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Photoacoustic Imaging
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Stress wave

Initial pressure:
P=Tdu, (A)

1, — Absorption coefficient
@® — Fluence rate
[ — Gruneisen coefficient



The Twente Photoacoustic
Mammoscope (PAM)

aperture to
accommodate
breast

ultrasound detector + electronics

light
delivery
system

+
scanning
system

laser

S. Manohar et al Phys. Med. Biol. (2005) 50, 2543
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S. Manohar et al (2007) Opt. Exp.

Case 2: Infiltrating ductal
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Parallel-plate geometry

breast

' laser

Single projection
Craniocaudal

Light compression but
breast deformed

Breast not completely flat
In Imaging field

Depth coverage could be
limited

Finite planar aperture
compromises resolution




Photoacoustic Computed
Tomography

curviplanar

photoacoustic
signals

symptomatic breast



Reconstruction: acoustic

backprojection
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Dead rat-puppy brain vasculature
imaging
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Photoacoustic measurement
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Reconstruction: acoustic

backprojection
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Limitations of acoustic
backprojection

= TWo assumptions in image reconstruction
Acoustic velocity Is known
Tissue Is acoustically homogeneous

= Choice of incorrect acoustic velocity =>
compromised resolution and contrast
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Method for obtaining UST
parameter tomograms

carbon fibre

fibre bundle

US probe

sos inhomogeneity distorted circular
S. Manohar & T.G. van Leeuwen (2008) WO/2008/075961 wavefronts

S. Manohar et al Appl. Phys. Lett. (2007) 91, 131911



Fan beam projection geometry

Normalized TOA
at element n




Clinical significance of SOS and
acoustic attenuation

= Speed-of-sound depends
on bulk modulus and
density

cC= |— . £ W=
“ : ‘-:r . ':-"”‘; e
= Acoustic attenuationalso &= = . =

related to tissue density &

TIS<@. 4 Mi=@ 3 RO=10QN

Hypoechoic mass with an irregular border and posterior acoustic shadowing
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HYMPACT: Hybrid Mammography using
Photoacoustic Computed Tomography

breast cancer detection,
diagnosis and intervention

Medisch Spectrum

Twente photoacoustic
imaging expertise

Biophysical
Engineering (UT)

Imaging suspect and
symptomatic breasts
of human subjects

Academic Medical
Center

_ photoacoustic
breast cancer screening mammoscope based on

CT geometry
peri-operative breast
cancer optical property g
measurement ]
Luminostix
Erasmus Medical Center differential

pathlength spectroscopy
breast cancer surgery

Oldelft

ultrasound
detector array

" Laser Physics &

Non-linear Optics (UT)

laser physics;
high-power optics



Areas for collaboration

= Ultrasound detector characteristics
= Choice of illumination wavelength
= Imaging geometry

= Quantification of optical absorption
Correction for acoustic iInhomogeneities

= |Insufficient patient data
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