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Fig. 1 Schematic of the endoscopic SS-OCT system, where the sample arm is controlled by a proximal motor for scanning through the endoscopic catheter

and (a) performing lateral rotational imaging; (b) Schematic of a GRIN lens-based endoscopic catheter imaging window; (c) Physical depiction of the

endoscopic catheter
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Fig. 2 Schematic illustration of the proximally controlled endoscopic OCTA workflow. (a) NURD correction, including (1) global registration and

(I1) A-line—based fine registration; (b) OCTA imaging
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Fig. 3 Experimental setup for in vivo endoscopic OCT/OCTA imaging of small animals. (a) Urethral imaging of a male New Zealand rabbit; (b, c) Esophageal

and rectal imaging of an SD rat; (d) Bladder imaging of a C57 mouse; (e) Abdominal aorta imaging of a New Zealand rabbit. Red arrows indicate the

position of the endoscopic catheter
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AMAARH X (d) KA RE I ™4y B-scan B1%; (e) K L& en face OCTA; (f) & (d) 4 AMAART . M: FEE,
SM: £BETFE, MP: WLE
Fig. 4 OCT/OCTA imaging of the rectum and esophagus in an SD rat. (a) B-scan image of the rectum acquired along the pullback direction; (b) En face OCTA

image of the rectum; (c) Polar-coordinate transformation of (a); (d) B-scan image of the esophagus acquired along the pullback direction; (e) En face OCTA

image of the esophagus; (f) Polar-coordinate transformation of (d). M: mucosa, SM: submucosa, MP: muscularis propria
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Fig. 5 OCT/OCTA imaging of normal and diseased bladder in C57 mice, as well as normal and stenotic urethra in New Zealand rabbits. (a) B-scan image of
the normal mouse bladder acquired along the catheter pullback direction; (b) En face OCTA image of the normal bladder; (c) Cross-sectional image
obtained from (a) by polar-coordinate reconstruction; (d) B-scan image of the bladder tumor acquired along the pullback direction, with arrows indicating
the cancerous region; (e) En face OCTA image of the bladder tumor model; (f) Cross-sectional image obtained from (d) by polar-coordinate reconstruction;
(g) B-scan image of the normal urethra of a male New Zealand rabbit acquired along the pullback direction; (h) En face OCTA image of the normal urethra;
(i) Cross-sectional image obtained from (g) by polar-coordinate reconstruction; (j) B-scan image of the stenotic urethra model acquired along the pullback

direction, with arrows indicating scar tissue; (k) En face OCTA image of the stenotic urethra; (I) Cross-sectional image obtained from (j) by polar-coordinate

reconstruction. The yellow boxed region indicates an avascular area. M: mucosa; MP: muscularis propria
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Fig. 6 OCT/OCTA imaging of the abdominal aorta in a New Zealand rabbit. (a) B-scan image of the abdominal aorta acquired along the pullback direction;

(b) En face OCTA image; (c) Polar-coordinate transformation of (a). The large vessels shown in the images correspond to the capillary network within the

aortic wall, which primarily functions to supply nutrients and metabolic support to the vessel wall. TI: tunica intima; TM: tunica media;

TA: tunica adventitia
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Endoscopic OCT/OCTA imaging and applications in
a continuous proximal scanning scheme

Jia Guangsen, Guan Zehua, Si Ping, Kong Ruiming, Niu Chen, Wu Wenjuan, Dai Cuixia®
Shanghai Institute of Technology, College of Sciences, Shanghai 201418, China

Abstract

Objective Narrow-lumen organs, including the urethra, bladder, esophagus, gastrointestinal tract, and blood vessels, are highly susceptible
to pathological remodeling processes associated with inflammation, fibrosis, neovascularization, and microcirculatory dysfunction. Early-
stage diseases occurring in these organs, such as urethral stricture, bladder cancer, esophageal lesions, and vascular abnormalities, are often
accompanied by subtle structural alterations and local hemodynamic changes before obvious morphological narrowing becomes clinically
detectable. Therefore, high-resolution visualization of tissue microstructure and microvascular perfusion is of great importance for early
diagnosis, disease monitoring, and treatment evaluation. Conventional imaging modalities, including white-light endoscopy, ultrasound
endoscopy, retrograde urethrography, and fluorescence imaging, still face limitations in simultaneously assessing tissue morphology and
microcirculation. Endoscopic optical coherence tomography (OCT) provides micron-scale cross-sectional imaging of biological tissues,
while optical coherence tomography angiography (OCTA) further enables label-free visualization of blood flow and microvascular
networks. Compared with distal motor-driven probes, proximally controlled endoscopic OCT probes possess advantages in miniaturization,
structural simplicity, and mechanical flexibility, making them more suitable for narrow and deformable luminal organs. However,
proximally controlled endoscopic imaging systems are highly susceptible to non-uniform rotational distortion (NURD), rotational
instability, and motion artifacts, which significantly degrade OCTA image quality and vascular visualization performance. In this study, a
proximally controlled endoscopic OCT/OCTA system was developed and optimized for stable multi-organ in vivo imaging and
pathological assessment in complex luminal environments.

Methods A swept-source OCT/OCTA imaging system centered at 1310 nm was employed in this study. The system achieved an axial
resolution of 7.46 pm and a lateral resolution of approximately 15 pm. A side-viewing proximally controlled endoscopic probe was
designed using a single-mode optical fiber, a GRIN lens, and a micro-reflector to achieve circumferential luminal imaging. To improve
OCTA imaging stability under rotational scanning conditions, a complementary NURD correction strategy combined with a helical B-scan
acquisition scheme was implemented to suppress rotational artifacts and improve inter-frame registration accuracy. Optical simulations
were further performed using ZEMAX software to optimize probe focusing performance, working distance, and assembly tolerance.

To validate imaging capability, multilayer adhesive tape samples were first imaged to evaluate structural resolution and imaging
stability. Subsequently, in vivo OCT/OCTA imaging experiments were conducted across multiple organs and animal models, including rat
rectum and esophagus imaging, mouse bladder imaging, and rabbit urethra and abdominal aorta imaging, covering digestive, urinary, and
vascular systems. Furthermore, pathological imaging studies were performed using a rabbit urethral stricture model induced by
electrocautery thermal injury and a C57 mouse bladder cancer model. Structural OCT images and vascular OCTA datasets were acquired
simultaneously to evaluate disease-associated microstructural remodeling and microcirculatory alterations.

Results and Discussions The optimized proximally controlled endoscopic OCT/OCTA system demonstrated stable imaging
performance in multiple narrow-lumen organs with different anatomical structures and motion characteristics. Imaging results of multilayer
adhesive tape samples clearly resolved layered microstructures, validating the optical focusing capability and structural imaging
performance of the designed probe.

In vivo imaging experiments further demonstrated that the system could reliably visualize multilayer tissue architectures, including
mucosal, submucosal, and muscular layers, in the rat rectum and esophagus. OCTA imaging successfully revealed superficial
microvascular networks distributed within the mucosal and submucosal regions. In mouse bladder imaging, clear structural delineation of
bladder wall layers and vascular distribution was achieved despite bladder deformation and motion. Imaging of rabbit abdominal aorta
further demonstrated the capability of the system for vascular lumen imaging under pulsatile conditions.

For pathological imaging applications, rabbit urethral stricture tissues exhibited obvious structural remodeling characterized by urethral
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Technology Commission (22S31903000); Collaborative Innovation Project of Shanghai Institute of Technology (XTCX2022-27)
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wall thickening, disordered layered morphology, and localized arc-shaped hyperreflective bands associated with fibrosis formation.
Correspondingly, OCTA imaging revealed reduced vascular density, interrupted vascular continuity, and localized hypoperfusion within
stenotic regions, indicating progressive microcirculatory impairment during fibrosis progression. In the C57 mouse bladder cancer model,
tumor-bearing tissues displayed irregular surface morphology, heterogeneous scattering features, decreased vascular density, and
disorganized vascular architecture, reflecting tumor-associated angiogenic remodeling and microvascular disruption.

Compared with conventional endoscopic imaging modalities, the developed endoscopic OCT/OCTA system provides simultaneous
visualization of tissue microstructure and microvascular perfusion with micron-scale spatial resolution and without the need for exogenous
contrast agents. The complementary NURD correction strategy significantly improved OCTA image stability and vascular continuity in
rotational scanning environments, enhancing the applicability of proximally controlled endoscopic OCTA in deformable and dynamically
moving luminal organs. These results demonstrate the capability of the system for reliable detection of disease-associated structural
abnormalities and hemodynamic alterations in complex narrow-lumen environments.

Conclusions In summary, this study developed and optimized a proximally controlled endoscopic OCT/OCTA imaging system for multi-
organ in vivo imaging and pathological assessment in narrow-lumen organs. The system demonstrated robust adaptability to complex
anatomical and dynamic imaging environments and enabled simultaneous visualization of tissue microstructure and microvascular
perfusion across digestive, urinary, and vascular systems. Pathological imaging experiments further verified the capability of the system for
detecting fibrosis-associated hypoperfusion and tumor-related vascular remodeling. These findings indicate that proximally controlled
endoscopic OCT/OCTA possesses significant potential for early, minimally invasive diagnosis, dynamic disease monitoring, and
intraoperative guidance in luminal organ diseases.

Keywords: optical coherence tomography; optical coherence tomography angiography; proximal scanning catheter; endoscopic imaging
system; miniature endoscopic catheter
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