tween the level of the squeeze and the level
at which the Doppler signal is obtained (Fig-
ure 6-7). Poor augmentation or no aug-
mentation of venous flow during this
procedure suggests venous obstruction.
Importantly, nonobstructive thrombus
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Figure 6-7. A dramatic increase in forward
venous flow as a resulft of manual compression
below the site of Doppler examination suggests
that the segment of vein between the point of
compression and the sample site is patent. The
normal finding in this example suggests patency
between the point of calf compression and the
sample site in the femoral vein.

may be missed completely during the
Doppler examination.

Competency of the valves can be deter-
mined by having the patient perform a
Valsalva maneuver, during which the
venous flow signal should stop (Figure 6-
8). If Hlow continues or increases during a
sustained Valsalva maneuver, the valves
in the area under examination are incom-
petent (Figure 6-9).

If the imager allows the examiner
actually to visualize blood flow on the
gray-scale image, the venous imaging pro-
cedure can be an even more sensitive means
of identifying incompetent valves. Here
normal flow is observed with passive res-
piration. Then the patient is asked to

NOUS IMAGING TECHMNI®UE
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Figure 6-8. An abrupt cessation of venous flow
in response to a Valsalva maneuver suggests the
competency of the venous valves at the level of
examination. Note how forward flow ceases wit
Valsalva's maneuver and then resumes upon
release.
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Figure 6-9. Retrograde venous flow during a
sustained Valsalva maneuver indicates
incompetent venous valves. In this example flow
displayed above the baseline represents flow
foward the heart.
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perform a Valsalva maneuver by strain-
ing with the abdominal muscles. If the valves
are competent, flow stops; if they are
incompetent, flow reverses. This tech-
nique often can be used while actually
observing the valve at the same time (see
Chapter 5). Color flow imaging is also
quite helpful in checking for incompetent
valves (see Chapter 7).

IMAGING TECHNIQUE:
LOWER EXTREMITY

To illustrate the techniques of venous
imaging as clearly and as meaningfully as
possible, the figures in the remainder of this
chapter are presented in three parts:

1. An anatomic illustration of the extrem-
ity under examination showing patient
position, venous anatomy, and scan
sequence.

2. Schemuatic illustrations of transverse
anatomy in standard format (i.e.,
skin line at top of screen) at key
points in the scan sequence. These
illustrations represent the ultra-
sonographically imaged tranverse
anatomy as it appears on the screen.

3. Ultrasonographic images taken at
the same key points in the scan
sequence. 1hese images are in stan-
dard format; i.e., the skin line is at the
top of the screen.

For simplicity of presentation, all of the
illustrations in this chapter focus on the
right extremity; for the left extremity,
imagine a mirror image if you always keep
the orientation notch on the transducer
pointed toward you. If, on the other hand,
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you reverse the orientation notch when imag-
ing the left leg, the vessel orientation will
appear the same as for the right leg. For the
convenience of readers who are learning or
practicing venous imaging techniques, the
Appendix presents these illustrated pro-
tocols in abbreviated, quick-reference for-
mat.

Imaging is begun at the groin crease
(Figure 6-10). A transverse scanning plane
is used. The transverse view is used instead
of a longitudinal view because it allows for
a more complete anatomic survey, making
it easier to identify and track vessels. This
is extremely important, because during
venous imaging several vessels must be
tracked simultaneously. The transverse
view also allows more accurate assess-
ment of vein-wall compressibility.*

The Common Femoral Vein

At the level of the inguinal ligament only
two vessels will be seen, the common
femoral artery and vein (Figure 6-10A).
If more than two vessels are visualized
when the probe is first placed over this
region, the examiner should slowly move
the probe higher in the groin until the
vessels converge into two large vessels.
Once these two structures have been iden-
tified, light probe pressure is exerted. If the
common femoral vein is thrombus free, it
should compress completely (see Chap-
ter 5 for details about the appearance of nor-
mal versus thrombotic veins). The structure
that does not compress should be the com-
mon femoral artery. The artery can be
compressed as well, but only with much
more probe pressure. This response to
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Figure 6-10. Probe position
sequence for examining the
common femoral and superficial
femoral veins.
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