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Introduction  
Dynamic susceptibility contrast (DSC) MRI is the most commonly used MR 
technique to assess perfusion in clinical studies. It exploits the signal changes on 
T2

*-weighted images introduced by a bolus of contrast agent, and calculates the 
contrast concentration C(t) from the time dependent signal changes.  However, since 
most studies employ a single echo sequence, a negligible T1-effect of the contrast 
agent is implicitly assumed. The latest generation of scanners with faster gradients, 
combined with higher magnetic field strength, parallel imaging, and improved 
receiver coils, are now allowing much faster acquisitions (with shorter TR) and with 
increased coverage (e.g. see [1,2]). Therefore, the assumption of negligible T1-
effects may not be always valid, especially not for arterial input function (AIF) 
measurements [3]. In this study we aim to investigate the T1 effects on the shape of 
the tissue concentration and AIF, and their effect on perfusion calculation.  
Methods 
Numerical simulations: For typical shapes of the AIF and the first passage curve 
through brain tissue, signal intensities curves were calculated from the steady state 
formula for short TR, spoiled gradient echo sequences. The relaxation properties of 
gray matter, blood, and contrast agent were taken from literature [3]. The tissue 
signal was calculated using a two-compartment model. Curves were simulated for 
TRs ranging from 10 - 1000 msec, with a 1 sec resolution. Flip angles were varied 
between 1º and the Ernst angle in steps of 1º, and TE was varied between 5 and 40 
msec. Deconvolution was performed using the iterative ML-EM algorithm (with 200 
iterations) [4], and CBF calculated from the maximum of the deconvolved impulse 
response function. Since the T1-effects caused some unrealistic outliers, a three-
element median filter was applied to the CBF-data as a function of flip angle. 
In vivo data: Data from 5 control subjects were acquired on a 1.5 T Philips 
Gyroscan using a dual echo sequence (TR/TE1/TE2/α=101/9/24 msec/10º, 
segmented EPI (11 shots), 2 slices of 9 mm with 9 mm gap, 128x55 matrix, 
FOV=250x163 mm, 30 ml Gd-DTPA injected at 5 ml/s followed by a saline chaser). 
In the upper slice 8 arterial voxels were selected. ∆R2

* values were calculated from 
each echo separately (assuming ∆R1=0), averaged over the 8 voxels, and compared 
to corresponding ∆R2

* values calculated from both echoes (i.e. removing T1 effects).   
Results 
Simulated data. The T1 effects were found to distort the shape of the tissue 
concentration and AIF, resulting in underestimations and, in some cases, even 
negative ∆R2

* values (see Fig. 1). The distortion of the peaks produced an 
overestimation of the estimated CBF (as illustrated in Fig. 2) and CBV (data not 
shown). Two domains can be seen in the results shown in Fig. 2: (i) a fast 
overestimation of CBF with increasing flip angle, likely caused by the general 
underestimation of ∆R2

* (see Fig. 1); (ii) an oscillating CBF dependence with larger 
flip angles (and high sensitivity to the iteration number in the deconvolution �data 
not shown), likely due to the increased distortion of the AIF and tissue concentration 
curves. 
In vivo data. By comparing the results obtained from each echo to the ∆R2

* 
estimates from the dual echo analysis, a significant T1 effect was observed in the 
AIF calculated from the first echo (see Fig. 3). These T1-effects lead to 
underestimation of the ∆R2

*, especially prominent for low ∆R2
* values.   

Discussion 
The results from the numerical simulations indicate that care should be taken in the 
choice of sequence parameters to avoid introducing significant T1 effects in 
perfusion quantification when using single-echo sequences. The in vivo data 
supported these findings, by showing a significant T1 contribution for the data from 
the shortest TE used (T1-effects were limited in the in vivo data due to the large gap 
between the slices and a small flip angle). It is important to note that the T1-related 
errors are not restricted to the area under the curves (i.e. to CBV) but will also affect 
CBF estimates; the shape of the concentration curves is distorted due to the 
dependence of the effect on the actual contrast agent concentration (which changes 
during the passage). The T1-effect was present in both the tissue concentration and 
in the AIF, but was larger for the latter due to its 100% intravascular component. 
This effect can be particularly relevant for local AIF measurements (cf. 
measurement of global AIF from a fast flowing artery in a lower slice). 
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Figure 3: Scatter plots of the arterial input function in the most 
superior slice of a two slice perfusion protocol (5 control 
subjects). Plotted are the ∆R2* measurements based on the first 
or second echo as a function of the ∆R2* measurements as 
calculated from both echoes (that is without T1-effects). 
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Figure 2: Influence of T1-effects on CBF measurements for 
simulated data. Upper graph shows simulations for TE=30 
msec. Lower graph shows results for TE=10 msec.

 
Figure 1:  Calculated arterial input functions from simulated 
data for TR = 100 msec and flip angles of 1º, 10º, and 20º. 
Note the negative dip and general underestimation of ∆R2

* for 
flip angles of 10º and 20º. 
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