
T E C H N I C A L  N O T E

Preclinical In Vivo Imaging

PET 101: Best  
Practices for Preclinical 
18F-FDG PET Imaging

The G8 PET/CT is a cutting-edge non-invasive 
Positron Emission Tomography (PET) imaging 
system that represents the latest advances in 
PET technology - sensitivity, speed, ease-of-
use and data visualization. This self-shielded 

benchtop preclinical imaging system has been utilized in a broad range of disease areas 
including cancer, cardiovascular disease, orthopedics, immunology, neurological diseases 
and drug development. 

Preclinical PET imaging can present challenges to new users as specific and quantitative 
imaging depends on proper study design and animal preparation. As patients are given a list 
of “do’s” and don’ts” for clinical PET scans, this document aims to provide comprehensive 
guidance to small animal PET imaging.

In this technical note, we discuss the use of the most common PET radiotracer, 18F-FDG, 
to visualize glucose metabolism in healthy and tumor bearing mice on the G8 PET/CT 
imaging system. Several parameters were tested in a typical imaging workflow and the 
results compared to better elucidate the best practices for preclinical 18F-FDG imaging. In 
particular, this note illustrates several important preparation factors that have a great impact 
on tracer biodistribution and image quality. These parameters include (1) fasted versus non-
fasted animals, (2) variation in ambient temperature, (3) conscious versus unconscious tracer 
uptake, (4) tracer injection route, (5) injected activity and (6) anesthesia type. New users 
of this technology should be aware of these parameters when designing and performing 
PET imaging studies.
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Fasting Mice Prior to 18F-FDG Injection and PET Imaging

As a glucose analog, 18F-FDG biodistribution is influenced by blood glucose and insulin levels in the imaging subject. Fasting is a vital 
part of 18F-FDG imaging as it minimizes dietary glucose–related competition of 18F-FDG uptake and reduces serum insulin to near 
basal levels.1 In addition, fasting causes the body to switch to fat and protein metabolism as a means to produce energy, making it 
ideal to reduce normal tissue background when visualizing glycolytic tumor cells.

Figure 1 shows 18F-FDG PET and CT images of two 
representative mice used for this comparison. In the fasted 
mice (Figure 1A), 18F-FDG uptake in the heart, brown fat and 
bowels was significantly (p < 0.01) reduced in comparison with 
the non-fasted animals (Figure 1B). As tumor cells preferably 
use glucose as an energy source, tumor 18F-FDG uptake 
remained similar or slightly improved after fasting (Figure 1C). 
Nevertheless, fasting of animals improved overall image 
contrast by significantly reducing background 18F-FDG uptake  
in normal tissues such as brown fat (p < 0.0001) and bowels  
(p < 0.001) (Figure 1C). Modest but not statistically significant 
increase in kidney uptake in fasting animals was observed, 
indicating active removal of excess tracer from the blood pool. 

Results

In this example, six week old female nu/nu mice were 
inoculated (subcutaneously) on the right flank with 2 x 106 
4T1Redluc cells. Ten days later mice were fasted (8-12 hours 
prior to imaging) or not fasted then injected IV with 90 uCi 
of 18F-FDG. Mice were kept warm on a heating pad during 
tracer uptake while under isoflurane anesthesia for one hour. 
The animals were then imaged using a 10 min static imaging 
protocol followed by a standard CT scan. 

Method

Figure 1. Food deprivation prior to PET imaging
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Unconscious Versus Conscious Uptake Post 18F-FDG Injection

During the uptake period after tracer administration, 18F-FDG biodistribution in various organs can be affected by the animal’s 
physiological state. When animals are kept under anesthesia (thus not moving and generating decreased blood circulation) for 
extended periods of time at room temperature, a dramatic drop in body temperature is observed.1 We examined the impact  
of conscious versus unconscious 18F-FDG uptake on biodistribution. To minimize the impact of decreased body temperature, 
anesthetized mice were placed on a heating pad during tracer uptake, where as conscious mice carried out normal physical activity 
at room temperature. 

Figure 2A shows 18F-FDG biodistribution in a mouse that was 
kept warm and anaesthetized during uptake. Figure 2B 
shows 18F-FDG biodistribution in a conscious animal kept  
at room temperature. As seen in Figure 2C isoflurane 
anesthesia/heating during tracer uptake can cause a 
significant decrease in background 18F-FDG signal in brown  
fat and skeletal muscle, while an increase is observed in the  
heart and kidney signal of unconscious mice.

Results

Eight week old female C57BL/6 non-tumor bearing mice 
were fasted and injected IV with 80 uCi of 18F-FDG. For 
unconscious uptake, mice were kept warm on a heating pad 
during tracer uptake while under isoflurane anesthesia (using 
1.5% isoflurane and oxygen ). After one hour uptake period, 
the animals were then imaged using a 10 min static imaging 
protocol followed by a standard CT scan. 

Method

Figure 2. Conscious versus unconscious uptake 
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Radiotracer Injection Routes

Tracer biodistribution and uptake kinetics are greatly affected by injection route and in some instances the injection site can interfere 
with clear visualization of certain ROIs. In the section, we focus on the impact of tracer injection route on over all image quality when 
performing 18F-FDG PET imaging.

Figure 3A shows that SQ delivery resulted in not only slow 
tracer absorption into the bloodstream but also considerable 
tracer retention at the injection site (back scruff, yellow arrow). 
SQ injections prevent tracer distribution as it can remain in the 
skin around the injection site. Figure 3B shows that IP delivery 
of the tracer is better than the SQ route but still has some 
levels of tracer retention at the injection site and in the GI 
track. This method should be avoided for imaging abdomen 
targets, as the unwanted tracer retention could interfere with 
target visualization. Figure 3C shows that IV injection enables 
rapid bloodstream distribution without injection artifacts.  
The IV route is ideal for 18F-FDG administration. Although IP 
delivery is also feasible, the success would greatly depend on 
the injection to avoid GI track puncture and unwanted GI 
track artifacts. The SQ route is not recommended as it is slow 
to achieve systemic delivery and will cause unwanted image 
artifacts at the injection site.

Results

Eight week old female C57BL/6 non-tumor bearing mice 
were fasted and the tracer was injected via three different 
routes – subcutaneously (SQ), intraperitoneal (IP) or 
intravenously (IV) with 68, 24 and 50 uCi of 18F-FDG, 
respectively. During tracer uptake all mice where kept under 
isoflurane anesthesia and warmed. The animals were then 
imaged using a 10 min static imaging protocol followed by  
a standard CT scan. The SQ image was acquired at one hour 
post-injection, the IP image at three hours post-injection and  
the IV image at 1.75 hours post-injection.

Method

Figure 3. Tracer administration route comparison.
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Injected Activity in Mice on the G8 PET/CT

The G8 system currently has the highest absolute sensitivity across the FOV (at approximately 14%) of any PET system (clinical or 
preclinical). This allows researchers to inject lower activities of radioactive probes into the animals, meaning the animals will not be 
subjected to higher doses that could potentially compromise the research by perturbing the in vivo environment. On the G8 PET/CT one 
can image activities as low as 2 μCi 2 and up to 100 uCi. Due to the system’s high sensitivity, the recommended injected activity would be 
in the range of 20-50 μCi. By comparison, the typical large bore scanner requires activities between 200-500 μCi to ensure adequate 
image quality. Due to the unique detector architecture and capabilities of the G8 system the typical activity administered to the animal is 
approximately 1/10th of the dose that would be delivered in other PET imaging instruments. An additional benefit is that lower activities 
of probes are required to be synthesized, allowing for a more efficient use of resources. Less radioactivity means lower exposure rates for 
investigators, reduced procurement expenses and lower waste storage and disposal fees.

Figure 4 A-F are images acquired at 1, 2, 3, 5, 6 hours after 
injection, where the total body activity was 600, 400, 285, 80, 
53.6 and 20.3 μCi respectively. It is clear that image artifacts 
were observed for activities above 100 μCi.

Results

This section demonstrates the impact of high levels of activity 
(> 100 μCi) on overall image quality when using the G8 
system. We injected a C57/BL6 female mouse (eight week 
old) with a high dose (~800 μCi) of 18F-FDG and performed 
longitudinal PET imaging at different body tracer activity 
levels. The mouse was kept under isoflurane anesthesia and 
warmed for tracer uptake. At each imaging time point 
indicated, the total body activity was measured with a dose 
calibrator prior to G8 PET imaging with a typical 10 min 
static PET plus standard CT protocol.

Method

Figure 4. High sensitivity detection of radiotracer.
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Anesthesia During 18F-FDG Uptake Period Prior  
to Imaging

As previously mentioned (Figure 2), it is necessary for the animals 
to be under anesthesia for unconscious tracer uptake. It is known 
that different anesthetic agents may affect 18F-FDG distribution 
differently. For example, Lee et al.3 studied the magnitude of the 
effect of different anesthetic agents and their potential influence 
on the biodistribution and tumor uptake of 18F-FDG. Flores et al.4 
demonstrated that both the anesthetic drug and the carrier gas 
can influence 18F-FDG tumor uptake. In this study, we investigated 
the effects of the widely used anesthetic agents - ketamine/
xylazine (KX) or isoflurane and oxygen (ISO) on 18F-FDG 
biodistribution in tumor-bearing mice.

Figure 5A shows images of mice under KX anesthesia during 
tracer uptake and Figure 5B under ISO anesthesia and 
oxygen during uptake period. Figure 5C shows the 
quantification of tracer uptake in the tumor, heart, kidneys 
and brown fat. The biodistribution of 18F-FDG under KX 
produces a significant increase (p < 0.01) in the brown fat 
compared to the ISO image. This is due to the fact that 
ketamine increases norepinephrine plasma levels which 
stimulates metabolic activity in brown adipose tissue. In 
addition, a statistically significant (p < 0.001) increase in  
18F-FDG uptake was seen in the myocardium heart under ISO 
instead of KX while the difference in tumor uptake was not 
significant between the two anesthesia conditions. Thus it is 
clear that choice of anesthesia during the 18F-FDG uptake 
affects the biodistribution of the tracer. Although KX could 
reduce metabolic perturbation in the myocardium compared 
to ISO as the heart can switch rapidly between glucose  
and other energy sources under hormonal influences, the 
increase in brown fat uptake and overall advantage of  
using inhalational anesthesia versus injectable suggests ISO  
is the preferred 18F-FDG PET imaging anesthetic. In addition, 
injectable anesthesia, such as KX, is more difficult to control 
during the period of general anesthesia and has higher chance 
of resulting in overdose. This is especially important when 
working with animals with pre-existing medical conditions.

Results

Six week old female nu/nu mice were inoculated 
(subcutaneously) on left shoulder flanks with 2 x 106 
4T1Redluc cells. Two weeks later, mice were fasted (8-12 
hours prior to imaging) then injected IV with 70 μCi of  
18F-FDG. Mice were kept warm on a heating pad during the 
1 hr tracer uptake while under ISO (1.5 % mixed oxygen) or 
KX. The animals were then imaged using a 10 min static 
imaging protocol followed by a standard CT scan.

Method

Figure 5. Effect of anesthesia on tracer uptake.
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Summary: 18F-FDG Tracer Biodistribution Under Various Conditions

Heart Kidney Brown Fat Bowels Muscle Tumor Note

Food deprivation (unconscious uptake, isoflurane, warm)

Non-fasting ++++ + + + nd +
Higher background uptake in the GI track, brown  
fat and especially in the heart.

Fasting ++ + - - nd +
Lower background tracer signal for better  
tumor visualization.

Isoflurane versus conscious uptake (fasted, warm/RT)

Un-conscious ++ + - nd - nd
Prevent unwanted uptake in the limb muscle and 
brown fat.

Conscious +/- - ++ nd + nd
Uptake in the limb muscle can be seen as the  
animal moves voluntarily after tracer injection.

Anesthesia effects (fasted, unconscious uptake, warm)

Ketamine/
Xylazine

+ +/- + nd nd +

Higher uptake in the brown fat, and lower heart 
uptake. However, injectable anesthesia is more  
difficult to regulate and there is an increased risk of 
overdose.

Isoflurane ++ + ++ nd nd +
Higher heart and kidney uptake. Gas anesthesia 
makes it easier to maintain the animals during  
the long tracer uptake period.

Tracer Injection Route

Intravenous (IV) Best route for quick and systemic distribution of the tracer.

Intraperitoneal (IP)
Systemic distribution can also be achieved. However, there is a risk that the tracer could be injected into the GI  
track resulting in unwanted artifacts.

Subcutaneous (SQ) Not recommended, as most of the tracer will be trapped at the injection site for an extended period of time.

Conclusions

Using the G8 PET/CT we tested of several parameters that affect the biodistribution of the use of the most common PET radiotracer, 
18F-FDG. The table below shows a summary of results and recommendations. These results should be used as a guide to minimize 
background signal interference by helping you to choose conditions aligned with tumor injection sites or sites of common metastasis.
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