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Maximum likelihood estimation method: 

For a fixed voxel, the kinetic model is 

𝐶𝑡(𝜆) = 𝑣𝑏𝐶𝑏(𝑡 − 𝑡𝑑) + 𝜅1exp(−𝑘2𝑡)⨂𝐶𝑝(𝑡 − 𝑡𝑑)

Supplemental Equation 1 

where 𝜆 represents the four parameters 𝑣𝑏 , 𝜅1, 𝑘2, and 𝑡𝑑.

Assuming the voxel value of the reconstructed dynamic image 𝑥𝑡 is Poisson distributed, the loglikelihood is:

𝐿(𝜆) = ∑ −𝐶𝑡(𝜆) + 𝑥𝑡 log(𝐶𝑡(𝜆)) − log (𝑥𝑡!)

𝑡

 Supplemental Equation 2 

The derivative for the parameter 𝜆 is 
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Supplemental Equation 3 

1 Update equation for 𝜅1 and 𝑣𝑏

For 𝜅1 and 𝑣𝑏, the condition 
𝜕𝐶𝑡

𝜕𝜆
> 0 is always true, and the conventional ML-EM approach can be directly applied in

this case. The update equation for 𝜆 at voxel j is: 

𝜆𝑗
𝑛+1 =

𝜆𝑗
𝑛

∑
𝜕𝐶𝑗,𝑡

𝜕𝜆𝑗
𝑡

∑

𝜕𝐶𝑗,𝑡

𝜕𝜆𝑗
𝑥𝑗,𝑡

𝐶𝑗,𝑡(𝜆𝑗
𝑛)

𝑡

Supplemental Equation 4 
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Supplemental Equation 4 is used to derive the update formula for 𝜅1 and 𝑣𝑏. The above equation is

very similar to the conventional ML-EM update for image reconstruction. 

2 Update equation for 𝑘2

For 𝑘2, the condition 
𝜕𝐶𝑡

𝜕𝜆
< 0 is always true, and the model requires k2 to be positive. While Supplemental Equation

can be directly applied, it can be seen that with an improper choice of 𝑠, k2 estimated using the above equation could 

be negative, which is undesirable. An easy approach for enforcing the positive constraint for k2 and to determine the 

best step size is to convert the additive update equation to a multiplicative update. 
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Supplemental Equation 5 

The conversion from an additive update formulation to multiplicative update formulation ensures the positive 

constraint. It can be observed that the multiplicative update factor for the above equation is the reciprocal of a typical 

ML-EM update approach. The similarity makes its implementation straightforward.

3 Update equation for 𝑡𝑑

For the parameter 𝑡𝑑, the condition that 
𝜕𝐶𝑡

𝜕𝜆
> 0 no longer holds, and a gradient descent approach can be used for update:
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Supplemental Equation 6 

where 𝑠 is the step size and 𝑠>0.  

THE JOURNAL OF NUCLEAR MEDICINE • Vol. 62• No. 5 • May 2021 



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 62• No. 5 • May 2021 Feng et al. 

Volumes of interests for input functions 

Supplemental Fig. 1 The VOIs for ascending aorta-based input function and left ventricle-based input function. 

Respiratory motion could be observed in the left ventricle region and therefore limiting the size of the VOI. The 

ascending aorta was less affected by respiratory motion. 


