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FlG. 1 .'! Nonattenuated corrected maximum intensity
projection image from an FDG PET scan. Arrow points at
the liver surface, which appears to have more photon counts
than the deeper portions of the liver.

FlG" I .2 Attenuated corrected maximum intensity projec-
tion image from the same FDG PET scan as Fig. 1.1.
Arrow points at the liver surface, which after attenuation
correction appears to have the same photon counts as the
deeper porlions of the liver.

positron annihilation. In general, the attenuation
corrected image is much easier to interpret. How
does a PET-only camera correct for attenuation? A
PET-only camera uses a transmission positron source.
Thus both PET-only and PET/CT cameras can effec-
tively correct for attenuation. Howevel, the CT scan
takes only seconds to acquire on a PET/CI, but the
transmission data may take 30 minutes to acquire

FlG. 1 .3 Axial FDG PET through the pelvis in a patient
with breast cancer. There is an FDG focus in the right pelvis
(arrow). The midline FDG avidity is urine in the bladder.

on a PET-only camera. Thus the use of hybrid PET/
CT allows much faster patient throughput than a
PET-only camera.

Second, the CT component of a PET/CT allows
for lesion localization. Sometimes it is difficult to
determine where a PET focus is in the body (Fig.
1.3). Fig. 1.3 depicts a patient with breast cancer.
There is an FDG focus in the right pelvis. What this
FDG focus represents depends on where this focus
is. If it is within a bone, then it is suspicious for an
osseous metastasis. However, if it is outside the bone
in a muscle, then it is probably physiologic muscle
and is benign. The ability to fuse the FDG pET and
CT images (Fig. t.a) allows for localization of the
FDG focus to the bone, and thus the FDG focus is
suspicious for osseous metastasis. This biopsy was
proven to be an osseous metastasis.

Third, the CT component of a PET/CT helps with
lesion characterization. The corresponding findings
on the CT of a PET/CT can help determine what an
FDG focus represents (Fig. 1.5). In Fig. 1.5, a patient
with lymphoma has an FDG-avid focus in the right
inguinal region, which at first glance is suspicious
for an FDG-avid lymph node. However, look at the
corresponding CT image. The lesion is lower in
attenuation than expected for a lymphoma node.
The Hounsfield units of this lesion are 0, equal to
water. This CT finding would be unusual for a
ll.rnphoma node and thus prompts further investiga-
tion. The same patient in sagittal projection is shown
in Fig. 1.6. On the sagittal PET image, there is again
an FDG focus in the right inguinal region; however,
on the sagittal CT image the bladder can be seen to
be herniating through an inguinal hemia. The FDG
focus in the right inguinal region is due to is a benign
bladder hernia, rather than nodal ly.rnphoma. This

+
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explains the Hounsfield units of 0 on CT. The FDG
"lesion" is actually only urine within a herniated
bladder. The CT component of the PET/CT was
instrumental in characterizing the PET finding and
preventing misdiagnosis.

Given the advantages for (1) rapid attenuation correc-
tion, (2) lesion localization, and (3) lesion charac::eiza-
tion, almost all PET scans are performed as hybrid PET/
CT scans. Thus this book focuses on hybrid PET/CT.

In summary the vast majority of PET scans currently
performed are hybrid FDG PET/CT for oncology, and
thus the majority of this book focuses on these examina-
tions. This content will cover organ system by organ
system throughout the body, emphasizing how to
integrate FDG PET and CT findings to arrive at the best
interpretation of FDG PET/CT studies. My goal is to
provide you with an organized, systematic approach to
reading oncologic FDG PET/CT.

CHAPT

FDG
and
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Sffi#?$#ru I lntroduction and Fundamentals

1. Avoid exercise stading the day before the FDG
PETICT.

2. No food or liquids other than water stading at least
4 hours before the FDG PET/CT.

3. Hydration with a liter of water in the hours before
FDG administration.

4. Keep patient warm starting before FDG
administration.

5. Measure blood glucose level before FDG
administration.

6. Administer FDG intravenously while patient sits or
lies comfortably and quietly.

7. Patient should void before being placed on PET/CT
scanner.

8. Position patient comfodably on scanner for the
relatively long image acquisition. lmaging begins
about 60 minutes following FDG administration.

REPORTING FDG PET/CT E MINATIONS
Structured Reports
There are multiple methods to report an oncologic FDG
PET/CT examination. The report is often challenging given

the large field of view of oncologic FDG PEI/CT scans,

often extending from the mid-skull to the mid-thigh, as

well as the importance of both FDG PET and CT findings.
Presented here is al example of structured PEI/CT report-
ing. The organ system-based outline takes a little while
to get used to, but many oncologists and surgeons who

A. Patients should fast a minimum of 4 hours before
FDG administration

B. Measured serum glucose should be <200 mg/dl.
C. Patients may be on oral hypoglycemic mediations,

but not insulin

D. PET scan should be obtained 50-70 minutes after
FDG administration, and uptake time on follow-up
scans should be within 15 minutes of the baseline
scan

E. Scans should be pedormed on well-calibrated and
well-maintained scanners

F. Scans for the same patient should be obtained on
the same scanner

G. Scans should be performed with the same
administered FDG dose (t20%)

H. Same method of performed and reconstructing the
scans should be used

order PET/CT examinations flnd it useful. If a physician
is interested in an analysis of a specific organ, he or she
knows exactly where in the report to look. This saves a
Iot of time for physicians reading the reports. And it ends
up saving radiologists a lot of time, too. When dictating a

follow-up study, the radiologist can more easily find what
he or she needs from the prior report. Again, practitioners
not used to a struchrred report may struggle with it initially,
but many who use it come to see its advantages and adapt
it for their own purposes. An example of a structured
report is demonstrated in Box 2.4.

A few components to notice in the structured FDG
PET/CT report:

1. Contrast. Oral and intravenous contrast agents are
not required, but often very helpful for interpretation
of FDG PE'I/CL Most of our FDG PET/CI examina-
tions are performed with low-dose CT component
(40-100 mA depending on patient size 120 kV) with
oral contrast (e.9., Omnipaque 300, 30 mL mixed into
1000 mL of water or other sugar-free aqueous diluent)
but not intravenous (IV) contrast. A few exceptions:
a. Pediatric patients (<18 years) are usually not given

oral contrast.
b. When the referring physician orders both an FDG

PET/CT and a contrast enhanced CI, the two
examinations are combined into one, with a full
dose CT scan (variable mA up 400 depending on
patient size, l2O kV) performed with both oral
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A. Biologic factors

1. Patient weight

2. Blood glucose level

3. lnsulin

4. FDG uptake time

5. Lesion size (padial volume effects, see
Chapter 23)

B. Technical factors

1. Variability in different scanners

2. Variation in calibration of scanners

3. Variability in reconstruction methods

4. Motion

BOX 2.1BOX 2.1
Basic Preparation and Performance of FDG
PET/CT

6

BOX 2"3
Guidelines for Performing FDG PET/CT to
Minimize Variability Between Scans

Bo)( 2-4
Standard 1{

Structured I
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FIG" 2.1 Axial FDG PET, CT, and Fused FDG PET/CT of a Patient with Treated Gervical Cancer. The
FDG-avid subcentimeter soft tissue nodule in the right pelvis (arrow) is new from prior imaging, and thus
"suspicious" for metastasis in the MSKCC Lexicon of Diagnostic Certainty. On follow-up this lesion grew
and was then biopsy-proven to be a metastasis.
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cancer is suspicious for a metastasis." This is probably
more helpful than a descriptive sentence such as "FDG-
avid small soft tissue nodule in the pelvis," which leaves

it up to the person reading the report to determine what
it is. Using a system to conveyyour level ofconfidence
helps the person reading your report, and encourages
you to take a stand for what a finding represents. In this
case, the follow-up scan demonstrated growth of the
nodule and pathology and then confirmed it was a

metastasis.

PET Findings Versus CT Findings
A potential pitfall in PET/CT reports is not being clear
about whether you are referring to the PET or the CT.

A PET/CI report may say, "Unchanged lymph node with
increased FDC avidity." This is a contradiction. Is the
lyrnph node unchanged or is there inoeased FDG avidity?
What the radiologist meant to say was, "Unchanged size
of a lymph node with increased FDG avidity."

Reference Lesions
There are often many PET and CT findings to describe
in an FDG PET/CT report. This can lead to reports that
are overly long and less focused in the important issues.

One potential way to clarifu reports is to use a topic
sentence and examples. Compare the following two
"thoracic nodes" sections:

THORACIC NODES:
Hlpermetabolic left axillary lymph nodes measure up
to 1.1 x 1.1 cm at the most superficial location, SUV
7.4. A deeper left axillary node measures 1.7 x 0.9 cm
with SUV 5.8. Additional smaller hlpermetabolic leli
axillary nodes are present. Hlpermetabolic left supra-
clavicular lymph node measuring 1.8 x 1.2 cm, SIIV
6.8. Enhancing 0.9 x 0.9 cm Ieft supradavicular node
and adjacent smaller left supradavicular nodes measuring
up to 0.7 x 0.6 cm; however, diffirse h;permetabolism

in the supradavicular and infraclavicular regions related
to brown fat limits evaluation of FDG uptake in the
supraclavicular lymph nodes.

Versus

THORACIC NODES:
FDG avid axillary and supraclavicular nodal metastases,
seen among brown fat. Reference Lesions:

1. Left axillary node, 1.1 x 1.1 cm, SIIV 7.4.
2. Left supradavicular node, 1.8 x 1.2 cm, SIIV 6.8.

Which example is easier to read and understand? The
topic sentence with "reference lesions " (or "examples, "
or whatever you want to call them) is a technique that
helps de-clutter and darift reports. Many physicians
have found this "reference lesion" system to be faster
and more clear than the free text example above.
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Malignant Benign

FDG-avid cancer FDG avid but not cancer

Not FDG avid but cancer Not FDG avid and not cancer

FlG. 3.1 This 2 x 2 box defines categories of osseous lesions on FDG PET/CT by FDG avidity and malignanV
benign.

f ! 3.:: FDG PET ldentifies a Previously Unsuspected Osseous Metastasis in a Patient with Newly
Diagnosed Locally Advanced lnvasive Ductal Breast Cancer, (A) FDG PET maximum intensity projection
demonstrates FDG avidity overlying the left chest (arrow) and a focus in the right lower pelvis (arrowhead).
(B) Axial CT and fused FDG PET/CT images through the chest demonstrate FDG avidity and correspond
with multifocal breast opacities on CT, representing the patient's primary locally advanced breast malignancy
(arrow). (C) Axial CT and fused PET/CT images demonstrate the FDG focus in the right pelvis corresponds
to the right femoral head (arrowhead), without CT correlate. Biopsy of this lesion demonstrated an osseous
metastasis and increased this patient's stage to lV (metastatic disease). (D) Anterior and posterior whole-body
planar MDP bone scan images failed to demonstrate the osseous metastasis.

FDG avidity

FDC-avid lymphoma) posttreatment reduction of FDG
avidity to Iess than liver background represents a com-
plete response to treatment, whereas residual FDG avidity
greater than liver background is suspicious for residual
active IlT nPhoma.

Multiple Myeloma
Traditional staging of multiple myeloma was performed
with skeletal suwey radiographs; however, the use of
FDG PET/CT and whole-body MR is increasing. The
201 4 Intemational Myeloma Working Group Consensus
now includes FDG PET/CT criteria for diagnosis of
multiple myeloma. Interestingly, it is not the presence
of FDG-avid osseous lesions, but rather the presence of
osteolytic osseous lesions on the CT component that
is used to make the diagnosis of myeloma. Osseous

with D

FDG avidity needs to correlate with a lytic lesion on CI,
signal abnormality on M& or biopsy-proven myeloma to
be used for myeloma diagnosis. At diagnosis, multiple
myeloma demonstrates a range of FDG avidity, exending
from not appreciably avid to markedly FDG avid. For
myeloma with appreciable FDG avidity at diagnosis,
follow-up FDG PET/CI can be used to demonstrate
treatment response. Changes in FDG avidity following
treatment on FDG PET usually occur more rapidly
than do changes apparent on CT or MR anatomic
imaging.

Primary Osseous Sarcomas
FDG PET has little value in the diagnosis of primary
osseous sarcomas, such as osteosarcoma or Ewing
sarcoma. These sarcomas are far better diagnosed by
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