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TARGET AUDIENCE:  
Scientists and clinicians who have an interest in DCE, and brain tumor assessment  
 

PURPOSE:  
The interstitium-to-plasma rate constant (kep), extracted from dynamic contrast enhancement (DCE) MRI data, seems to have an 
important role in the assessment of patients with brain tumors1,2. This parameter is affected by the slow behavior of the system, 
and thus is expected to be highly dependent on acquisition duration. The aim of this study was to investigate the effect of 
acquisition  duration on DCE pharmacokinetic (PK) parameters, and mainly on the kep estimation, using both simulated data and 
real data obtained from patients with glioblastoma (GB). 
 

METHODS:  
Real data: Seven patients with biopsy-proven GB were scanned on a 3.0 Tesla GE MRI. The DCE data was acquired using multi-
phase SPGR images alongside injection of 0.2cc/kg contrast-agent (CA) followed by saline, both at a constant rate of 5cc/sec. 
DCE protocol included data acquisition with temporal resolution of 6 sec for 6 minutes (main DCE), and additional volumes 
acquired every 5-10 minutes, maintaining the same parameters and calibrations as the main DCE, with anatomical scans acquired 
in between. Total acquisition duration was up to 35 minutes following injection. For the T1 maps, variable flip angle SPGR data 
was acquired with FA=3/5/10/15/25/30○.  
Simulated data: Realistic AIF and PK parameters, taken from a set of voxels selected from 
patients, with the addition of 20% noise level, were used to assess the effects of acquisition 
duration on the extracted PK parameters. 
Estimation of DCE parameters: was performed using DUSTER, a method for DCE Up 
Sampled TEmporal Resolution3,4, based on the Extended-Tofts-Model (ETM)5,6 with 
correction for the T1 maps and accounting for differences in the bolus-arrival-time (BAT). 
Analyses performed with model selection7, were performed with: model #1= empty model; 
#2= no leakage (BAT and Vp only); #3= leakage from the microvasculature, with a 
negligible re-entrance (BAT, Vp and ktrans), and #4= leakage and re-entrance (the full ETM 
model: BAT, Vp, ktrans and kep). Mean PK parameters within the enhanced tumor area 
were calculated for four acquisition durations: 6, 15, 25 and 35 minutes, and compared 
between these conditions. 
 

RESULTS AND DISCUSSION: 
 

Real data: Figure 1 shows data obtained from a 38 year old patient with GB. (a) post 
contrast T1WI; (b) average concentration time-course (CTC) obtained from the enhanced 
tumor area; (c) model selection and (d) kep maps, obtained at 6, 15 and 35 minutes.  
The effect of acquisition duration on data modeling: The model selection identified the full model (#4, red) in 93% of the tumor 
area for acquisition duration of 35 min, in 79% for acquisition duration of 15 min, and only 45% of the tumor area for acquisition 
duration of 6 min. Similar results were obtained for all patients. Therefore, further analyses in this study were performed without 
model selection.  
The effect of acquisition duration on DCE PK parameters: Significant differences between acquisition durations were detected 
only for the kep parameter. Higher values were detected for short acquisition durations: kep= 0.27±0.06 (6 min); 0.18±0.04 (15 
min) and 0.14±0.04 (35 min).      

Simulated data: Simulation of the PK parameters extracted from different 
acquisition durations revealed significant differences between conditions 
for the kep parameter only, similar to that obtained for the real data. Figure 
2 shows simulation of the CTC for the different acquisition durations (6-60 
minutes). As can be seen, in short acquisition durations <10 min, the CTC's 
indicated higher CA accumulation, and higher values for CA clearance 
were calculated (Fig. 2a). For acquisition  duration of less than 20 minutes, 
calculation of the kep resulted in overestimation of up to 32%, while 
acquisition  duration >20 minutes converged to estimation of accurate 
values (Fig. 2b).  

 

CONCLUSION: This study proposes an optimized protocol for clinical DCE MRI in patients with high grade brain tumors that 
can be easily implemented in routine clinical setup; and shows that acquisition duration of 20 minutes seems to be sufficient to 
obtain reliable and accurate PK parameters, especially kep. Care should be taken when using model selection for data acquired 
with short acquisition duration.  
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