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SELF-STUDY TEST
Skeletal Nuclear Medicine
Questions are taken from the Nuclear Medicine Self-Study Program |,
published by The Society of Nuclear Medicine
DIRECTIONS

The following items consist of a question or incomplete statement followed by five lettered answers or completions.

Select the one lettered answer or completion that is best in each case. Answers may be found on page 747.

1. The “flare” phenomenon in bone scintigraphy refers to 3. A bone mineral measurement on the lumbar spine of a

which one of the following? middie-aged woman was performed by dual-photon ab-
. . . . . sorptiometry. Areal density was 0.75 gicm2. This value is
A. Anincrease in uptake in healing metastases following below the fracture threshold of 0.98 gicm? and below the
therapy . . second percentile of the normal range, based on age;
B. The extended pattern seen with primary bone tumors. race; and sex-matched controls. The bone mineral image
C. The flame-like edge seen in long-bone lesions of from which the quoted results were obtained is shown in
Paget's d'lsgase. " . : Figure 1. Which one of the following statements regarding
D. The persisting minimal uptake seen in regressing the interpretation of the bone mineral measurements in
metastases. , , ‘ this patient is correct?

E. The calvarial flame seen in the skull on oblique views. _ o

A. Thebone mineralimage shows evidence for significant
L . degenerative disease.

2. Which one of the following mechanisms is most important B. The tracing shows some bone mineral in the location
in causing locally increased uptake of a bone-seeking of the transverse processes. Thisinvalidates the results
radiopharmaceutical in an osseous lesion? and a radial bone mineral measurement should be

used, instead, for evaluation of this patient.
A. Increased blood flow Nearly all women with a bone mineral value of 0.75
B. Increased compact bone mass ‘ glcm? have one or more compression fractures.
C. The presence of excessive organic matrix The bone mineral measurement is likely to be of no
D. Increased local alkaline phosphatase activity clinical significance in this patient.
E. |Increased surface area of hydroxyapatite crystals per E. The bone mineral image shows uniform bone mineral
unit volume of bone distribution in the lumbar spine.
R ] L
]
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Figure 1 (continued on page 683)
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(continued from page 642)

SELF-STUDY TEST

4. This 66-yr-old man with known chronic lymphocytic
leukemia has pain in his left thigh and low-grade fever.
You are shown an anterior image from a 9%mTc MDP bone
scan (Fig. 2) and anterior and left lateral images obtain-
ed with €Ga citrate (Fig. 3.) Which one of the following
is the best explanation for the focal abnormality (arrow)
in the left femur?

5. This 58-yr-old woman has had pain and swelling of the
right hand for several weeks. You are shown images from
three-phase skeletal scintigraphy with #mTc MDP (Fig.
4). Which one of the following is the most likely diagnosis?

Rheumatoid arthritis

Calcium pyrophosphate dihydrate (CPPD) crystal
deposition disease

Reflex sympathetic dystrophy syndrome

Cellulitis

A. Acute osteomyelitis
B. Acute infarct

C. Chronic infarct

D. Leukemic infiltration
E. Metastatic carcinoma

moo wm»

Post-traumatic arteriovenous fistula

6. Which one of the following is the /east likely scintigraphic
finding expected with a 1-wk-old, uncomplicated fracture?

A.

-
MDP
R
R Ant L
Figure 2 A
Figure 4
§
i

Increased perfusion at the fracture site on radionuclide
angiography with 98mTc MDP.

Increased ‘‘blood-pool’ activity at the fracture site on
an immediate image with #8mTc MDP.

Increased concentration of 99mTc MDP at the fracture
site on a 3-hr delayed image.

Increased uptake of 67Ga citrate at the fracture site.

Increased uptake of 111In-labeled leukocytes at the frac-
ture site.

&

—

Lat

Figure 3
(continued on page 747)
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SELF-STUDY TEST

ITEM 1: “‘Flare’’ Phenomenon

ANSWER: A

The term "‘flare phenomenon’’ was originally used by Gillespie et al. to
describe the increase in activity seen on 8’mSr bone scans during treat-
ment of patients with metastatic disease who were responding to chemo-
therapy. This phenomenon was further characterized by Rossleigh et
al. in patients undergoing #@mTc MDP bone scintigraphy for evaluation
of therapy for breast cancer metastases. They defined the ‘‘flare
response’’ as: (1) an increase in tracer uptake or in the apparent size
of known metastatic lesions and/or the appearance of new lesions within
6 mo of commencing therapy, in the absence of increasing bone pain
(in practice, however, pain occurs in some patients responding to therapy);
and (2) subsequent decreased uptake in these lesions, without a change
in therapy, on repeat scintigraphy within 2-3 mo. In this series, ten pa-
tients showed a healing ‘‘flare response’’ 6 wk to 6 mo after therapy.
Five of the ten patients showed increased uptake in previously
demonstrated lesions. In the other five patients, new lesions were iden-
tified that previously were undetected. In all of the patients, therapy was
not altered during the course of the serial studies, there was a reduction
in bone pain or objective tumor responses in other sites, and later follow-
up studies showed decreased uptake in the known lesions. In only one
of the patients was a radiographic change (sclerosis of a lytic lesion) seen
in association with the healing flare. The *‘flare phenomenon’ has been
seen in patients with prostate carcinoma and other tumors, as well. It
also may occur locally in regions undergoing irradiation for metastatic
disease. The likelihood of observing the ‘‘flare phenomenon’ depends
on the type of tumor, the type of therapy, the interval after onset of treat-
ment, and the frequency of bone scintigraphy.

The “'extended pattern’ seen with primary bone tumors in long bones
is not related to the ‘“‘flare phenomenon.” Patients with primary bone
tumors may show increased activity in adjacent joints or along the en-
tire extremity. This increase in activity is usually mild to moderate in de-
gree and is thought to be due either to generalized increased blood flow
to the extremity or to a change in the patient's gait. The *‘extended pat-
tern" is one reason that bone scintigraphy may overestimate the extent
of osseous involvement by a primary bone tumor. Similar ‘‘extended"”’
findings also occur with inflammatory lesions of the long bones.

When Paget's disease involves long bones, the process may involve
the entire bone or it may extend from one end of the bone for a variable
length into the diaphysis. Radiographically, the leading edge of the lytic
phase of Paget's disease in along bone has been described as a *‘flame-
like" rarefaction. This also has been characterized as a ‘‘blade of grass”
appearance.

The persisting minimal uptake seen in regressing metastases is not
the "'flare phenomenon.”” This uptake likely reflects continued remodel-
ing of bone after the local tumor deposit has been reduced or eradicated.

On obligue scintigrams of the skull, an area of increased activity in
the anterior temporoparietal region is occasionally seen. This has been
called a calvarial flame and probably is due to the increased bone
thickness of the lateral orbital ridge or the pterion viewed on end in this
projection.

Portal Circulation of Budd-Chiari Syndrome ¢ Shiomi et al
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ITEM 2: Mechanisms of Radiopharmaceutical Uptake in Osseous
Lesions

ANSWER: E

Bone-seeking radiopharmaceuticals are accumulated in greater degree
at skeletal sites where there is increased blood flow (thus exposing that
bone to more tracer for chemisorption over any given time), and also
in sites of new bone formations where there is an increase in the surface
area of hydroxyapatite crystals per unit volume of bone. Newly forming
hydroxyapatite crystals are of smaller size than mature crystals and pro-
vide a relatively greater surface area for chemisorption of the tracer.
Although both increased blood flow and new bone formation (with asso-
ciated increase in crystal surface area) are important, several studies
have shown that the magnitude of the change in blood flow is insuffi-
cient to account for the substantially increased tracer accumulation in
epiphyseal plates, metastatic lesions, and healing fractures.

A large mass of compact bone with normal blood flow and hydrox-
yapatite deposition will not necessarily have increased uptake; eg., bone
islands are not usually noticeably “*hot* by scintigraphy.

The organic matrix has rather low affinity for the ##mTc diphosphonate
agents when compared with hydroxyapatite crystals. There is little ex-
perimental evidence that alkaline phosphatase activity bears a relation-
ship to the localization of bone-seeking radiopharmaceuticals.
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ITEM 3: Interpretation of Lumbar Bone Mineral Measurements
ANSWER: E

When significant degenerative hypertrophic changes are present, or
when markedly calcified plaques in the aorta overlie the spine, the
measured bone mineral does not accurately reflect bone density in the
vertebrae alone and cannot be used to draw diagnostic conclusions
regarding bone mass or fracture risk. Other conditions interfering with
measurement of spinal bone mass are listed in Table |. Most of the time,
these can be identified from the spinal radiographs obtained before the
test. Occasionally, however, these problems first become apparent when
the bone mineral image is being reviewed.

The tracing depicted in Figure 1 is of good quality and shows no
evidence of degenerative disease, spinal deformity, artifacts, or technical
problems. There is a uniform distribution of bone mineral in this patient's
lumbar spine.

Although the bone mineral images occasionally show bone mineral
in the region of the transverse processes on some types of instruments,
the processing algorithm eliminates these areas. Further, a manual over-
ride is available to allow checking and correcting of the edges if necessary.
The image can be displayed with the edges identified for final assess-
ment. In this patient, this would not be necessary.

Less than half of all women with bone mineral values of 0.75 glcm?
have a spinal compression fracture (Table 2). This statistic stresses the
distinction between the assessment of fracture risk by bone mineral
measurements and the diagnosis of fracture or other irreversible changes
by radiography.

Bone mineral assessment is the only nontraumatic test that can be
used to measure bone mass in patients at high risk of bone loss prior
to the occurrence of irreversible changes. Also, in patients with com-
pression fractures, the amount of bone mass actually present and the
risk for further fractures can be assessed only by bone mineral meas-
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TABLE 1
False Results in Bone Mineral Measurements

Conditions resulting in falsely
high bone mineral
Marked aortic calcification
Hypertrophic degenerative
joint and disc disease
Bone grafts
Lipiodol in the spinal canal
Calcium-containing tablets in
the gastrointestinal tract

Conditions resulting in
falsely high or low bone
mineral
Compression fractures and
other post traumatic
changes
Marked scoliosis and other
spinal deformities
Focal vertebral lesions (lytic

Conditions resulting in faisely or sclerotic)

low bone mineral
Laminectomy

[Table 1 adapted from Freeman LM, Weissmann HS, eds, Nuclear
Medicine Annual 1986. Raven Press, 1986:195-226.]

TABLE 2
Relationship Between Bone Mineral and Fracture Risk
in Normal Women from Minnesota

Proximal femoral
fracture incidence per

Bone mineral
in spine or Prevalence of L1-L4 1000 person-years
femur (g/cm2)  vertebral fractures (%) Neck  Trochanter
>1.40 0 0 0
1.20-1.39 0.1 0 0
1.00-1.19 6.8 0.2 0.1
0.80-0.99 26.1 2.0 0.8
0.60-0.79 47.5 6.5 5.3
<0.60 48.8 8.8 17.6

[Table 2 adapted from Wahner HW. Single- and dual-photon absorp-
tiometry in osteoporosis and osteomalacia. Semin Nuc/ Med
1987;17:305-315.]

(continued on page 776)
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bilities suitable for imaging '*'I therapy patients using
absorber sheets. Nonetheless, it is important that any
gamma camera system proposed for use in imaging ther-
apeutic levels of "'l be carefully evaluated to determine
its count-rate limitations.

The requirement of reducing camera count rates with
absorber sheets has prevented us from performing SPECT
imaging of therapeutic doses. Although not impossible,
SPECT imaging could be cumbersome with the technique
we have outlined because the camera system must be able
to accurately rotate the additional weight. Other engineer-
ing problems include designing a safe method of attaching
Pb sheets weighing from 30 to 50 pounds to the front face
of the collimator.

There are well known limitations to planar imaging
methods of estimating in vivo radiotracer concentrations
(13,14). However, for relative comparison of radiotracer
concentrations in multiple studies of the same subject,
planar imaging can be precise (/4). A comparison of the
biodistribution of trace and therapeutic levels of '*'I-la-
beled monoclonal antibodies can be accomplished in this
manner. The use of this therapeutic imaging technique
will enable us to increase our understanding of radioim-
munotherapy dosimetry and patient response to treat-
ment.
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urements. In this patient, a rather unexpectedly low bone mass was found
that warrants consideration of an aggressive treatment plan. Other
metabolic bone diseases need to be excluded in this patient.
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ITEM 4: Acute Infarct of Bone

ANSWER: B

The images illustrate typical findings of acute infarction of the left femoral
diaphysis in this 66-yr-old man. The scintigraphic studies were ordered
to determine whether infection was the cause of bone pain and
tenderness. The finding of decreased activity with both 9mTc and 67Ga
virtually excludes the possibility of infection. On bone scintigraphy alone,
however, early acute osteomyelitis occasionally appears as a photon-
deficient lesion because of interruption of the blood supply to the infected
bone.

Chronic infarction and metastatic carcinoma generally are associated
with enhanced #8mTc MDP uptake. The uptake of 67Ga in a region of
chronic infarction is variable, but will be less than that seen with 98mTc
MDP. Depending on the specific carcinoma, 8’Ga uptake in a metastasis
that was photon-deficient on bone scintigraphy would likely be increas-
ed because of gallium accumulation in the tumor tissue. Bone scin-
tigraphy in uncomplicated leukemia (particularly chronic leukemia) is nor-
mal, but increased activity may be seen if there is cellular packing of
the medullary cavity. In children with acute leukemia, focal metaphyseal
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lesions resembling metastases may be seen. Also, in acute leukemia,
67Ga scintigraphy often shows a generalized increase in skeletal ac-
cumulation of tracer, but the appearance is more often normal with chronic
leukemias.
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ITEM 3: Reflex Sympathetic Dystrophy Syndrome
ANSWER: C
The three-phase scintigraphic study in Figure 4 demonstrates marked
diffuse hyperperfusion and hyperemia of the right hand and wrist. There
is moderate diffusely increased activity on the delayed image with periar-
ticular accentuation. These findings are characteristic of the reflex sympa-
thetic dystrophy syndrome (Sudek'’s atrophy). Among the listed options,
cellulitis is the most difficult to exclude. The hyperperfusion and hyperemia
would be typical findings with cellulitis but, in general, the delayed im-
ages will show only a mildly diffuse increase in tracer accumulation in
the subjacent bone or bones. The presence of symptoms for several
weeks also would be atypical for cellulitis; affected patients usually seek
medical attention sooner than this.

It would be most unusual for acute rheumatoid synovitis to involve all

(continued on page 818)
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SELF-STUDY TEST ANSWERS

the joints of one hand and wrist, while sparing the opposite hand. Fur-
thermore, the blood-pool image will demonstrate selectively greater
hyperemia in the joint synovia, which is not seen in this patient.

Pseudogout or CPPD crystal deposition disease is predominantly an
ailment of the large joints, such as the knee, usually afflicting one joint
initially and rarely the interphalangeal joints. Blood-pool imaging will
demonstrate the inflamed synovial vasculature, as in rheumatoid arthritis.

An arteriovenous fistula will lead to short-circuiting of the blood supp-
ly to the tissues distal to it, and would not cause the scintigraphic fin-
dings seen in this patient. The diffuse hyperperfusion and hyperemia
of the entire hand is inconsistent with this diagnosis.
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ITEM 6: Scintigraphic Findings with Recent Fractures

ANSWER: E

Significant accumulation of 111In leukocytes at the site of a healing frac-
ture does not occur unless there is a complicating osteomyelitis. Mildly
increased uptake of 11'in leukocytes has been reported to occur in
association with callus formation or adjacent myositis ossificans. On bone
scintigraphy, hyperperfusion, hyperemia, and marked uptake of #mTc
MDP on delayed images are typical with recent fracture. The accumula-
tion of 67Ga at new fracture sites is usually increased as well. The relative
uptake of 67Ga in the lesion can be as great as that of 99mTc MDP, and
either congruent in distribution or less extensive. This seems to be a func-
tion of the amount of callus laid down.
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