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PHARMACEUTICAL CARE IN PET IMAGING: 
EMPHASIS ON [18F]FDG IMAGING 

 
 

STATEMENT OF OBJECTIVES 
 

Upon completion of this course you will be able to: 

1. To understand the current indications for PET radiopharmaceuticals, in general, and 
[18F]fludeoxyglucose (FDG), specifically. 

 
2. To understand the pharmacology of [18F]fludeoxyglucose (FDG). 

 
3. To understand the pharmacokinetics of [18F]fludeoxyglucose (FDG). 

 
4. To understand the physiological processes that may alter the biodistribution of [18F]fludeoxyglucose 

(FDG). 
 

5. To understand the important and potential drug interactions with [18F]fludeoxyglucose (FDG). 
 

6. To understand the role that pharmacists may play in optimizing the utility of [18F]fludeoxyglucose 
(FDG) imaging. 
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PHARMACEUTICAL CARE IN IMAGING 
 
In the more traditional sense, the practice of nuclear pharmacy and specifically, positron emission 

tomography (PET) imaging generally falls outside of the usual conceptualization of “pharmaceutical 

care”.  However, under closer examination, pharmaceutical care concepts pertain to these areas of 

medicine/pharmacy just as well as the more conventional aspects of pharmacy practice.  Specifically,  

 
• Radiopharmaceuticals are drugs. 
• “Pharmaceutical care” implies the appropriate use of drugs in order to maximize their utility 

and minimize any negative outcomes. 
 

“Functional imaging” involves the interplay of physiology/pathology and pharmacology, therefore, 

there is a role for “pharmaceutical care”.  

 
The nature of this role will depend on the practice environment of the particular pharmacist.  The 

nuclear pharmacist’s role involves the pharmaceutical handling (e.g., proper preparation/compounding, 

appropriate storage), dispensing activities (e.g., delivery of the correct radiopharmaceutical to the 

correct patient at the correct time) as well as clinical aspects of radiopharmaceuticals (e.g., drug 

interactions, physiological modifiers).  Nuclear pharmacists practicing in centralized nuclear 

pharmacies, obviously, have a role in the compounding and dispensing of radiopharmaceutical doses, 

but also have pharmaceutical care roles in their advisory capacity to the hospitals and clinics that they 

serve.  The critical role of imaging in the diagnosis and therapeutic monitoring of disease mandates 

that hospital and community-based pharmacists understand the utility, the limitations and the 

mechanistic underpinnings of these procedures in order to optimize this aspect of their patient’s health 

care. 
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Figure 1.  Pharmaceutical care roles of various types of pharmacy practice. 

Pharmaceutical Care Roles 
Nuclear Pharmacist 
A woman is scheduled for an FDG study who is currently nursing an 
infant.  What recommendations should be made to this woman to minimize 
any risk to her infant? 
 

Centralized Nuclear Pharmacist 
You are supplying FDG to a mobile unit.  You are asked by the 
technologist operating the mobile unit about how the uptake phase should 
be handled.  “We plan on injecting the FDG in the mobile PET unit.  Can 
we have the patient walk back into the hospital for the uptake phase?” 
 

Hospital Pharmacist 
“Patient Jones is an inpatient receiving parenteral nutrition.  He is now 
scheduled for a PET study.  Can we continue his TPN?  If not, when should 
we discontinue?” 
 
Community Pharmacist 
“Patient Smith, one of my patients in the diabetes care program, has a 
solitary pulmonary nodule observed on chest CT.  He is now scheduled for 
a PET study.  The PET Center nurse has told him that he has to have his 
blood glucose level between 60 – 120 mg/dL.  Why?” 

Although positron emission tomography (PET) has been available for nearly 30 years, the recognized 

clinical utility of PET has exploded within the last decade, predominantly on the basis of the imaging 

of [18F]fludeoxyglucose (known as [18F]fluorodeoxyglucose or FDG).  It will be the purpose of this 

lesson to address the pharmaceutical care issues surrounding PET imaging of FDG.  This lesson is 

directed primarily to the nuclear pharmacy audience, however, because of the prevalence and 

importance of the 

diseases for which 

FDG imaging is 

proving to be a 

valuable diagnostic 

tool, much of the 

information contained 

in this lesson has 

application to all 

practice settings.  

Figure 1 presents a 

series of practice-

based scenarios 

specifically involving 

FDG imaging. 

 
Physiological 
Imaging and PET Radiopharmaceuticals 
 
Positron emission tomography (PET) images physiological processes (i.e., function) rather than organ 

structure.  Figure 2 presents examples of the power of imaging physiology rather than simply anatomy.   

 
Physiological imaging is inherently  
 

 “State-dependent” 
 Influenced by both disease-based and non-disease-based processes 
 Influenced by processes of interest as well as nuisance processes 

 



 

Anatomical Imaging 
MRI with contrast 

Functional Imaging 
PET with FDG 

(Glucose Analog) 

Figure 2.  Brain images of two patients evaluated for possible recurrent brain tumor with contrast-
enhanced MRI and FDG.  Even though both patients had similar contrast enhancement on their MRI 
images, the FDG images tell very different stories.  The patient on the left had a lack of metabolic 
activity in the area of the MRI abnormality, indicative of radiation necrosis, whereas the patient on the 
right had significant metabolic activity in the area of the MRI abnormality, indicative of recurrent tumor. 
 

PET Radiopharmaceuticals with 
Special Legal Standing 

 
USP agents 

Ammonia N13 
Fludeoxyglucose F18 

Fluorodopa F18 
Mespiperone C11 
Methionine C11 
Raclopride C11 
Rubidium Rb82 

Sodium acetate C11 
Sodium fluoride F18 

Water O15 
 

FDA agents

The nature of the physiological process imaged is dependent on the radiopharmaceutical utilized.  

Since positron-emitting radioisotopes of the major constituents of biomolecules (i.e., carbon ([11C]), 

nitrogen ([13N]), oxygen ([15O])) and drugs and analogues (i.e., fluorine ([18F])) exist, theoretically, any 

biological process could be imaged.  However, the half-lives of the radionuclides (i.e., 2 to 110 

minutes) pose limits on the duration of pharmaceutical compounding and quality assurance testing and 

the time-course of the biological processes that can be 

imaged, therefore, limiting the scope of practical PET 

radiopharmaceuticals.  Even with these limitations, 

The nature of the physiological process imaged is dependent on the radiopharmaceutical utilized.  

Since positron-emitting radioisotopes of the major constituents of biomolecules (i.e., carbon ([11C]), 

nitrogen ([13N]), oxygen ([15O])) and drugs and analogues (i.e., fluorine ([18F])) exist, theoretically, any 

biological process could be imaged.  However, the half-lives of the radionuclides (i.e., 2 to 110 

minutes) pose limits on the duration of pharmaceutical compounding and quality assurance testing and 

the time-course of the biological processes that can be 

imaged, therefore, limiting the scope of practical PET 

radiopharmaceuticals.  Even with these limitations, 

PET Radiopharmaceuticals 
 

[18F]Fluorodeoxyglucose (FDG) - glucose metabolism 
[15O]Water - blood flow 

[13N]Ammonia - perfusion 
[11C]Methionine - amino acid metabolism 

[11C]Choline/[18F]Fluorocholine - membrane 
metabolism 

[11C]Flumazenil - benzodiazepine receptor mapping 
[11C]Raclopride - dopamine D2 receptors mapping 

[11C]Thymidine/[18F]Fluorothymidine - nucleic acid 
synthesis 

[18F]Fluorodopa - presynaptic dopaminergic function 
[82Rb]Rubidium – cardiac perfusion 

 
Fludeoxyglucose F18 

Ammonia N13 
Rubidium Rb82 

Figure 4.  Positron-emitting radiopharmaceuticals 
recognized by the USP and FDA 

Figure 3.  Positron-emitting radiopharmaceuticals with documented utility 
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numerous PET agents have been reported in the literature.  Examples of agents with long-term utility 

for the listed physiological processes are presented in Figure 3 by their common names.  

The agents with USP and USP-DI monographs are presented in Figure 4 by their official name.   
 

Of these agents, only three have been recognized by the FDA.  Rubidium Rb82 is a commercially-

available, generator-produced PET radiopharmaceutical indicated for myocardial perfusion imaging 

(CardioGen-82®).  Ammonia N13 and Fludeoxyglucose F18 have FDA- and CMS-approved 

indications, but only Fludeoxyglucose F18 has approved NDAs (i.e., New Drug Applications) at the 

present time. 

 
Clinical Importance of FDG in PET Imaging 
 
Fludeoxyglucose F18, also known as [18F]fluorodeoxyglucose or FDG is currently the most important 

PET radiopharmaceutical.  The vast majority of clinical PET studies have been and will be carried out 

with FDG.  The medical literature supports this level of use.  For example, in 2005, the PubMed 

database had 3,486 hits for “positron emission tomography” of which 1,162 hits were for “FDG”.  

Because the half-life of [18F] is 109.8 minutes, commercial distribution of FDG is possible, making 

PET imaging available even at small hospitals and free-standing imaging centers throughout the 

United States.  Research uses also constitute an important application of FDG PET as it is now 

becoming an integral part of Phase I – III trials of oncologic drugs primarily because of the recognition 

that functional changes frequently occur earlier in the time-course of response to a therapeutic 

intervention than anatomical or clinical changes. 

 
FDG PHARMACOLOGY 
 
FDG Indications 
 
The USP-DI monograph for Fludeoxyglucose F181 lists indications for brain imaging, cardiac imaging 

and whole-body imaging based on the assessment of glucose metabolic patterns in the specified tissues 

for various physiological (e.g., viability) and pathological states (e.g., malignancy, infection).  The 

primary reason for the widespread and growing use of FDG is the elegance of the mechanistically 

simple mode of action making this agent useful for imaging such diverse organ systems.  Recognizing 

this utility, the Centers for Medicare and Medicaid Services (CMS) has approved FDG imaging for 

reimbursement in Medicare patients for a number of disorders and is seeking data to potentially expand 

further the oncologic indications through its National Oncologic Patient Registry (NOPR) program 

(www.cancerpetregistry.org) (see Figure 5). 
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  … 

Figure 5.  Centers for Medicare and Medicaid Services (CMS) approved and National Oncology Patient 
Registry indications for FDG. 

CMS-approved Indications for FDG 
 

Cardiac 
Myocardial viability 

 
Neurological 

Refractory seizures – presurgical evaluation 
Alzheimer’s disease – differential diagnosis of frontotemporal versus Alzheimer’s dementia 

 
Oncology 

(D = diagnosis, IS = initial staging, S = staging, RS = restaging, E = evaluation of therapy) 
Lung cancer (non-small cell or single pulmonary nodule (SPN)) – D, IS, RS 

Esophageal cancer – D, IS, RS 
Colorectal cancer – D, IS, RS 

Lymphoma – D, IS, RS 
Melanoma – D, IS, RS 

Head and neck cancers (excluding CNS and thyroid) – D, IS, RS 
Breast cancer – S, E 

Thyroid cancer (restricted) – RS 
Cervix (restricted) – S 

 
Indications Eligible for Entry in the NOPR 

(D = diagnosis, S = staging, RS = restaging, M = monitoring of therapy) 
Lip, oral cavity and pharynx – M 

Esophagus – M 
Stomach – D, S, RS, M 

Small intestine – D, S, RS, M 
Colon and rectum – M 

Anus – D, S, RS, M 
Liver and intrahepatic bile ducts – D, S, RS, M 

Gallbladder and extrahepatic bile ducts – D, S, RS, M 
Pancreas – D, S, RS, M 

Retroperitoneum and peritoneum – D, S, RS, M 
Nasal cavity, ear and sinuses – M 

Larynx– D, S, RS, M 
Lung, non-small cell – M 

Lung, small cell – D, S, RS, M 
Pleura – D, S, RS, M 

Thymus, heart, mediatinum – D, S, RS, M 
Bone/cartilage – D, S, RS, M 

Connective/other soft tissue – D, S, RS, M 
Melanoma of skin – M 

Breast (male) – D, S, RS, M 
Kaposi’s sarcoma – D, S, RS, M 

Uterus – D, S, RS, M 
Cervix – D, RS, M 

Ovary – D, S, RS, M 
Prostate – D, S, RS, M 
Testis – D, S, RS, M 

Penis and male genitalia – D, S, RS, M 
Bladder – D, S, RS, M 

Kidney and urinary tract – D, S, RS, M 
Eye – D, S, RS, M 

Brain (primary) – D, S, RS, M 
Thyroid – D, S, M 
Lymphoma – M 

Myeloma – D, S, RS, M 
Leukemia – D, S, RS, M 

Lung, SPN – D 
Other not specified – D, S, RS, M 
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Mechanism of Action 
 
Fludeoxyglucose F18 (FDG) is a glucose analogue, therefore, mechanistically, FDG imaging is based 

on the mapping of glucose metabolism.  Chemically, [18F] 2-fluoro-2-deoxyglucose (see Figure 6) is 

created by substituting a fluorine atom for the hydroxyl 

group located in the two position of the glucose ring 

structure.   
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Because of the similarity in size between a fluorine atom 

and a hydroxyl group, the resulting molecule is able to 

compete with glucose for active transport from blood to 

tissue and phosphorylation to the monophosphate (ie., 

glucose-6-P and FDG-6-P), the first two steps in glucose 

metabolism.  Since FDG-6-P is not a substrate for further glycolytic pathways and has a membrane 

permeability that precludes the diffusion from the tissue to the blood, the tracer becomes entrapped 

within the tissues.  The degree of entrapment is proportional to the rate of glycolysis or glucose 

metabolism of the tissue. 

HO 

HO 

HO OH 

O 

18F 

Figure 6.  Chemical structure of [18F]fludeoxyglucose 
(FDG) 

 
Because glucose is hydrophilic, entry into cells is not by simple diffusion.  Transport of glucose, and 

therefore, FDG transport, from the blood to the tissues is regulated by the number and type of specific 

facilitative glucose transport proteins, known as GLUT.  Characteristics of various GLUTs are 

presented in Table 1 2-4. 

 
The over-expression of GLUTs, especially GLUT1 and GLUT3, is one component to the increased 

glucose metabolic rate observed in malignant tissues.  Inflammatory tissues also have a high 

expression of GLUT15, leading to one possible association with false positive findings in PET studies6.  

In many tumor types, the degree of FDG uptake correlates with the expression of GLUT1 which is 

likewise related to tumor grade7, 8 but not necessarily all malignancies9, 10.  The insulin-dependent 

GLUT4 explains the glucose metabolic characteristics of the heart, fat and skeletal muscle.  An 

understanding of the characteristics of the various glucose transporter proteins, specifically the pattern 

of expression and up-regulation, provides insight into the determinants of physiological, pathological 

and nuisance uptake of FDG.  The activity level of hexokinase, which may also be up-regulated in 

malignant tissues, also significantly influences the glucose metabolic rate of the particular tissue and 

therefore, the degree of FDG uptake11, 12. 



 

Table 1 
Characteristics of facilitative glucose transporters (GLUT) 

Protein Expression General Function Up-regulation 
GLUT1 All tissues but abundant 

in brain (vascular) and 
erythrocytes 

Basal uptake Over-expressed in nearly 
all cancerous cells 
(exception of some brain 
malignancies).  
Increased in chronic 
ischemia. 

GLUT2 Liver, pancreatic islet 
cells 

Glucose sensing (low 
affinity) and some 
fructose transport 

Over-expressed in 
gastric cancer and 
reduced in pancreatic 
cancer 

GLUT3 Brain (neuronal) Supplements GLUT1 in 
high energy demand 
tissues (high affinity) 

Over-expressed in 
cancerous cells (brain, 
breast, gastric, head 
and neck, lung, 
meningiomas, ovarian) 

GLUT4 Muscle, adipose tissue, 
heart 

Insulin-responsive (high 
affinity) 

Over-expressed in some 
cancers (breast, gastric, 
lung) and reduced in 
others (pancreatic).  
Increased in acute 
myocardial ischemia. 

GLUT5 Intestine, testis, kidney, 
erythrocytes 

Fructose transport Over-expressed in lung 
cancer 

GLUT6 Spleen, leukocytes, 
brain 

  

GLUT7 Liver   
GLUT8 Testis, brain, blastocyst   
GLUT9 Liver, kidney   
GLUT10 Liver, pancreas   
GLUT11 Heart, muscle   
GLUT 12 Heart, prostate  Over-expressed in some 

breast and prostate 
cancer cell lines 

Adapted From: Medina and Owens, 2002, Joost and Thorens, 2001 and Macheda, Rogers and Best, 2005. 
 
Distribution 
 
The biodistribution of FDG reflects the pattern of glucose metabolism by the various tissues 

throughout the body.  As will be discussed throughout this lesson, because FDG is a physiologically-

based tracer, the distribution will be influenced by a host of factors.  Figure 7 displays two whole-body 

FDG PET scans.   
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Figure 7.  Maximum Intensity Projections (MIPs) of whole-body FDG PET scans.  Patient A was a 50 year old female 
with melanoma imaged 123 minutes post-injection of 10.27 mCi FDG.  At the time of injection, she had a blood glucose 
level of 80 mg per dL.  Patient B was a 44 year old female with head and neck cancer imaged at 86 minutes post 
injection of 10.54 mCi FDG.  At the time of injection, she had a blood glucose level of 91 mg/dL.  High uptake is seen in 
the brain, heart and urinary tract.  Liver, spleen and bone marrow have intermediate uptake.  GI tract and lymphoid 
tissue in the head and neck are also apparent.  Both patients were pre-treated with alprazolam and were imaged at 
approximately 90 minutes post-FDG administration. 

 

Areas of consistently high FDG uptake are the brain and the urinary tract.  Approximately 20% of the 

administered dose is excreted unchanged within the first two hours post-administration1 since FDG, 

unlike glucose, is not reabsorbed by the kidney tubules.  Areas of intermediate, but consistent uptake 

are the liver, spleen, thyroid and bone marrow (in patients without drugs or conditions that would 

potentially stimulate bone marrow activity). Other tissues that may exhibit physiological uptake are the 
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salivary glands, lymphoid tissues in the head and neck, thymus (especially in children), lactating breast 

and areola, uterus (during menses), GI tract, and skeletal and smooth muscle 13. 

 

Cardiac visualization on whole-body FDG imaging exhibits a large degree of unexplained intra- and 

intersubject variability most likely the result of varying levels of insulin present.  For example, at the 

University of Iowa, 91 whole-body FDG studies performed in the fasting state were examined for 

cardiac uptake.  Fifty-two (57%) had visualized uptake in the left ventricle (LV).  The average whole 

blood glucose level at the time of injection was 74.1 ± 23.7 for all studies, and 73.2 ± 26.7, and 75.2 ± 

22.2 mg/dl for the subsets of studies for which the LV was and was not visualized, respectively.  Five 

of the patients had studies performed on more than one occasion.  With two of these patients, the LV 

was visualized on one but not the other study.  For the two patients in which the LV was visualized in 

both studies, the mean difference in SUV was 5.4, with essentially no difference in fasting glucose 

levels.  One subject did not visualize the LV on either study. (unpublished results). 

 
Radiation dosimetry 
 
The radiation dosimetry for FDG as reported in the monograph1 for Fludeoxyglucose F 18 and 

modified by the sample package insert available from the FDA is presented in Table 2.   

 

The effective dose is 0.1 rem per mCi (0.027 mSv per MBq) with the critical organ being the bladder 

wall.  Slightly different estimates have been published by MIRD15.  The dose to the bladder wall can 

be significantly reduced by encouraging the patient to be well-hydrated prior to the study and to void 

frequently.  Voiding prior to imaging will not only reduce the radiation dose to the bladder wall but 

will also improve image quality.  Germanium-based transmission imaging adds only a negligible 

additional radiation burden (e.g., 0.20 – 0.26 mSv = 20 mrem)16.  With the advent of new PET/CT 

cameras, a larger radiation dose may be accrued from the CT scan (whole body effective dose = 25 

mSv = 2.5 rem) than from the FDG17.  Fetal dose estimates from a 10 mCi FDG dose ranged from 0.3 

rem for a full-term (9 month) to 1.0 rem for early pregnancy18.  Excretion of FDG into breast milk was 

very low (5.54 – 19.3 Bq per MBq) resulting in a cumulative dose to the infant of 0.085 mSv, below 

the 1 mSv recommended limit.  However, the close contact between the mother and the infant during 

breast feeding actually imparts a larger radiation dose than the dose from ingestion of the milk leading 

to the recommendation that the mother not feed the infant for the short period of time (12 – 24 hours) 

in which FDG is present in her body1, 19. 
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Table 2 
Radiation dosimetry from 5, 10, 15 or 20 mCi doses of FDG 

Organ mrem per mCi
mrem per 5 
mCi dose 

mrem per 10 
mCi dose 

mrem per 15  
mCi dose 

mrem per 20 
mCi dose 

bladder wall-no void 629 3,145 6,290 9,435 12,580 
bladder wall-2 hr void 440 2,200 4,400 6,600 8,800 
bladder wall-1 hr void 220 1,100 2,200 3,300 4,400 
heart 240 1,200 2,400 3,600 4,800 
brain 96 480 960 1,440 1,920 
kidneys 77 385 770 1,155 1,540 
uterus 74 370 740 1,110 1,480 
ovaries 55 275 550 825 1,100 
testes 55 275 550 825 1,100 
adrenals 51 255 510 765 1,020 
small intestines 48 240 480 720 960 
liver 44 220 440 660 880 
pancreas 44 220 440 660 880 
spleen 44 220 440 660 880 
red marrow 41 205 410 615 820 
lungs 41 205 410 615 820 
thyroid 36 180 360 540 720 
other tissues 41 205 410 615 820 
      
effective dose (mrem) 100 500 1,000 1,500 2,000 
Adapted From: USP-DI monograph for Fludeoxyglucose F18 dated 1/9/2003; Fludeoxyglucose F18 Injection Package 
Insert dated 4/18/1997.       
Note: MIRD estimates as published in Hays, et al., 2002 14 

 
PHARMACOKINETIC MODELING 
 
Compartmental and Non-Compartmental Modeling 
 
The pharmacokinetic model utilized for FDG is represented schematically in Figure 8.   
 

FDG and glucose compete for the same transporter proteins and the same metabolic enzymes.  

However, glucose continues into the tricarboxylic acid cycle and is eventually metabolized to water 

and carbon dioxide, but FDG does not continue own this metabolic pathway.  Instead, FDG becomes 

trapped within the tissues, providing an image that reflects the first two steps of glucose metabolism.  

The PET image, however, cannot differentiate between FDG within the tissues and FDG that has been 

phosphorylated (i.e., FDG-6-P). 
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The pharmacokinetic models and the mathematical techniques utilized for the determination of the 

metabolic rate of glucose (i.e., MRglc) from FDG imaging are presented in Appendix A.  Reviews of 

the data requirements for various quantitative and semi-quantitative techniques are also available in 

Hoekstra, et al. 20 and Gambhir 21. 

 
Both compartmental and non-compartmental (e.g., Patlak approach22, 23) methods have been employed.  

These models require knowledge of the time-course of FDG concentration in both  tissue and arterial 

plasma (either from direct sampling or image-based time-activity curve determinations) as well as the 

plasma glucose level to estimate the glucose metabolic rate.  Because of the methodological rigors and 

time and personnel requirements of these techniques, full pharmacokinetic modeling is rarely 

employed in clinical situations, even though these techniques may offer the best discrimination 

between normal tissue and tumor24.  In lieu of MRglc determinations, the standardized uptake value 

(SUV) is routinely employed in the evaluation of FDG uptake in clinical imaging. 

 

Standardized Uptake Values (SUV) 
 
Standardized uptake value (SUV), also referred to as DUR (dose uptake ratio, differential uptake ratio) 

or DAR (dose absorption ratio, differential absorption ratio), is a measure of the amount of tracer taken 

up into a particular tissue normalized by the dosage of tracer administered and the weight of the 

patient.  The usual equation for SUV is: 

Figure 8.  rmacokinetic model for FDG.  Note that FDG and glucose operate in parallel and use the same active transport 
and metabolic enzyme systems.  However, glucose continues into the tricarboxylic acid cycle (TCA) but FDG does not.  
The PET scanner cannot distinguish between [18F] in the form of FDG in the tissue and FDG-6-phosphate (FDG-6-P) in 
the tissue, therefore, the image reflects the concentration of both entities combined.  Transport from the plasma into the 
tissue is facilitated by glucose transporter proteins (GLUT).  Phosphorylation is catalyzed by hexokinase. 
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where the concentration is that of the tissue of interest, either within a pixel or an ROI (region-of-

interest). The assumption that 1 mL = 1 cc = 1 g is generally made.  A uniform distribution of tracer 

throughout the body will result in an SUV of 1, therefore, SUV units can be conceptualized as 

multiples of a uniform distribution.  If the ROI or pixel values are not displayed in concentration units 

that inherently factor in time and the conversion between scanner measurements and activity, the 

duration of imaging and pre-determined calibration factors must be factored into the equation.  Careful 

consideration must be paid to the units in this equation. Alternatives to the above equation have 

employed the use of lean body mass (LBM)25, 26 or body surface area (BSA) 26, 27 in lieu of actual body 

weight. 

 
Since most image analysis software will display FDG images in SUV units (frequently the default unit 

option), accurate input into the image file header of the isotope administered (in this case [18F]), actual 

dose administered in the appropriate units (MBq or mCi), the measured weight of the patient in the 

appropriate units (kg or pounds) and the time between administration of the dose and imaging in 

appropriate units (minutes or seconds) is required for valid SUVs.  To accomplish these ends, all 

patients must be weighed (and height measured if LBM or BSA options are employed) prior to FDG 

dosing.  This weight may be used not only for the SUV calculation but also for both the determination 

of a weight-based dosage (when applicable) and for adjustments in imaging times based on body mass 

index (BMI).  The syringe containing the FDG dose must be assayed in a dose calibrator both before 

and after administration to determine the net administered dose.  The butterfly or IV tubing through 

which the dosage is administered may need to be assayed as well if the flush employed is insufficient 

to completely evacuate the tubing volume.  Since accurate timing is critical, the use of stopwatches is 

advisable and the clock from which the time of the dose administration is determined and the scanner 

clock need to be synchronized.  In all cases, only attenuation corrected images can be used to 

determine any quantitative or semi-quantitative parameter, including SUVs.  And, fundamentally, the 

scanner must be calibrated to produce accurate measures of tissue concentration. 

 
The SUV can be a critical piece of information, however, a number of factors influence the magnitude 

of the SUV leading to the alternative definition of the acronym, “silly useless value” 28.  Four major 
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problems have been associated with the use of SUVs – patient size (weight), partial-volume effects, the 

uptake time, and the blood glucose concentration 20, 29, 30. 

 

Patient size -  Calculation of SUVs using total body weight assumes that all individuals have the same 

“normal” distribution of tracer.  However, fat tissues have lower uptakes of FDG, resulting in 

distributions of SUVs correlated not just with tissue tracer uptake, but with subject body weight also 30.  

SUVs in non-adipose tissue may be inflated in markedly obese subjects due to effects on the 

denominator in the above equation.  Significant reductions in weight during therapy, especially when 

due to loss in adipose tissue, has the potential to affect therapeutic monitoring via serial SUV 

measurements.  Alternative normalization schemes that employ lean body mass or body surface area 

appear to be less dependent on patient characteristics31  and, in some reports, are more reliable 

indicators of actual tracer uptake.  However, the majority of clinical research has been reported using 

the SUVs calculated from actual body weight. 

 
Imaging time -  For tracers that are completely extracted in a first pass and undergo no redistribution, 

only tracer decay will need to be factored into an SUV calculation.  However, when an on-going 

metabolic process is being imaged, such as with FDG, the uptake, and therefore, the SUV is time 

dependent32.  Within the acquisition time of a whole-body FDG scan, tracer concentration will increase 

due to continued uptake and 

phosphorylation and decrease due to decay 

and in some tissues, dephosphorylation.  

Therefore, within a particular facility, 

standard imaging times with decay 

correction should be employed to optimize 

the comparability of SUVs.  Furthermore, 

when therapeutic monitoring is performed 

via serial FDG imaging, it is critical that 

the imaging of each potential tissue of 

interest be at approximately the same time 

post-injection in each scan to ensure 

comparability of the SUVs between scans 
26, 29.  Figure 9 illustrates the change in 

SUV with imaging time and therapy. 
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Figure 9.  Change in SUV with time.  The first study was conducted prior to any 
therapy.  The second and third studies were conducted at 3 and 6 weeks, 
respectively, into a chemoradiation therapy protocol for esophageal cancer.  
The maximum SUV in esophageal lesions changed with imaging time post F
injection for each therapeutic time frame. 

DG 
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Plasma glucose levels - FDG is an analogue of glucose which utilizes the same metabolic pathways as 

glucose.  Glucose competes with FDG resulting in lower SUVs with increased plasma glucose levels 
33.  Essentially, when the blood glucose level doubles, the SUV will halve.  Figure 10 illustrates the 

influence of blood glucose level on FDG uptake and SUV value for a highly metabolically-active 

tissuesuch as the brain.   

 

Some authors have 

advocated normalizing 

SUVs by the blood 

glucose level34 whereas, 

other authors have not 

found this to be useful35.  

Even with essentially a 

normal plasma glucose 

level, high levels of 

insulin will drive FDG 

into tissues such as the 

heart, skeletal muscle 

and adipose tissue, reducing the FDG available for uptake by tumors and other tissues of interest36-38.  

Issues relating to the influence of glucose levels on FDG uptake will be more extensively explored 

later in this lesson. 

3/23/05    
Dose = 5.0 mCi   
Blood glucose = 100 mg/dL  
Max SUV = 8.1 - 9.1   

4/26/05 
Dose = 5.4 mCi 
Blood glucose = 199 mg/dL 
Max SUV = 3.0 - 3.4            

Figure 10.  Influence of Blood Glucose Level on FDG Brain Study Quality. Both images were 
acquired at 50 minutes post-injection and are scaled equivalently. 
 

 
Partial volume, ROI and recovery coefficient effects -  The recovery coefficient is the fraction of true 

activity measured or “recovered” in the reconstructed image of an object.  The recovery coefficient 

(RC) is a function of the size of the object, with objects less than twice the resolution of the imaging 

system exhibiting RC values significantly less than 1.  Partial volume effects refers to the fact that 

tomographic images do not segment along tissue-specific lines, but rather a given pixel is potentially a 

mixture of tissues.  Again, partial volume effects are size-dependent.  Larger objects are more likely to 

have a greater number of pixels that consist of only the tissue of interest than are smaller objects.  

Since SUVs are generally calculated for ROIs circumscribing a particular tissue or lesion, the size and 

shape of the ROI will determine the magnitude of the SUV. 
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Since all three of these factors influence the SUV, carefully drawn ROIs following the margins of a 

lesion that is relatively homogeneous and larger than twice the resolution of the scanner will produce 

the most accurate and reliable measurements.  Small lesions may appear “colder” (or “hotter” if it is a 

“cold” lesion in a “hot” field) and have lower SUVs (or higher) than would be calculated for a larger 

lesion with the same tracer concentration because of the recovery coefficient, partial volume effects, 

and the mechanical difficulty in creating an appropriate ROI.  The use of maximum, rather than mean, 

pixel values for lesion-based SUVs minimizes the latter problem but does not eliminate the first two.  

The reconstruction algorithm (filtered back-projection (FBP) or ordered-subsets expectation 

maximization (OSEM)) also will influence the magnitude of SUVs, especially maximum SUV, and 

therefore, needs to be consistently applied during serial imaging39. 

 
Application of SUVs - SUVs represent useful adjunctive information in the clinical decision-making 

process.  With all of the problems (detailed above) associated with the calculation of FDG SUVs, their 

use as hard and fast criteria for the differentiation of benign from malignant tissue is unwarranted. 

However, with adherence to rigorous standardized protocols, their utility in the monitoring of therapy 

has been documented 26.  Comparison of the SUV in the lesion to the SUV of a reference organ or 

tissue (e.g., liver) at each time point can assist in verifying that any changes observed are related to 

disease or treatment-related processes rather than technical issues 29. 

 

Implications of the Pharmacokinetic Model 
 
The important feature of this model is that glucose and FDG compete for the same transporter proteins 

and enzymes, therefore, physiological or metabolic processes or drugs that alter blood glucose levels 

will alter the biodistribution of FDG.  FDG uptake will be maximized in tissues such as the brain and 

tumors that have significant levels of GLUT1 or GLUT3 by reducing endogenous glucose and insulin 

levels.  FDG uptake will be maximized in tissues such as the heart, skeletal muscle and brown adipose 

tissue by stimulating the action of GLUT4 by the presence of endogenous or exogenous insulin36, 37. 

 
CLINICAL USE OF FDG 
 
General Considerations 
 
Dose of FDG - No absolute dose of FDG is universally employed due to differences between centers 

in camera sensitivity, imaging duration and uptake time.  The dose employed is based on the offsetting 

goals of reducing the radiation exposure to the patient and minimizing the duration of imaging 
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necessary for adequate count-statistics (i.e., timer per bed position).  The dose of FDG employed is 

generally 0.14 – 0.21 mCi per kg or 5 – 20 mCi, with 10 mCi being the most commonly employed 

dose1, 13, 29 .  Doses at the lower end are generally used for brain and cardiac studies due to the high 

metabolic rate in these tissues.  Both dose and imaging times are frequently adjusted for weight and/or 

body mass index (BMI)40.  Everaert, et al.41 recommended 0.22 mCi per kg for optimal imaging 

(3minutes emission, 2 minutes transmission per bed position) at 60 minutes post-injection on LSO 

(lutetium orthosilicate) cameras.  Pediatric patients are generally dosed at 0.14 – 0.20 mCi per kg13. 

 
Time to peak concentration/peak diagnostic effect -  The time to peak concentration is dependent on 

the metabolic rate of the particular tissue1.  In highly glucose metabolically active tissue such as the 

brain, peak concentrations generally occur by approximately 30 minutes with imaging between 30 and 

60 minutes.  See Figure 1124, 42 for sample time-activity curves of FDG in the arterial blood and brain.  

Since cardiac uptake is augmented with insulin creating a highly metabolically active state (see below), 

viability imaging is also performed commencing before 60 minutes in most cases.  Because of the 

diversity of metabolic rates exhibited by benign and malignant tissues of interest, oncologic imaging is 

begun anywhere from 45 minutes to 3 hours post injection.  A second set of images acquired later in 

time to assess not only the magnitude of FDG uptake but the change with time are obtained in some 

facilities13. 

 
Route of administration - FDG is administered by IV injection via IV catheter in an upper extremity 

vein, preferably the antecubital vein.  If there is high likelihood of axillary node involvement (e.g., 

breast cancer), the IV catheter is placed in the contralateral arm to the primary tumor site.  If there is 

bilateral disease, some Centers will consider administration via a foot or ankle vein.  As mentioned 

earlier, the syringe should be assayed both before and after injection and, if the IV is no longer needed 

for administration of other medications, the catheter and tubing may also be assayed for residual FDG.  

FDG is not injected into indwelling catheters or previously placed lines unless IV placement fails due 

to the risk of “hang-up” of the dose in the larger volumes of these catheters. 

 
If  IV access is impossible, there is limited literature to support the use of oral FDG.  The dose and 

image timing is generally the same as with IV administration.  Because of the uncertainty of the exact 

dose systemically available (due to time course and extent of absorption, and risk of sequestration in 

the mouth, throat and/or stomach), SUVs should not be calculated.  These methodological limitations 

generally restrict the utility of this route to brain studies only. 
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Figure 11.  FDG time-activity curves in the arterial plasma.  The curve in A is a standard 
curve after a 2-minute infusion of FDG as reported by Graham, et al. (2000).  The curves 
in B are after a bolus administration as derived from Huang, et al., (1983), the mean of 6 
subjects sampled at the University of Iowa, and a hyperinsulinemic subject.  The curve in 
C is the above hyperinsulinemic subject and her corresponding brain uptake curve. 
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Patient History -  A detailed patient history is required for optimal FDG imaging.  The following 

information should be acquired 13, 29, 30from all patients: 

 History of diabetes or hyperglycemia 
 History of claustrophobia 
 Patient’s ability to lie still for the duration of the study 
 Patient’s ability to put his or her arms overhead for an extended period of time 

(whole-body and cardiac) 
 Current medications 
 Pregnancy or breast feeding status (females of child-bearing potential) 

 
Additional pertinent information is needed for specific FDG applications (see below).  Ideally, all 

patients are contacted, generally by phone, prior to the scheduled PET study.  The purpose of this 

telephone call is twofold – to secure the patient-specific information needed for optimal scheduling and 

imaging (e.g., weight, diabetes status, medications, medical history) and to educate the patient 

regarding the necessary pre-scan instructions (e.g., diet, fasting, exercise, blood glucose levels). 

 
Patient Preparation - All patients should be instructed to fast, consuming only water, for a minimum 

of 4 hours before FDG administration.  Fasting is necessary to not only reduce blood glucose levels but 

to also reduce serum insulin levels.  Adequate hydration should be encouraged to facilitate urinary 

excretion and ease of IV access.  Patients on intravenous fluids should have solutions containing 

dextrose or parenteral feedings discontinued 4 to 6 hours prior to FDG administration.  Parenteral 

feedings are then gradually re-introduced after imaging is completed.  Diabetic patients need to have 

their blood glucose levels stabilized to levels below a maximum of 200 mg per dL without the 

immediate use (i.e., within 1.5 hours) of IV or short-acting subcutaneous insulin.  For many patients, 

this level of glucose control may require a coordinated effort by all members of the patient’s diabetic 

care team.  Many Centers request that the patient consume a low carbohydrate/high protein diet the 

night or day before the FDG study to minimize both blood glucose and insulin levels.  The morning 

dose of oral anti-diabetic agents may be taken, although some Centers request that all diabetic 

medication be held until after the study.  Generally, scheduling diabetic patients early in the morning 

(0800 or 0900) is advisable whenever possible.  Since these patients will not have eaten breakfast and 

will have taken their oral anti-diabetic medication, PET Center staff should be prepared to diagnose 

and treat possible hypoglycemic reactions. 

 
Patient Arrival - All patients should have their blood glucose level determined upon arrival at the PET 

Imaging Center.  Most hospitals have policies and procedures in place for the calibration, maintenance 

and operation of glucometers.  If blood glucose levels are greater than 150 – 200 mg per dL, most PET 
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Centers will reschedule the patient for another day.  If the clinical imaging schedule will accommodate 

a wait of a minimum of 1.5 hours, the use of intravenous regular insulin may be considered to reduce 

blood glucose levels.  The pharmacokinetics of intravenous regular insulin makes this option 

feasible43.  The onset of effect is 10 – 30 minutes with peak effects at 15 – 30 minutes, but most 

importantly, the 

duration of effect 

is only 30 to 60 

minutes.  The 

dose usually 

employed is 0.05 

units per kg with 

modifications 

based on diabetic 

medication 

history, food 

intake and weight.  

Generally, insulin 

is not used to 

reduce the blood 

glucose level.  It should be emphasized that the IV insulin is only used if an adequate wait time is 

feasible.  Figure 12 illustrates the effects of subcutaneous insulin on whole body FDG image quality. 

Figure 12.  Effect of inadvertent subcutaneous administration of insulin on FDG images.  The insulin dose 
resulted in widespread skeletal muscle and cardiac uptake of FDG.  Images are attenuation-corrected. 

 
Brain Imaging 
 
Uses - Since the brain runs nearly exclusively on glucose, FDG imaging is used to evaluate the 

integrity of brain metabolic function.  Although a multitude of research and clinical brain disorders 

could potentially be evaluated with FDG imaging, the primary clinical indications are in the evaluation 

of patients with epilepsy and in the differential diagnosis of dementia. 

 
Uptake conditions - The pattern of glucose uptake in the brain will reflect both the underlying 

pathology present as well as the stimulatory conditions at the time of tracer uptake (e.g., auditory, 

visual stimulation).  Brain mapping constituted an early research use of FDG and is still used for 

activations of long duration.  For this reason, most clinical brain studies are conducted under 

standardized, controlled conditions consisting of uptake in a quiet, darkened room with eyes open and 
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ears unplugged.  These conditions should be maintained until the patient is moved to the scanner for 

imaging, but at a minimum, for 20 minutes.  This time period is based on the time-course of FDG 

activity in the blood and uptake kinetics in the brain.  See Figure 10 for the effects of blood glucose 

level on FDG brain uptake. 

 

Epilepsy - FDG imaging is used in epilepsy in conjunction with other imaging and diagnostic 

modalities for the identification of seizure foci44.  If the seizure focus can be identified, and is 

amenable to surgical resection, the seizure can possibly be mitigated or cured45.  In epilepsy, the 

pattern of glucose metabolism is dependent on the ictal status of the patient at the time of imaging.  

Ictally, the seizure focus is hypermetabolic.  However, since FDG uptake is not based on first-pass 

kinetics but rather on an extended metabolic process, capturing an ictal event with FDG is very 

difficult and is rarely done.  Rather, the fact that the seizure focus is hypometabolic interictally is 

utilized diagnostically.  The peri-ictal phase may entail a mix of hyper- and hypometabolism lasting as 

long as 24 – 48 hours post-event46.  Therefore, patients should be interviewed about seizures within the 

day or two prior to imaging and monitored during the uptake phase for seizure activity.  Some PET 

Centers monitor their seizure patients with EEG during uptake for this reason.  Figure 13 presents an 

FDG study in a patient with right temporal lobe epilepsy. 

R RTransverse P ASagittal CoronalL L

Figure 13.  Epilepsy imaging for identification of seizure focus in epilepsy.  Patient was an 11 year old girl with right 
temporal lobe epilepsy.  Imaging was performed on 5/95. Arrows identify the hypometabolic focus.  Right temporal 
lobectomy was performed on 10/96.  Patient is currently seizure-free. 

 

Alzheimer’s Disease - FDG imaging has proven utility in the diagnosis of Alzheimer’s disease (AD) 

providing a more accurate and earlier diagnosis than clinical symptoms alone.  Even though this 

diagnostic accuracy has been well documented, FDG PET is not routinely used in the diagnosis of AD 

because the advantage of an early and accurate diagnosis for a disorder that does not have definitive 

and prognosis-altering treatments is of questionable health care policy value.  Therefore, CMS has 
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established criteria for the reimbursable use of FDG imaging, specifically, for the differential diagnosis 

of AD from frontotemporal dementia (FTD).  The criteria are presented in Figure 14.  Both AD and 

FTD present distinctive metabolic deficit patterns, specifically, parietal-temporal hypometabolism in 

AD and fronto-temporal hypometabolism in FTD.  See Figure 15.   
 

CMS Criteria for Reimbursement for FDG Imaging in Dementia 
 

Medicare covers FDG-PET for either 
• The differential diagnosis of both Frontotemporal dementia (FTD) and Alzheimer’s disease (AD) under specific 

requirements, or 
• Use in a CMS-approved practical clinical trial focused on the utility of FDG-PET in the diagnosis or treatment of 

dementing neurodegenerative diseases. 
 
For use in the differential diagnosis of FTD and AD, an FDG-PET scan is considered reasonable and necessary from patients 

• with a recent diagnosis of dementia  and 
• documented cognitive decline of at least 6 months 
• who meet diagnostic criteria for both AD and FTD. 

 
These patients have been evaluated for specific alternative neurodegenerative diseases or causative factors, but the cause of the 
clinical symptoms remains uncertain. 
 
Patient’s onset, clinical presentation, or course of cognitive impairment is such that FTD is suspected as an alternative 
neurodegenerative cause of the cognitive decline. Symptoms such as  

• social disinhibition, 
• awkwardness, 
• difficulties with language, or 
• loss of executive function are more prominent early in the course of FTD than the memory loss typical of AD. 

 
Patient has had a comprehensive clinical evaluation (as defined by the AAN) encompassing: 

• A medical history from 
o the patient and 
o a well-acquainted informant (including assessment of ADL) 

• Physical and mental status examination 
o including formal documentation of cognitive decline occurring over at least 6 months 
o aided by cognitive scales or neuropsychological testing 

• Structural imaging such as MRI or CT 
• Evaluation has been conducted by a physician experienced in the diagnosis and assessment of dementia. 

 
Evaluation of patient 

• did not clearly determine a specific neurodegenerative disease or other cause for the clinical symptoms, and 
• information available through FDG-PET is reasonably expected to help clarify the diagnosis between FTD and AD and 
• help guide future treatment 

 
FDG-PET is performed in a facility that has all the accreditation necessary to operate nuclear medicine equipment. 
Reading of the scan should be done by an expert in nuclear medicine, radiology, neurology, or psychiatry, with experience 
interpreting such scans in the presence of dementia. 
 

Figure 14.  CMS Criteria for FDG Imaging in Dementia (available at http://new.cms.hhs.gov//Transmittals/downloads/R31NCD.pdf  
 

Although diagnosis of these disorders can be made by visual evaluation of the images, two 

commercially available software packages, NeuroQ™ (Syntermed, Inc.,www.syntermed.com) and 

Alzheimer’s Discrimination Tool (PALZ) of PMOD (PMOD Technologies, www.pmod.com).  Both of 

these packages incorporate comparisons of the patient’s image to a normal database for the 
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Figure 15.  FDG imaging in Alzheimer’s disease.  Patient was a 53 year old female referred for evaluation of potential 
dementia.  FDG images show significant hypometabolism in the parietal, temporal and frontal lobes with normal 
metabolism essentially limited to the occipital lobe and the motor strip only. 

identification of areas of hypo- or hypermetabolism and to provide an estimate of  the probability of 

AD.  Differences between the two programs involve specified conditions for FDG uptake and whether 

patient age is factored into the normalization.  NeuroQ uses FDG uptake conditions as described above 

whereas the PALZ module of PMOD uses an eyes-closed uptake condition.  NeuroQ™ does not 

employ age-adjustment whereas, PMOD does (minimum age = 48 years).  If one of these software 

packages will be used to augment the physician’s image interpretation, the uptake conditions for the 

patient must be the same as those used for normal subjects in the software’s database.  A sample report 

for the PALZ module of PMOD is presented in Figure 16.  A flash tutorial for NeuroQ™ is available 

at http://www.syntermed.com/neuroq.htm. 

 
Cardiac Imaging 
 
Uses - Cardiac imaging is used for the determination of myocardial viability.  FDG imaging is always 

performed in conjunction with a myocardial perfusion scan.  The perfusion (e.g., thallium, [99mTc] 

agent, [13N]ammonia, or [82Rb]rubidium) and viability (FDG) scans are compared for identification of 

areas of match (i.e., adequate perfusion/adequate metabolism = healthy myocardium; no perfusion/no 

metabolism = infarcted myocardium) and mismatch (compromised perfusion/evidence of metabolism 

= ischemia).  Patients with areas of mismatch are candidates for revascularization procedures to restore 

perfusion to the still viable but vulnerable myocardium. 

 
Patient Preparation - The predominant glucose transporter in heart muscle is the insulin-dependent 

GLUT4.  Therefore, insulin, either endogenous or exogenous, is needed to facilitate FDG uptake into 

the heart muscle.  The goal is to balance the stimulation of endogenous insulin production, the actions 

of endogenous/exogenous insulin, while protecting the patient from hypoglycemia.  Three approaches 

to achieve this balance are employed – oral glucose loading, intravenous glucose loading with or 
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Figure 16.  Sample Output from PMOD’s Alzheimer’s Discrimination Tool.  PMOD Technologies.  
www.pmod.com/technologies/products/alzheimer_tool/alzheimer_tool.php 
 

without supplemental insulin and hyperinsulinemic euglycemic clamp (Bax, et al., 2002).  Patients 

with non-insulin-dependent diabetes frequently have relative insulin resistance making both the 

facilitation of FDG myocardial uptake and glucose management much more difficult (Vitale, et al., 

2001).  Protocols for optimal FDG cardiac imaging are complicated and beyond the scope of this 

lesson.  An example of a protocol employing intravenous glucose and insulin adjusted for both body 

weight and diabetes status is available at http://pet.radiology.uiowa.edu. 
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Patient Monitoring - The degree of monitoring required for patients undergoing cardiac imaging is 

determined by the clinical status of the patient as well as the type of insulin-stimulating protocol 

utilized.  Protocols employing oral glucose loading without supplemental insulin require less 

monitoring than the very labor-intensive euglycemic clamp.  However the use of oral glucose poses the 

risk of unpredictable response due to incomplete or slow absorption, especially in diabetic patients 

with gastroparesis, or no response due to vomiting of the oral load.  Intravenous dextrose with 

supplemental insulin provides more predictable responses to the glucose loading and therefore, a 

greater chance of diagnostic FDG uptake.  In all cases, frequent monitoring of blood glucose is needed 

to ensure that the characteristic increase (indicative of glucose absorption) and then decrease 

(indicative of insulin release and/or action) is occurring which will facilitate the FDG transport into the 

myocardium.  In addition, monitoring is needed to ensure that the patient is not becoming 

hypoglycemic.  The PET Center staff should be prepared to detect and treat hypoglycemia at all times. 

 
Imaging -  Imaging generally consists of a rapid scout exam to ascertain whether tracer has been taken 

up by the myocardium or not and for positioning of the heart within the field-of-view.  This scout 

exam can occur as early as 25 minutes post FDG injection.  If uptake is apparent, then transmission 

and emission imaging may proceed generally at a time no earlier than 40 minutes post injection.  If 

myocardial uptake is negligible after 40 minutes, the Nuclear Medicine physician needs to be notified 

regarding the choice for further actions.  These choices include proceeding on with imaging even 

though the scan may be of technically questionable quality, further manipulation of glucose and insulin 

Short Axis Views
Perfusion - Tl-201

Metabolism - FDG

Long Axis Views
Perfusion - Tl-201

Metabolism - FDG

Figure 17.  Example of cardiac viability imaging.  Patient information:  57 yr old male with history of anterior wall 
infarction.   Catheterization results indicated total occlusion of mid LAD  and Cx arteries;  80% distal RCA and 50% 
obtuse marginal occlusion.  Areas of “mismatch” (reduced perfusion with maintenance of metabolism) indicate tissue 
that will potentially benefit from revascularization procedures (i.e., angioplasty or by-pass graft).  Areas of “match” 
indicate probable infarcted tissue that will not have function restored with revascularization. 
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doses with or without additional FDG administration, or rescheduling the patient for another day.  An 

example of an FDG cardiac image paired with a thallium perfusion image is presented in Figure 17. 

 
Oncologic Imaging 
 
Uses - FDG is used for the diagnosis, initial staging, staging, re-staging, therapeutic monitoring 

therapy and evaluation for recurrent oncologic disease.  The tumor types with proven utility and 

reimbursable status are presented in Figure 5.  The purpose of the National Oncology Patient Registry 

is to collect the data needed to ascertain the utility of FDG across the spectrum of oncologic disease. 

Patient History - In addition to the general patient history information needed as described above, 

specific inquiries should be made regarding the history of their malignant disease.  Information on the 

type and site of the malignancy, type and dates of therapeutic interventions, and drug therapy is needed 

in all patients.  Three consensus papers present guidelines for optimal tumor imaging with FDG. They 

were prepared by panels affliated with the National Cancer Institute (NCI), the Society of Nuclear 

Medicine (SNM) and the European Organization for Research and Treatment of Cancer (EORTC). 

 Consensus Recommendations for the Use of 18F-FDG PET as an Indicator of 
Therapeutic Response in Patients in National Cancer Institute Trials.29  

 Procedure Guideline for Tumor Imaging with 18F-FDG PET/CT 1.0.13 
 Measurement of clinical and subclinical tumour response using [18F]-

fluorodeoxyglucose and positron emission tomography: review and 1999 EORTC 
recommendations.30 

 
Timing of FDG imaging relative to therapeutic interventions -  Pretreatment or baseline FDG scans 

should be acquired prior to treatment of any kind, however, when that is not possible, scans should be 

acquired less than 2 weeks into the regimen29.  Scans for the monitoring of therapy should be acquired 

at meaningful time points throughout the therapy, as exact timing will be disease and treatment-

specific.  See Figure 18 for an example of treatment monitoring with FDG PET imaging.   

 

Clarifying the treatment monitoring utility of FDG is one of the goals of the NOPR database.  Post-

treatment scans should be acquired no earlier than 2 weeks after completion of chemotherapy29, 30.  The 

rationale for this time frame is that both false positive and false negative results may be obtained due to 

inflammatory responses and suppression of metabolic activity (stunning), respectively.  A consensus 

has not been reached on the time frame for imaging post-radiotherapy.  Some institutions wait as long 

as 3 months before evaluating the primary site, however, remote sites to the radiation field may be 

imaged at any time.  The timing post surgery will frequently be dictated by wound healing and the time 
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course of reductions in inflammation or 

infection around the surgical site, both of 

which could result in false positive FDG 

scans. 

 
Blood glucose levels - As discussed 

previously, blood glucose levels are critical 

determinants of FDG uptake characteristics, 

therefore, in all cases, the level must be 

measured upon arrival at the PET Center.  

The ideal level should be < 120 mg per dL 

for non-diabetic patients and < 200 mg per 

dL for diabetic patients.  It is recommended 

that patients with blood glucose levels 

above these values should be rescheduled29. 

 
Timing of FDG imaging post-

administration - As mentioned earlier, the 

time to peak FDG tissue activity will be 

determined by the glucose metabolic rate of 

the tissue of interest.  Therefore, tumors of 

varying metabolic rates will have different peak times.  Even primary tumors and their respective 

metastatic lesions will likely have different peak characteristics.  An uptake time of at least 45 minutes 

post injection is required.  Most institutions wait 60 to 90 minutes (60 ± 10 minutes is recommended 

by NCI29) before beginning whole body imaging.  Improvements in tumor-to-background contrast 

have been documented when comparing images acquired at two hours compared to the more usual one 

hour post-administration47.  Differences in acquisition parameters (due to patient factors such as weight 

and height and camera factors such as sensitivity and field of view) will alter the exact timing for a 

particular organ or tumor site.  What is most critical is that the facility utilizes consistent timing across 

patients and definitely, across studies for the same patient. 

Figure 18.  FDG imaging of the response to therapy.  The patient is a 10 
year old male with Hodgkins Lymphoma.  The images (PET, CT and 
overlay) on the left are prior to therapy and the images on the right are after 
one cycle of chemotherapy.  The arrow marks the lesions before and after 
therapy. 

 
In order to exploit the differences in GLUT1 expression and therefore, glucose metabolic rate, between 

inflammatory lesions, normal tissues and malignancies, some authors have advocated for dual time 

point imaging to increase sensitivity and specificity of FDG imaging.  The evaluation of solitary 



 

pulmonary nodules in the thorax (at 70 and 123 minutes post-injection)48 and head and neck lesions (at 

70 and 90 minutes post-injection)49 are two anatomical areas reported to have improvements in 

diagnostic accuracy with this technique. 

 
Uptake phase conditions - The patient should be weighed, height measured, and blood glucose level 

checked immediately upon arrival.  If a medical history was not already secured prior to arrival, this 

information should be recorded.  Particularly relevant to the physician interpretation of the scan will be 

a history of the use of colony stimulating factors, infections, recent surgeries or biopsies, or 

inflammatory processes.  If oral sedation will be used, the dose should be given at least 30 minutes 

prior to administration of the FDG.  If the patient is experiencing an uncomfortable amount of pain, 

they should take their own pain medication if available or in extreme cases, supplemental pain 

medication or conscious sedation can be used.  Most institutions have policies regarding requirements 

for the administration of conscious sedation and these should be followed.  In the case where any form 

of sedation is used, especially for patients that have the potential risk of airway obstruction (e.g., head 

and neck cancer), a pulse oximeter should be available for monitoring oxygen saturation levels. 

 
If CT imaging will be used for attenuation correction (PET/CT), all clothing with metal components 

(e.g., zippers, snaps, etc.) and removable dental work should be removed.  If the patient has implants or 

prosthetic joints (e.g., artificial hip), the technologist and physician should be informed due to the risk 

of image-based artifacts. 

 
If oral or intravenous contrast will be used for PET/CT studies, a history regarding sensitivities to 

iodinated contrast agents should be taken (see below for further considerations). The first dose of oral 

contrast should be consumed before the administration of the FDG with subsequent doses taken toward 

the end of the uptake period in order to avoid muscle uptake of FDG from swallowing.  It is 

recommended that the patient drink 500 mL of water after injection and before scanning.  Postponing 

drinking until the early phase of FDG distribution is completed (approximately 20 minutes) will 

minimize the potential for muscle uptake in throat and neck from swallowing.  The patient should be 

asked to void prior to injection of tracer to minimize the need to get up and move around during the 

uptake phase.  If visualization of the pelvic area is of particular concern, a urinary catheter should be 

placed for aid in removal of the highly concentrated radioactive urine.  Catheter placement should be 

made prior to FDG injection.  Supplemental furosemide may be used to further augment urinary 

drainage from the collecting system and bladder (see below for further information). 
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The FDG dose should be administered via an IV catheter rather than by direct injection into the vein 

from the syringe.  The use of a catheter minimizes the risk of infiltrating the dose and introducing error 

into the SUV calculations. The patient should be made as comfortable as possible, either in a reclining 

chair or lying on a bed or cart.  During the uptake phase, the patient should be warm (using blankets 

from a blanket warmer if needed) and remain as quiet and relaxed as possible without speaking, eating, 

reading or watching television.  Quiet music of his/her choice aids in relaxation.  The goal throughout 

the uptake phase of FDG should be to minimize muscle activity either due to movement, tension, 

anxiety or activity and to avoid chills or shivering.  It has been reported that undesirable muscle uptake 

of FDG may occur because of excessive physical activity a day or two prior to the PET study, 

suggesting that patients should restrict exercise prior to the study50.  However, this practice has not 

been rigorously investigated. 

 
Immediately before imaging is to begin, the patient should be asked to drink any remaining oral 

contrast needed and to void again.  Positioning on the scanner table should optimize patient comfort 

while minimizing the risk of movement.  Since most whole-body imaging is performed with the arms 

extended overhead, a comfortable way to achieve this position needs to be developed by each PET 

Center. 

 
Imaging - The field-of-view (FOV) for whole-body imaging is generally from the base of the skull to 

the proximal thigh. Head-to-toe imaging may be indicated when disease may exist in the upper skull or 

brain or in the lower legs (e.g., melanoma).  Limited area imaging is indicated when disease is known 

to be limited to a specific areas of the body (e.g., head and neck cancer), however, examining the entire 

torso is useful for staging disease. A detailed discussion of imaging parameters is beyond the scope of 

the present lesson especially with the rapid changes in PET scanner technology.  The application of 

consistent methods appropriate for the equipment available is critical for accurate interpretation of the 

images. 

 
False positive and false negative risks - A number of physiological processes may create the potential 

for false positive or false negative findings in oncologic imaging.  Commonly encountered sources of 

these errors are presented in Table 313.  False positive studies are generally associated with other 

highly metabolically active but not malignant processes such as inflammation, infection, wound 

healing or tissues such as lymphoid (e.g., tonsils), thyroid, active muscle or brown adipose tissue 

(BAT).  False negative scans generally are associated with small lesions (due to partial volume 
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effects), and more differentiated or slower growing tumors.  See the following text for examples of 

conditions that may produce false positive or false negative results. 

 
PHARMACEUTICAL CARE ISSUES IN FDG IMAGING 
 
Physiologically-based imaging is influenced by both processes of interest (e.g., pathologies) as well as 

nuisance processes.  Some of the nuisance processes are avoidable or treatable.  A number of drugs 

either play a potential adjunctive role in FDG imaging or may pose potential problems in image 

interpretation.  The following processes and agents are of particular importance in FDG imaging. 

 
Physiologically-based artifacts 
 
Anxiety - Anxiety, stress, pain, and general discomfort all create a scenario in which there is increased 

muscle tension and possible increased movement.  Increased muscle tension and movement leads to 

increased FDG uptake into voluntary muscle.  This increased uptake is especially prominent and 

troublesome in the neck and shoulder regions, because it may potentially mask the uptake of tracer in 

other structures (e.g., lymph nodes) of interest.  The solution to this problem lies in good patient care.  

First, it must be recognized that the patient is having a diagnostic procedure for a potentially life-

threatening disorder (i.e., the Big “C” = cancer) and that it is natural that there will be a certain degree 

of apprehension regarding the outcome of the study.  This anxiety and stress can be reduced by having 

the patient well informed about the imaging procedure and by creating a calm and supportive 

environment where patient comfort is a central goal.  Many of these patients are in pain due to their 

disease or other chronic conditions. Maintaining adequate pain control during the procedure is 

important, either by ensuring that the patient take their regularly prescribed pain medication prior to 

the procedure or using additional pain medication during the procedure. Imaging-related discomfort 

(e.g., lying on their back in the scanner) should be mitigated by the use of patient supports (e.g., 

cushions under the knees) and careful positioning.  When needed, sedation should be used.  (See below 

for further discussion of this topic.) 

 

- Page 34 of 58 - 



 

Table 3 
Sources of False Positive and False Negative Findings in FDG Oncology Studies  

False positive findings are potentially found from Physiological uptake 
Lymphoid tissues (in head and neck), thymus (especially in children) 
Salivary glands 
Breasts, lactating 
Skeletal muscle 
GI tract (smooth muscle) 
BAT 
Female genital tract (cycle – dependent) 

Inflammatory processes 
Post-surgical, post-chemotherapy, post-radiotherapy (e.g., radiation pneumonitis) 
Granulamatous processes (e.g., sarcodosis, fungal disease, mycobacterial) 
“itis"-type disorders (.e.g, thyroiditis, esophagitis, gastritis, pancreatitis, osteomyelitis, 
lymphadenitis, cholecystitis) 
Inflammatory bowel disease 

Infection or trauma (e.g., fractures) 
Benign neoplasms 
Hyperplasia or dysplasia 

Grave’s disease 
Paget’s disease 
Cushing’s disease 
Fibrous dysplasia 
Bone marrow hyperplasia 

False negative findings are potentially found from 
Small lesions (less than twice scanner resolution) 
Tumor necrosis 
Stunning from chemo- or radiotherapy 
Hyperglycemia or hyperinsulinemia 
Prostate carcinoma (especially well-differentiated) 
Some tumor types, especially well-differentiated forms of 

Hepatocellular carcinomas 
Genitourinary carcinomas  
Neuroendocrine tumors 
Thyroid carcinomas (I-131 positive) 
Bronchioloalveolar carcinomas 
Lobular carcinomas of breast 
Osteosarcomas 

Osteoblastic or sclerotic skeletal metastases
Adapted From: Delbeke, et al., 2006 

Coughing - Coughing creates muscular exertion in the abdomen, chest and neck muscles leading to 

nuisance FDG uptake in the skeletal muscle of these areas that can potentially mask lesions.  See 

Figure 19 for illustration of this problem.   
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The best solutions to this problem lie in anticipating which 

patients pose the highest risk (e.g., lung cancer, head and 

neck cancer) and minimizing the cause of the coughing or 

pre-treating accordingly.  Patients should be positioned 

during uptake and imaging in a manner that minimizes the 

need for coughing.  Pre-treatment with a cough-suppressant 

may be useful, with sugar-free cough drops if needed.  If 

sedation is needed, a pulse oximeter should be available for 

patients at-risk for airway obstruction.  

 
Brown adipose tissue - Brown adipose tissue (BAT), also 

known as brown fat or “USA” fat (uptake in 

supraclavicular area fat) has become of increased 

physiological importance since the advent of whole body FDG imaging.  Tracer uptake that was 

frequently attributed to “muscle” activity in the past is now known, due to co-registered anatomical 

imaging, to reside in fat tissue.  The distribution of this fat tissue (BAT) is particularly problematic 

since it tends to reside in the supraclavicular region, an area also involved with malignancies, as this 

region is a common site of lymph node metastases.  These intense metabolic areas can result in false 

positive image interpretations. 

Figure 19.  Effects of coughing on FDG uptake.  
The patient coughed continuously during the FDG 
uptake period creating intense uptake in the muscle 
of the neck and abdomen.   The arrow marks the 
pulmonary nodule that was positive for FDG uptake 
and diagnosed as malignant. 

 
The cause of the problem lies in the metabolism of BAT51: 

• BAT generates heat in response to cold (nonshivering thermogenesis) or ingestion of food 
(diet-induced thermogenesis) 

• Fat cells contain GLUT4 (insulin-dependent transporter) 
• BAT expresses mitochondrial uncoupling protein which uncouples oxidative phosphorylation 

in the mitochondria, therefore, increasing the anerobic metabolism of glucose to produce ATP 
 
The problem is of significant clinical importance.  Hany et al52 found an overall incidence of 2.5% of 

symmetrical uptake in neck and upper chest areas.  Yeung, et al53 found that the incidence varied by 

location of the fat tissue (neck fat = 2.3%, paravertebral fat = 1.4%, perinephric fat = 0.8%, mediastinal 

fat=0.9%).  Cohade et al.54 found that 14.1% of studies had abnormal FDG uptake in the 

supraclavicular region of which only 4.3% was due to abnormal lymph nodes.  Of the remaining false 

positive studies, 5.8% were due to muscle uptake and 4.0% to uptake in the fat tissue.  In 

characterizing this abnormal uptake, they found that BAT was usually bilateral and generally 

symmetric.  The SUV did not differ between abnormal lymph nodes and BAT uptake, but were lower 
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in muscle uptake.  In addition, the incidence exhibited a ratio of 6:1 females to males.  Further 

research55 by this same group found that the expression of BAT (“USA-fat”) not only varied by gender 

(10.5% in females, 2.9% in males), but by age (23.8% ≤ 18 years old, 5.9% > 18 years old), and season 

of the year (13.7% in January through March and 4.1% in the balance of the year).  Males expressing 

BAT uptake were younger and leaner than females with similar uptake.  Figure 20 presents an example 

of BAT uptake. 
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Because uptake in BAT can be a serious challenge to diagnostic 

accuracy in FDG-PET, a number of solutions are available to mitigate 

the problem – both environmental and pharmacological.  First, recognize 

the potential for the problem, especially in younger, thinner, female 

patients.  In addition, recognize that the problem may be aggravated in 

colder months or when air conditioning is over-used.  Keep the patient as 

warm, comfortable and “un-stressed” as possible in order to minimize 

stimulation of BAT via adrenergic mechanisms. Pharmacological 

interventions can be used to reduce BAT metabolism.  Animal work has 

shown that BAT metabolism can be reduced by adrenergic blockade w

reserpine or propranolol 56, 57 or by blocking peripheral-type 

benzodiazepine receptors present in BAT57.  There has been a case report 

in the literature on the utility of propranolol in reversing BAT uptake58.  

In humans, benzodiazepines are routinely used for several reasons: (1) to 

relax the patient, which reduces FDG uptake due to muscle activity, (2) 

to reduce BAT uptake of FDG by the direct action on benzodiazepine receptors, and (3) by an indirect 

effect of reducing  stress-related adrenergic stimulation.  Figure 21 presents an example of intense 

BAT uptake, which in this case was atypically asymmetrical, that was reversed by propranolol and 

alprazolam and midazolam administration. 

Figure 20.  FDG uptake in brown 
adipose tissue and skeletal 
muscle.  Patient is an 18 year old 
female, status-post chemotherapy 
for neuroendocrine tumor with 
muscle and brown adipose tissue 
uptake. 

To achieve high quality images, many PET Centers recommend oral sedation for all patients referred 

for the following conditions, to reduce both muscle and BAT uptake of FDG: 

 Lymphoma 
 Breast cancer 
 Esophageal cancer 
 Head and neck cancers 
 Any anxious patient 

  



 

 
10.3 mCi FDG 

Imaged at 90 minutes post injection 
Alprazolam 1 mg po 18 minutes before FDG injection 

Blood glucose = 86 mg/dL 

 
9.9 mCi FDG 

Imaged at 90 minutes post injection 
Alprazolam 2 mg and propranolol 20 mg 

po at 42 minutes before FDG 
Midazolam 3.0 mg IV (2 mg 2 min prior + 1 mg 1 min post) 

Blood glucose = 90 mg/dL 

Figure 21.  Example of the pharmacological influences on BAT (brown adipose tissue) uptake of 
FDG and the risk of misdiagnosis.  Patient was a 19 year old female with a melanoma diagnosis.  
Interventions are as detailed above.  Crosshairs are on an atypically asymmetrical BAT uptake 
which mimicked a nodal lesion.  Second scan with BAT uptake blocked indicated no presence of 
uptake in that area (i.e., false positive first scan). 

Since sedated patients should not be allowed to drive the remainder of the day, a driver should be 

present for transportion post-sedation.  The need for a driver is a topic for the pre-PET scan telephone 

call.  Oral sedation should be administered at least 30 minutes prior to FDG administration.  Diazepam, 

lorazepam and alprazolam have all been used for this purpose.  Table 4 presents relevant 

pharmacokinetic differences between these agents59, 60.   

Table 4 

Pharmacokinetic Characteristics of Various Benzodiazepines 
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 Alprazolam Diazepam Lorazepam Midazolam 
Protein binding High (80%) Very high 

(98%) 
High (85%) Very high (97%) 

Half-life (hours) 11 (6.3 - 26.9) 20 - 80 + 10 – 20 2.5 
Active metabolites None at least 3 None ----- 
Peak plasma (PO) 1 - 2 hours 1 - 2 hours 1 – 6 hours 

(SL – 1 hour) 
onset within 0.5 
(IV onset = 1.5 – 5 min) 

Adapted From: USP-DI monograph for Benzodiazepines and for Midazolam 

The ideal agent does not exist, but rapid onset and shorter half-life are distinct advantages for this use.  

Whenever sedation is administered, the PET Center should be prepared to provide pulse oximetry and 

have oxygen available if oxygen saturation levels fall below 90%.  For patients requiring “conscious 

sedation” (e.g., midazolam and morphine), the applicable institutional policies and procedures must be 

followed. 

 
Adjunctive agents 
 
Iodinated Contrast Media - When CT imaging is done, in lieu of [68Ge]-based transmission imaging, 

the use of contrast media poses the potential problem of introducing image artifacts from errors in 

attenuation correction.  Artifacts can range from small alterations in the magnitude of SUV units to 

large focal increases in activity concentrations.  Investigations with phantoms have revealed over-

estimations of FDG concentrations with high, but not low, density barium61.  Investigations in humans 

did find apparent “increased” FDG uptake in the small bowel with barium in comparison to negative 

contrast material (e.g., mannitol, water)62. The ability to distinguish intestinal wall from lumen and 

mass or node from bowel aided image interpretation in 19% of subjects in one study63.  Investigations 

of both visual interpretation and SUVs in PET/CT images, acquired with and without oral62, 63 and IV 

contrast64, 65, have been reported.  The authors have concluded that, when contrast agents were used,  

good vascular and intestinal enhancement was possible without compromising FDG PET quality64, 65 

or inducing clinically significant artifacts63.  However, high concentrations of these agents (e.g., vena 

cava on bolus injection) can result in attenuation correction-based artifacts leading to over-estimations 

of regional FDG concentrations, therefore delays are generally employed between contrast injection 

and start of CT imaging (e.g., 40 seconds)66. 

 

The work of Berthelsen, et al.66prospectively addressed the significant issues surrounding the use of 

iodinated contrast agents in PET/CT by performing CT imaging for attenuation correction both with 

and without contrast.  With contrast present, the global activity, and therefore, global SUV, was 

increased with PET images based on CT with contrast present (4.5 ± 2.3%).  In this sample, eight of 
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eleven tumors exhibited an increased SUVmax (2.9 ± 3.1%).  However, no contrast-induced artifacts 

were observed and the clinical interpretations between the two sets of images had weighted kappa 

values of 0.92 and 0.82 for the two specialists, respectively.  Although the general clinical 

interpretations were not altered significantly, the authors pointed out that when the SUV will be used 

in a quantitative fashion, such as in therapeutic monitoring, changes in tumor vascularity will alter the 

volume of contrast agent present in the tumor.  Their recommendation was to limit PET/CT imaging 

for treatment response evaluation (i.e., before and after treatment) to scans employing CT without 

contrast enhancement for attenuation correction only.  Therefore, the benefits of only one diagnostic 

CT exam (e.g., lower radiation exposure, convenience to patient, more reliable co-registration of the 

contrast-enhanced images) entail only minor costs in the PET interpretability that can generally be 

easily factored into the clinical decision. 

 
The use of iodinated contrast media in PET imaging introduces another dimension to professional 

practice demands in the PET Center, that is, the potential for severe and potentially life-threatening 

adverse reactions.  Patients should be screened using the institution’s instruments for determining 

eligibility and risks associated with contrast media.  Screening should include history of allergy to 

iodinated contrast material, use of metformin, and renal disease.  IV contrast should not be 

administered if the serum creatinine level is above 2 mg per dL13.  Because of the risk of functional 

oliguria with IV contrast media and the risk of lactic acidosis with metformin, the metformin should be 

discontinued at the time of the contrast-enhanced study.  Doses should be withheld for 48 hours after 

the procedure and not restarted until after documentation of resumption of adequate renal function67.  

Imaging facilities should have the equipment necessary and personnel trained to treat contrast 

reactions. 

 
Furosemide - Excreted FDG present in the urinary tract can present significant problems in the 

assessment of the pelvic area for pathological uptake.  The use of OSEM reconstruction techniques 

over filtered back-projection and imaging at later times, have reduced but not eliminated this problem.  

When evaluation of the pelvic area is critical, bladder irrigation with or without the administration of a 

diuretic may be needed.  As mentioned earlier, the urinary (Foley) catheter should be placed prior to 

the FDG administration.  With a catheter, the risk of urinary urgency during imaging is eliminated, 

therefore, hydration, whether oral or intravenous, can be significantly increased.  For example, 1000 

mL of normal saline can be administered during the uptake time unless the patient is on fluid 

restriction.  The diuretic of choice is IV furosemide due to its rapid and short-lived diuretic activity.  
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The onset of action is approximately 5 minutes, with peak action within 30 minutes and duration of 

two hours68.  The usual dosage is 20 mg but may be increased to 40 mg in patients with reduced renal 

function.  The furosemide dose should be administered approximately 30 minutes prior to the start of 

imaging in order to “flush” the urinary tract of activity immediately before imaging.  The dose should 

not be administered until at least 10 – 15 minutes after the administration of the FDG in order to avoid 

enhancing the excretion of the tracer due to increases in glomerular filtration.  A recent publication69 

has documented the improvement in the detection of abdominopelvic malignancies with the use of IV 

furosemide coupled with IV (500 mL saline) and oral hydration (400 mL water) without an urgent 

need to void during the relatively short imaging times needed with the new scanners (e.g., 14 – 21 

minutes for PET only and 9 – 13 minutes for PET/CT). 

 
Drug Interactions 
 
Laxatives - Early in the use of FDG for whole body imaging, authors advocated the use of bowel 

cleansing regimens prior to the procedure in order to reduce the amount of FDG in the gut.  This 

recommendation was based on the erroneous assumption that FDG was excreted into the lumen of the 

bowel and that this would not be the case if the bowel were cleansed of fecal material.  However, 

uptake in the gut area is does not result from FDG excretion into the lumen but rather from FDG 

accumulation in the musculature of the gut wall.  The use of a laxative that stimulates peristalsis and 

may produce irritation of the tissues runs the risk of increasing FDG uptake rather than reducing it, 

posing a potential interference with abdominal imaging1. 

 
Colony-Stimulating Factor - To counteract the myelosuppressive effects of cancer chemotherapy 

agents, colony growth stimulators, such as filgrastim and pegfilgrastim, are frequently prescribed to 

patients with non-myeloid malignancies.  These agents act on hematopoetic cells to stimulate 

proliferation, differentiation, and end-cell functional activation70.  This augmentation of hematopoetic 

function increases the metabolism of the spleen and bone marrow, and therefore, the uptake of FDG 

into these tissues70, 71.  The increased uptake into these tissues causes two concerns that must be 

considered during image interpretation.  First, the alterations in biodistribution may result in the 

reduced availability of FDG to other tissues including tumors.  In the monitoring of therapeutic 

response, reduced tumor uptake may stem from reduced FDG availability rather than tumor response 

when significant alterations in biodistribution occur.  Secondly, the enhanced uptake into the spleen 

and bone marrow, which may be very intense in some patients, has the potential to mask malignant 

disease, especially metastases to the bone marrow itself.  Increased marrow uptake generally returns to 
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pre-treatment levels by approximately one month after discontinuing colony stimulating factors72.  The 

use of these agents should be considered in the scheduling and interpretation of FDG studies. 

 
Corticosteroids - Corticosteroids are frequently used in combination with antineoplastic agents in the 

treatment of cancer (e.g., CHOP (cyclophosphamide, doxorubicin, vincristine (oncovin), prednisone 

for lymphoma and  MOPP (mechlorethamine, vincristine, procarbazine, prednisone)) and for a 

multitude of other uses such as in allergic (e.g., anaphylaxis, edema, rhinitis), collagen (e.g., lupus), 

dermatologic (e.g., dermatitis), endocrine (e.g., adrenocortical insufficiency), gastrointestinal (e.g., 

ulcerative colitis, Crohn’s disease), hematological (e.g., thrombocytopenia), neurological (e.g., 

multiple sclerosis), respiratory (e.g., asthma), and rheumatic (e.g., rheumatoid arthritis) disorders .  The 

biological activity of glucocorticoids will increase blood glucose, by the following mechanisms, 

ultimately resulting in increased hepatic glycogen stores and insulin resistance:73  

 Stimulating gluconeogenesis 
 Stimulating protein catabolism (substrates for gluconeogenesis) 
 Decreasing peripheral utilization of glucose 
 Increasing lipolysis and mobilizing fatty acids from adipose tissues 

 
Two reports characterize the risk of hyperglycemia from corticosteroids in hospitalized patients. 

Hailemeskel, et al74 found 11 of 20 patients with corticosteroid-induced adverse reactions experienced 

hyperglycemia. Of these patients, the average increase in blood glucose level was 240 mg/dL (range = 

95 - 701 mg/dL).  Only three of these patients had pre-existing diabetes, yet required the initiation of 

insulin therapy.  Mathis, et al.75 found 14.9% of adverse drug reactions at their institution were 

associated with corticosteroids and that of these 75.8% were hyperglycemia.  History of recent 

corticosteroid use, even in non-diabetic patients, should signal the potential for hyperglycemia and 

insulin resistance, and the need for special management to ensure an appropriate blood glucose level at 

the time of scanning. 

 
Other agents that pose a risk for Hyperglycemia - Any drug or therapy that alters or may alter blood 

glucose and/or insulin levels poses the risk for “pharmacological” interactions with FDG.  Drugs used 

to treat diabetes will obviously be included in considerations of potential effects on FDG 

biodistribution. Risks of hypoglycemia or hyperglycemia occur with other classes of drugs that may 

not be immediately considered.  Two examples are atypical antipsychotic agents and fluoroquinolones.  

Patients treated with atypical antipsychotics, especially clozapine and olanzapine, exhibit an increased 

risk of insulin resistance even if not obese76 and have a significantly higher risk of developing 

diabetes77.  Fluoroquinolones have been associated with both hypoglycemia and hyperglycemia78 with 
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the incidence of both adverse effects being relatively rare.  Hyperglycemia may occur in 1.0 to 3.3% of 

treated patients depending on age (1.0% for < 65 years, 1.6% for 65 – 79 years, 3.3% for > 80 years, 

respectively).  There have been reports of profound increases in blood glucose levels in a patient (57 

year old male) treated for cellulitis with gatifloxacin79 (blood glucose level as high as 992 mg per dL).  

These two examples highlight both the need to know all medications that a patient is currently on as 

well as the need to always measure blood glucose levels prior to a PET study. 

 
Pharmaceutical Care Roles 
 
What pharmaceutical care roles, as posed in Figure 1, can be defined for each of the practice settings? 
 
Institutionally-based Nuclear Pharmacist - Institutionally-based nuclear pharmacists need to not only 

provide dispensing services for radiopharmaceuticals but also be a source of drug information and 

consultation on practice-related issues.  The development of policies regarding breast-feeding in 

women needing nuclear medicine imaging is an opportunity for nuclear pharmacists to serve not only 

the patient but to educate medical personnel in rational restrictions based on pharmacokinetics.  The 

amount of FDG excreted in the milk is a relatively minor radiation risk, falling below the 1 mSv 

recommended limit to infants.  However, the potential intense uptake of FDG in the lactating breast 

poses a greater risk from radiation exposure from close contact during feeding.  So, in this case, the 

milk is “safe” but should be expressed and fed to the infant by a third party, during the relatively short 

period of time that the mother is “radioactive”. 

 
Centralized Nuclear Pharmacist - The centralized nuclear pharmacist should stress to the hospital that 

there is a need for a consistent and controlled environment for FDG uptake.  Blood glucose monitoring 

equipment must be available.  The patient should not be ambulating during the uptake phase, 

especially not outside during inclement weather.  FDG is not a “one-size-fits-all” type of approach.  

Brain, heart and tumor studies all have very different study requirements for high quality and 

diagnostic images to be acquired. 

 
Hospital Pharmacist - Hospital pharmacists need to understand that blood glucose and insulin levels 

will affect FDG studies.  Dextrose-based intravenous solutions and parenteral nutrition must be 

discontinued four to six hours prior to the FDG PET study.  For TPNs, a gradual resumption after the 

study is advised. 
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Community Pharmacist - Community pharmacists need to understand that FDG is a glucose analogue 

and therefore, even though this may be a brain, heart or cancer imaging study, blood glucose levels 

will affect the outcome of the examination. 

 

All Pharmacists - All pharmacists can play an important role in ensuring optimal FDG PET imaging 

results – that role is to be actively involved in assuring that their patient’s blood glucose levels are 

carefully monitored and controlled when necessary. 

 
CONCLUSION 
 
The mechanistically simple and broad utility of FDG PET imaging belies the complexities of 

optimizing this diagnostic agent.  It has been the purpose of this lesson to provide the reader with an 

understanding of the factors that alter glucose metabolism throughout the body, therefore, FDG 

distribution, and the technical rigors necessary to successfully image this radiopharmaceutical. 
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APPENDIX A 
Pharmacokinetic Models for the Determination of the Metabolic Rate of Glucose from FDG 
Images 

 
The compartmentally-based pharmacokinetic model is represented mathematically by the following 
equations21: 
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The metabolic rate of glucose utilization (MRglc) is defined as 
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where Cp is the blood glucose concentration and LC is the tissue-specific  lumped constant, a factor 
which relates the kinetic behavior of FDG to the behavior of glucose. 
 
The above modeling approach requires dynamic imaging, characterization of the arterial input function 
and compartmental modeling, a technically demanding analysis procedure.  Alternative approaches are 
available to determine the metabolic rate of glucose, MRglc, specifically, by using population-based 
microparameters (i.e., K1*, k2* - k4*) and a single static image and by the determination of the 
macroparameter, K*, via the Patlak plot.   
 
With a single static image, arterial plasma concentrations determined from time = 0 to end of image, 
and population-based values for the microparameters, the following equation can be used for the 
determination of the metabolic rate of glucose. 

[7] 

- Page 45 of 58 - 



 

( ) ( ) ( )[ ] ( )

( ) ( )tCeekk

tCekekKTC
LC
Cp

MRglu

p
tt

p
tt

T

*

12

*
3

*
2

**
421

*
4

12

*
1*

21

21

⊗−
−
+

⊗
⎭
⎬
⎫

⎩
⎨
⎧

−+−
−

−
=

−−

−−

αα

αα

αα

αα
αα

 

In Patlak analysis21, 23, after some time t > t*, a plot of the normalized tissue activity (y-axis) versus the 
normalized time (x-axis) yields a linear relationship with a slope equivalent to the macroparameter, 
K*.  The normalized tissue activity is equivalent to the tissue concentration at time = t divided by the 
plasma activity at that same time (units = none) and the normalized time is the area-under-the-curve of 
the plasma activity at a particular time divided by the plasma activity at that same time (units = time) 
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QUESTIONS 
 
1. The United States Approved Name (USAN) of FDG is: 
 

A. Fluorodeoxyglucose F18 USP 
B. Fludeoxyglucose F18 USP 
C. Fluoroglucose F18 USP 
D. Fluorodesoxyglucose F18 USP 
E. Fluorodeglucose F18 USP 

 
 
2. The purpose of the NOPR (National Oncologic Patient Registry) is: 

A. To create a database of patients in the United States with cancer. 
B. To track all patients with cancer who have had FDG PET studies. 
C. To assess the utility of FDG oncologic imaging for indications beyond those currently 

reimbursed by Medicare/Medicaid for possible future reimbursement. 
D. To assess potential long-term complications from FDG PET imaging in oncologic 

disesase. 
E. To revise the ICD9 codes for oncologic diseases. 

 
 
3. The total radiation dose to the patient from a FDG PET study (10 mCi FDG) performed on a 

PET/CT compared to a PET-only scanner using Ge-68 based attenuation correction is: 
 

A. Significantly higher. 
B. Slightly higher. 
C. Lower. 
D. About the same. 
E. No difference because the radiation dose is only from the FDG. 

 
 
4. Administration of 18F-FDG by mouth is: 
 

A. A viable alternative in selected patients in which an IV line cannot be secured however 
limitations exist in the interpretation of the images. 

B. A viable alternative in selected patients in which an IV line cannot be secured without 
limitations in the interpretation of the images. 

C. Particularly useful in imaging patients with possible tumors of the GI tract. 
D. Not a viable alternative because FDG is not absorbed orally. 
E. None of the above. 
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5. FDG is not the optimal agent for the imaging of primary prostate cancer because: 
 

A. Prostate cancer tends to be a relatively slow-growing cancer and therefore not 
particularly metabolically active with respect to glucose. 

B. The prostate gland is a relatively small organ. 
C. The prostate gland lies close to the bladder which may be full of urine containing 

excreted FDG. 
D. All of the above. 
E. None of the above, FDG is an ideal agent for imaging primary prostate cancer. 

 
 
6. Accurate standardized uptake values (SUV) require which of the following: 

A. Attenuation-corrected images. 
B. Accurate measurement of the dosage actually administered to the patient. 
C. Accurate measurement of the patient’s weight. 
D. Accurate measurementment of the interval between dosage administration of start of 

imaging. 
E. All of the above. 

 
 
7. Tumors that are FDG-avid tend to have: 

A. Decreased levels of GLUT-1. 
B. Increased levels of GLUT-1. 
C. Decreased levels of GLUT-4. 
D. Increased levels of GLUT-4. 
E. No GLUT on their cell surfaces. 

 
 
8. Tissues that are sensitive to the effects of insulin tend to have: 

A. Decreased levels of GLUT-1. 
B. Increased levels of GLUT-1. 
C. Decreased levels of GLUT-4. 
D. Increased levels of GLUT-4. 
E. No GLUT on their cell surfaces because insulin does not modulate the response of any 

glucose transporter proteins. 
 
 

9. Optimal FDG uptake in tumors requires: 

A. Glucose levels in the normal, fasting state. 
B. Endogenous or exogenous insulin. 
C. Supplemental glucose administration. 
D. All of the above. 
E. None of the above. 
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10. Optimal FDG uptake in the heart requires: 

A. Glucose levels in the normal, fasting state. 
B. Endogenous or exogenous insulin. 
C. Supplemental fatty-acidadministration. 
D. All of the above. 
E. None of the above. 

 

 
11. Which of the following constitutes the major rationale for the use of FDG in brain imaging? 

A. Normal brain tissue utilizes a variety of substrates for energy but damaged brain tissue 
uses only glucose. 

B. Plaques and tangles present in Alzheimer’s disease are highly FDG-avid. 
C. Because brain tissue utilizes glucose as an energy source nearly exclusively, the 

distribution of FDG in the brain reflects brain metabolism. 
D. Because of first-pass extraction, FDG uptake in the brain reflects brain blood flow. 
E. FDG specifically binds to cholinergic receptors present within the brain. 

 
 
12. Oral or IV dextrose is administered to patients prior to FDG administration under which of the 

following circumstances? 
 

A. In brain imaging in order to ensure that the brain is utilizing glucose as its preferred 
fuel. 

B. In tumor imaging in order to ensure that there is adequate glucose present to facilitate 
FDG uptake. 

C. In cardiac imaging in order to ensure that there is adequate endogenous insulin present 
to facilitate cardiac glucose metabolism. 

D. Dextrose is administered prior to FDG in all cases. 
E. All of the above. 

 
 
13. Benzodiazepines are used in oncologic FDG imaging: 

A. Because FDG has been known to precipitate anxiety attacks. 
B. To minimize BAT uptake of FDG. 
C. To facilitate relaxation in the uptake period in order to minimize skeletal muscle FDG 

uptake. 
D. To minimize FDG uptake in the brain. 
E. b and c above. 
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14. Nursing women should avoid breast-feeding their infants after receiving FDG: 

A. For at least a week. 
B. Because FDG is an antimetabolite and the infant may experience a toxic reaction to the 

FDG contained in the breast milk. 
C. Because FDG is metabolized to free fluoride ions that may cause mottling of 

developing teeth. 
D. Because of the potential radiation exposure to the infant from FDG excreted into the 

breast milk but more importantly from the close proximity of the infant to the mother 
during nursing. 

E. All of the above. 
 
 
15. Which of the following statements Laxatives: 

 
A. Should be used the day prior to imaging for bowel cleansing in order to minimize the 

gut uptake of FDG. 
B. Should be used  prior to imaging to remove any FDG excreted into the feces which 

could interfere with image interpretation. 
C. Should be used after FDG imaging to remove any FDG excreted into the feces that 

could add to the radiation exposure of the GI tract. 
D. Should not be used prior to FDG administration because laxatives will interfere with 

glucose absorption from the GI tract. 
E. Should not be used prior to FDG administration because the stimulatory action may 

increase intestinal muscle uptake of FDG. 
 
 

16. In patients with possible lung cancer, 
 

A. Coughing should be encouraged during the FDG uptake phase in order to remove FDG 
in the secretions prior to imaging. 

B. Coughing should be minimized during the FDG uptake phase due to exertion-based 
increases in FDG uptake in chest, neck and abdominal muscles. 

C. Coughing should be suppressed with cough drops or cough syrups containing sugar. 
D. Coughing will not influence FDG uptake. 
E. b and c above. 

 
 

17. In FDG imaging of epileptic patients, the seizure foci 
 

A. Are hypermetabolic interictally but hypometabolic ictally. 
B. Are hypometabolic interically interictally but hypermetabolical ictally. 
C. Are always hypometabolic irrespective of seizure status. 
D. Are always hypermetabolic irrespective of seizure status. 
E. Are not identifiable. 
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18. Which of the following cancer therapies/adjunctive treatments will  influence the biodistribution of 
FDG? 
 

A. Colony stimulating factors. 
B. Chemotherapy. 
C. Radiation therapy. 
D. Surgery. 
E. All of the above. 

 
 

19. Which of the following is true for patients with oncologic disease and diabetes? 
 

A. Patients with Type II diabetes cannot be imaged with FDG because insulin resistance 
impedes FDG uptake into tumors. 

B. Patients with Type I diabetes cannot be imaged with FDG because exogenous insulin 
interferes with FDG uptake into tumors. 

C. The patient’s insulin dose should be administered immediately before the FDG 
administration in order to lower blood glucose levels. 

D. Patients with diabetes should eat immediately before FDG administration in order to 
ensure that the patient does not become hypoglycemic. 

E. Diabetic patients should work with their physician and the PET Center staff to ensure 
that their blood glucose levels are within the normal, fasting range without high levels 
of insulin at the time of FDG administration. 

 
 
20. The biodistribution of FDG and glucose differ in which of the following ways? 

 
A. Glucose uptake into cells is facilitated by glucose transporter proteins whereas FDG 

uptake is not. 
B. Glucose is phosphorylated by hexokinase whereas FDG is not phosphorylated. 
C. Filtered glucose is essentially completely reabsorbed whereas FDG is excreted 

unchanged in the urine. 
D. Glucose is metabolized via the TCA cycle to CO2 and H2O whereas FDG is 

metabolized via the TCA cycle to CO2, H2O and F-. 
E. Glucose is metabolized whereas FDG undergoes no metabolic alterations. 

 
 
21. Which of the following may be a cause of false positive results on whole body imaging for 

oncologic disease? 
 

A. Tuberculosis 
B. Hyperglycemia 
C. Small tumor size 
D. Osteoblastic skeletal metastases 
E. Tumor necrosis 
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22. Which of the following may be a cause of false negative results on whole body imaging for 
oncologic disease? 
 

A. Injection site 
B. Well differentiated tumors 
C. Osteomyelitis 
D. Esophagitis 
E. Hypoglycemia 

 
 
23. Measures that can be used to minimize uptake of FDG into BAT include: 

 
A. Beta-blockers 
B. Benzodiazepines 
C. Warm blankets 
D. Relaxed environment 
E. All of the above 

 
 
24. Adjunctive furosemide is used in FDG imaging to: 

 
A. Augment FDG uptake into the myocardium in patients with congestive heart failue. 
B. Reduce the radiation exposure to the brain by increasing FDG excretion. 
C. Induce impaired glucose tolerance and create a functional hyperglycemia. 
D. “Flush” the urinary tract of FDG present in the urine in order to improve visualization 

of the pelvic area. 
E. Block the excretion of FDG into the urine. 

 
 
25. Which of the following statements is true? 

 
A. Recent chemo- and/or radiotherapy does not factor into the decision as to when a patient 

should be imaged with FDG. 
B. Recent chemo- and/or radiotherapy is a contraindication to FDG imaging. 
C. Recent chemo- and/or radiotherapy may cause false positive scans due to inflammatory 

responses and false negative scans due to tumor “stunning”. 
D. Recent chemotherapy but not radiotherapy may cause false positive, but not false 

negative scans. 
E. Recent chemo- and/or radiotherapy is not an issue because FDG is only used as a 

diagnostic agent pre-therapy in oncologic disease. 
 
 

 


	PHARMACEUTICAL CARE IN IMAGING
	Physiological Imaging and PET Radiopharmaceuticals
	Clinical Importance of FDG in PET Imaging

	FDG PHARMACOLOGY
	FDG Indications
	  …
	Mechanism of Action
	Adapted From: Medina and Owens, 2002, Joost and Thorens, 2001 and Macheda, Rogers and Best, 2005.
	Distribution
	Radiation dosimetry

	PHARMACOKINETIC MODELING
	Compartmental and Non-Compartmental Modeling
	Standardized Uptake Values (SUV)
	Implications of the Pharmacokinetic Model

	CLINICAL USE OF FDG
	General Considerations
	Brain Imaging
	Cardiac Imaging
	Oncologic Imaging

	PHARMACEUTICAL CARE ISSUES IN FDG IMAGING
	Adjunctive agents
	Drug Interactions
	Pharmaceutical Care Roles

	CONCLUSION
	APPENDIX A
	Pharmacokinetic Models for the Determination of the Metabolic Rate of Glucose from FDG Images

	QUESTIONS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


