
INTRODUCTION: Cancer is a healthcare concern
worldwide, with a projected 1,762,450 new cases in
the United States for 2019 [1]. Thermal ablation is one
such treatment option in oncology for targeting
primary and metastatic cancers unsuited for traditional
surgical interventions.

REFERENCES:
1. Lacroix, M.et al.A multivariate analysis of 416patients with glioblastoma multiforme: prognosis,extent of resection,

and survival.J. neurosurgery95,190–198 (2001).
2. Gandomi, K. et al. Thermo-acoustic simulation of a piezoelectric transducer for interstitial thermal abla- tion

with mrti based validation.

3. Farrer, A. I.et al.Characterization and evaluationof tissue-mimicking gelatin phantoms for use withmrgfus.J. therapeutic
ultrasound3, 9 (2015)

3D Thermo-Acoustic Modeling of a Piezoelectric Transducer 
for Directed Interstitial Ultrasound Ablation

K. Y. Gandomi 1, Z. Zhao 1, M. Tarasek 2, E. W. Fiveland 2, C. Bhushan 2, G. Ghoshal 3, P. Neubauer 3, 
E. Williams 3,  M. Liu 1, P. A. Carvalho 1, C. J. Nycz 1, D. Yeo 2, E. C. Burdette 3, and G. S. Fischer 1

1. Worcester Polytechnic Institute, Worcester, MA, United States
2. General Electric Global Research, Niskayuna, NY, United States 

3. Acoustic MedSystems Inc, Savoy, IL, United States

Excerpt from the Proceedings of the 2020 COMSOL Conference in North America

NEEDLE BASED THERAPEUTIC ULTRASOUND (NBTU):
Heating produced by the generated ultrasonic waves by
the piezoelectric transducer can be used to
directionally ablate a desired shape.

SIMULATION SETUP: A 3D Simulation of an NBTU
transducer built using COMSOL 5.5 is presented. Since
the beam pattern was known from our previous 2D
models [2], a quarter region of the transducer and
acoustic medium was simulated in order to simplify
volume calculations.

CONCLUSION: A Multiphysics simulation of a piezoelectric
transducer for interstitial NBTU brain tumor ablation in 3D is
presented. Future work:
• Further calibration of the simulated and experimental results
• Non-static material properties and blood perfusion

EXPERIMENT AND RESULTS: Preliminary Experimental
validation of the simulation was performed by collecting
MR-Thermometry of the activated NBTU probe within a
phantom of known acoustic properties [3]. Results for 60
second ablation are shown below.

STUDY RESULTS: Frequency sweep from 1 MHz to 10 MHz at
0.1 kHz increments was used to determine frequencies that
induce transducer deformation. A resonant
frequency of 5.0444 MHz was
selected and used to compute
an acoustic pressure field. A
time domain study using these
results was conducted to
simulate ablation heating for
60 seconds.

Figure 3. Deformation frequency sweep

Figure 1. NBTU Probe with labeled details on left. 
Experimental setup of NBTU probe in phantom shown on right. 

Figure 6.  Side view comparison of the 
(a) Experimental and (b) Simulated Results

Figure 2. Simulation Geometry Setup
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Figure 4. Side view acoustic pressure field

Figure 7.  Top view comparison of the 
(a) Experimental and (b) Simulated Results

Figure 5. 3D view of bioheat transfer


