
UCLA
UCLA Previously Published Works

Title
ACR appropriateness criteria on metastatic bone disease.

Permalink
https://escholarship.org/uc/item/81j3m4mm

Journal
Journal of the American College of Radiology : JACR, 7(6)

ISSN
1546-1440

Authors
Roberts, Catherine C
Daffner, Richard H
Weissman, Barbara N
et al.

Publication Date
2010-06-01

DOI
10.1016/j.jacr.2010.02.015
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/81j3m4mm
https://escholarship.org/uc/item/81j3m4mm#author
https://escholarship.org
http://www.cdlib.org/


S

T
t
e
fi

a

b

c

d

e

f

g

h

i

j

k

l

m

n

o

p

4

ACR Appropriateness Criteria® on
Metastatic Bone Disease

Catherine C. Roberts, MDa, Richard H. Daffner, MDb, Barbara N. Weissman, MDc,
Laura Bancroft, MDd, D. Lee Bennett, MDe, Judy S. Blebea, MDf,

Michael A. Bruno, MDg, Ian Blair Fries, MDh,i, Isabelle M. Germano, MDj,k,l,
Langston Holly, MDk,l,m, Jon A. Jacobson, MDn, Jonathan S. Luchs, MDo,

William B. Morrison, MDp, Jeffrey J. Olson, MDk,l,q, William K. Payne, MDi,
Charles S. Resnik, MDr, Mark E. Schweitzer, MDs, Leanne L. Seeger, MDt,
Mihra Taljanovic, MDu, James N. Wise, MDv, Stephen T. Lutz, MD, MSw

Appropriate imaging modalities for screening, staging, and surveillance of patients with suspected and documented
metastatic disease to bone include 99mTc bone scanning, MRI, CT, radiography, and 2-[18F]fluoro-2-deoxyglucose–
PET. Clinical scenarios reviewed include asymptomatic stage 1 breast carcinoma, symptomatic stage 2 breast
carcinoma, abnormal bone scan results with breast carcinoma, pathologic fracture with known metastatic breast
carcinoma, asymptomatic well-differentiated and poorly differentiated prostate carcinoma, vertebral fracture with
history of malignancy, non-small-cell lung carcinoma staging, symptomatic multiple myeloma, osteosarcoma staging
and surveillance, and suspected bone metastasis in a pregnant patient. No single imaging modality is consistently best
for the assessment of metastatic bone disease across all tumor types and clinical situations. In some cases, no imaging
is indicated. The recommendations contained herein are the result of evidence-based consensus by the ACR
Appropriateness Criteria® Expert Panel on Musculoskeletal Radiology.
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UMMARY OF LITERATURE REVIEW

here are several imaging and interventional techniques for
he initial detection and follow-up of metastatic bone dis-
ase: radiography, radionuclide bone scanning, CT, MRI,
ne-needle aspiration, and core-needle biopsy. Newer tech-
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iques include 2-[18F]fluoro-2-deoxyglucose (FDG)–PET,
DG-PET/CT, and whole-body MRI [1-4].
Except for a few limitations, radionuclide bone scan-

ing remains the primary imaging examination used to
etect osseous metastasis. It has been repeatedly shown to
e more sensitive than radiography [5]. Bone scans are
ensitive in detecting osseous abnormalities, but they are
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Roberts et al/Metastatic Bone Disease 401
onspecific. After an abnormality has been detected, it
hould be x-rayed to make sure it does not represent a
enign process such as osteoarthritis, inflammatory ar-
hritis, or fracture [6]. One of the major advantages of
adionuclide bone scanning is that it allows for a total-
ody survey. This is important because approximately
3% of metastatic lesions occur in the appendicular skel-
ton in regions that are usually not included on a skeletal
urvey [7]. Krishnamurthy et al [7] pointed out that most
etastatic skeletal lesions could be asymptomatic and

hat serum alkaline phosphatase level is a poor indicator
f early metastases. Highly aggressive metastases may
how “cold” or photopenic areas on a bone scan. Multi-
le myeloma can frequently show photopenic lesions or
egative bone scan results [8,9]. Bone scans are also in-
ensitive in detecting skeletal lesions due to Langerhans
ell histiocytosis (histiocytosis X), and radiographic sur-
eys are recommended for patients with this disease
10,11]. Diffuse bony metastasis may present with a pat-
ern of intense uniform radionuclide uptake (superscan),
hich can be misinterpreted as negative findings.

Variant 2. Stage 2 carcinoma of the breast; initial p
Radiologic Procedure Rat

99mTc bone scan whole body 9

X-ray spine and hip 9

FDG-PET whole body 5

99mTc bone scan with SPECT hip and spine 1
Myelography and postmyelography CT spine 1
CT hip and spine with or without contrast 1
X-ray radiographic survey whole body 1
MRI hip and spine with or without contrast 1

Variant 1. Stage 1 carcinoma of the breast; initial p
Radiologic Procedure

X-ray radiographic survey whole body
Percutaneous biopsy area of interest
MRI area of interest with or without contrast
99mTc bone scan whole body
Myelography and postmyelography CT spine
FDG-PET whole body

Note: Rating scale: 1 � least appropriate, 9 � most appropriate
relative radiation level.
Note: Rating scale: 1 � least appropriate, 9 � most appropriate. FDG
Solitary sites of increased radionuclide uptake in pa-
ients with known malignancy are a common occur-
ence, and they could pose a diagnostic problem because
f the nonspecific nature of these abnormalities on bone
cintigraphy. On the other hand, Boxer et al [12] re-
orted that approximately 21% of patients with breast
ancer relapsed with solitary bone lesions, most com-
only in the spine. The spine was the most common site

or both solitary and multiple metastases. Tumeh et al
13] reported that solitary rib metastases in cancer pa-
ients are uncommon and that 90% of “hot” rib lesions
n bone scanning are due to benign causes. A solitary
ternal “hot” lesion in a patient with breast carcinoma has
n 80% probability of being due to metastatic disease
14]. When a patient with a known primary tumor de-
elops a solitary lesion on a bone scan, further diagnostic
valuation should be undertaken, starting with radiogra-
hy and, if that is not diagnostic, proceeding to CT,
RI, or even biopsy [15,16]. Some authors advocate

ingle-photon emission CT (SPECT) imaging as an ef-

sentation, with back and hip pain
Comments RRL

To be done first to evaluate for
presence of lesions suspicious
for metastatic disease.

Medium

Radiographs obtained after bone
scan if needed for further lesion
characterization.

Medium

If results of bone scan are negative
and the results of the PET
examination will influence the use
of systemic treatment.

High

Medium
High
Medium
Medium
None

sentation: asymptomatic
Rating Comments RRL

1 Medium
1 NS
1 None
1 Medium
1 High
1 High

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
re
ing
re

. FD
� 2-[18F]fluoro-2-deoxyglucose; RRL � relative radiation level.
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ective method for differentiating malignant from benign
esions in the spine [17].

reast Cancer

n stage 1 breast carcinoma, in which the results of bone
cintigraphy are usually negative, most authorities believe
hat routine baseline and follow-up bone scans are prob-
bly unwarranted because of the very low true-positive
ield [18,19]. The panel does not recommend any imag-
ng studies of the skeleton in asymptomatic patients with
tage 1 carcinoma of the breast when they present ini-
ially (see Variant 1). Bone scanning, FDG-PET [20,21],
nd PET/CT [22,23] have been shown to be useful in the
reoperative staging and postoperative follow-up of
tages 2, 3, and 4 breast carcinoma.

If a patient with stage 2 breast carcinoma presents with
ack and hip pain, the panel recommends radiography of
he back and hip and radionuclide bone scanning (see
ariant 2). Other studies may be needed depending on

he results of radiography and bone scanning. In patients

Variant 3. Breast carcinoma; follow-up bone scan
Radiologic Procedure Rati

X-ray spine “hot” area(s) 9
MRI spine without contrast 9
FDG-PET whole body 5

MRI spine with contrast 1
Myelography and postmyelography CT spine 1
Percutaneous biopsy spine 1
X-ray radiographic survey whole body 1
CT spine with or without contrast 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate
relative radiation level.

Variant 4. Breast carcinoma; 3 “hot” areas in spine
Radiologic Procedure Rati

X-ray spine “hot” area(s) 9
MRI spine without contrast 9
FDG-PET whole body 5

SPECT spine 5

MRI spine with contrast 1
Percutaneous biopsy spine 1
Myelography and postmyelography CT spine 1
CT spine “hot” area with or without contrast 1
X-ray radiographic survey whole body 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate

relative radiation level.
ith known breast carcinoma who are discovered to have
single “hot” area in the spine on bone scanning, the
anel recommends radiography of the “hot” area. If ra-
iographic results are negative, the panel recommends
RI (see Variant 3). For lesion localization and needle

uidance, a CT scan is recommended if a needle biopsy is
arranted. The panel recommends adding SPECT im-

ging if the results of planar radionuclide bone scanning
re equivocal. In patients discovered to have multiple
hot” lesions in the spine, the panel recommends radiog-
aphy of these “hot” lesions; MRI is also recommended if
adiographic results are negative (see Variant 4). A CT
can becomes necessary if a needle biopsy is to be per-
ormed.

For a “hot” lesion of the sternum in a patient with
nown breast carcinoma, the panel recommends radiog-
aphy, followed by MRI, to help in the diagnosis (see
ariant 5). MRI should be performed with the patient
rone to minimize respiratory artifacts, and the use of an
pposed-phase (also referred to as in and out of phase)

eals single “hot” lesion in spine
Comments RRL

Low
If results of radiography are negative. None
If results of the PET examination will

influence the use of systemic
treatment.

High

None
High
NS
Medium
Medium

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �

vealed by bone scan; no back pain
Comments RRL

Low
If results of radiography are negative. None
If results of the PET examination will

influence the use of systemic
treatment.

High

SPECT added to bone scan in
equivocal lesions.

Medium

None
NS
High
Low
Medium

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
rev
ng

. FD
re
ng

. FD
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equence is suggested to best assess for marrow replace-
ent by tumor. Computed tomography is useful for

ocalization if fine-needle aspiration or core biopsy is
equired.

ong Bone Fracture

n a patient with known metastatic carcinoma presenting
ith a pathologic fracture of a long bone on radiography,

he panel recommends a radionuclide bone scan to look
or other metastatic sites in the skeleton (see Variant 6).

rostate Cancer

tudies have shown that for staging and follow-up of
atients with prostate carcinoma, radionuclide bone
cans are not necessary unless the prostate specific antigen
PSA) level is �20 ng/mL or the primary tumor is poorly
ifferentiated [24-27]. For routine staging purposes (no

Variant 5. History of treated breast carcinoma; now
sternum

Radiologic Procedure Rating
CT sternum without contrast 9
MRI sternum without contrast 8

X-ray sternum 5

FDG-PET whole body 5

SPECT sternum 5
X-ray radiographic survey whole body 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate.

Variant 6. Patient with known bone metastatic dise
pathologic fracture of left femur on radiography

Radiologic Procedure Rating
99mTc bone scan whole body 9
FDG-PET whole body 5

SPECT femur 1
X-ray radiographic survey whole body 1
CT femur without contrast 1
MRI femur without contrast 1
X-ray femur 1
Percutaneous biopsy femur 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate

relative radiation level.
one pain), the panel agrees with these studies (see Vari-
nt 7). However, the panel recommends a radionuclide
one scan for patients with prostate-specific antigen lev-
ls not �20 ng/mL or poorly differentiated primary tu-
ors (see Variant 8).

on–small-cell Lung Cancer

n patients with non-small-cell carcinoma of the lung,
one is one of the most common sites for early extratho-
acic spread. Some of these bony metastases are asymp-
omatic. The exclusion of bone metastases is important
n the initial preoperative staging of lung cancer, al-
hough it is not clear from the literature whether bone
cans should be performed routinely or only when clini-
al indicators suggest skeletal metastases [28-30]. The
anel currently recommends a radionuclide bone scan of
he skeleton in patients coming for staging after needle

as single “hot” lesion revealed by bone scan in

Comments RRL
Medium

If patient can tolerate prone imaging.
Use of opposed-phase sequence
helpful to assess for marrow
obliterating process.

None

Difficult area to image with
radiography.

Low

If results of the PET examination will
influence the use of systemic
treatment.

High

Medium
Medium

� 2-[18F]fluoro-2-deoxyglucose; RRL � relative radiation level.

e (carcinoma of the breast); presenting with

Comments RRL
Medium

results of bone scan are negative and
the results of the PET examination
will influence the use of systemic
treatment.

High

Medium
Medium
Low
None
Minimal
NS

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
h

as

If

. FD
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iopsy of lung nodules revealed non-small-cell carcino-
as (see Variant 9). However, in patients with non-

mall-cell carcinoma of the lung who have undergone or
ill be undergoing FDG-PET studies as part of their

nitial workup, radionuclide bone scanning is not neces-
ary [1,2]. The current PET literature has significant
ariability due to differing study quality and imaging
echniques used, but this technique has the potential to
mprove the accuracy of non-small-cell lung carcinoma
umor staging, especially for bone metastases [31].

rimary Bone Tumors

one metastases are very uncommon at initial presenta-
ion in patients with primary malignant bone tumors;
herefore, radionuclide bone scanning is not indicated.
one scanning has been shown not to be useful in differ-
ntiating between benign and malignant lesions or in
efining the local extent of a malignant tumor reliably
32,33]. Osteosarcoma is probably the only exception;
lthough the yield of imaging for metastases at the time
f diagnosis is small, the presence of an occasional me-
astasis could substantially affect the treatment of the
atient [34,35]. The panel concurs with these reports,
nd it recommends radionuclide bone scanning for pa-
ients with osteosarcoma at presentation for staging (see
ariant 10). In patients with osteosarcoma who have

eceived adjuvant chemotherapy, 16% may develop
symptomatic osseous metastasis before lung metastasis;
herefore, some authors suggest bone scans for routine

Variant 8. Prostate nodule on physical examination
prostate-specific antigen � 20 mg/mL; patient asym

Radiologic Procedure
99mTc bone scan whole body
CT area of interest without contrast
X-ray radiographic survey whole body
MRI area of interest without contrast
FDG-PET whole body

Note: Rating scale: 1 � least appropriate, 9 � most appropriate

Variant 7. Prostate nodule on physical examination
differentiated carcinoma and prostate-specific antig

Radiologic Procedure
MRI area of interest without contrast
CT area of interest without contrast
X-ray radiographic survey whole body
99mTc bone scan whole body
FDG-PET whole body

Note: Rating scale: 1 � least appropriate, 9 � most appropriate
relative radiation level.
relative radiation level.
ollow-up [34,35]. The panel concurs with these re-
orts, and it recommends radionuclide bone scanning
or patients with osteosarcoma at follow-up and after
umor resection with clear margins and chemotherapy
see Variant 11). FDG-PET has not been proven to
eplace chest CT and bone scanning as a staging mo-
ality for osteosarcoma [36].

ther Cancers

n patients with cancers that rarely metastasize to bone—
uch as cervical, endometrial, bladder, and gastrointesti-
al tract tumors—baseline scans are obtained only when
he disease is advanced [37]. There is no consensus in the
iterature about the timing of follow-up scans in asymp-
omatic patients. Some authors have suggested bone
cans every 6 months for 1 year and then every 2 years. In
linical practice, most medical and radiation oncologists
equest follow-up bone scans only (1) in asymptomatic
atients with evidence of progressive disease (ie, rising
arcinoembryonic antigen or alkaline phosphatase val-
es), (2) for restaging the disease in patients with local
ecurrence, and (3) in patients with symptoms that are
otentially of osseous origin [37].
Radiography is frequently used to screen for metastatic

ites in multiple myeloma and Langerhans cell histiocy-
osis (histiocytosis X), but generally it is considered in-
ensitive to screen for asymptomatic metastases [8-11].
n patients with multiple myeloma who present with
cute low-back pain, the panel recommends radiography

oven to be a poorly differentiated carcinoma or
omatic
ting Comments RRL
9 Medium
1 NS
1 Medium
1 None
1 High

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �

oven to be a well-differentiated or moderately
level � 20 mg/mL; patient asymptomatic
ting Comments RRL
1 None
1 NS
1 Medium
1 Medium
1 High

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
pr
pt

Ra

. FD
pr
en
Ra

. FD
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f the lumbosacral spine or bone survey if the interval
ince the last bone survey is long (see Variant 12). Mag-
etic resonance imaging is useful in patients with neuro-

ogic findings or to better characterize the bone marrow.
he panel believes that the only time when radionuclide
one scanning (with or without SPECT) would be
eeded in cases of multiple myeloma is when 89Sr treat-
ent is being considered.

ertebral Column

he vertebral column deserves special consideration. It is
he most common site of skeletal metastasis, and cord
ompression from metastasis is among the most dreaded
omplications of cancer [12]. Magnetic resonance imag-
ng has proven advantages over all other imaging modal-
ties, including myelography and CT myelography
6,16] (see Variant 13). One limitation of MRI has been
ts inability to consistently differentiate an acute trau-

atic or acute osteopenic compression fracture from a
athologic fracture. The use of diffusion-weighted MRI
as been shown to be effective in differentiating benign

Variant 9. 1-cm lung nodule; non–small-cell at nee
Radiologic Procedure Rating

FDG-PET whole body 9
99mTc bone scan whole body 9

MRI chest without contrast 1
X-ray radiographic survey whole body 1
CT chest without contrast 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate.

Variant 10. Young patient with osteosarcoma of lon
normal; looking for bone metastases

Radiologic Procedure Rating
99mTc bone scan whole body 9
MRI area of interest with or without

contrast
9

FDG-PET whole body 5

99mTc bone scan with SPECT area of
interest

1

CT area of interest without contrast 1
X-ray radiographic survey whole body 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate

relative radiation level.
steopenic vertebral collapse from malignant collapse,
ut the efficacy of this technique is still controversial, and
t has not gained widespread use [38-42]. The role of
DG-PET and FDG-PET/CT has been assessed in met-
static disease of the spine. In patients with lung cancer,
tudies have shown that FDG-PET has better specificity
han bone scans using 99mTc methylene diphosphonate
racer but similar sensitivity for detecting osseous meta-
tatic disease [1,2]. Additionally, FDG-PET/CT has bet-
er specificity for detecting metastatic involvement of the
pine than FDG-PET. FDG-PET/CT allows precise lo-
alization of bone lesions and associated soft-tissue in-
olvement with potential neurologic significance [4].

As MRI sequences continue to become faster, there is
merging evidence showing that whole-body MRI is fea-
ible and that it can replace bone scintigraphy for detect-
ng metastatic bone disease. Proponents of this technique
ndicate that whole-body MRI is more sensitive and

ore specific than bone scintigraphy or PET [43,44]. In
ddition to bone metastases, whole-body MRI can dem-
nstrate silent metastases in the brain, lungs, and liver

biopsy; now presenting for staging and resection
Comments RRL

High
Not needed if PET imaging performed

for initial nodule workup.
Medium

None
Medium
Medium

� 2-[18F]fluoro-2-deoxyglucose; RRL � relative radiation level.

bone presenting for staging; results of chest CT

Comments RRL
Medium

MRI of surrounding region to evaluate
for small skip metastases. See
statement regarding contrast in text
under “Anticipated Exceptions.”

None

If results of bone scan are negative
and MRI is equivocal, and if results
of the PET examination will
influence the use of systemic
treatment.

High

SPECT added to nuclear medicine in
equivocal lesions.

Medium

NS
Medium

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
dle
g

. FD
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45]. Whole-body MRI is also comparable in cost to
one scintigraphy [46]. No ionizing radiation is involved
ith whole-body MRI, making it especially suited for
regnant patients with suspected bony metastasis [3] (see
ariant 14).
Depending on whether the lesion is lytic, blastic, or

ssociated with a soft-tissue mass, fine-needle aspira-
ion or core biopsy can be used to arrive at a definitive
iagnosis in patients suspected of having metastasis of
nown or unknown origin. Needle biopsy is also help-
ul in suspected tumor recurrence and to differentiate
etastasis from osteonecrosis in previously irradiated

one [47-50].

UMMARY

Radionuclide bone scanning is the most widely used
primary imaging examination for detecting osseous
metastasis.
After an abnormality has been detected, radiographs
should be obtained to make sure the abnormality does
not represent a benign process.
If radiography is not diagnostic, additional lesion
workup with MRI, CT, SPECT, or FDG-PET/CT is

Variant 11. Osteosarcoma, resected clear margins;
after treatment to rule out bone metastases

Radiologic Procedure
99mTc bone scan whole body
CT area of interest with or without contrast
X-ray radiographic survey whole body
MRI area of interest with or without contrast
99mTc bone scan with SPECT area of interest
FDG-PET whole body

Note: Rating scale: 1 � least appropriate, 9 � most appropriate
relative radiation level.

Variant 12. Patient with multiple myeloma presentin
Radiologic Procedure Rating

X-ray lumbar spine 9
MRI lumbar spine without contrast 8

X-ray radiographic survey whole body 2

99mTc bone scan whole body 1
CT lumbar spine without contrast 1
MRI lumbar spine with contrast 1
FDG-PET whole body 1
Note: Rating scale: 1 � least appropriate, 9 � most appropriate. FDG
highly variable and should be based on the clinical
situation and lesion location.

NTICIPATED EXCEPTIONS

ephrogenic systemic fibrosis is a disorder with a sclero-
erma-like presentation and a spectrum of manifesta-
ions that can range from limited clinical sequelae to
atality. It seems to be related to both underlying severe
enal dysfunction and the administration of gadolinium-
ased contrast agents. It has occurred primarily in pa-
ients on dialysis, rarely in patients with very limited
lomerular filtration rates (ie, �30 mL/min/1.73 m2),
nd almost never in other patients. There is growing
iterature regarding nephrogenic systemic fibrosis. Al-
hough some controversy and lack of clarity remain,
here is a consensus that it is advisable to avoid all gado-
inium-based contrast agents in dialysis-dependent pa-
ients unless the possible benefits clearly outweigh the
isk and to limit the type and amount in patients with
stimated glomerular filtration rates �30 mL/min/
.73 m2. For more information, please see the ACR’s
anual on Contrast Media [51].

emotherapy, asymptomatic; 6-month follow-up

Rating Comments RRL
9 Medium
1 NS
1 Medium
1 None
1 Medium
1 High

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �

with acute low back pain
Comments RRL

Medium
Important if neurologic symptoms are

present. Better defines lesion
characteristics and adjacent
marrow.

None

If long interval since last bone
survey.

Medium

Medium
Medium
None
High
ch

. FD
g

� 2-[18F]fluoro-2-deoxyglucose; RRL � relative radiation level.
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ELATIVE RADIATION LEVEL
NFORMATION

otential adverse health effects associated with radia-
ion exposure are an important factor to consider
hen selecting the appropriate imaging procedure.
ecause there is a wide range of radiation exposures
ssociated with different diagnostic procedures, a rel-
tive radiation level indication has been included for
ach imaging examination. The relative radiation lev-
ls are based on effective dose, which is a radiation
ose quantity that is used to estimate population total
adiation risk associated with an imaging procedure
Table 1). Additional information regarding radiation
ose assessment for imaging examinations can be
ound in ACR Appropriateness Criteria®: Radiation
ose Assessment Introduction [52].
Disclaimer: The ACR Committee on Appropriateness

riteria® and its expert panels have developed criteria for
etermining appropriate imaging examinations for the

Variant 13. Patient with known malignancy, with ba
radiography; otherwise healthy

Radiologic Procedure R
MRI spine without contrast

99mTc bone scan whole body with SPECT spine
FDG-PET whole body

MRI spine with contrast
CT spine without contrast
Percutaneous biopsy spine
X-ray radiographic survey whole body

Note: Rating scale: 1 � least appropriate, 9 � most appropriate
relative radiation level.

Variant 14. Woman, 8 weeks pregnant, with known
patient wants to continue with the pregnancy

Radiologic Procedure Rating
MRI whole body without contrast 9

X-ray area of interest 9

CT area of interest without contrast 2

99mTc bone scan whole body 2
X-ray radiographic survey whole body 1
FDG-PET whole body 1

Note: Rating scale: 1 � least appropriate, 9 � most appropriate

relative radiation level.
iagnosis and treatment of specified medical conditions.
hese criteria are intended to guide radiologists, radia-

ion oncologists, and referring physicians in making de-
isions regarding radiologic imaging and treatment. Gen-
rally, the complexity and severity of a patient’s clinical
ondition should dictate the selection of appropriate im-
ging procedures or treatments. Only those examinations
enerally used for the evaluation of a patient’s condition
re ranked. Other imaging studies necessary to evaluate
ther coexistent diseases or other medical consequences of
his condition are not considered in this document. The
vailability of equipment or personnel may influence the
election of appropriate imaging procedures or treat-
ents. Imaging techniques classified as investigational by

he US Food and Drug Administration have not been
onsidered in developing these criteria, but the study of
ew equipment and applications should be encouraged.
he ultimate decision regarding the appropriateness of
ny specific radiologic examination or treatment must be

pain and partially collapsed vertebra on

ing Comments RRL
To differentiate osteoporotic

collapse from destructive lesion.
None

To detect additional lesions. Medium
If results of bone scan are negative

and the results of the PET
examination will influence the use
of systemic treatment.

High

None
Medium
NS
Medium

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �

rimary, now suspected of having bone metastasis;

Comments RRL
Should be done first due to lack of

ionizing radiation.
None

With appropriate shielding. Helpful to
evaluate risk of pathologic fracture.

NS

If involving an extremity. With
appropriate shielding.

NS

Medium
Medium
High

G � 2-[18F]fluoro-2-deoxyglucose; NS � not specified; RRL �
ck
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ade by the referring physician and radiologist in light of
ll the circumstances presented in an individual exami-
ation.
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