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1. Abstract . Conclusion

Microwave ablation is a cutting-edge process by which microwaves are emitted . . » Phantom: egg white + egg albumin protein
through thin antennas at 2.45 GHz to kill cancer cells through rapid heating. Our Final des:gn: The final design is a mixture of egg white with added egg albumin; the ablation zone is clearly » Homogenous
client, Dr. Chris Brace, tests new devices in bovine liver tissue; due to the opaque . . . . . . . .
nature of the liver, it is very difficult to study the size of the ablation zone. In indicated by a clump of coagulated protein that can easily be measured. The dielectric properties are also > Relatively transparent
addition, the liver is only viable for a short period of time and is associated with a similar to the liver. The phantom costs less than Sz. 00. » Cost effective
high cost. Therefore, a consistent, homogeneous, transparent liver phantom -
with a clear ablation zone indicator is needed. Different combinations of base gels Eg_g Bo_vine Egg White P.lus > C.Iea!r ablf‘;\tlon Z.One . . .
_ egg white, sodium polyacrylamide, silicone, sodium alginate, and poly(vinyl R White Liver Egg Albumin 75 et g i s » Similar dielectric properties, ablation zone size,
alcohol) — and indicators — thermochromic dye, egg white albumin, and bovine | |1 —— | ' | 1| Quantity | 4eggs | 225m1 | *€88S plus08g | | | | | | _ ablation temperature, and heat propagation as liver
serum albumin — at different concentrations were tested. The dielectric properties, .l " gt MMWWMWMMM | albumin gol ~— o o A > Easy preparation
temperature of ablation, size of the ablation zone after five minutes of ablation at 5 ) ———— ——— Ablation . . : “5” ST I
approximately 50 Watts were tested and compared to values obtain for similar ; e e s | Time > min > min > min B b -
tests on bovine livers. A liver phantom was created out of egg white and egg = | et I Initial kil N 1 » The egg white albumin did not reduce the dielectric
white albumin. For every egg white, 2.7 grams of egg white alboumin were added, A | 1 1 | MWTW“““““““““* Temp 15.3°C 22.6°C 16.6°C 4; | , | | | | properties equa”y. the permittivity decreased more
and the combination was stirred gently until the protein dissolves. The phantom ” 1 2 T 4 5 5 _ U : | PR 2 : 3 o ' .
has a permittivity of 52.51 Farads per meter (F/m) conductivity 2.25 Siemens per NSRE— Ablation | . o Not 53 80C o st o significantly than the conductivity.
meter (S/m), an ablation temperature of 53.8 °C, an ablation zone that measures I T T— ' ' ' ' e Temp observed . ' ' ' ]
4.3 by 3.0 cm after five minutes of ablation. Further testing is still needed to verify < TH o5oihn. T e — w ) v 1 : ' ' ' : '
the absolute consistency of these values; other materials may also be considered to %5 | | Final Temp | 111.7°C Not 108.8°C éjﬁ:: * p * g * * PN > Dielectric properties contribute to the size of the ablation
better match the properties of the liver. 3 N WMMMMM“’WWMM observed %iﬁf: ™ ] zone
Mwmwwwﬁmfiwwww width (cm)| 2.8 25 20 : » Egg white + albumin has greater ablation zone than
. . mm——— ; : 4 | . 1' | ‘3 just egg white
2. Background Information wegne(em| 4 | 55 | s | > More protein to denature
Figure 2 — Comparisons of dielectric properties Figure 3 - Addition of egg white albumin adjust > More air in egg white which affects properties
> Microwave ablation of liver, egg white, albumin and the phantom. Table 2 — Summary table of ablation experiments of egg  dielectric properties of egg white. 88 prop
» medical treatment for abdominal cancers g TR B . e e i e white, liver specimen and the phantom. 4 2 b loventillenl fednddiind
5 thin antennas positioned in tumors ol ] [ e . | - | ' | | ' ' » Temperature affects dielectric properties:
> microwaves rapidly heat, causing cell death Bl - I i o) Higher temperature = lower permittivity & conductivity
> testing: animal livers (expensive, short shelf-life, can’t see ablation zone) £« : » Eol ‘"“\\ s e ]
> phantoms (created for different types of ablation, usually very \ ! ; S s 100 | ;
heterogeneous) ..,,. B . — MMMMMMMWMMMMW::W”? oo 7 F k
> improved testing methods desired S e s P L B 1| | 3, J | ™ o o L . u t u re WO r S
Frequency (GHz)
-l ..k . OO TG 9 Gty ety erprin “ E | > More repetitions of current methods
@fﬁ S i Al e M:M; gl » Other methods for preparing sodium alginate, poly(vinyl alcohol)
] gels
2‘;: o 5 MM%:::“:;‘WM’”‘“ : 20 : » Try other proteins or concentrations to better match properties of
‘ i wm@wwwﬁww | | | | : | | | | | f liver
ogustey e ——— “ | | Fequeny G “ 5 5 S ™ (9)200 =033 % Determine percentage of protein in phantom to validate consistent
e Frequency (GH2) Freqnecy (GHz) . _ . . .
Figure 4 — Summary of dielectric properties of base Figure 5 — Temperature affects dielectric properties of a Figure 6 — Mixed vs. unmixed egg white in a procedure

liver specimen; warmer livers have lower permittivity
and conductivity.

Figure 1: Probe is place in tumor and microwaves
are supplied to rapidly kill cells during an ablation
procedure.

» Liver Properties

gels and indicators synchronized ablation temperature measurement.
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5. Procedures

Units Liver > JOhn PUCCIﬂE”I, PhD (AdV|SOr)
Relative permittivity F/m 43.3 > Jl Zhen, PhD
Effective conductivity S/m 1.68 > L|Sa Sampson
Wavelength cm 1.8 Experimenta|
Thermal conductivity W/ m K 0.564 . . . _—
S om0 The samples were flrst!y mspgcted an.d te.ste.d for ther.mal property testing. Critical | 9 . REfe rences
Specific heat capacity | J/kgK | 3600 temperature, thermal instability, and indicating technique was initially assessed by testing
_ - ] ] ] . 1Johns.Hopkins Medicine. http://www.hopkinsmedicine.org/liver_tumor_center/ treatments/ablative_techniques/radio_frequency
Perfusion rate mi/min ke 1009 On a hOt plate' Late r’ the dIEIeCtrIC property teStIng WaS measured by the Agllent Z_Satzlj:;;,.:tR.,l Rosse’Fto, F., Prakash, M., Neuman,' D.G., & Lee, T. (2003). Phantom and animal tissues for modeling the electrical properties of
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—

ultrasound dosimetry. Ultrasound in Medicine & Biology, 31(10), 1383-1389
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