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Introduction: Optimization and validation of new dynamic contrast-enhanced (DCE) MRl a)
sequences requires image acquisition of volunteers during contrast agent (CA) administration.
This is in a practical sense not always feasible due to ethical and financial constraints.
However, even if CA is used in volunteers, the pharmacokinetic (PK) behavior in healthy tissue
is different to that in in lesions. Furthermore, repeatability of a volunteer experiment is N
difficult due to varying physiological conditions. A solution to these problems is to use a water flow
perfusion phantom. However, there is a lack of perfusion phantoms in the MR community.
Only few publications exist"*3 and few phantoms are commercially available or are in general
difficult to rebuild. In this work, a simple and cheap perfusion phantom is presented. Contrast-
enhanced signal changes similar to those in human tissue are mimicked and quantitatively
described.

Methods: The experimental setup of the phantom is shown in figure 1. The phantom is connected to a
water source delivering constant water flow. In close proximity to the phantom, two syringes join the
main hose via a valve. One is filled with CA, the other with water to flush the bolus. Both are manually
injected. The hose is connected to the bottom of a plastic box containing a sponge, which leaves an
unfilled area at the top. CA travels through the sponge and is washed out by newly arriving water. An
outflowing hose directs the water into a bucket outside the scanner. A dynamic time series of 1 coronal
slice is acquired using a T,-weighted GRE sequence. The signal time curves can be described using a o
gamma-variate function®: .  Voel2
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Ugigure 1: Experimental setup
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2. T (t) is fitted to the dynamic curve of each pixel to generate PK maps. To test the reproducibility of the
phantom, the experiment is repeated twice and joint histograms of the resulting PK maps of both
repetitions are generated and Pearsons’s correlation coefficient r is calculated for each parameter.

Results: The resulting PK parameter maps of the parameters are shown in figure 3. They show °®
heterogeneous parameter distributions with clusters of similar PK parameter values. The joint histograms o] e
of the two repetitions are shown in figure 4. For all parameters, the joint histograms are oriented along the . Time (<

diagonal. ris large for €, [yqx and tyqx, and smaller for T and a. Figure 2: Example curves of
Summary and Discussion: A perfusion phantom allowing contrast agent
administration is developed for sequence optimization and validation. PK maps
can be generated by fitting the gamma-variate function to the data. The PK maps
are relatively well reproducible. Derivations between repetitions arise from the
manual CA injection, which introduces motion artifacts and inaccurate injection
timings and rates. This error source can be eliminated by using a power injector.
Additionally, with each repetition CA accumulates in the sponge, leading to a
slight change in the baseline and PK properties of the phantom. Here, the
employed sponge is just a normal cleaning sponge and could be replaced by a
more sophisticated structure with a known ground

truth, for example using a 3D printer as suggested by®. Compared to in vivo data, realistic time
scales (3-4 minutes) similar to contrast changes in tumors can be achieved by adjusting the water
flow rate to the flow velocity of large vessels. In reality, tumors are heterogeneous structures with
varying physiological properties. Due to varying densities of the sponge, this is as well the case for
the phantom. The phantom can be described using a gamma-variate function, which is often used
to model physiological processese’7. However, typical DCE MRI data are better described using
multi-compartment models® with a slower wash-out. In the next steps the phantom could be
extended to mimic such curves, for example using an additional filter on top of the sponge.
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