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Purpose:  
Physical phantoms are routinely used to evaluate nuclear imaging technologies, 
but few options are available for assessment of pharmacokinetic modeling. A 
Dynamic Contrast-Enhanced (DCE) CT/MRI perfused cylinder phantom was 
modified for use in nuclear imaging. The accuracy of simulations, PET and 
SPECT image derived kinetic model parameters were compared to controlled 
variables. 
 
Methods:  
The phantom cylinder encased in an acrylic shell, housed a coiled perfused tube, 
facilitating uniform exchange of activity. The phantom was imaged using 82Rb on 
GE D690 and GE D600 PET cameras. Likewise 99mTcO4 projections were 
acquired on a GE D530c SPECT and reconstructed with and without CT 
attenuation corrections (CTAC). Twenty scans were acquired on each scanner 
under varying inlet flow rates (100-300 mL/min) and flow ratios to the perfused 
tubing (20-100%). Sampled input and output time-activity-curves were fitted on 1-
compartment model with wash in and wash out parameters (K1 and k2). 
Computer simulated TACs were also used to confirm proper working of the 
kinetic model. 
 
Results:  
In simulations, K1 and k2 errors were small with 95% confidence intervals (CI) < 
0.28% and Pearson correlation r2 = 1.0 and excellent agreement between K1 and 
k2 (k2 = 0.998×K1 + 7×10-4). PET K1 parameters agreed with control (CI < 
12%); non-AC-SPECT had higher error (CI = 25%, p<0.001) and AC-SPECT (CI 
= 17%) did not differ significantly from PET. PET and AC-SPECT k2 values 
agreed with control (CI < 22%, r2>0.95), non-AC-SPECT was more variable (CI = 
47%, r2=0.709, p<0.001). 
 
Conclusions: 
The DCE phantom can be used to qualify PET and SPECT cameras for dynamic 
imaging of tracer kinetics. Non-AC-SPECT is not suitable for dynamic studies, 
while AC-SPECT and PET can accurately quantify flow kinetics. 
 



 

Figure 1: Kinetic model parameters (K1 and k2) vs. flow through phantom cylinder (QCyl) 
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