Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ETHRECLRAAERAT T BRI B & A8

HAEAE WL XERE EBEE# FEF FE

Phantom experimental photoacoustic scanning imaging of prostate based on internal light irradiation
using cylindrical diffusing source

Peng Dong-Qing Xie Wen-Ming Wu Shu-Lian Tang Jia-Ming Li Zhi-Fang Li Hui

5| Fi{5 & Citation: Acta Physica Sinica, 64, 207801 (2015) DOI: 10.7498/aps.64.207801
1E28 151 View online:  http://dx.doi.org/10.7498/aps.64.207801
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/120

AT RERCL B B A L&
Articles you may be interested in

SRR BN B A T (BB B G ETEO A5 v BRI ik S I8

Dark pulses and harmonic mode locking in graphene-based passively mode-locked Yb3*-doped fiber
laser with all-normal dispersion cavity

PP 2EH%.2015, 64(19): 194205  http://dx.doi.org/10.7498/aps.64.194205

T 10 mot T RAEGLT BB B AL BSR4 AT 7T
Amplifier similariton oscillator using 10 m photonic crystal fiber
PP 224%.2015, 64(18): 184210  http://dx.doi.org/10.7498/aps.64.184210

[ = 4 S B iz 4 6 4146 3000 W R0
3000 W direct-pumping all-fiber laser based on domestically produced fiber
PP 22 4%.2015, 64(16): 164204  http://dx.doi.org/10.7498/aps.64.164204

TR LN CRABE I S B L A0 s E AL
Repetition rate optimization of passively mode-locked fiber laser for high-speed linear optical sampling
Y% 4.2015, 64(13): 134206  http://dx.doi.org/10.7498/aps.64.134206

303MHz = E B 45 Er u4h WIbHOLA
A 303 MHz fundamental repetition rate femtosecond Er:fiber ring laser
PP 2E4%.2015, 64(11): 114210  http://dx.doi.org/10.7498/aps.64.114210


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.207801
http://dx.doi.org/10.7498/aps.64.207801
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract65363.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65363.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65363.shtml
http://dx.doi.org/10.7498/aps.64.194205
http://wulixb.iphy.ac.cn/CN/abstract/abstract65301.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65301.shtml
http://dx.doi.org/10.7498/aps.64.184210
http://wulixb.iphy.ac.cn/CN/abstract/abstract65009.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65009.shtml
http://dx.doi.org/10.7498/aps.64.164204
http://wulixb.iphy.ac.cn/CN/abstract/abstract64518.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64518.shtml
http://dx.doi.org/10.7498/aps.64.134206
http://wulixb.iphy.ac.cn/CN/abstract/abstract64415.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64415.shtml
http://dx.doi.org/10.7498/aps.64.114210

32 % R Acta Phys. Sin. Vol. 64, No. 20 (2015) 207801

EFHRECIR R AR BR AR BR 3 $i e 75 Al
(iAseie”
EEHD

+/ = N S = N - =2
ZAREVY #xxHY RpEY FFXFD FgU
1) (IR 515 B TR R, B2t R T A s, S THRARE S B S Se8=, 480 350007)
2) (BEERFHELE, H1]  361021)
3) (R LB s BRl 5 TR0, 480 350118)

(201544 A 15 HU&H; 2015 4 6 A 26 HIR&0H )

T BUGBOARSE — R AR H A 15 B A0 SRR A I S SR TR FEBLA AT SIROE A R AR
R I R A AN e liaR IR 7 2 T 32 SN A I R2 0, 75 5 IS8 R AT AT A1 AR 4 ROt e IR, = BRI
BB/, SRS BB IR EEAN A2, XE DLSEEILTC A AT 1) i FROAS 0. AR SO i 21 R 43 (R SR HRFALE, MR —
PIAEAR SR O £ AL JRIE XS A 21 BRSE R G HR HE IFA AR B B A IR AR IX R AR Ul 75 e A Al e 5 (5 5
AT ZUBRE R R BOR, W 7L R SE IR R 4, TR 1R SR, DRSS RAE W], RSERES SCILR: i
HH RSO B R o MBS, 5 5 A R IO U pAy e R o AR OR P AR v, [ 00 1) ol R 9 BBl K. b &5 2R
R, A DA SR BOCIREAT R A AR B RO P 5 5 B Ok 7 204 -1 A DB P S AE T 21 igee 7 0 JE 632 B
b BAT AR IR ST A 5

KEIA: BRHDEAEOR, SRBOGHE, BTSIR, Y i

PACS: 78.20.Pa, 87.85.Pq, 42.15.Eq

1 5 =

MTAER, A B AR () K8 28 0 B8 T 28 3 L A
{5, TV A — P A ER 0 1 7 B A ), G2
FESEE W2 BAR o N AT 51 B 1) R 99 56 LU RR 56
K132, (Hi T3 20 FFRZE IR &5
&K HIRE, R R AR R E YUl & Bl H g, /i
A1 R e U0 P T it R R I L e AN B A, (HLIlG
PREGHE 2 WA 1 1) e an e LR B, RL2 i, i T
ARIGIT ATIEEE A H [©).

EH 10 e A G, LSRR AN B 2 B
A B R LUK I, T2 H AT R R 5 12 Wi
PRI PRI AE. =T, I RO 2 895 0 10 5 S e ] 5
it A5 BT K FH T By 3 26 H iR (digital rectal

DOI: 10.7498 /aps.64.207801

examination, DRE). [l 41 45 72 14 51 R (prostate-
specific antigen, PSA) Kl &K (biopsy) PA K& &
G EARSE. Hdh DRER KFEE L& 5 24
YL 1] ) PR 5 R I A R R 1 2, e R R
KL 25%; PSA Kl 45 ke LR 72, A Kl R
AL 37 71 471 B AR S 1 B RO FE R — B AR K
WU i 2 AR V2 ARG 0 2 T 25 5 TRR A 7 7%
RFEAL B RAE A K 515 R 1 75 A [F] 1 A
7, B 2 51 KB R, BUA 1) B AR AR A
}& B i 7 (trans-rectal ultrasound, TRUS) Flf
AR 4% (magnetic resonance imaging, MRI).
NRESER AR, HHET TRUS R H 1 i A7 5
R AR, (HR 08, T A R A B
Xof HEFEAR 22, AZ B BT 1) fifes Ao W0 fEAff B2 A1 T

* ERARR RS (S 61178089, 81201124) . MR A FHE TR S H (5. 2011Y0019) FAE A 2 H [T RHHRI (4t

S JA14189) FEh 5.
T #{E/E#. E-mail: hli@fjnu.edu.cn
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

207801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.207801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 20 (2015) 207801

50%—60% P71, 53 AMASBE B A 6 - 2H 41l S v A
FERNIM AL 2 FRFE S R, T = F tate o b T e
TE R A28 Ak T MRIAX BEdEAT IR A8, Jais:
RUEMEM I IZEE R S EMER. 46 mBH
AR, WG E T IR R (diffuse optical tomog-
raphy, DOT), BT 7E# 4 2rh ] I8 2 2 55 [ X B
JE, Be 8% ARAT L AUV AN R I 20 2 K FE, th 2 A
10 51 B AS W ¥ 7 ), (EUR AR A 406
() SR U T 5 BOZ R BB R FE /N T 1 mm, R
1B AEHT A R I PR R S BR S F.

DR, 7E AT AR 64 T, £EHT 21 e 5
T BARGE RSO, S —MIER]. E
TR 335 (ARSI 77 V2 DROK B35 11 91 e ()2 7 L 7
RN 7= N

TR AR H AR S — M aE G 7O U S A
FUR & BT A AT SEELBOR IR FE H R AR i o 9 S
e X Bl S AR R0 B A W B S i R - A
FLI R AR IR B U g SV 2 5
COFE 7 RE 7 121 H At 50 75 A R
TETRZR MG IX P A S T 1 41 e 1) 0 M 2
D9 HT A e T 4R T — R A I B, Spirou
2t [16] D) SRA RSB0 I B A 00 6 2H 2 A i 2 IR ABSHUURE
dh, BEAT T 6P U Yaseen 55 U756 K (¥ 7 41 i
A B Al AR R AT O 5 5 e R 7 TR AR S 5,
SEHL T R E A3 Wang 25 151 1] Fi 7 o 271 7
PRI 25 T & RAEAHT F1 B %6 75 58 A5 4 4 AR,
SIS HhR T s TR A AN A R IS AR iR
PR HME R Bauer 55 19 76 BB AL F 347 510 51 i g
AR KRR BE 16 75 5 A B B, SR U I A S
A AL AE B Dogra 25 PO 281 AR 1 K 12 19
NAEFTFBREAT 2 0638 00 5 R, NN 2GS AR
AT LA 73 % 1 RAE JOE R AT SR 2, El-Gohary
2k 2] ) R B A0 7 2500 11 370 B o6 7 A% (40
TR HR IR S A5 M AT T 17 LA 9T Agarwal 2 122
DA KA D 8 1R B SO i), AT 41 s
(175 BA% s Vallura %5 29 65 B0 4 B g 48 k4T
HU B e B 06 75 U, (EZ 77532 IR T B AL 6 )
P R SCHR [24—28] R I T OGS BB HioR
BEAT HT A e AR ORI 9T T b 1 e I 5 e A
IR AT,

RE FR Ak 7t 45 BRI 5 BUR EER AU fE
JEAGRSE I BT 51 s 28 A7 B, 3 T 220 1 A Ak P T
AR S 5%, & —FhaEH A w5t 0 mn o1 i 55
Tl 5 BUR T HOR, (B, AR =R S AR

# R AT ARSI I8 5 3 (B AR R i BR B
THIE 2 I iR IR e e B da ), X edg it 7y X2
A R AL 4R 1) 5 0 25 5 i 55 R #8147 iR AL A D g
RN, FECRIREE D, 5 E A BRAR IR A
A, T LR i Y IR 5 OR8N SR AR 9K
I, JoVRE T OB A B AR . 534k, A
32 I 37 2GR 7 R s K T SRR A R TGV 78 7
A Y55 15 B AT 00 B 2 18 3R AT e P 45 5 R 4R
5 EGE, RiZ) 15 BRI TC 1O A AR I A i
PRAEH:.

% J8 B HT AU B AR IR AL FAE R, FRATTAT T AR
YT Rl PROE 513 IR BB G 2T B
i A St e A A B AT SRAS AR A RORAR X
A X A 20 75 PR SR AE L A 451 i 4 WS I
FEAE 5 IR A AR O P AR R PO A SRt
B T ORAE I R G, R T RS RIB 1 )
IR T OIMRSRIRHE L. Wb LI 45 SRR, 1%
A 2 B B o 1B BB A AR TR SEE , % il ) e
6 AR SR S AT BB, X R 2P T
VR THI B1 B g (4D 7S BB BORBIE FE R AT AR 3
B EBRIEE M T piE . BT ST SR
P ' SRS A A 7 RN AT 8 A Dl A A I ) L 2R
B, BATZ BN AT

2 EHEEFERI/EFEE
2.1 FEIRELIR

AR TR BRI A A 7 38 ' 2 7 R S 3 a5
I R %05 e B0 vk pin T, Ak
21 R Ui WAL 1) T BORE R H e, B BOR I
SR, KGR EE, 5T sOK
U AR R, R TR A R 1 g S e P fE
FHE RE BTG OL T, ARRIRBOG IR IR KR8
JRAA N B SRAF RO BB DG A, AR TR {E
S IR A AT, T ERR IR 1) e B i H B AR,
5 5 0o JE R A R AR T B 4. S 2 e i) ) 22 A
FEARTREOG LR, A& ROt B v 490—800 nm, &
K3 m, BHEN0.6 mm; MFEFRYZE, BHR
291.5 mm; BT ARELR, KER2 cm.

2.2 EfEm
SIS BT 75 AU i — 2 AR AR 20% Intralip
NI 197 FLAIAN 2 g (1) B R K DA S 28 8 7K #4581\

207801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 20 (2015) 207801

BLE A E BT . 25 RS 2 AT 51 IR AR 4o [R5
-, Lt 4 om, BIERZ2 em, LR EEL
3 cm, JEKEW, FIAIFEAPRE. RFEERZN, X5
FA R PRABE L AL 2 AR A SO AR R0 i 1 AR 4 4
SR E 21 4.5 cm, BT 4 cm, PHEAZ 1.5 mm
O A AL o sk i B e R 1 PR, TR TR R
FEAF B SO G SOk R LR S SR AR A
Bl 1R, SREOE A AR NI y 7 R KPS &,
S ARV A AN (= ST (O 17
XF 532 nm K GEE B A IR, 5 IEF HSTRAE
A S (R A 22 55, SR R AR T LR — e v B
[Fi) £E S TR PRy SN TR S A A 00 05 45 2H 2.

Pz =] i

(a) (b) (c)

K1 SR

Fig. 1. Schematic diagram of experimental model.
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Fig. 2. Experimental setup.
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Fig. 3. System resolution detection: (a) Axial resolu-

tion; (b) lateral resolution.
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Fig. 4. Imaging experiment of both sides of fiber: (a)
Axial pressure distribution of PA; (b) axial Hilbert co-
efficient of PA.
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Fig. 5. 2D photoacoustic imaging of both sides.
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Fig. 6. Lateral imaging experiment.
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Abstract

Photoacoustic imaging has recently emerged as a promising imaging modality for prostate cancer. As a usual light
illumination model in the previous studies, the external light illumination is difficult to obtain an accurate reconstructed
photoacoustic image. It suffers a great deal of light absorption attenuation by the surrounding scattering tissue and cannot
colletct sufficient ultrasound signals for image reconstruction. Some particular methods are required to be considered in
the photoacoustic imaging technique for examining prostate, such as a light delivery to prostate with sufficient penetrating
depth and minimal invasiveness. According to the structural characteristic of prostate tissue, a photoacoustic imaging
system is built by using a novel technique for prostate in this paper. In our photoacoustic imaging system, a cylindrical
diffusing source with a 2-cm-long diffuser tip is used for an internal light irradiation through a urethra, and a focused
transducer with a 3.5 MHz central frequency and 30.3 mm extended focal zone is located in the rectum for scanning
the photoacoustic signal. Phantom experimental imaging is carried out. In the experiment, a transverse resolution of
2.21 mm and an axial resolution of 0.39 mm are obtained. The results demonstrate that the system could achieve the
accurate imaging position of the absorber in the tissue sample. Because of the symmetrical emitting of the cylindrical
diffusing light source and a relatively better lateral uniformity of light absorption around the light source through the
internal irradiation model via urethra, light absorption of the upper side of the light source is almost the same as that
of the lower side. Therefore the lengthways and lateral imaging ranges can be improved. In addition, the laser energy
is allowed to be increased appropriately to obtain a further imaging result without worrying about heat damages to
normal tissues, for the light absorption is less around the cylindrical diffusing light source. In conclusion, the preliminary
studies show that the new technique, where the internal light irradiation is implemented by using a cylindrical diffusing
source and a focused transducer with extended focal zone, has a potential application in the early noninvasive diagnosis

of prostate cancer.
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