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(b) Photoacoustic imaging of blood oxygen saturation of the dual wavelength imaging system
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Fig.10 Dual-wavelength optical resolution photoacoustic microscopy imaging system'”
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Fig.11 Schematic diagram of the three-wavelength OR-PAM imaging system "’
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Fig.12 Imaging of mouse ears under a three-wavelength imaging system"”
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Fig.13 Schematic diagram of the five-wavelength OR-PAM proposed by Lidai Wang's group
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(c) PAM imaging of blood vessels and (d) Oxygen saturation, blood flow velocity and relative lymphatic
lymphatic vessels concentration from the root to the tip of the ear in mice
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Fig.14 Results of imaging blood and lymphatic vessels in the mouse ear using five-wavelength OR-PAM""’
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GM: geared micromotor; JB: jewel bearing; manganese, magnet;
OF: optical fiber; PM plastic film (imaging window);
SM: scanning mirror; UST: ultrasonic transducer

(a) Photoacoustic endoscopic probe imaging system
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(b) Photoacoustic endoscopy SW (closed area, 110°);
PM: plastic film (imaging area, 250°)
(¢) Imaging field of view
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Fig.15 Schematic diagram of the photoacoustic endoscopic probe
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Table 1 Comparison of the pros and cons of the three photoacoustic imaging methods

[74]

o . Additional
Method Application Resolution Depth Range . Cost
algorithms
Wide range imaging of small Low (hundreds of )
PACT . ) Deep Large Need Expensive
animals or humans microns)
AR-PAM High
Subcellular, cellular, and tissue (hundreds of Limited by
) ) Shallow ) No need General
OR-PAM level imaging nanometers —several scanning range
microns)
Imaging of vascular lining, high
. . . Rounded )
PAE digestive system, reproductive (more than ten Shallow ( ) No need General
most
system microns) Y
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Recent Advances of Photoacoustic Imaging Technology in
Biomedicine (Invited)

SHEN Xiaowen, WU Hongpeng, DONG Lei
(State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Laser Spectroscopy ,
Shanxi University, Taiyuan 030006, China)

Abstract: With the development of photoacoustic spectroscopy, non-invasive photoacoustic imaging
technology based on the photoacoustic effect is gradually becoming a research hotspot in biomedical
applications. This technology combines the benefits of optical imaging with the advantages of acoustic
depth propagation, allowing it to break through the optical diffraction limit and scattering limit while
maintaining a high imaging resolution. This article first introduces the principal mechanism of photoacoustic
imaging and then introduces the three typical photoacoustic imaging technologies: photoacoustic computed
tomography, photoacoustic microscopy and photoacoustic endoscopy. Furthermore, the benefits of these
three imaging technologies are compared, and the various methods to improve imaging resolution over the
last ten years are summarized. Finally, the future development trend of the three technologies is forecasted.

Photoacoustic tomography was the first photoacoustic imaging technique to be developed. Traditional
medical tomography plays an important role in diagnosing diseases, but that is not completely safe due to
the presence of radiation that can cause some damage to the human body. Photoacoustic tomography is one
of the safe imaging methods based on the photoacoustic effect that is radiation—free. Since the 1990 s,
photoacoustic computed tomography has made significant progress. Researchers have improved the imaging
resolution and imaging reconstruction speed of photoacoustic computed tomography by increasing the
number of ultrasound transducers and improving the accuracy of the algorithm. This technology has
achieved many excellent results in human breast cancer detection.

The advantage of photoacoustic microscopy is that it has a higher imaging resolution at the same
penetration depth than the photoacoustic computed tomography system. The photoacoustic signals of
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photoacoustic microscopy systems are generated at the point where the light and acoustic focal points
overlap, so, photoacoustic microscopy systems are usually divided into two categories based on the type of
focal point: acoustic-resolution photoacoustic microscopy (AR-PAM) and optical-resolution
photoacoustic microscopy (OR-PAM). Researchers are particularly interested in the study of optical
resolution photoacoustic microscopy because it can obtain high—resolution imaging results at the
subcellular, cell, and tissue levels while allowing for non-invasive detection in vivo and can also be
miniaturized under certain conditions for more suitable application in clinical detection technology. In 2005,
WANG Lihong designed the first dark—field reflective photoacoustic microscope, and then photoacoustic
microscopy technology officially entered the biomedical field. In the last few years, this type of imaging
system has made a lot of substantial progress through continuous research on the optical path part, scanning
part, and signal receiving part.

To image deeper internal tissues and organs, researchers have combined the mature optical endoscopy
approach with photoacoustic effects to create photoacoustic endoscopy. In 2009, WANG Lihong was the
first to report a rotary mechanical scanning system with built—in optical excitation and micromotor acoustic
detection and establish the concept of photoacoustic endoscopy. This method has been continuously
improved and optimized by the researchers.

The future development of photoacoustic imaging technology will be toward imaging results with high
resolution, high timeliness, and high accuracy. Instrumentation will become real-time, small, practical,
low—cost, and gradually mature.

Key words: Photoacoustic spectroscopy; Biomedicine; Photoacoustic imaging; Structural imaging
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