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OCT:
Architecture
morphology;

Two-photon:
Subcellular
microstructure
with biochem /
metabolic info

» Basic working principles & some recent developments

* Representative/potential applications




Optical Coherence Tomography (OCT) Schematic of an OCT System .
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- Optical Histology Axial and transverse resolutions are independent

Catching Optical Echoes




OCT Applications Catheter/Endoscope/Capsule for

Imaging Internal Organs AR O O

Scientific Publications Ultrahigh Resolution, Better Contrast

17 Gastroestersiopy

o s e - — — - > For the past, endoscopic OCT imaging has been
- performed with a 1,300 nm light sources.
with an axial resolution ~ 8 — 20 um
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Axial Resolution:

> Moving from 1300 nm - 800 nm
To improve resolution 3X and

ocT probe in biopsy needle




Diffractive OCT Endoscopy — Ultrahigh Res Image Quality Comparison In vivo OCT versus Histology

(guinea pig esophagus in vivo) (guinea pig esophagus)
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Achromatic Ultrahigh-resolution OCT In vivo OCT Needle Imaging in Mouse Brain Tumor
Microprobe (©250-500 um) In vivo Imaging of Human Airway LA L,
(smooth muscle)

Single-mode Fiber Multimode Fiber Reflective surface (~47°)
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Corpus Cerebral cortex

callosum

/
Torque coil (OD 600 pm)

A:Alveoli

E: epithelium

LP: lamina propria
SM: smooth muscle
C: cartilage

G: gland

BV: blood vessel

Caudate putamen

W. Yuan, R. Brown, W. Mitzner, L. Yarmus, and X. D. Li, Nat. Communications (1), 2017.




A . . L Real-Time OCT Imaging and .
Feasibility Study in Patient in vivo . . . Outline
(Hop{ins an)é Mayo Clinic) Color-Mapping during Brain Surgery

OCT Imaging

* Two-photon and SHG Endomicroscopy for
Subcellular Biochemical/Molecular Imaging
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Single-photon vs Two-photon Fluorescence
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Two-photon Fluorescence Imaging
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Two-photon Fluorescence (and SHG) Imaging)

(optical sectioning w/o pinhole)
Requiring two or multiple photons arriving at the same
spot and being absorbed at the same time

Using NIR excitation light

Great tool for studying biology with subcellular
resolution (NADH, FAD, Noncentrosymmetric
structures such as collagen network / ECM etc.)

- Label-free imaging at submicron resolution




Two-photon Microscopy - Endomicroscopy

Bench-top Microscope Fiber-optic Endomicroscope

—

ipdispensablsliessariioe] Flexible, Ultracompact / Lightweight

Expensive ($0.5 million)

Enabling, Affordable, Turnkey

Two-photon Endomicroscopy

Applications

Endoscope-deliverable  Head-mountable

TPF
Endomicroscope
(aistal enet)
[ Endomicroscope
5 (<1g)
[ ]

Accesnary Port (2.8 mm) m

Y. Y. Zhang, M. L. A}




In vivo Mouse Imaging Metabolic Imaging in vivo (mouse kidney) Neuron Activity Imaging in Freely-moving Mice
Dark Nuclei; / ; Speed: Behavioral Recording GCal\;l:?xl;::vc:cskcence
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Yellowish Punctate
Granules.

Tubule Wall:
Autofluorescence (Green)

Post tail vein injection of
fluorescein-dextran (red)
(4K MW)

Yellow Spots:
Internalization of dextran

Kidney Tubule

Redox Ratio

A.Li, H. Guan, H. C. Park, Y. Yue, D. Chen, W. Liang, M-J. Li, H. Lu, and X. D. Li. Optica 8(6), 2021

W. X. Liang, G. Hall, B. Messerschmidt, M.-J. Li, and X. D. i, Light: pplicatior




Summary

OCT:
architecture
morphology
blood flow/vessel

Two-photon:
subcellular
imaging
metabolic info

Exciting field with many challenges to overcome
such as high-speed, signal and image processing.
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