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Appendix A: Conversion of signal to concentration 

The observed dynamic MRI signal for a particular voxel can be converted into indicator concentration 

based on the MRI sequence used. In this work, we use two different sequences, which results in 

different equations relating the observed MRI signal to indicator concentration, (i) a steady-state 

sequence, and (ii) a centric saturation recovery sequence [1]. The signal-concentration formula for 

the steady-state sequence is given as 
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where TR it the repetition time, r1 the so-called T1 relaxivity, α the flip angle, and η is an auxiliary 

variable, 
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where S(0) is the observed signal before contrast injection, S(t) the observed signal at time t, and R1,0 

the pre-contrast relaxation rate. For the saturation recovery sequence used in the present study, the 

tracer concentration may be obtained from the saturation recovery signal equation (see e.g. [2]), and 

is given as [1] 
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where Tsat is the so-called saturation time, while the remaining elements are defined above. 

Appendix B: Effect of acquisition duration 

We now provide a more detailed analysis of the ve underestimation observed for the 2CXM, in terms 

of computed extra-vascular transit times TE. In 

 



Figure 1 A-C, we present TE maps (SNR=40), as they appear when calculated with the Bayesian algorithm, where the 

difference between maps is the acquisition duration. These can be compared to the exact reference, which is presented in 

 

Figure 1 D. The corresponding ve maps are presented in 

 

Figure 1 E-H. Clearly, the quality of both TE and ve maps is markedly improved in the right-hand side of the phantoms 

when increasing the acquisition duration. This area corresponds to voxels with very high extra-vascular transit-times, which 

in turn means that the indicator washout from the extra-vascular space is extremely slow. Simultaneously, the inflow is non-

zero over a long period of time owing to the slow dilution of intravascular tracer (non-zero tail of the AIF). The combination 



of these phenomena results in an appearing monotonically increasing tracer concentration in the extravascular compartment, 

when measured with short acquisition durations. This is illustrated in Figure 2, where the tracer concentration curve is 

observed to be increasing throughout the scan duration (red curve). In the short acquisition case (

 

Figure 1 A and E) only the initial 3-4 minutes of the bolus passage is covered, which is insufficient 

for obtaining an accurate representation of areas with such slow extra-vascular dynamics. Overall, 

the maps are quite similar, but the LM results in the rightmost column appear more binary compared 

to the BM counterpart. We attribute this observation to the combination of slow extravascular 

dynamics, as described above, and the specific appearance of the tail in individual noise realizations. 

Removing this stochastic element, i.e. creating a noise-free phantom, makes the BM and LM maps 

virtually identical (results not shown), which suggests that BM is more robust against random noise. 



 

Figure 1: Illustration of the effect of scan duration on extra-vascular transit time (TE) and ve 

computation. Panels A-C display the TE maps from increasingly longer scan durations, with the 

ground truth is displayed in panel D. The corresponding ve maps are presented in panels E-H. All 

estimated results are based on the Bayes algorithm. 



Figure 2: Illustration of tracer concentration as a function of time. The red, blue, and black curves 

correspond to simulated scan durations of 225, 300, and 600 seconds, respectively. Note that the 

blue and red curves have been shifted by 10 seconds to allow better individual visualization. 

Appendix C: T1 measurement and effects on quantification of 

hemodynamic parameters in DCE 

In Figure 3, we illustrate the consequences of using incorrect T1 baseline values (T1(0)) in the 

concentration curve generation, compared to the T1 values resulting in the observed tissue 

concentration curve. The arterial T1 value is in all cases 1.66s, in simulation and estimation alike. 

The tissue T1 is, however, fixed in the estimation procedure to 0.5s (second row in Figure 3, denoted 

‘Shorter T1’), 1s (‘Correct T1’), and 3s (‘Longer T1’), respectively, while the tissue curves are 

simulated using a T1 value of 1s. Figure 3 displays only maps generated with the Bayesian algorithm, 

but we note that the maps from the LM algorithm are of similar quality. Initially, one observes that 

the maps generated by assuming the correct T1 values (second row in Figure 3) are virtually identical 

to the ground truth (top row in Figure 3). However, using longer (third row) or shorter (fourth row) 



T1 values in the estimation procedure dramatically changes the appearance of all parameter maps. 

Specifically, the use of a longer T1 value consistently underestimates parameters, while a shorter T1 

value overestimates parameters. 

We speculate that this observed drastic sensitivity of the appearance of the parameter maps for the 

steady-state experiment, when using incorrect T1 values, might represent a potential source of 

uncertainty in clinical application, since one might conceivably both over- and underestimate 

parameters, thus resulting in incorrectly appearing pathology. In the case of cerebral tumors, where 

steady-state DCE has been a suggested source of added clinical value [3, 4] the problem may, 

however, be alleviated to some extent, since tumoral T1 values are often longer than T1 values in 

normal appearing tissue. Hence, the parameter maps might appear qualitatively correct [5], despite 

the overestimation of parameters. Saturation-recovery data sampled and processed as in Kallehauge 

et al [1] are much less affected by incorrect T1 values. 

 

Figure 3: Simulations of the use of incorrect T1 values in the generation of concentration curves, 

illustrating the effect on the fitted parameter maps. The parameters Ktrans, ve, and vp are from the 



ETM, while Fp, ve, vp, and K1 are from the 2CXM. All maps are calculated using the Bayes algorithm. 

The experiment simulated is a steady-state DCE measurement. 
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