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Abstract

A recent work introduced a balloon catheter from a polymer mixed with magnetic nanoparticles that was visible in
magnetic particle imaging (MPI) in initial trials. In this work, dynamic multi-patch and multi-contrast experiments
were performed to validate the applicability of the balloon catheter for complex application scenarios in MPI. In
both cases, the balloon was successfully imaged, although there are limitations in resolution and dynamic imaging
range.

. Introduction advanced imaging sequences are evaluated. First, if the
balloon catheter can be imaged completely and artifact-
free using a multi-patch sequence. Second, if the balloon
catheter can be distinguished from other materials, such
as liquid tracer. Both questions are of utmost relevance

for the applicability of the balloon catheter in practice.

On the way bringing magnetic particle imaging (MPI)
with its huge potential into the clinic multiple steps are
necessary. Next to the hardware [1], the imaging se-
quence [2], and the tracer material [3] also the compat-
ibility of interventional devices is an important field of
research. Recently, the first quasi-commercial interven-
tional balloon catheter (prototype that fulfills all stan-
dards for commercial catheters) for MPI has been pre-

Il. Methods and Materials

sented [4]. While in the previous work the main focus
was on the fabrication and characterization, in this work
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A picture of the balloon catheter is shown in Figure 1. The
used balloon was developed using magnetic nanoparti-
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Figure 1: Picture of the balloon catheter together with a sketch
of the measurement areas used in the multi-patch experiment.

cles of the product series MagSilica® (Evonik Industries
AG, Essen, Germany) and a polymer of the product series
VESTAMID® (Evonik Industries AG, Essen, Germany).
In this proof of concept trial a balloon with a nanopar-
ticle proportion of 30 wt% has been validated. Further
information on the balloon catheter and its manufacture
process is reported in [4].

I1l. Experiments

In this study, we performed two dynamic 3D MPI experi-
ments using the preclinical Bruker MPI System 25/20FF
[5] (Bruker BioSpin MRI GmbH, Ettlingen, Germany)
with an additional dedicated receive coil [6]. On the
one hand, a multi-patch experiment [7] and on the
other hand, a multi-contrast experiment [8] were car-
ried out. All measurements were performed using a
gradient strength of 2Tm™' and a drive field strength
of 12mT resulting in a covered field of view (FoV) of
24 x 24 x 12mm?3. For reconstruction the open-source
Julia package MPIReco. j1 [9] was used.

Multi-Patch Experiment

The first experiment was a dynamic multi-patch experi-
ment to visualize the entire balloon using two patches.
The balloon catheter and the multi-patch positions are
shown in Figure 1. The scan protocol included pulling
the balloon into the scanner, inflating and deflating it
and finally pulling it out of the scanner. The scan time
was about 2.5 min. The imaging sequence consisted of
a repetitive scanning of two patches with a repetition
time of about 1 s including 20 static and 4 shifting frames
per patch. The two patches had an overlap of 2 mm in x-
direction and covered together a FoV of 46 x 24 x 12 mm?.
For each patch an individual system matrix was mea-
sured to avoid potential artifacts due to field inhomo-
geneities.

For the joint reconstruction of a frame, the data of
temporally adjacent patches were combined [10]. In ad-
dition, 20 frames per patch were averaged to increase the
signal-to-noise ratio (SNR).
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Figure 2: Results of the multi-patch experiment. The x z-view
of the balloon catheter is shown in the deflated (a) and inflated
state (b). In c) the normalized signal from the marked positions
of both patches is shown over time. For normalization the
maximum intensity of the reconstructed image was used.

Multi-Contrast Experiment

The second experiment was a dynamic multi-contrast
experiment to showcase the possibility of separating the
balloon and liquid perimag (micromod Partikeltechnolo-
gie GmbH, Rostock, Germany). During the experiment
we placed the balloon catheter into the FoV followed by
inserting a 5 pl diluted perimag sample. The concentra-
tion of the sample was 170 ngg, pl™!. After the visualiza-
tion of both, the balloon and the sample, the balloon was
first inflated and after a few seconds deflated followed by
removing everything from the FoV. For the balloon and
perimag individual system matrices on the same grid of
size 25 x 25 x 13 with a voxel size of 1 x 1 x 1 mm? were
measured.

IV. Results

Multi-Patch Results

The results of the multi-patch experiment are shown in
Figure 2. A x z-slice of the reconstructed balloon catheter
at two different times (#;,%,) is shown in a) and b). In c)
the signal intensities at the center of the reconstructed
patches marked with a white dot are shown. It is clearly
visible that both curves are almost identical and there
are no inconsistencies in the synchronization and recon-
struction of the data. The different states of the exper-
iment can also be observed in the course of the signal
intensities.
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Figure 3: Results of the multi-contrast experiment. Both chan-
nels at three points in time are shown. The channel for the
perimag sample is shown on the left and the channel for the
balloon catheter on the right. In d) the normalized signal from
the marked positions of both channels is shown over time. For
normalization the maximum intensity of the reconstructed
image was used.

Multi-Contrast Results

The results of the multi-contrast experiment are pre-
sented in Figure 3, which shows an xz-view for both
channels. In a)-c) the reconstruction result of three sub-
sequent time points are shown. Each time point shows a
new phase of the experiment. Thus in a) only the balloon
is visible, while in b) and c) the perimag sample and the
deflated and inflated balloon is shown, respectively. In
each case, the sample is clearly separable from the bal-
loon catheter. In d) the intensity curve per channel from
the reconstructed images is presented. The locations at
which the intensity profile was taken are marked with
a white dot. Additionally, the different phases of the ex-
periment can be read from the intensity curve. As can
be clearly seen, there is no signal leakage between both
channels, which indicates good separability.

V. Discussion

As shown in the results, a successful reconstruction of
the balloon catheter is possible in multi-patch and multi-
contrast experiments. Regarding the image quality, one
has to note that the experiments carried out here were
performed with a dedicated receiver coil that has a signif-
icantly higher sensitivity compared to the system’s own
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coils.

The multi-patch experiments will be necessary in fu-
ture applications since the relatively small FoV of the
excitation field will not be sufficient to display the entire
balloon catheter. An alternative could be the reduction of
the gradient or the use of multi-gradient approaches[11].
It remains to be verified at which gradient the balloon
can still be recognized as such in the inflated state. In our
case, it was already difficult to successfully reconstruct
the balloon walls in the orthogonal direction.

The multi-contrast test showed that the developed
balloon catheter can be separated well from the liquid
perimag. This is very important, since an application
scenario is conceivable in which a (blood pool) tracer
was injected into the patient prior to the examination
and requires a clear separation from the balloon catheter
for navigation. However, the influence of different tracer
concentrations in presence of the balloon catheter on
the reconstruction should be further investigated.

V1. Conclusion

In this work, dynamic experiments showed that the quasi-
commercial balloon catheter developed in [4] is suit-
able for multi-patch and multi-contrast imaging. In
multi-patch imaging, an artifact-free and true-size recon-
struction of the entire balloon was possible. With multi-
contrast reconstruction, a clear separation of the balloon
from the liquid tracer material was feasible. In summary,
the quasi-commercial balloon catheter is very promising
for interventional applications and would be suitable
for first application-oriented in-vitro and in-vivo stud-
ies that will involve the multi-patch and multi-contrast
imaging techniques evaluated in this work.
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