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Introduction 
The analysis of DCE-MRI contrast agent (CA) uptake curves has established roles in diagnostic and research. In previous work we reported a novel DCE-MRI test 
object of simple and affordable design, which can create reproducible uptake curves, similar to those normally obtained in a clinical setting, employing commonly 
available automated CA injectors [1]. This system has a linear response to input parameter variations and was demonstrated to be a valuable tool both in routine QA and 
in DCE-MRI sequence optimization [2]. In this abstract we extend the utility of this test object by exploring the possibility of mathematically predicting the evolution of 
the uptake curves as the contrast agent progresses through the test object. For this purpose, we derived a set of transfer functions and validated their use to predict 
contrast agent uptake curves for different locations within the test object. 

Materials and Methods 
Experimental Setup: The test object is a 4 cm internal diameter (ID) sphere with four interconnected chambers and 
input and output openings (Fig. 1). The input of the object is connected with airline tubing (3 mm ID) to an 
automated MR injector system, which controls both the flush flow and the CA injection. 
Data Acquisition and Analysis: The following injection protocol was adopted: 5 ml of flush solution (T1 ≈ 1300 ms) 
at 0.15 ml/s, 2 ml of CA solution (Dotarem, Guerbet) at 0.5 ml/s and 70 ml of flush solution at 0.15 ml/s. Three 
experiments were run using injections with different CA concentrations: A) [Gd] = 4.68 mM; B) [Gd] = 2.34 mM; 
C) [Gd] = 1.17 mM. The CA uptake curves generated by Experiment A were used to derive the transfer functions; 
these were then used to predict the curves generated by Experiment B and C. All datasets were obtained at 1.5T 
(MAGNETOM Aera, Siemens AG, Erlangen, Germany) positioning the test object in the centre of the standard head 

coil, employing a dedicated support. The dynamic series were acquired at high spatial and temporal resolution (voxel size = 0.9×0.9×5 mm, 3.3 s temporal resolution), 
using a transaxial 3D fast-spoiled gradient-echo pulse sequence (TE/TR = 0.99/3.02 ms, flip angle = 16°, 160 dynamic acquisitions), for a total time of approximately 9 
minutes. Images were analysed using in-house software [3]. The uptake curves (CA concentration vs time) were extracted from 3 different ROIs, placed at different 
locations (Fig. 1): the output of the injector (P1), the input of the object (P2), and the output of the object (P3). These experimental curves are denoted as C1exp, C2exp, 
and C3exp, respectively. 
Mathematical Modelling: Enhancement curves were analysed using a code developed in IDL (v. 7.1, ITTVIS, Boulder, CO). The input function set on the injector, 
denoted as C0, was modelled as a boxcar (rectangular) function of width 4 s (duration of the injection) and of height equal to the injected CA concentration. The transfer 
function from CXexp to CYexp, indicated as TXY (X, Y = 0, 1, 2, 3), was derived with FFT deconvolution (TXY = CYexp ⊗-1 CXexp). A Hanning low-pass filter 
(standard implementation in the IDL package library) was employed to reduce the contribution of noise to the deconvoluted signal. The filtered transfer functions were 
then used to generate a series of calculated functions (CYcalc = CXexp ⊗ TXY). Departure of experimental curves from calculated values was expressed as the 
maximum percentage difference along the curve. 

2b) Comparison of unfiltered 
(black) and filtered (blue) T12.

2c) Comparison of C3exp 
(dots) with C3calc =
C1exp ⊗ T13 (red).

2d) T12 ⊗ T23 ≈ T13Figure 2a) Uptake curves (CXexp, 
black) and calculated transfer 

functions (TXY, red).  
Results: The calculated transfer functions and the experimental curves from Experiment A are showed in Fig. 2a. The use 
of the Hanning filter successfully removed the substantial noise contribution to the deconvoluted signal, revealing the 
underlying transfer function. As an example, Fig. 2b displays the transfer function T12 (derived from the deconvolution of 
C2exp with C1exp) filtered (blue) and unfiltered (black). 
Table 1 reports the maximum percentage difference between experimental and calculated curves at different locations (an 
example in Fig. 2c). In most cases this difference was within 4%, demonstrating that the transfer functions were able to 
accurately describe the evolution of the uptake curves along the experiment. It was also possible to demonstrate that     
T12 ⊗ T23 coincides (maximum percentage difference 9.8%) with T13 independently calculated by deconvolving C3exp 
with C1exp (Fig. 2d). Table 2 reports the maximum percentage difference between curves from Experiment B and C and 
the curves prospectively calculated with the derived set of TXY, indicating that most values were within 15% variation. 
The ability to match the experimental curves decreased further along the circuit (CX3) and at lower injected CA 
concentration (Experiment C). In these situations the contribution of noise to curve variability is higher, as the decreased 
peak CA concentration results in reduced signal to noise ratio. 
Discussion and Conclusions: This work demonstrates that it is possible to derive a series of simple, smooth transfer 
functions which describe the evolution of the contrast agent uptake curve along the dynamic test object. Furthermore, the 
derived transfer functions were validated: they were able to predict the experimental curves at different locations within 
the test object in a series of experiments with different input functions. This approach assists the user in finding the input 
curve that corresponds to a desired output curve, expanding the potential of this DCE-MRI test object as a useful QA tool. 
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Figure 1: Diagram
of the test object.

CX1 CX2 CX3

X = 0 2.3 3.3 3.5

X = 1 11.4 3.7

X = 2 4.2

C01 C12 C23

Exp. B 3.8 7.9 14.8

Exp. C 7.0 12.3 22.1

Table 1: Maximum percentage 
difference (%) between experimental 

and calculated curves at different 
locations (Experiment A).

Table 2: Maximum percentage 
difference (%) between experimental 

and predicted curves from 
Experiment B and C.
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