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Introduction:  Dynamic contrast enhanced (DCE)-MRI and 
pharmacokinetic (PK) modelling are widely used to produce 
measures of vascular function. The lack of explicit AIF undermines 
the accuracy of these measures. A proposed solution is to measure 
the T1 of blood in a large vessel using the Fram double flip angle 
method during the passage of a 1/10th dose bolus of contrast agent.  
This work investigates the feasibility of this proposal by examining 
how accurately T1 of a flowing fluid can be measured.  This work 
builds on that by Roberts et al.1 by investigating a range of 
physiological flow rates and placing the errors in context of a typical 
AIF 
 
Methods: A phantom was developed which used a physiological 
pump, Compuflow 1000 MR, Shelley Medical Imaging Technologies, 
ON, to pass fluid of a known T1 (812ms) at known rates through the 
centre of a head coil at the isocentre of a clinical 1.5T MRI scanner. 
Measurements were made using high temporal resolution gradient 
echo sequences routinely used for DCE-MRI2 and were used to 
validate a virtual phantom that simulated the expected errors due to 
pulsatile physiological flow.  These results were then used to 
establish what errors might be expected if measuring the T1 of blood 
during the passage of a 1/10th Parker3 population function 
undergoing the pulsatile flow rates seen in a large vessel such as 
the aorta.  The virtual phantom was based on the Bloch equations 
describing spoiled gradient echo measurements4 and assumed new 
fluid entering the imaging volume had no prior excitations.  Although 
the virtual phantom describes signal across the entire imaging 
volume, only the results for isocentre are described here to 
correspond with the physical phantom. 
 
Results:  The overall trend of measurement error for flowing fluid is 
similar for both virtual and physical phantoms, as seen in figure 1 
where measured T1 is plotted against flow speed.   The horizontal in 
figure 1 between the virtual and physical phantoms is attributed to 
the virtual phantom not accurately simulating the spin history of the 
fluid before entering the imaging volume.  A non-linear relationship 
between T1 measurement and flow speed was shown.  The 
measurements on the physical phantom are for a single T1.  The 
virtual phantom allows differing T1 and corresponding measurement 
errors to be simulated (figure 2) across a range of flow speeds.  The 
errors introduced by flow are then used to provide error bars to a 
typical pre-bolus AIF (figure 3) where the Parker population function 
is used to provide baseline T1 and the corresponding range of 
measured T1 s across a range of expected flow speeds in a vessel 
such as the aorta.   
 
Discussion: T1 measurement is compromised by new spins flowing 
into the imaging volume, not being subject to enough excitations to 
have reached steady-state.  In the context of pulsatile flow which is 
known to vary between <0cm.s-1 to ~100cm.s-1 during a single 
cardiac cycle it seems impractical to correct for these. 
 
Conclusion: The T1  of flowing blood using standard magnitude only 
DCE-MRI sequences is highly compromised.  The measurement 
error is non-linear with relation to flow speed and particularly 
problematic across physiological flow rates. 
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Figure 1 – how T1 measurement varies with flow rate for both the physical 

(solid) and virtual (dotted) phantoms. 

 

Figure 2 - Contour plots of measured T1 for a range of simulated T1 and 
flow speeds. The contours join points of the same measured T1. For 

example, an underlying simulated T1 of 1000ms produces measured T1s of 
between ~1100 ms and ~150ms as the flow is increased from static to 

100cm.s-1.  Simulated using flip angles of 3.5
◦ 

and 7
◦ 

; and TR of 3ms. 

 

Figure 3- Graph showing a simulated pre-bolus AIF (blue), i.e a Parker 
population function at 1/10th dose.  Using  these values as the baseline, 
the virtual phantom is used to find the maximum and minimum measured 

concentration as the flow rate is varied from 0-75cm.s
−1

, a range of flow 
speeds expected in the aorta. 
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