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Abstract We uses a high-resolution (micrometer scale) photoacoustic microscopic imaging system to continuously
monitor early-stage tumor angiogenesis in the ear of mice and its response to anti-angiogenesis therapy. Further, a
three-dimensional Hessian-matrix-based vascular extraction algorithm is proposed for the quantitative photoacoustic
imaging of tumor vessels to improve the tumor vessel extraction accuracy. Subsequently, the morphological changes
in various parameters, such as the diameter, density, and tortuosity, of the tumor vessels are quantitatively
analyzed. Furthermore, the potential of high-resolution photoacoustic quantitative imaging to study the pathological
mechanisms of tumors and other diseases characterized by vascular changes is demonstrated in this study.
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Fig. 2 Spatial resolution test results of imaging system. (a) Fitted lateral profiles of blade edge; (b) photoacoustic

MAP image of blade edge; (c) Gaussian-fitted axial profile of single carbon fiber; (d) MAP image of carbon fibers

0907001-3



th i

ok

VA AN 25 B T SR 1 % (R0 BB R A
1% COR AR50 B 17 7L A% T 6 V5 VL 7 A 6 15
BT A ) 20 20 i T8 A B, DA B AR R
PEAT IR B K — R A0 4 IR B RS A DG R L T
WREEAR AL, 55 — MR 4 8 B 7 80T 05 1R R A 2 1 1R
RIRE S B B 3 Ca) IR Ry 5 S B xR 3
Ca) W 1R A DX 3 3 47 R B AR I 3K, ' 7 1% 4
@ -

DO R

Bl 3 2R GE AR TR I i I 1 5

R T 20 B A BEO B RORR &R gk
T A B A A B A4 P R L 3k BB R /DN BRI - S i
AT R SR, S R 4 iR, B 4 ) iR
I N BRI B % R A SR AT R T
Jei o A5 0 /N BRCES I A A O 7S R A 5 T, A 4
(b) iz, Hovp o B 25 R 21 1 3R I 48 Hh 7 36 3]
WIZ W43 A0 M A R E T 0.46 mm., & 4

2

(a)

Depth /mm
Normalized

P 4 A RE /N BRUCE 0 R0 A8 Y 1R 0 B 7R ORI S R

: I EXP
0.8¢ r "\ —.- -fit curve
0.6 [ FWHM: 6.5 jmy %

041 ’/ )
02t K b
Q
0 lesns 3t oo’

R E 3 (b)) froas. iFAE S W SRR E Y
1.4 mm, {HJ2E, B AR TR BE 1Y . 45 W LA i e
ik 5380, A IR By R B2 i ] Bk 7 497 4 T 1]
EEE T R 2R N DO ARV S i e S 7] /(1IP0I RN
A3 mm X 3 mm Y A AF X 3K, 24 A 48 B-scan 1Y 2
KB BRI E Ry 5 pem s L HLBK 2 1Y £ B8 HRE 1R N
5 mm/s B, A FERT 254 10 min,

o OIS 5 (b) S AR 45 5

Fig. 3 Imaging depth test results of system. (a) Photo of phantom; (b) photoacoustic imaging result
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Fig. 4 High-resolution photoacoustic microscopic imaging results of micro-vessels in ear of healthy mouse. (a) Photo of

mouse; (b) depth-encoded photoacoustic imaging result of ear vessels; (c) enlarged circle area in Fig. 4 (b);

(d) Gaussian-fitted profile of photoacoustic signal intensity along white line in enlarged area
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mouse ear vessels; (e) extracted vessels of mouse ear
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Fig. 6 Effect comparison of tumor vessel extraction. (a) Photoacoustic image of tumor vessels; (b) enlarged image of red

dashed rectangle area in Fig. 6(a); (c) processing result of 2D Hessian matrix algorithm; (d) processing result of

3D Hessian matrix algorithm
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Fig. 7 Continuous unmarked monitoring results of tumor angiogenesis in ear of mouse. (a)-(c) Depth-encoded

photoacoustic imaging results of tumor vessels on day 0, day 2, day 4; (d)-(f) MAPs of extracted vessels

corresponding to Figs. 7(a)-(c¢); (g) quantitative results of vessel density on different days; (h) quantitative results of

vessel tortuosity on different days; (i) quantitative results of vessel diameter D, distribution on different days
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Fig. 8 Continuous unmarked monitoring changes of mouse tumor vessels response to anti-angiogenic therapy.

(a)-(d) Depth encoded photoacoustic imaging results of tumor vessels on day 0, day 4, day 5, day 6;

(e)-(h) MAPs of extracted vessels corresponding to Figs. 8(a)-(d); (i) quantitative results of vessel density on

different days; (j) quantitative results of vessel tortuosity on different days; (k) quantitative results of vessel

diameter D, distribution on different days
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