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How to Assess Biological Activity of Inflammarory Plaque?:
Combined OFDI-NIRF Molecular Imaging

Kim Jin Won, M.D., Ph.D., F.A.C.C.

Korea University Guro Hospital
Multimodal Imaging and Theranostic Lab




Absorption coefficient (cm-1)

100,

0.1

0.01

MOLI with Near-infrared Fluorochrome (NIRF)

Tissue autofluorescence VCAM-1 (US)

Renilla, Aequorea luciferase
+—>

GFP

Firefly luciferase
«—>

DsRed
>

In VIiVO 7OO 900 nm
<<

Cyanine dyes

600 650 700 850

Wavelength (nm)

450 500 550 750 800

532 nm 670 nm

‘ Monocyte

Adhesion
molecule

° 2 Activated
oo Proteinases

Macrophage {MRI) Inflammation Proteases [NIRF) Calclfl

Lo

;

"
ACS: LM Actwity

Neoangiogenesis

L Lipids (NIRS)

Smooth muscle

e
cell

(@ ymphooyte o Foamcell LOLs/Uipkd

_ /\ Collagen I\
S ek = HRAbEr ) -l \, Integrin

Lee SK, Kim JW. CCIR 2015



Fully Integrated OCT-NIRF Catheter
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High-Speed 2nd Generation OCT-NIRF

Real-time data acquisition of OCT-NIRF
« Rotation speed: upto 100 rps

« Blood elimination: just flushing
 Pullback speed: upto 40mm/s

 No crosstalk

« Real-time OCT-NIRF Synchronization

Circulation Cardiovasc Interv 2014




OCT-NIRF in a Beating Coronary Plaque
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In Vivo OCT-NIRF
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Ex Vivo Validation

Fluorescence reflectance Imaging (FRI) White Light In vivo vs. Ex vivo NIRF signal colocalization

FRI on white light image
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NIRF - Plaque Type
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Corroborrative Immunostaining

In Vivo OCT-NIRF CLSM PM-2K (MAC) ORO (Lipid) SMA
A "‘/4--_‘. ® . T ! |
>
Advanced, b ‘
Inflamed, ) _/:_f j .
Lipid-rich s
,,a_'-"f' ) ' y
Doy \'iL' - — a
B | v
Thick, | > 4
non-inflamed | i %
’{\ 4)
c P “ﬁ\,," N
Focal, 4T l ‘
Inflamed /... ! "
D |
Normal




DES-associated Inflammation
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Coronary OCT-NIRF Imaging In Vivo

Vulnerable Plagque DES related inflammation




Clinical Trial Roadmap Launching
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Targeting Strategy with a Novel Optical Probe
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High-risk Plaque Mac Subset Imaging

Mannose receptor binding ligand
NIRF dye (Cy5.5 or 7)
PEG

Glycol chitosan nanoparticle
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In Vivo Plague MMR MOLI
IPH May Modify Macrophage Subset Behavior?
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OCT-Label Free FLIM Imaging
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Table 1 Comparison between Intravascular Imaging Techniques
__ X-ray angio. IVUS ] OCT IVUS-NIRS  OCT-NIRF | OCT-FLIM

Resolution - -+ s : et +++ 4+
Speed +++ + +++ : + +++ +++
Lumen area - +++ RS : +++ +++ P
TCFA . + +++ : ++ +++ 4
Lipid plaques - + + ' 444 44 4+
Plague burden - +++ + : +++ + +
Thrombus - + ++ : + ++ -
Stent analysis - + s : + +++ 4
Inflammation - . + : - 4+ -+
Safety +++ +++ s : ++ + +++
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Personalized Theranostic Strategy
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Conclusion

@ A fully integrated OCT-NIRF imaging with a clinically approved NIRF
enhancing ICG was able to accurately identify high-risk coronary

plague and assess DES-associated coronary inflammation.

@ This highly translatable dual-modal, structural-molecular imaging
strategy could enhance our capabilities to understand high-risk
plaque biology and is expected to spur personalized approaches to

estimate plaque vulnerability in near future.

@ A newly developed, plague macrophage targeting NIRF probe could
be utilizable for high-risk plague imaging, and needs to be further

validated regarding acute toxicity and long-term safety.
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