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Abstract—This paper investigates how blood flow in major
vessels affects temperature distribution during hyperthermia
treatments in the head and neck (H&N) region. To do this, we
used an in-silico model and a physical phantom of the neck
region where a silicon tube with flowing water was introduced
to simulate the presence of the two jugular veins and two
carotid arteries. The results show that temperature variations
of more than 5°C can affect temperature simulations when the
effect of blood flow is not considered. The achieved results were
confirmed by temperature measurements performed using the
physical phantom and a full-operating mock-up reproducing an
hyperthermia treatment in the neck region.

Index Terms—Hyperthermia treatment (HT), specific absorp-
tion rate (SAR), hyperthermia treatment planning (HTP), tissue
mimicking materials (TMMs).

I. INTRODUCTION

Tissue mimicking materials (TMMs) are essential in med-
ical research, providing a platform to test new devices and
techniques without risks to humans or animals [1]. These
materials, typically incorporated into phantoms, replicate hu-
man tissue properties and are invaluable in clinical simulations
for imaging, therapy, and device performance validation. Mi-
crowave hyperthermia (HT) is among the medical applications
requiring phantoms for design and testing. This therapy is a
complementary cancer treatment aimed at selectively increas-
ing the temperature of tumor cells to 40-44°C using antenna
array systems [2].

However, one of the primary challenges in optimizing HT
is accurately modeling heat transfer in biological tissues,
where the effect of blood plays a critical role in temperature
regulation. Despite significant advances in TMMs, the absence
of physical phantoms for hyperthermia reproducing the effects
of the blood system has limited experimental validation [1].

This gap limits the ability to experimentally validate and op-
timize microwave hyperthermia treatments, leaving researchers
to rely heavily on computational models to simulate blood flow
and its thermal effects.

The present study introduces a head and neck (H&N)
phantom that incorporates major vessels, i.e., the jugular
veins and carotid arteries, to simulate blood flow at dif-
ferent fluid velocities. This allows for the assessment of
vascular dynamics’ impact on temperature focusing during
microwave hyperthermia. While blood vessels have almost no

effects on SAR focusing, their presence causes changes in
the temperature maps due to the cooling effect of the flowing
blood. Vessels introduce in fact thermal boundary conditions
which can determine deviations of the temperature distribution
compared to the corresponding specific absorption rate (SAR)
map [3].

II. METHODOLOGY

The designed experimental setup represents a common hy-
perthermia (HT) applicator for deep-seated and sub-superficial
tumors in the H&N region [4], [5], operating at the central
frequency f = 434 MHz. The setup, as shown in Fig. 1,
consists of a circular array of N = 8 patch antennas with water
substrate, surrounding a central Poly(methyl methacrylate)
(PMMA) cylinder designed to represent the neck phantom.
Inside this phantom, a red sphere was placed to represent the
tumor target, and silicone tubes were used to simulate the
major blood vessels, specifically the two jugular veins and two
carotid arteries. Additionally, the neck phantom contains one
solid and one hollow PMMA cylinder, simulating the spine
and trachea, respectively. The neck phantom was then filled
with an in-house agar-based mixture, formulated to mimic the
dielectric and thermal properties of human muscle tissue, as
described in [6].

The in-silico model of this setup was implemented in
COMSOL Multiphysics® [7], as shown in Fig. 2a. The cross-
sectional view of the phantom, illustrated in Fig. 2b, shows the
placement of four tubes that simulate the blood vessels. The
center coordinates and diameters of these vessels, along with
the tumor target, are provided in Table I. To simulate blood
flow, water was circulated through the tubes at controlled

TABLE I
Center coordinates and diameters of key elements within the neck phantom

Element [ 2 (mm) | y (mm) [ d (mm)
Right Jugular vein -45 0 4
Left Jugular vein +45 0 4
Right carotid artery -40 -15 4
Left carotid artery +40 -15 4
Tumor target -20 -18 25




Fig. 1. Experimental setup of the mock-up reproducing the HT applicator.
The central section contains the agar-based phantom (not visualized in the
picture), including silicone tubes simulating blood vessels and a red sphere
representing the tumor target.

Fig. 2. (a) In-silico model of the experimental setup realized in COMSOL
Multiphysics. (b) Cross-sectional view in the zy plane of the neck phantom,
showing the tubes simulating blood vessels: 1- Right jugular vein, 2- Left
jugular vein, 3- Right carotid artery, 4- Left carotid artery. (c) 3D visualization
of the neck phantom, illustrating the vessels and fluid flow direction.

velocities v = 30 cm/s [8], [9], as visualized in Fig. 2c,
enabling the analysis of vascular effects on heat distribution.

To reproduce a hyperthermia treatment session using the re-
alized mock-up following the hyperthermia treatment planning
(HTP), we employed a SAR-based optimization approach, as
described in [10], to determine the optimal set of antenna co-
efficients that maximize power deposition in the target region
within the neck phantom. In this SAR-based optimization,
the electric fields generated by each antenna in the array,
when acting individually, were calculated using COMSOL
Multiphysics. These individual fields were then combined
through a superposition of unknown feeding coefficients; in
the presented paper, only the phases ¢,, n = 1,..., N, were

considered for simplicity.

Then, a particle swarm optimization (PSO) was performed
in MATLAB [11] to find the feeding coefficients that maxi-
mize power deposition in the target region and minimize the
risk of hotspots in surrounding healthy tissues. An additional
condition was also imposed to prevent the excessive reflected
power and avoid damaging the setup electronic equipment.

The resulting optimized phase coefficients for the antenna
array, along with the simulated active reflection coefficients,
are reported in Table II.

III. RESULTS AND DISCUSSION

The simulated SAR distribution corresponding to the opti-
mized set of phases (see Table II) is shown in Fig. 3, for an
input power Py = 75 W and a water velocity v = 30 cm/s in
the silicone tubes. As can be observed, effective SAR focusing
is achieved on the tumor target.

While the presence of the blood vessels has negligible in-
fluence on the SAR distribution, the temperature map resulted
by the deposited SAR is strongly influenced by the cooling
effect of flowing water in the vessels, which simulates the
heat dissipation from blood flow in vivo.

Fig. 4 reports the simulated temperature profiles in the
phantom, for different values of the water velocity. The top
row shows the temperature profiles at the fixed coordinate
z = 0 mm (which corresponds to the tumor center) as function
of time, at different positions on the xy plane, while the
bottom row reports the temperature distribution at a fixed
time (! = 120) for different points along the z-axis. It
is observed that using a non-zero velocity (v # 0 cm/s)
produces different temperature distributions compared to static
conditions. However, increasing the velocity beyond 10 cm/s
does not significantly alter the results, indicating that the
presence of flow has a more critical impact than the specific
velocity magnitude.

To experimentally demonstrate the impact of blood ves-
sels in the temperature distribution, a heating session was
conducted in which arrays of Fiber Optic Sensors (FOS),
consisting of Fiber Bragg Grating (FBG) sensors, were used to
measure the temperature distribution along the vertical z-axis
at various positions within the phantom. Results concerning
the experimental validation will be presented during the Con-
ference.

TABLE II
Optimized antenna phases and simulated active reflection coefficients

n| en() T¢ . (dB)
1 0 -22.15
2 82.38 -10.41
3 164.45 -10.40
4 -143.79 -10.63
5 -116.35 -10.53
6 6.03 -19.18
7 -20.17 -20.05
8 -31.61 -18.22
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Fig. 3. Optimized SAR distribution simulated in COMSOL Multiphysics in the presence of silicon tubes representing the vessels. The SAR maps are displayed
on the three canonical planes cutting the tumor sphere at its centroid.
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Fig. 4. Simulated temperaure for different water velocities in the tubes. Top panels show the temperature at the height of the tumor center (z = 0 mm) as a
function of time ¢; bottom panels show temperature as a function of z at the end of the heating session (¢ = 120 min).

IV. CONCLUSION

This study underscores the importance of incorporating a
vascular model within the phantom for microwave hyperther-
mia treatment for deep-seated tumors in the head and neck
region. The results demonstrate how the presence of blood
flow affects temperature maps starting from a certain SAR
distribution. This shows how this effect shoud be included in
simulations and physical phantoms to achieve more realistic
temperature predictions.

While these results are promising, some limitations of the
current model have been identified, such as simplifications in
the dynamics of blood vessels. Future studies should aim to
investigate variable vessel geometries, to reproduce a more
detailed discrete vasculature, and to design a more realistic
anatomical model.
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