nt Practice in Nudear Medicine




PEDIATRIC
NUCLEAR

MEDICINE

John R. Sty, M.D.

Chief of Radiology
Milwaukee Children’s Hospital;
Associate Clinical Professor
of Radiology and Pediatrics
Medical College of Wisconsin;
Milwaukee, Wisconsin
Assistant Clinical Professor of Radiology
University of Wisconsin;
Madison, Wisconsin

Robert J. Starshak, M.D.

Milwaukee Children’s Hospital;
Associate Clinical Professor of
Radiology
Medical College of Wisconsin;
Milwaukee, Wisconsin

John H. Miller, M.D.

Director of Nuclear Medicine
and Ultrasonography
Los Angeles Children’s Hospital;
Assistant Professor of Radiology
University of California;
Los Angeles, California

‘.\I -

/y

-
) -

N)

AC

APPLETON-CENTURY-CROFTS/Norwalk, Connecticut



Copyright © 1983 by APPLETON-CENTURY-CROFTS
A Publishing Division of Prentice-Hall, Inc.

All rights reserved. This book, or any parts thereof,

may not be used or reproduced in any manner without
written permission. For information, address
Appleton-Century-Crofts, 25 Van Zant Street, East Norwalk,
Connecticut, 06855

83 84 85 8 87 / 10 9 8 7 6 5 4 3 2 1

Prentice-Hall International, Inc., London
Prentice-Hall of Australia, Pty. Ltd., Sydney
Prentice-Hall of India Private Limited, New Delhi
Prentice-Hall of Japan, Inc., Tokyo

Prentice-Hall of Southeast Asia (Pte.) Ltd., Singapore
Whitehall Books Ltd., Wellington, New Zealand
Editora Prentice-Hall do Brasil Ltda., Rio de Janero

Library of Congress Cataloging in Publication Data

Sty, John R.

Pediatric nuclear medicine.

(Current practice in nuclear medicine)

Bibliography: p.

Includes index.

1. Radioisotopes in pediatrics. 2. Radioisotope
scanning. [ Starshak, Robert J. II. Miller, John H.
(John Howard), 1940— III. Title. IV. Series.
[DNLM: 1. Nuclear medicine—In infancy and childhood.
WN 440 S938p]

RJ51.R33579 1983 618.92'007575 82-16433
ISBN 0-8385-7801-2

Cover design: Jean Sabato
Text design and production: Judith Warm Steinig

PRINTED IN THE UNITED STATES OF AMERICA



PEDIATRIC
NUCLEAR
MEDICINE



Titles in the Series

Current Practice in Nuclear Medicine

Series Editor: Sheldon Baum, M.D.

Beierwaltes, Gross and Shapiro: Adrenal Gland Imaging
Fratkin: Hepatic Imaging
Front: Radionuclide Brain Imaging
Jones: Radionuclide Angiocardiography
Kagan: Radioimmunoassay and Related Procedures
Kim and Haynie: Radionuclide Imaging in Diagnosis and Management of Oncology
Kowalsky and Perry: Radiopharmaceuticals in Nuclear Medicine Practice
Lyons: Nuclear Cardiology
Malmud and Fisher: Radionuclide Gastroenterology
McDougall: Thyroid Disease in Clinical Practice
Rockett: Radionuclide Imaging of Tumors and Inflammatory Lesions:
Gallium-67 and other Specific Radionuclides
Sty: Pediatric Nuclear Medicine
Tauxe and Dubovsky: Nuclear Medicine in Clinical Urology and Nephrology



To my wife Mary



Preface

Major advances in nuclear imaging technology have
occurred in recent years. It is now possible to obtain
images of excellent spatial resolution and to deter-
mine complex organ function. The use of nuclear imag-
ing techniques for the initial diagnosis and serial
follow-up of many common and rare pediatric diseases
has blossomed. The attractiveness of this method of
diagnosis to pediatricians is clear; it is truly noninvasive.

The purpose of this book is to demonstrate to phy-
sicians who care for children, pediatricians, surgeons,
and radiologists, the great clinical value of nuclear imag-
ing in both the diagnosis and follow-up of childhood
diseases. The limitations of this methodology are also
enumerated.

An attempt has been made to keep the content con-
sistent throughout the book. The information presented
represents the authors’ experience of Milwaukee Chil-
dren’s Hospital and Los Angeles Children’s Hospital.
Both institutions are structured similarly where ultra-
sonography and nuclear medicine comprise a functional
unit. The combined institutions perform approximately
5,000 nuclear examinations on children each year.

Each chapter discusses clinical pediatric problems
relating to a specific organ system. The theory and ratio-
nale of the procedures as well as pertinent techniques
are presented in the initial section of each chapter. These
sections are not meant to be exhaustive reviews which
are available in many excellent texts of pediatrics or nu-
clear medicine.

Based primarily on our own experience, helpful
hints for preparing the child, the actual performance of
the examination, and specific comments concerning
diagnostic considerations are reviewed. It is hoped that
this text will successfully provide the needed diagnostic
information to link nuclear imaging to the daily practice
of pediatrics. Such an association will benefit the care of
children by expediting diagnosis and treatment.

We wish to thank Seminars in Nuclear Medicine,
Clinical Nuclear Medicine, and Journal of Nuclear
Medicine for allowing us to use previously published
case illustrations. An important contribution was also
made by Ruth Brummond, our secretarial assistant at
Milwaukee Children’s Hospital who helped in locating
the case material used in this publication.



PEDIATRIC
NUCLEAR
MEDICINE



CHAPTER 1.

CHAPTER 2.

CHAPTER 3.

CHAPTER 4.

CHAPTER 5.

CHAPTER 6.

CHAPTER 7.

CHAPTER 8.

CHAPTER 9.

Contents

PREFACE ix

Bone Scintigraphy 1

The Cardiovascular System 27
Gastrointestinal Nuclear Medicine 53
Neuronuclear Imaging 83
Gallium-67 Imaging 121

Spleen, Marrow, and Lymph Node Imaging

Thyroid Imaging 149
Pulmonary Scintigraphy 159
Genitourinary Imaging 167
APPENDIX 201

INDEX 203

137

vii



Since the introduction of Tc-99m phosphate bone-seek-
ing tracers, skeletal scintigraphy has become a routine
procedure in pediatrics. It is the most frequent examina-
tion performed in a pediatric nuclear medicine depart-
ment. The technique readily identifies all abnormal re-
gions in the skeletal system where vascularity or
osteogenesis is disturbed. The sensitivity of lesion detec-
tion is far superior to standard radiography because
skeletal scintigraphy identifies pathophysiologic rather
than morphologic abnormalities and has been used ex-
tensively in children to identify both malignant and be-
nign bone disorders. These changes occur in many dis-
eases that are more common or unique to children and
adolescents than adults. Bone imaging offers the most
accurate means of establishing an early diagnosis, evalu-
ating extent of disease, and assessing therapeutic re-
sponse of skeletal disorders that are the result of infec-
tion, trauma, vascular insult, bone tumors, metastatic
disease, disturbances of growth and development, or
congenital lesions.!™* Although the basic principles of
radionuclide bone imaging apply to both children and
adults, the approach to skeletal imaging in children dif-
fers substantially because of developmental differences
and the unique diseases encountered.

Chapter

Bone
Scintigraphy

THEORY, TECHNIQUE,
AND INTERPRETATION

The factors affecting the exchange or sorption of Tc-
99m bone-seeking tracers on the hydroxyapatite crystal
and certain other large molecules are vascularity and the
rate of growth and remodeling of bone. Sites of rapid
osteogenesis, such as the epiphyseal plate region
(growth plate), and other regions of rapid bone turnover
with a large surface for exchange and sorption usually
have high enzyme activity and rapid matrix formation.
Bone areas that accumulate tracers to a lesser degree
have slow resorption of bone, high acid phosphatase ac-
tivity, and low metabolic activity.>™® Unlike radio-
graphs, which require a reduction of 30 to 50 percent of
the calcium content of bone to be visually appreciated,
bone-seeking tracers localize in the mineral phase and
are significantly less dependent on overall change in cal-
cium content. Capillary permeability, reactive bone for-
mation, metabolic activity, and increased tracer extrac-
tion efficiency are factors that contribute to
accumulation of bone-seeking tracers in sites of abnor-
mal bone. The major determinant, however, is localized
increased bone blood flow.1=® Charkes!* has enu-
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merated the mechanisms of abnormal skeletal uptake
(Table 1—1). The data provided by bone imaging are
not highly lesion specific either positive or negative; the
value of the technique is the detection of the lesion
rather than the determination of its cause. An abnormal
scan must be correlated with clinical history, physical
examination, and pertinent radiographic examinations.

To obtain a satisfactory bone scan in a child, it is
essential that the child remain immobile during the ex-
amination. Because infants and young children cannot
always cooperate, sedation may be necessary. As a rule,
sedation is not needed for an older child when images
are acquired with a gamma camera because the com-
plete study is divided into multiple images. Each interval
of imaging is relatively short, and the child is able to
relax between imaging periods. If bone images are ac-
quired with a whole body imaging system, sedation may
be required for children up to six years of age. Rapport
between the technologist and child will lessen the need
for sedation.

A dose of 8.3 mCi/m? of bone-seeking tracer is ad-
ministered intravenously to a well-hydrated child. De-
layed images are acquired one-and-a-half to three hours
after tracer administration. Skeletal uptake is greater in

TABLE 1-1 —
Mechanics of Skeletal Tracer Uptake

Mechanisms

Example

. Reactive bone

flow (“‘recruitment’)

. Decreased cardiac

output

. Dystrophic calcification

. Blood content

Metastasis, infection,
fracture, infarction

2. Malignant new bone Osteosarcoma,
chondrosarcoma

3. Heterotopic new bone Myositis ossificans,
pulmonary ossification,
cancer (lymph nodes)

4. Decreased bone blood Infarction

flow
5. Increased bone blood Stroke, sympathectomy,

fractures, osteomyelitis,
neuropathy, adrenergic
drugs

Congestive heart failure,
cardiomyopathy

Hypercalcemia, uremia
(stomach, lung, kidney,
joints)

Tumors, cellulitis

9. Soft tissue Aspergillosis, tumor,
stroke, synovitis, _
myocardial infarction

10. Hormonal Hyperparathyroidism,
hyperthyroidism
11. Accretion Delayed uptake into
hydroxyapatite
12. Increased bone surface Myeloma
13. Destruction without Tumor, infection,
reaction infarction
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the growing skeleton of a child than an adult. At two
hours postinjection, 40 to 50 percent of the administered
dose has been excreted in the urine, thereby resulting in
a significant bladder concentration. Approximately 2 to
5 percent of the administered dose is retained in the
renal parenchyma, allowing visualization of the kidneys.
In general, Tc-99m labeled diphosphonates seem to be
better bone-seeking tracers than other phosphate radio-
pharmaceuticals, including pyrophosphate. Of the di-
phosphonates, methylene diphosphonate (MDP) is su-
perior to ethylene hydroxydiphosphonate (EHDP) in
visual image quality.”> ¥ In the following list are the
ideal characteristics of a bone-seeking tracer.

Readily available.

Nonpyrogenic.

Lack of adverse reactions.

Low radiation dose.

No pharmacologic effect.

High extraction and uptake by bone.
Rapid vascular and soft tissue clearance.
Efficient imaging characteristics.

©ND LB

The interpretation of bone images of children is
challenging and requires meticulous attention to detail.
Bone images are viewed to evaluate bone to soft tissue
ratio, assess skeletal symmetry, detect focal abnormali-
ties, assess the kidneys, and detect any extraosseous ac-
cumulation of tracer. In addition to the standard criteria
used in the interpretation of adult bone scans, interpre-
tation of pediatric images requires knowledge of the age
of the child because developmental variations occur
from one age group to another. Awareness of the pitfalls
in bone imaging is critical.' In the metabolically active
growth plate, there is increased tracer uptake until clo-
sure of the growth plate occurs. This accumulation re-
sults in greater radiation dose to this region.?

Care must be exercised in the positioning of the
child, since minor malpositioning may simulate a focal
abnormality. In general, in children under 15 months of
age, the epiphyseal-metaphyseal region demonstrates an
increase in radioactivity when compared to the adjacent
diaphysis. If the extremities are flexed and the growth
plate is not perpendicular to the collimator, these re-
gions will assume a globular shape. Kaufman et al.?!
demonstrated that improper positioning of the knee will
produce an inadequate demonstration of the epiphyseal-
metaphyseal complex due to superimposition of the
growth plate on the epiphysis and metaphysis.

After 12 months of age, the growth plate can be
identified as a transverse band of increase in radioactiv-
ity if the extremity is positioned perpendicular to the
collimator. The activity in the metaphysis and epiphy-
seal ossification center is approximately equal. Although
there is a gradual decline in intensity between the
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FIGURE 1-1.

Normal bone scan. Age four years. (1) Metaphysis, (2)
growth plate (physis), (3) epiphysis. Note that the growth
plate is sharply demarcated and uniform in activity. (4)
Note slight increase in activity in the midshaft of the tibia.

growth plate and diaphysis, the edges of the growth
plate should always be sharply demarcated (Fig. 1-1).
Any alteration in the intensity or shape of the growth
plate suggests a pathologic process that warrants further
investigation. These regions are extremely important to
evaluate since they are frequent sites of malignancy, in-
fection, and trauma. Disease processes early in their
course cause very subtle changes in the bone image. Ad-
ditional views are sometimes essential for clarification of
an equivocal finding.

In addition to increase in radioactivity in the re-
gions of the growth plate, physiologic preferential up-
take may be noted at the base of the skull, the temporo-
mandibular joints, the sutures of the skull, the orbits
(Fig. 1-2), the costochondral junctions, and the midshaft
of the tibia.

Besides knowledge of the normal scintigraphic
anatomy and variation in appearance with age, techni-
cal attention to exposure is important. Overexposure of
the epiphyseal-metaphyseal complex will result in

- 3

blooming of the image and can obscure minimal abnor-
mality in these regions.

Proper selection of collimators is an important part
of pediatric imaging. The small size of the bones of in-
fants and young children requires the frequent use of
pinhole and converging collimators for magnification.
This is particularly important when one is obtaining
images of the hips®*?? (Fig. 1-3).

Last, in addition to standard delayed bone images,
initial tissue-phase or ““blood pool” images are useful in
specific clinical situations. This technique will give the
physician information about the character of many of
the bone abnormalities that occur in children. In gen-
eral, blood pool images should be obtained whenever
the examination is performed to identify a painful re-
gion. They have been successful in the differential diag-
nosis of osteomyelitis, septic arthritis, cellulitis, and
bone infarction. Blood pool images are more valuable
early in the course of disease, before marked pathophys-
iologic change occurs. However, the overall yield is not
great enough to warrant its routine use other than for
the conditions enumerated.

FIGURE 1-2.
Normal bone scan. Skull age six years. (1) coronal suture,
(2) orbit, (3) temporomandibular joint.
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FIGURE 1-3.

Normal bone images of hips. Blood pool (upper left) and
delayed images with parallel hole collimator (upper
right). Pinhold images (below). Note clear delineation of
acetabulum, femoral capital epiphysis, metaphysis, and
greater trochanter.

CLINICAL APPLICATION
Bone Tumors

Primary bone tumors constitute less than 1 percent of
the malignant disease that occurs in all age groups. In an
analysis of 1,000 children with cancer seen at the Uni-
versity of Texas, MD Anderson Hospital and Tumor
Institute (Houston, Texas), primary malignant bone
tumors accounted for 10 percent of all malignancies and
18 percent of all solid tumors among the children. The
mortality data for the United States show that the death
rates from bone cancer of all types are 2.87 per million
in the 0- to 14-year age group, and 11.97 per million in
the 15- to 19-year group.?*?> The two most frequent pri-
mary malignant bone tumors in children are osteosar-
coma and Ewing’s sarcoma.

Conventional radiography is superior to other tech-
niques in predicting the nature of a primary bone tumor.

Chapter 1

Computed tomography is the most effective method for
assessing the soft tissue extent of musculoskeletal tumor
and consequently has significantly influenced manage-
ment (Fig. 1-4). In general, computed tomography is
more informative than angiography and provides more
anatomic detail than ultrasound. Radionuclide bone
imaging is mainly of value in detecting unsuspected skel-
etal metastases in patients with a solitary bone tumor2¢
or evaluating the skeletal system if radiographs are nor-
mal or equivocal (Fig. 1-5).

Primary malignant bone tumors are demonstrated
with bone-seeking tracers as regions of increased bone
uptake and if blood pool images are part of the exami-
nation these areas are hyperemic. Scintigraphy does not
provide diagnostic information about the pathology of a
lesion as does standard radiography. Although bone
scintigraphy is not lesion specific, it has a high rate of
detection of malignant bone disease. Gilday et al.?” re-
ported an accuracy approaching 100 percent with bone
scanning in the detection of primary malignant bone
tumors in children. This has been verified by several
clinical studies?®3°; however, radiography has similar
sensitivity.

In the past it was thought that bone scintigraphy
provided more information than radiography about the
osseous extent of a primary bone tumor. However, vas-
cularity and reaction of the bone to the tumor obscure
the boundary of lesion.?* Goldman and Braunstein®? re-
ported increased radionuclide uptake in either the af-
fected or unaffected limb in 10 out of 13 patients with
osteosarcoma. In five of these, histologic examination of
abnormal areas failed to identify malignancy. The ab-
normal radionuclide accumulation has also been noted
to cross joint spaces into the opposed epiphysis. Conse-
quently, one should consider that bone imaging usually
exaggerates the extent of a primary malignant bone le-
sion. Nonspecific and diffuse uptake of radiotracer prob-
ably is related to abnormal biomechanics of the skeleton
induced by the pain caused by the malignant process.

Benign bone tumors such as osteoid osteoma, non-
ossifying fibroma, osteochondroma, fibrous dysplasia,
giant cell tumor, bone cyst, and eosinophilic granuloma
have been successfully detected scintigraphically.??

Bone imaging is of particular value in children who
have atypical bone pain or pain in the spine, sacrum,
hip, or the small bones of the hands or feet. In these cir-
cumstances, conventional radiography may be indeter-
minate. Uptake of tracer may vary from marked to ab-
sent in benign bone lesions. It may be necessary to
obtain special views with magnification before a painful
region can be declared negative. Once the area of in-
volvement has been identified scintigraphically, radio-
graphic tomograms usually, but not always, demon-
strate the lesion.3* If the etiology is not definitely
established, biopsy may be necessary.
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FIGURE 1-4.

A. Lateral radiograph of knee. Note “‘sunburst’” appear-
ance of osteosarcoma of distal femur (arrows).B. Anterior
bone image. Note increased activity in metaphysis, which
extends into epiphysis. Scan appearance is that of a ma-
lignant bone tumor. The lesion cannot be further charac-
terized on the basis of the scan. C. CT clearly demon-
strates the soft tissue extent of osteosarcoma (arrows).

Osteoid osteoma is a benign tumor of bone that
was initially described by Jaffe in 1935.% It consists of
variable calcified osteoid in a stroma of relatively loose
vascular connective tissue. Surrounding this osteoid
nidus is a zone of “normal” sclerotic bone. This benign
tumor constitutes 10 percent of all benign bone
tumors.?® Swee et al.*” reported 100 surgically proven
cases of osteoid osteoma and stated that bone imaging is
necessary when no abnormality is visable on the radio-
graphs. In a review of 42 cases, Smith and Gilday®
found a well-localized area of increased activity at the
tumor site in both blood pool and standard two-hour
delayed images. The blood pool images, obtained imme-
diately after injection of Tc-99m MDP, showed a small
hyperemic lesion in these osteomas. This distinguishes
this tumor from other bone lesions that may only show
abnormal uptake of tracer after two hours. Similar ob-
servations regarding the accuracy of radionuclide bone
B imaging in osteoid osteoma have been noted by other in-

vestigators (Fig. 1-6).3940
In those cases in which scintigraphy is positive and
radiography is negative, intraoperative radionuclide ex-




FIGURE 1-5.
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Left. Posterior bone image of cervical spine. Note metastatic lesion from Ewing'’s sar-
coma in L-2. Middle. Radiograph of lumbar spine is normal. Right. Lumbar myelogram
shows extradural lesion at site of metastasis to right pedicle of L-2.

amination may be necessary to guide the surgical ap-
proach.*! Infrequently, a bone island may be demon-
strated with bone scintigraphy.*? This is not a surgical
disease, and it must be distinguished from an osteoid os-
teoma on radiographic grounds.

Nonossifying fibroma, fibrous cortical defect, or
avulsive cortical irregularity are common lesions found
in healthy children between the ages of 2 and 20. Radio-
graphs of the lesion typically demonstrate a well-cir-
cumscribed radiolucent area with sclerotic borders lo-
cated in the posteromedial aspect of the distal femoral
metaphysis for the avulsive cortical irregularity or in the
metaphysis of other large tubular bones for the other
two lesions. Scintigraphy demonstrates minimal or nor-
mal uptake of bone-seeking tracers and consequently
can aid in distinguishing these lesions from other benign
or malignant abnormalities.*3+#*

An osteochondroma generally is visualized by the
bone scan only when it is actively growing (Fig. 1-7).
This correlates with its cellular activity and vascularity.
Multiple endochondromata and exostoses are identified
readily as numerous focal areas of increased uptake in
the metaphyses.*>#6 Although bone scans cannot iden-
tify malignant degeneration as such, they will accurately
distinguish growing osteocartilaginous exostoses from
those that are quiescent. Scintigraphy is of particular use
for lesions that are remote from the skin surface and
whose growth might otherwise not be noted. Bone scin-
tigraphy is preferable to conventional radiography for

periodic routine follow-up for patients with heredity
multiple exostoses because a change in a lesion may in-
dicate malignant degeneration, a recognized complica-
tion of this disease.

{‘* g

FIGURE 1-6.
Posterior bone image of lumbar spine. Note focal intense
tracer accumulation in osteoid osteoma.
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FIGURE 1-7.
Left. Anterior bone image of pelvis. Arrow marks osteochondroma arising from iliac
bone. Right. Anterior pelvic radiograph. Arrow marks osteochondroma.

Fibrous dysplasia, a vascular bone abnormality,
shows marked uptake of tracer, making it difficult to
distinguish from malignant bone tumors, long-standing
osteomyelitis, or trauma. Bone imaging will delineate
the extent of the lesion and can document postoperative
recurrence. Since up to 27 percent of patients with cran-
iofacial fibrous dysplasia have at least one other site of
skeletal involvement, scintigraphy can be useful to as-
sess the extent of this disorder.*7-4

Two types of bone cysts occur in children: the sim-
ple bone cyst and the aneurysmal bone cyst. There ap-
pears to be no significant difference between these le-
sions with bone scintigraphy even though each has a dis-
tinct histologic appearance. Scintigraphically these le-
sions show either minimal or normal radioactivity. Gil-
day and Ash® suggests that a simple bone cyst is not
“hot” unless it has been traumatized. When a cyst has
been fractured, plain radiographs can be normal and to-
mographic evaluation equivocal, whereas the bone scan
is extremely sensitive in determining whether fracture
has occurred.

Metastatic Bone Disease

Perhaps the greatest contribution of radionuclide bone
imaging is its superiority over conventional radiography
in the detection of bone metastases.**~>! Bone imaging is
considerably more sensitive in detecting early osseous
abnormality than is the radiologic skeletal survey. In

general, the radionuclide examination identifies metas-
tases not visualized by conventional radiography in
more than 30 percent of adults with malignancy.?? Its
sensitivity is greater in children with solid tumors. Gil-
day et al.?” reported 159 children with malignancy and
found that metastases were present in 44, 68 percent
being detected only by the bone scan. When a radionu-
clide bone scan reveals focal abnormal osseous accumu-
lation in a patient with a malignant disease and the
cause is uncertain, percutaneous bone biopsy can be per-
formed.?® The procedure is safe and effective, and a pos-
itive biopsy result for malignancy has major therapeutic
and prognostic implications.

Detection of distant skeletal metastases from a pri-
mary bone tumor significantly alters therapy and conse-
quently a radionuclide skeletal survey is mandatory
(Table 1-2).%*" This is particularly relevant is osteosar-
coma and Ewing’s sarcoma.

McNeil** reported the experience with osteosar-

TABLE 1-2
Bone Scan Demonstration of Metastases
in 1° Bone Tumor
Gilday et al.* Murray’

Osteosarcoma 7119 8/35
Ewing’s sarcoma 2/18 8/20
Chrondrosarcoma 11 0/8
Fibrosarcoma 0/2 1/4

10/30 17167




coma of the Sidney Farber Cancer Institute over a 10-
year period. Two percent of the patients had distant
bone metastases at the time of presentation. This in-
cluded children with multifocal osteosarcoma. The use
of adjuvant chemotherapy since 1971 has also changed
the incidence of bone metastases that develop during
treatment. Before current therapeutic regimens, approx-
imately 75 percent of patients developed pulmonary me-
tastases within the first year of treatment, and 50 per-
cent of these later developed bone metastases. The
development of bone metastases prior to lung metas-
tases was thought to be very rare. Consequently, bone
imaging was used primarily to indicate additional sites
of relapse beyond the lung. Of patients treated with ad-
juvant therapy at the Sidney Farber Cancer Institute
over the past five years, 50 percent had lung metastases,
but 75 percent developed bone metastases. Sixteen per-
cent developed bone metastases in the absence of or be-
fore clinically apparent lung metastases. Approximately
25 percent of all bone lesions were evident by 7 months
after initial presentation, 50 percent by 14 months, and
75 percent by 24 months.?>>" Therefore, careful bone
imaging is essential in following the clinical course of
children with osteosarcoma (Fig. 1-8).

Bone imaging is also necessary in evaluating a child
with Ewing’s sarcoma, which shows bone metastases
more often than osteosarcoma. Approximately 12 per-
cent of patients with Ewing’s sarcoma present with bone
metastases, and not all of these have demonstrable lung
metastases. During follow-up evaluation, approxi-
mately 30 percent will develop bone metastases, half of
them in the absence of or before the development of
lung metastases,> thus making the bone scan a critical
diagnostic tool.

In addition to primary bone tumors, other solid
tumors of children frequently metastasize to bone; these
primary malignancies include neuroblastoma, Wilms’
tumor, rhabdomyosarcoma, thyroid carcinoma, naso-
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pharyngeal lymphoepithelioma, retinoblastoma, and
hepatoblastoma.

Neuroblastoma is one of the most common malig-
nant tumors in children. Staging is critical in manage-
ment because bone metastases specifically indicate a
poor prognosis, especially in children over the age of
one year. Radionuclide bone imaging has proven to be
extremely useful in evaluating this tumor. It detects skel-
etal metastases with greater sensitivity than radiogra-
phic studies and frequently identifies the primary
tumor.®®

Howman-Giles et al.? reviewed the bone scans of
49 patients with neuroblastoma. Forty-one abnormal
bone images were obtained. Seventeen showed tracer ac-
cumulation within the primary tumor. Three of 12 chil-
dren with tumor calcification seen on radiographs failed
to concentrate tracer. Bone metastases were evident in
29 children. In 28, areas of focally increased radioactiv-
ity were seen and 1 had multiple “cold” areas. In 24
children, the metastases were asymmetric. Radiologic
studies were abnormal in only 11 cases. Sty et al.%® re-
ported detecting bone metastases in 7 of 13 children
with bone imaging while the radiographic skeletal sur-
vey documented only 4. The metastatic deposits are
usually disseminated, but typically involve the metaphy-
seal region (Fig. 1-9). Because of the usual location of
metastatic lesions in the metaphysis, extreme caution
must be exercised when viewing this area. Whenever the
growth plate demonstrates change in intensity or blur-
ring, metastatic involvement should be considered.
Some authors have reported significant false negative ra-
dionuclide skeletal surveys.?' They ascribe the scintigra-
phic results to small lesion size, lytic radiographic ap-
pearance, and metaphyseal location. This underscores
the difficulty in detecting small lesions close to the
growth plate.

Sty et al.,®® Spencer,’! and Fawcett and McDou-
gall®? reported photopenic lesions due to metastatic neu-

FIGURE 1-8.

Anterior bone images of hips. Patient
had amputation for osteosarcoma of
distal femur. Note "‘skip”’ metastases
in stump.



