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Abstract  Optical coherence tomography (OCT) is a noninvasive or minimally invasive imaging technique with high-
resolution and real-time visualization capabilities, providing depth information of tissues. It is widely applied in biomedical

imaging and clinical diagnostics. Fiber-optic endoscopy based on OCT is an imaging technique employing fiber transmission and
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fiber endoscopic imaging, which combines the benefits of conventional OCT with features such as compact size, lightweight
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design, corrosion resistance, electrical insulation, and resistance to electromagnetic interference. This technique excels in high-
resolution detection and early diagnosis of tissue abnormalities within narrow luminal structures, overcoming the limitations of
existing imaging technologies. Advancements in laser, detector, and optical fiber device fabrication technologies have led to
considerable progresses in the design and fabrication of OCT systems and fiber-optic probes, expanding the applications of fiber
OCT. Notably, the evolution of fiber OCT systems from time-domain to frequency-domain OCT has resulted in remarkable
improvements in imaging speed and resolution. The development of fiber-optic endoscopic OCT imaging probes has traversed
three stages: the fiber-prism probe, all-fiber probe, and composite fiber probe. This progression is marked by advancements
toward multifunctional integration, miniaturization, and overall integration. The clinical applications of fiber-optic endoscopic
OCT have extended beyond the respiratory and digestive systems to encompass the cardiovascular system. This article offers a
comprehensive overview of research progresses in fiber-optic endoscopy based on OCT, examining three key perspectives: the
evolution of fiber OCT systems, design and fabrication of fiber-based imaging probes, and their recent applications in
endoscopic imaging. Ultimately, in conjunction with state-of-the-art technologies, a prospective outlook is presented on the
future development of fiber-optic endoscopic OCT techniques.

Key words optical coherence tomography; biomedical imaging; fiber-optics endoscopy; cardiovascular disease
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viewing fiber OCT endoscope based on angle polished

ball lens™”

Sk, a6 (b) BT, 8 QR 1. 2 mm T FE P A ) 4y
BERIKF] 6 um.,

A T4 I AT 4R 3k , GRIN Y 2F [R1 47 B i i 7L o
PASE R AR TR B 1) 43 R RSk R0 o i B
HEALHE A AR (PMD) S04 Hi 556 SR8 T Sy DL SE 7R Sl iRl
F AR R . 2012 4F Lorenser 27 GRIN YG£F 1%
ey spacer J5 AR HERIAR , 41 E 7(2) BT 7%, OCT
TR B R N FOR 9 1. 55 4% 0 2019 4F Wang %5 fiff

(a) ; Lycr I'E'GRIN .LPE\" Lyer Lpme  Riens
SME_| NCF_ ==
t—
T A
GRIN PM
() SMF

<l
i 85.um
SMF! !

B 7 KRS OCT HR BT () W IAR O AR A0 254 (D) HEIB BT 115 (o) oM e e sk 31
Fig. 7 Design of all-fiber OCT endoscope with long depth of focus. (a) Endoscope with phase mask"”; (b) axicon lens™”; (c) no-focus
(451

collimated light beam
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Fig. 8 Composite fiber OCT endoscopes. (a) BPSE endoscope™™”; (b) metalens endoscope™
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Fig. 9 Composite fiber OCT endoscopes based on two-photon polymerization 3D printing. (a) Separate probe””; (b) monolithic probe"””
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Fig. 10 Endoscopic imaging of human lung resections using OCT probe based on metalens"*,

!, the fine features of lung tissue are

clearly visible in the magnified OCT images, including moderately scattering epithelium (epi), highly scattering basement

membrane (bm), cartilage (car), alveoli (alv), and the small irregular glands (g). (a) Normal airway; (b) distal bronchiole;

(c) abnormal airway
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Fig. 11 OCT images of esophagus of different animals and their histological images of the specimen. (a) Swine esophagus™.

', Images

obtained with the conventional Gauss beam (1) are significantly blurred when it is out of focus, while the cells are visualized

with high contrast and resolution in images obtained with the CAFM beam (2) due to longer depth of focus; (b) rat

esophagus'™’.

The cut-away view of a reconstructed 3D image (1) and cross-sectional image (2) obtained by OCT scanning,

where the keratinized stratified squamous epithelium (EP), lamina propria (LP), muscularis mucosae (MM), muscularis

propria (MP), and submucosa (SM) are observed in enlarged view
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Fig. 12 White light endoscopic images and OCT images of esophagus of the colon model”

. (a) Healthy tissue with layered structure

of mucosa (M), submucosa (S), and muscular layer (ML); (b) non neoplastic mucosal growth phantom. Yellow arrows

represent a benign lesion with visible thickening of the mucosa; (c) pedunculated polyp phantom; (d) flat cancerous tissue (CT)
and healthy tissue (HT) sessile

SR: catheter surface reflection; IR: internal reflection artifact
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Fig. 13 Endoscopic OCT
urothelium (U), lamina propria (LP), smooth muscle
(SM), and adipose tissue (AD) are observed with high

resolution. (a) Cross-sectional image; (b) histologic image;

images of porcine ureter™,

(¢) 3D renderings of ureter segment consisting of multiple

cross-sectional images; (d) longitudinal lumen view
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Fig. 14 OCT scanning images of different arteries. (a) Human
cadaver coronary artery”’. The smooth muscle cells

(red arrow) and macrophages undergoing diapedesis
(green arrow) are observed in image (1), image (2)
shows probable thrombus (blue arrow); (b) mouse
aorta”™.  The adventitial and perivascular adipose
tissues (AT) in image (1) and cholesterol crystals

(yellow arrow) in image (2) are observed
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Fig. 15 3D reconstructed OCT images of arteries with

]

implanted stents. (a) Rabbit artery™. The purple and

red arrows indicate the implanted stents; (b) porcine
artery”. The blood vessel wall (H), guidewire (G),

and stents (S) are observed
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Fig. 16 Micro-OCT system with long depth of focus and fiber
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