observed photoacoustic waveform is given by the superposition of photoacoustic waveforms from micro particles. In the
condition of the present study, so the laser pulse width and the transit time of photoacoustic wave in the absorber are
close in order, the above-described change is observed in shape of waveform. In case that the laser pulse width is
enough smaller than the transit time of photoacoustic wave in the absorber, the sharp peak at the boundary of absorber
appears in the temporal photoacoustic waveform. And also, when the laser pulse width is enough larger than the transit
time of photoacoustic wave in the absorber, the photoacoustic waveform is approximately proportional to the time
derivative of laser pulse intensity.
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FIG. 2. (a) Observed temporal waveforms of photoacoustic signal and (b) their frequency spectra at various pulse widths.
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FIG. 3. (a) Calculated as-reached temporal waveform before hydrophone detection and (b) calculated temporal waveform
under consideration of hydrophone frequency response.
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3.2 Imaging with ultrasound array probe

The photoacoustic signal shows the wide-band frequency spectrum dependent on laser pulse width when detecting with
wide-band probe such as PVDF hydrophone. On the other hand, it is generally used a practical narrow-band PZT array
probe in acquiring image. In figure 4 (a), it is shown the photoacoustic temporal waveforms, which is intended to study
the pulse width dependence of image quality when detected with the PZT probes mentioned above. It is also shown that
the as-reached temporal waveform which is calculated by the above superposition model. However, the observed
waveforms are quite different with the calculated one, and the change of temporal waveform corresponding with pulse
width is not clearly observed. As is shown in figure 4(5), frequency profiles detected with the PZT array probe are lowly
limited, compared with the frequency profile of model calculation. It was also observed a slight decrease in peak
frequency with broadening of laser pulse width.
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FIG. 4. (a) Temporal waveforms of photoacoustic signal detected by PZT array probe and (b) their frequency spectra of at
various pulse widths, together with the calculated as-reached waveform at 4.5 ns pulse width.

To study the influence of the small shift of peak frequency on image quality caused by the pulse width change, the Point
Spread Function (PSF) from the pressure amplitude image and Modulation Transfer Function (M7F) for both depth and
array directions were examined, as shown in figure 5 (a) and (b), respectively. It was observed a slight increase of MTF
in the spatial frequency around 3 mm™ with pulse-width narrowing for the depth direction. For the array direction, the
influence of pulse width change on MTF is hardly observed, since the MTF in high spatial frequency is suppressed due to
the blurring occurred by the PZT-element pitch of 0.3 mm. In figure 6 (@) and (), it shows the PSF and MTF obtained
from the calculated as-reached photoacoustic waveform of depth direction with consideration of experimental conditions
in image acquiring. From these calculated results, it is indicated that the change of laser pulse width influences PSF and
MTF, especially, for the high spatial frequency side. However, the signals such like the above spatial frequency cannot
be obtained and there was small impact on image quality when the existing practical narrow band probe was used. For
the needs of high resolution for diagnosis, probe band and pulse width are expected to give great impact on the image
resolution, which should be taking into account.
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FIG. 6. (a) PSF and (b) MTF from the model calculation of as-reached photoacoustic waveforms.

4. CONCLUSIONS

The temporal waveforms are significantly influenced by change of the laser pulse width from 4.5 to 45 ns, when those
are generated by a solid-state laser pulse and observed by the wide-band detector like a hydrophone.

Such changes of waveforms can be qualitatively explained by a simple model that the observed waveform is given by
superposition of the photoacoustic waveform from microparticles which is proportional to the temporal derivative of
light pulse. Furthermore, better correspondence between calculated and observed results is obtained by taking into
account the effect of frequency filtering due to the frequency response of hydrophone.

Though the wide-band frequency components are essentially included in photoacoustic signal, the influence of the laser
pulse width on the image resolution is substantively small when photoacoustic signal are detected by the narrow-band
practical ultrasound probe with the center frequency of 8 MHz. However, it is expected to take into account the effect of
the pulse width on image resolution in the case of using a wider-band or higher-frequency probe.
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Photoacoustic imaging is a technique combined with optical and ultrasound methods. Here we report
the development of a photoacoustic imaging system for animal experiments with the aim of searching
its clinical value.
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DHFTPET,MRI, KR EDEX VT 4 LA THIZLIZEF VT 1 & LTRITSH, & 512 NCI (National
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Tablel Classification and application of photoacoustic imaging

PAI: Photoacoustic imaging® WM — BEERM&
High Frequency PAI® /NEN

PAT: Photoacoustic tomography /NE

PAM: Photoacoustic microscopy® SRfSEEIS A
Intravascular catheter®” BAT—T N, NHREE
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FRESEARAD T — 4 2=y F SRR X R
BRI S IR S 2T A5 REE L7, DV R
FADOREBIE, VY- SLZLREIAL - EE2E,
BWER 2 U COWEEENE, Esmge 58
TX3EEFH T I—mEOHRER TN FNTRET, W
FEm{g 1 OB E S AN 2 B TR TR 32 L
Ths. ZHUSKD, FEERMEEBEES 572008
FERIIRIA S IS RIBEE 7 5 7=,

WIZER Y AT LAOHERERMEED /2012, EoktigEs
FR X MBIk & EF IR (FE~ 500 pum) A8EET 22 2
DRBEE % REREF L L UCHiEm{§ 4G L= &
ORRIZEDLET, MEHEZEEENELAT
7a¥ Y O AL EATZ 700 ~ 800 nm & L, &
Tt 2 OHL R ECE R RN TR O ICE 45
10 MHz & U7z, REEROFER, HEFEEE(LEIRET
PRl B R 16 LR e ey v e B QR € 11 T4 G- 2 A A
AL Z AR R T %, BIRYE R ORI BEYEEE
Iz &7z, GEFEREE(S B THUER L -85
OREFEEEIE, ~NEZO Y OBFEIC LSk
W ARZ b VOZEACE T, BEFIRE DI eI E
TR AT HEE TR L 7.

AEBRTEIANESOE VERENRE LR, KB
A ARAD DI RS AI DRI A 2 —V
ZICHIRHVRETH S, SHIPEBETLERREL
T-EEA Y, ARLERICHZERT 3.

AW RO, B4R E (R
RUGEM R ), WIUERFI I REE DB
2 Cirhihr-.

oT EAWL L—Y—REBOXRTRFE
DERHFE

OKE #k!, B FI, MWL A
LT

VRBRZER BT TA0EZ0RH B -
IANF - TRHK

2 RBURZFAZEDE RFRITZERT REEFEEIKL
P KBUAZE BRRIEE TERATTREE + v % —
RERE MR EIRRE T LR T

° BHRRE LSRR SE

[iIZU®oic] EEERED L — W — REEERERIZ BT
13, EERSHC X 3 IEEHBEOREE ZPH< 2oL —
W —HEGHC K A EEE RO X % IEFEICHRET 5 2 &8
HETH D, KWFETIE, e -V VAT ST 4
(optical coherence tomography ; OCT) % FHWL N T L — 4 —
BEE RS % R CIEREICFMES 2 Z L A HIG & L=,
BEERE D OCT 4 X — U TI3EERENC & 0 RO YEBGEL
MBRAL, OCT D A E— FEBIZEE FENHEED
WERHE CHREEEMICWMEIE TS, ZZTOCTD A
E-FMEE#MTUERKEZENTREL s S5
L% LabVIEW IC X DR L, WEEAEE 7= S
J& 5 SRl 2 kA

(B 58] AFZETid, OCT LEEHL —¥—L %
HAEDHE-WE LR LU=, OCT I3 $k
518 OCT #HH\ 7=. OCT OWikEg4 »x — v 7 #iglx
507V —A/BTHD, G ROSEEEIZ 12 um
THhd. BEFALY - —ICiF HERIROKE 532
nm OFEAL —F — 2 Wz, EER TIPS Ny — %
J& 260 W/em? THL /N— % 60 FORIHEET L7z, OCT &
EWEHLY —F—0Xix g4 704 9235 —%Hn
TllllE U, EEET 238584 M TEEL - Bt
HOMBEE X 10 pm (28I L L T HE @ L,
OCTA X — Y LDIREIT 7. T 5HIZ,0CTDA £ —
FEB2EE T B {H = Th 5 MR 1 (Beer-Lambert
AU I (2) =Toexp (-p2)icHB1T 2 p) #HH L 7=
[ZERHER] OCT 4 A — VT, L —HF—EREIzfoi
MoORMAL G ESHEORMMA RSN 5 MR R4
IR T ARTFZBRTAZ LN TE7-. HE L@l
FEOCTA AV EEHRLEERL,S, OCTD
BEEEOMMERSEEREZEL T3 Z LN
Ehi. MEoL —F-FEICE, mERKIT6
mm™! A5 13 mm™ F CHEGIZELL 7.
[BDDIZ] BERE n ZRERE w &, BERK
ps O (n=patps) TEREIND. SO HEITEEFHLE
Dpa KW ps &, KFEIZKO B LN p OBFERIZON
T ZITH> 2 TH 5.
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PROS AND CONS OF IMAGING MODALITIES

| Technique Labefs Signal measured  Strengths Weaknesses Cost Throughpet  Sensitivity (moles  Reschution
i of label detected)
| pET Radiolabelled Positronsfrom  Highly sensitive Candetectonlyone  High  Low 10" 12mm
molecules radionuclides radionuclide, requires {
radioactivity :
SPECT Radiclabelled y-rays Can distinguish Requires radioactivity High Low 0™ 1-2mm
molecules between radionuclides,
S0 More processes can
beimagedatonce
T None X-rays Fast, cross-sectional Poor resolution of High Low )2 Rt S S0pm
S images soft tissues SRS : e
MRI Can use isotope- Alterationsin  Harmless, high- Cannotfollowmany  High Low 10710 50 ym
Iabelled molecular magnetic fields  resolution of soft tissues  labels
tracers
Optical Genetically engineered  Ught, Easy, non-damaging Poor depth low Hgh 10" 1-2mm
~ bioluminescentand  theinfrared thhdm S
Photoacoustic  Probes that absorb Sound Better depth resolution  Information Low
light and create sound than light processing and
signals

| Photoacoustic imaginghMszUic €Y VT« EUTHEIL - RIS D2D2H 52BN

Mf[d/zzz/ 2)7515& A ag'c((/ Czn/é%»o M j/rl/ ZJ/L%;IZ
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Natlonal Cancer InstltuteU)HPJ: D

Network for Translational Research (NTR): Optical Imaging in
Multimodality Platforms

tas Print This Page

Network for Translational Research (NTR): Optical Imaging in Multimodal Platforms (US4){{RFA-CA-08-002) Request
for Applications

The Network for Translational Research (NTR): Optical imaging in Multimodal Platforms is a reissue of the former
Network for Translational Research in Optical Imaging (NTROI). Rather than focusing on a single optical modality for
imaging a cancer problem as the former NTROI did, this new NTR program now emphasizes imaging based on
muitiple modalities, one of which is an optical method. The purpose of the network is the development, optimization,
and validation of imaging methods and protocols for rapid translation to clinical environments. Optimization and
validation are accomplished through consensus processes.

Washington University
Lihong Wang, Ph.D. (hwang@biomed wustl edu)

Web site
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