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Abstract

Intraventricular shunts are the conventional medical devices for the treatment of hydrocephalus. The most common
and life threatening complication of the implanted devices is the probability of the blockage or the misalignment of
shunts after the implantation procedure. The most common way to diagnose these complications is the application
of Computed Tomography. Unfortunately, frequent exposure to x-ray radiation can have degrading effects such as
memory loss, stroke-like symptoms, poor brain function and even it can lead to cancer. In this study, an elastic
capsule filled with super paramagnetic iron oxide nanoparticles is used for the measurement of the intracranial
pressure (ICP). The diameter of the capsule is measured by the magnetic particle imaging method (MPI). The

performance of the proposed method is evaluated with a Matlab/SIMULINK model.

| Introduction

Cerebrospinal fluid (CSF) is a transparent, colorless
fluid that circulates through brain ventricles, cranial and
spinal subarachnoid spaces. In addition to providing
hydromechanical support in the brain, it plays an impor-
tant role in neural metabolic activity [1]. The production
of CSF in the body is about 0.5 ml per minute [2]. Prob-
lems may occur in the circulation of this continuously
produced fluid in the intracranial space. This causes lo-
cal accumulation of fluid and the ICP increases. This
condition is described as hydrocephalus in medical liter-
ature. Hydrocephalus can be diagnosed with Computed
Tomography (CT), Magnetic Resonance Imaging (MRI)
or telemetric devices. Because of malfunction of elec-
tronic devices in the intracranial space or long imaging
time of MRI system, CT scan is preferred to diagnose hy-
drocephalus especially in the emerging situations. The
criteria of the diagnosis of hydrocephalus are dilation
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of the frontal horns of the lateral ventricles, the third
ventricle and the temporal horn periventricular lucency
and the Evans’ index (the ratio of maximum width of the
frontal horns of the lateral ventricles and the maximal
internal diameter of the skull) being greater than 0.3 [2],
[3]. In this condition, excess of this fluid in the brain must
be removed from the effected ventricular space. The ven-
triculoperitoneal (VP) shunt which draining excess of
CSF from brain’s ventricles to peritoneal cavity was de-
veloped [4]. However, these devices are in the class of
medical devices that are most prone to cause problems
during and after the placement surgery. In pediatric pa-
tients, the probability of failure is 30-40 % in 1 year and
50 % in 2 years [5]. In order to observe the increased
ICP due to such complications, the patient is exposed to
X-ray many times during her/his life time. In pediatric
patients, giving a cumulative dose of Cerebral CT scans of
about 50 mGy can triple the risk of leukemia, and about
60 mGy can triple the risk of brain cancer [6]. In this
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Figure 1: Magnetic capsule.
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Figure 2: Diameter changes between pressure change accord-
ing to initial diameter.

study, an MPI based pressure measurement method is
proposed for the monitoring of ICP. MPI is a tracer based
imaging modality and particle concentration inside the
workspace can be quantified with electromagnetic fields
[7]. MPI system has advantages like high scanning rate,
high sensitivity, no tissue background, and lack of ion-
izing radiation. With these advantages, MPI is a good
candidate for hydrocephalus patients who have to be
exposed to x-rays frequently during their life time [8] [9].
Pressure changes in the intracranial space can be ob-
served with a capsule in a chamber that can be attached
to the shunt with the help of MPI without ionizing radi-
ation. In the proposed methods, a capsule filled with a
predefined amount of magnetic nanoparticle is placed
inside chamber. The pressure rise in the intracranial
space induces a volume change in the capsule. This vol-
ume change has a strong effect on the concentration of
magnetic nanoparticles which can be monitored by the
magnetic particle imaging system [10].

Il Material and methods

A constrained body is connected to the intraventricular
shunt. The magnetic capsule contains a silicon capsule
with a precise amount of SPION. It has one inlet and one
outlet to transfer CSF to the distal end of the shunt. When
the fluid flows inside to the constrained body, the diame-
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Figure 3: Lissajous curve and magnetic capsule which has a
diameter of 15mm are represented in the 20x20 mm FOV.
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Figure 4: Diameter change of MPI images from 10mmHg to
20mmHg for 15mm diameter.

ter of the capsule changes according to the pressure of
the fluid.

Pressure change affect the diameter of gas capsule
which contains SPIONs. Silicone based magnetic cap-
sule which made of RTV silicone will mixed with SPIONS.
After the mixture will shaped to the spherical form and
itis mounted to reservoir of the VP shunt. The volume
change of the capsule, which contains a certain amount
of air, changes the concentration. When the pressure
increase, volume of the gas bubble decrease. This pres-
sure and volume relation can be defined by polytropic
process. In this process, there is no heat transfer occurs
across the boundary.

PV" =P, V," = constant @]

In the Equation (1), P represents pressure, V volume and
n is a polytropic index (1.4 for air) [11]. ICP magnitudes
in healthy humans are in the range of 7-15 mmHg [12].
In hydrocephalus patients, a pressure above 15 mmHg
can be considered as mild increase, above 20 mmHg is
abnormal and above 25 mmHg needs to be start med-
ical treatment [13]. The volume change in the capsule
due the pressure rise can be calculated by the Equation
(1). Calculations and simulations of pressure changes
and visualization of the concentration are set up in the
MATLAB/Simulink.

Field of View (FOV) of workspace is selected 20x20
mm, as a Lissajous curve. Lissajous curve density which
means maximum distance between two points is 267um.
For 10 kHz excitation field, repetition time is 31.2 ms.
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The response of SPIONSs is modelled with a Gaussian
function and the blur of a particles’ response is defined
with Full-Width-Half-Maximum [14].

Diameter changes due to the pressure rise are presented
in the Figure 2. When the pressure is increased in the
intracranial space, the diameter of the magnetic capsule
will decrease and the concentration of SPION will in-
crease. This increase in the concentration will brighten
the reconstructed image. For example, magnetic capsule
with 15 mm diameter will be shrinked by 2.28 mm in
diameter when the pressure increased from 10mmHg to
20mmHg. This shrink can be measured with ~9px res-
olution. Resolution can be increased with smaller FOV
and higher density of Lissajous curve but this density
increment will increase repetition time. In addition to
capsule’s surface tension and strength of material have
to be taken in account in the future works. Magnetic
capsule where mounted inside the reservoir of the VP
shunt provides possibility to detect obstruction of the
shunt which occur in the distal tip and valve malfunc-
tion. On the other hand proximal tip occlusions cannot
be observed.

Results and discussion

IV Conclusions

The changes in the ICP can affect magnetic capsule’s
diameter. MPI based ICP monitor can be used for hydro-
cephalus patients without ionizing radiation. With this
advantage, patients who need to be checked frequently
after the implantation of intraventricular shunt can avoid
the exposure to cumulative X-rays.
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