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Purpose

In dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI), high temporal resolution (At) is always desired for accurate quantitative
pharmacokinetics (PK) analysis . However, the current calculation methods for PK parameter estimation are computational intensive and may
require long processing time, especially when the temporal resolution is high. This study developed an efficient calculation method for quantitative
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study. The proposed method was also compared against
the other two currently used methods: nonlinear least-
squares based Levenberg-Marquerdt (LM) method, and a linear least-squares method using integrative model equation (ILLSQ) . In the single
voxel simulation, a group of intracranial PK parameters was selected to evaluate the performance of this proposed method at different temporal
resolutions and noise levels. The Cy(t) in the simulation was modeled as a population-averaged measurement results ® and C,(t) was generated using
the chosen PK parameters. Both C(t) and C(t) were then added with Gaussian random noise to obtain a certain level of CNR (ratio of the peak CA
enhancement to the standard deviation of noise intensity). Two substudies were performed: 1) At = 1s with CNRs ranging from 5 to 100; and 2) a
clinically realistic level of CNR = 10 with At ranges from 0.1s to 20s. At each condition, the simulation was performed with 5000 runs, and the
calculated average value and the standard deviation of each parameter was recorded. The accuracy was evaluated by its difference to the true value
for C(t) generation. The efficiency was evaluated by the calculation time used in 5000 runs. The results of the proposed method were compared to
LM and ILLSQ methods. The K"* calculation of the proposed method
was then furtherly evaluated against the two current methods in a 2D
simulation using voxels with different K”“** intensities. Each voxel was
simulated in the same fashion as the single voxel simulation at 1000 runs,
and the accuracy was evaluated by difference map and the quantitative
total relative error (TRE) ©.

Results

When the noise level was high (CNR<15) and At = 1s, the proposed method was
able to calculate all parameters with improved or comparable accuracy (Fig 1). When the
temporal resolution was high (At<5s), the accuracies of the proposed method in all
parameters’ estimation were improved in comparison with the current methods. When At
= 1s, the efficiency of the proposed method was improved by a factor of 7.3 compared
with ILLSQ, and a factor over 300 compared with LM. Fig.3 demonstrates that the
proposed method was able to estimate a group of K”** values at varying intensities with improved or comparable accuracy. The TRE value was
0.002 for the proposed method, 0.007 for the ILLSQ, and 0.091 for the Fig 3. Distribution of true K™ values in 2D simulation (a), K™ calculation
LM, respectively. results of the proposed method (b), ILLSQ method (c) and LM method (d). (e)-(g)
Conclusion demonstrate the corresponding difference maps in percentage

A new efficient method was developed and demonstrated to accurately and efficiently calculate permeability parameters for quantitative permeability
DCE-MRI study with high temporal resolution.
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Fig 2. PK parameter calculation results with varying At
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