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Background: Perfusion Imaging

A marker of vascular features 

• Low molecular weight contrast agent diffuse 
through vasculature / tissue

• Macroscopic Vascular Parameters: 
o Blood volume
o Blood flow
o Mean Transit Time 
o Capillary Permeability



Measured AIF differs from population average in 20% patients
(Port, Magn Reson Med, 2001)

Model-based / population average / individually measured

Korporaal et al, Magn Reson Med, 2011

Difficulty measuring signal enhancement due to inflow 

effects, B1 non-uniformity, saturation effects

Challenges in MR Signal Quantification

Prostate

Flip Angle 8º



Perfusion Imaging - Marker of Early Response

1. Compare DCE-MRI to volumetric DCE-CT
as a perfusion imaging biomarker

2. Explore various factors which contribute
to differences between DCE-CT and DCE-MR
metrics in the same patient

Given CT signal linearity to contrast concentration:
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Methods: Temporal Dynamic Analysis (TDA)

Automated Voxel-based Analysis of 4D DCE CT data improves the measurement of serial 

changes in tumor vascular biomarkers - Coolens et al 2014 – IJROBP. 91(1) pp. 48-57 

4D DCE MR



Methods: DCE Imaging

• Verio 3T System (IMRIS) 

• VFA T1 Quantification (10, 20) 

(1 x 1 x 5 mm)

• 3D-FLASH: matching echo times  

(1.86msec), repetition times (4.8msec)  

t = 5s

• Gadolinium injection (Magnevist 20cc),      

• Reconstructed Matrix resolution:           
1.5 x 1.5 x 3mm

•Reconstructed Matrix resolution: 
0.5 x 0.5 x 1mm

• Volumetric DCE CT on 320-slice 
CT with Visipaque®320 injection at 
5ml/sec

• VIF measured both in Carotid 
Artery and Sagittal Sinus

DCE-MRI Volumetric DCE-CT

•Image registration both intra-DCE and inter-modality



Methods: Kinetic Parameter Sensitivity 

•Sensitivity to Arterial Input Function (AIF)

o Population-based AIF

o Phase AIF

o Magnitude AIF

•Sensitivity to pre-contrast longitudinal relaxation time 

o voxel-based T10

o Fixed value

DCE MRI (Sagittal Sinus) DCE CT

o AIF (Carotid)
o VIF (Sagittal Sinus)



Results: Variation in CT AIF



Results: CT AIF vs. CT VIF (Absolute Ktrans)



•First 3 Patients 
scanned with a 10o

flip angle

oMagnitude VIF 
severely 
underestimated

•Next 6 Patients 
scanned with a 20o

flip angle.

oMagnitude VIF 
improved

oPhase based VIF 
starting to fail

Results: Variation in MR AIF



Results: Perfusion CT vs. MRI (median Ktrans)

Statistically significant, moderate correlations for all days 

using AIFpop and voxel-based T10 maps.

Median value in 3D tumor volume

Ktrans : R2 = 0.5 (P=0.05)

AUC : R2 = 0.6 (P=0.02)



Results: Perfusion CT vs. MRI (voxel-voxel)

AIFpop and voxel-based T10 maps



Results: Measured Magnitude vs Phase AIF
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Results: T10 dependency (Ktrans)



Results: T10 dependency (Ktrans)



Discussion

Courtesy: Simonis, Utrecht. ISMRM 2015



Conclusions

• First study evaluating perfusion parameters acquired by same-
day volumetric DCE-CT and DCE-MRI using same voxel-based 
analysis platform

• Volumetric DCE-CT parameter stability with VIF

• Statistically significant dependencies on AIF and T10

measurement accuracy

• Absolute Ktrans correlations between DCE-CT and MRI are 
significant, even on voxel-voxel basis, when using voxel-based 
T10 maps

• Highest correlations at Day 7 post SRS (likely due to small 
tumor size at Day 20) and possible predictor of response
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