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Fig. 1. Illustration of the AR-PAE system: (a) Schematic of the system; (b) the timing diagram of data acquisition sequence; (c) the

structure of AR-PAE probe.
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Fig. 2. Field test experimental result: (a)—(d) Simulation comparison of traditional B-mode and IBP reconstruction algorithms;

(e)—(f) the photoacoustic/ultrasound images of different depth of the point target; (g) FWHM in photoacoustic at different depth
obtained from panel (b), (e); (h) FWHM in ultrasound at different depth obtained from panel (d), (f); (i) photoacoustic/ultrasound

lateral profiles of the point target obtained at 12 mm.
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Fig. 3. Experimental results of 3D photoacoustic/ultrasound imaging of a metal grid: (a)-(c) Photoacoustic images of metal grid

from different perspectives; (d)—(f) corresponding ultrasound images of the same areas as in panel (a)-(c); (g) PSNR comparison of

photoacoustic and ultrasound images in different regions; (h) contours of metal grid extracted from the photoacoustic/ultrasound

images.
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Fig. 4. Pump-probe photoacoustic imaging of phantom: (a)-(d) Reconstructed images of S,ymp-probes
setup, the left tube contains methylene blue solution, while the right contains bovine hemoglobin solution.
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Fig. 5. Pump-probe photoacoustic imaging of in vivo mouse tumor: (a)-(d) Reconstructed images of S,ymp-probes Shrobes and

Spump: I

STTL)'
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Abstract

Colorectal cancer is one of the leading causes of cancer-related deaths worldwide.

Traditional

gastrointestinal endoscopes for colorectal cancer mainly rely on optical endoscope and ultrasound endoscope.

Owing to significant light scattering in tissues the optical endoscope is limited to superficial tissue imaging,

while the ultrasound endoscope, despite deeper penetration, provides limited molecular imaging capabilities. In

this work, we build a miniaturized handheld photoacoustic/ultrasound dual-modality endoscopic probe to

address these problems. It has a small size of 8 mm, and presents the dual advantages of high penetration depth
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and superior molecular imaging capability, marking a significant advancement over traditional methods. Results
show that this probe achieves a high lateral resolution of 345 um for photoacoustic imaging and 185 pm for
ultrasound imaging at a depth of 12 mm within tissues. It also exhibits the ability to effectively image complex
structural targets, as demonstrated by the imaging of a phantom with an embedded metal mesh. Furthermore,
the probe adopts an innovative pump-probe method, which effectively mitigates interference from blood and
other background tissues, thereby achieving high-specificity photoacoustic molecular imaging. This ability is
first confirmed by imaging the distribution of methylene blue (MB) in a phantom, and then by observing the
distribution of MB in the depth of tumor in mice. This handheld photoacoustic/ultrasound endoscopic probe
has the advantages of small size, high penetration depth, high spatial resolution, and superior molecular imaging
ability, and is expected to become an important diagnostic tool for colorectal cancer and other gastrointestinal
cancer. This study can provide strong support for early diagnosis and treatment monitoring, potentially

revolutionizing the detection and management of these diseases.
Keywords: photoacoustic endoscopy, multimode imaging, pump-probe, molecular imaging
PACS: 42.30.-d, 87.85.Pq, 78.20.Pa DOI: 10.7498/aps.73.20241076
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