AEBELAR—F No.188
B4 EAHERSR BIFHE (202411 A188)

T VT
- B b, L TIBROEZ]

IYFa1a—tyYIRKXKE EFIFEWERN
BERIF¥-avEa1—42%H
IT)7T - FLAYUEEHIE

Vr—AhR-G-7VE ML

é

AEMHEA S J




rI—LRX-G-TVEF BL

B Fa—t Y TRAYE BT T
TR - 3 E 2 — SR
T U7 - FAY UEHEE

miEh 20034F - 20054F WM A= IR 233  (ECBO)

195749 H28 A KEA Y 2 A M (FAY « S a2~y) Tarsshs LFEEE

20074E~BIME  IRERA A=V U JEBRRES / IR & IRR RS

mE JE £2% (ARVO) A A— 0 T ho 77 LA

19794 ~HF a—t vy TRAY MELsE IR

1981FE  ~HF ot vy TRASE BEAEL R (A T2) 2008~20194F llzfr;'giqé (SPIE) AEAREEME Y ARV D A

. WAELFRHRE
1984 YFa—t Y TRKRY B N
o VYRR J008~201405 L3 & IR 2 (ARVO)

W2 - R BN A= T T N—T LFEHE

1985~19884F ¥ F 2 —t vV TEAFE (MIT) 2013~2018%  [EFOLT¥% (SPIE) i

BRLY - a B a—2FRBIE =
1985~19964F MIT U > h— U HF4eHT, 19904F  KERIET BT I —rf H—
KRR 2=y a7 T (BFGEA =27 7 1 7450)
1988~19944F  MIT %iii C AR e — AR 19994 Discover & Award for Technologlcal Innovation

AR = T v T,
Advanced Ophthalmic Devices fIt[EIFR\.H&
1992~19954  Humphrey Instruments fHJgifH
V994E~BITE & 7 REPIRBI IR 2%
1994 ~BIE MIT EXR LY « 2o — 2 PR
19984 IMAEA OCT DBFFEZTNT D A2 — b7 v 743,
LightLab Imaging fH3L[RIFR A

1998~20024% LightLab Imaging fH@aRM]

20024F  TEEE I/»—“B'»— %7'1:

William Streifer 801ent1fic Achievement Award
20024F  Rank Prize Y ¥ LM (LRZH)
20024F  CREESINBIET AT I — 28
20034F  SPIE &EH
20064F  CKRERZT BT I —2H
20114E Carl Zeiss Research Award
20124F  Antonio Champalimaud Vision Award (:[E]5%E)

20104F i L — Y — B OB % & FHNT D
2B T T 20154F  HA—F K, R~
Tdesta Quantum Electronics f-3LFFRSH =T YA A= ARFPAER L
Q01 VE~BIIE MIT BT 2B = U 7 - h &Y L 201654  KEDEFE Tves Medal
DOI6EE~TRLE ¥ 4 — L BRI i 20176 BRIREMIZI kR0
20174 Beckman—-Argyros Award in Vision Research
WAL 20174 KETHTHT I —
19964+ 19984 M@ BLREER R 7' 7 7 AR R Fritz J. and Dolores H. Russ Prize (J:[fZ2%)
ENEE T 20184 RAY, ZV—KUtk - TL7HoF—K%
2000~20234F  SPIE Photonics West A:{KEFYEFES v RTT A TT TG == )bV 4%
AR T I30T B T R e i OV e 20224 TEEE Medal for Innovations in Healthcare Technology
2001~20034F KEDEFA BE 20234 KEZFHNE
20024F - 20044F [/_-yi_&o\'ﬂ?$j,:'—%‘» 2% (CLEO) 1 7/ F A 20234F  Lasker—-DeBakey Clinical Medical Research Award
R e IkFER 20244F  [EIBRHBISIA A — D U
2003~20174F BV 7+ N =T K. KESLEAEFIZEHT (NIH) Lawrence A. Yannuzzi Award

PAFAT A INT T Jad—1) =R Z—,
L—W—~A 7 aEET a7 A (LAMP) W )

Bl U —F Y (5681F)
2003~20054E KETH%THTI— £ (13
HREM T Ry h AR Y (441F)

ZOLAR— NI, 2024411 A 18 H, fHESTAVHEFIZEB W Tabi-, #45 B AREEEXGDSHEOETEZE LD HL0OTY,



ST IR -
Wi, HfL. 2 LTRROEY

Vrx—LX G 7VE MEL

Optical Coherence Tomography:
Development, Evolution and Future Prospects
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Honda Prize 2024

Thank you to the Honda Foundation and Selection Committee

The Honda Foundation emphasizes Ecotechnology:
Human-friendly philosophy founded on science and technology,
harmonizing the natural and human environments and
findings solutions to social issues

The development of OCT required a multidisciplinary effort by
scientists, engineers, clinicians and industry - spanning the
international community — working to improve health and well being.
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Collaborators
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A personal note —
| owe a great debt to ophthalmology retina specialists

My father - Before | was born, my father almost lost his
Harold Fujimoto & eyesight
ca 1945
1

_“é He had retinal hemorrhaging and his visual

3 acuity was reduced to counting fingers
b%‘f' He consulted several doctors but his
K. il condition was considered untreatable

Fortunately, he was referred to the retinal
specialist Dr. John Bellows - professor,
inventor, pioneer of cryotherapy and tele-
consulting

Dr. Bellows diagnosed ocular tuberculosis
and saved my father’s eyesight
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Optical Coherence Tomography

Ophthalmology Cardiology
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High Resolution Imaging Technologies
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Optical Coherence Tomography

OCT uses echoes of light to perform high resolution imaging of
subsurface tissue structure in situ and in real time

* Imaging pathology where excisional biopsy is hazardous or

impossible — such as ophthalmology, cardiology

» Imaging markers of disease, progression, or treatment response
* Non-destructive evaluation, metrology, process monitoring
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Optical Coherence Tomography (OCT)
Imaging using the Echo Time Delay of Light

Back-reflected or
Back-scattered
Echoes of Light

Incident Light
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Optical Coherence Tomography

Transverse (X) Scanning XY Scanning

Backscattered Intensity W

ydaq) uonisod lenty
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The Multidisciplinary Partnership

Technology

Clinical
Development

Applied Studies
Science &
Engineering

Basic Improved
Government Science

o quality of life
and Industry and | Madicine and healthcare

funding Technology cost savings

Harnessing
innovation # )
from other ‘ Industry “ Economics

industries
Entrepreneurship
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Basic Science and Technology
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Special thanks to Professor Erich Ippen

» Professor of Electrical Engineering and
Computer Science Emeritus at MIT

* OSA/Optica Past President

* OSA/Optica Ives Medal Winner
“For laying the foundations of ultrafast
science and engineering, and

providing vision and sustained
leadership to the optics community”

Erich Ippen taught us the value of
scientific discipline and clarity
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Ultrahigh Speed Photography of Picosecond
Light Pulses and Echoes

M. A. Duguay and A. T. Mattick Applied Optics (1971)

—

2162 APPLIED OPTICS / Vol. 10, No. 9 / September 1971

X—13—1

Ultrahigh Speed Photography of Picosecond
Light Pulses and Echoes

M. A. Duguay and A. T. Mattick Applied Optics (1971)

Photographing light in flight requires
picosecond time resolution

1 picosecond = 1 millionth of 1 millionth of a second

2162 APPLIED OPTICS / Vol. 10, No. 9 / September 1971
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Time Gated Picture Ranging

AT&T logo (left) and behind scattering material (right)

X—14—1

Time Gated Picture Ranging

Time gating removes unwanted scattered light
and partially recovers image

‘One interesting possibility of gated picture ranging is
the potential to see through the human skin’

— M.A. Duguay and A.T. Mattick (1971)
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Femtosecond Laser Technology (ca 1983)

X—15—1

Femtosecond Laser Technology (ca 1983)

& - |
Measuring biological tissues requires
femtosecond time resolutions

1 femtosecond = 1 millionth of 1 billionth of a second
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Femtosecond Optical Ranging (1986)
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Fujimoto, et al. Optics Lett. (1986)
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Low Coherence Interferometry A-scans (1991)
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Optical Coherence Tomography

Davip HUANG, ERIC A. SWANSON, CHARLES P. LIN,

JOEL S. SCHUMAN, WILLIAM G. STINSON, WARREN CHANG,
MicHAEL R. HEE, THOMAS FLOTTE, KENTON GREGORY,
CARMEN A. PULIAFITO, JAMES G. FujimoTo*

Amhmmnulledowalw’mnwmmphy(ocnmbemd:velopdfor
biological systems.

OCT uses low-coherence

ofopna] scattering from internal

image
tissue microstructures in a way that is analogous to ultrasonic pulse-echo imaging.

OCT has iongitudinai and jaterai
detect reflected

tiai resoiutions of a few micrometers and can

signals as small as ~10~"° of the incident optical power. Tomographic

imaging is demonstrated in vitro in the

peripapillary arca of the retina and in the

coronary artery, two clinically relevant examples that are representative of transparent

and turbid media, respectively.

OMOGRAPHIC  IMAGING  TECH-
niques such as x-ray computed to-
mography (1), magnetic resonance

imaging (2), and ultrasound imaging (3)

have found wldcsprtad apphcanom in med-

f these ures 2

Prope:
ation range that prove ad-
vantageous " for specific In this

surements of microstructure have been per-

formed in the eye and the skin with

femtosecond laser pulses (5). Time gating by

means of coherent (6) as well as noncoher-

ent (7) techniques has been used to prefer-

eniall detect direcly wansmiced light and
Shesic

Low-coherence rvﬁmomen—y m been used
for

micrometer spatial resolutions and high detcc-
tion sensitiviies (12).

We have extended the technique of low-
coherence reflectometry to tomographic im-
aging in biological systems. In low-coherence
reflectometry, the coherence property of ight
reflected from a sample provides information
on the time-of-flight delay from the reflective
boundarics and backscattering sites in the
sample. The delay information is then used to
determine the longitudinal location of the
reflcction sites. The OCT system performs
multiple longitudinal scans at a serics of lat-
eral locations to provide a two-dimensional
map of reflection sites in the sample. This
mode of operation is analogous to ultrasonic
pulse-ccho imaging (ultrasound B-mode).

“The optical sectioning capability of ocr
is akin to that of confocal mi
tems (13, 14). However, although the o
gitudinal resolution of confocal microscopy

depends on the available numerical aperture
(15), OCT's resolution is limited only by the ~ =

coherence length of the light source. Thus,
OCT can maintain high depth resolution
even when the available aperture is small.
“This feature will be particularly uscful for in
vivo measurement of deep tissues, for exam-
ple, in transpupillary imaging of the poste-
rior eye and in endoscopic imaging.

The OCT scanner (Fig. 1) is an extension

tems (12). High-speed, continuous-motion

report, we discuss OCT. With this tech-
nique it is possible to perform noninvasive

nents (8), for surface contour mzppmg in
integrated circuits (9), and for ranging mea-

scanning is used to increase the
data acquisition rate, and a transverse sc:
ning mechanism makes possible two-dim
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i
David’Huang as a PhD student '
with collaborators from Politechnico Milano,
International Quantum Electronics'Conference Vienna 1992

Reports

Optical Coherence

Davip HUAaNG, Eric A.

Dr. Huang, MD, PhD is now
Professor of Ophthalmology and Bioengineering at
Oregon Health and Sciences University
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Dr. Joel Schuman, MD, Glaucoma Fellow at Massachusetts
RepOl‘tS Eye and Ear Infirmary, Harvard Medical $choo| ca 1990

Optical Coherence Ton

Davip HUANG, ERIC A. SwAr
JOEL S. SCHUMAN, WiLLIAM (
MicHAEL R. HEE, THOMAS FI
CARMEN A. PULIAFITO, JAMES

i
found widespread applications in

e. Each of thesc tochniques messt Dr. Joel Schuman, is now
Professor of Ophthalmology, Vice Chair for Research
Innovation, at Wills Eye Hospital
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Device for measuring light wave of a reflected image

(19) Japanese Patent Office
(12) Official Gazette for Patent A pplication (

(1) Kokoku No. 6-3554%

(24)(44) Kokoku Date May 11, 1994

SHImQas Ideniification Symbol JPO mamber F1 Te
GOIN 21727 A 02

(21) Application Filing No. 2-300169

{22) Appucation Riing daw November §, 1990

(65) i No. 4-174345

(43) Kokai Publication Date June 22, 1992

(71) Applicant Tanno, Naohiro  PrOf. Naohiro Tanno ;
15-27 Matsumi-cho, Yamagata city, Y amagata ‘ prp—

(71) Applicant Ichimura, Tsutomu
1-1-20-301 Mukaiyama, Taihaku-ku, Sendai city,
Miyagi

(71)Applicant Saeki, Akio . A .
3-5-2 Mukaiyama, Tailakv-ku, Seadai city, Miyag

(72) Inventor Tanno, Naohiro
15-27 Matsumi-cho, Yamagata city, Y amagata
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Engineering, Medicine, and Industry
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Applied Science and Engineering (ca 1993)

Eric Swanson
Formerly: MIT Lincoln Laboratories

The first OCT system

Applied Science and Engineering (ca 1993)

Eric Swanson

Formerly: MIT Lincoln Laboratories Imaging speed increased from
minutes to seconds

Patient interface design
Software control

X —25—1

Applied Science and Engineering (ca 1993)

Eric Swanson Co-Founded the first two OCT companies:
Advanced Ophthalmic Devices and LightLab Imaging ]

ging speed increased from
jutes to seconds

He also co-founded telecommunications companies: t interf desi
Sycamore Networks and Acacia Communications which [ttt Ll
went public with multi-billion dollar market caps ware control
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IO OCT ¥ AT LT, R D KO LD TLE (K—24), =V v 7 RIZZDOVAT L%
R L, BmELEES 100 fFlomdfbl, BEA X4 —T7 2 —R LV T by = THIAGEM L E
Lice =V w70, IRE & DI F D5 B3 1T 2 M 2 20 0CT /23, Advanced Ophthalmic
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Ophthalmic OCT Imaging System

Fiber-Optic

Interferometer SEanning
Low Coherence Reference

Light Source Mirror

G

Transverse
Detector o\ Scanning

——{ Computer Ocular
Lens

Viewing
Objective

Retinal
Image Plane

E. Swanson, et al Opt Lett (1993)
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Ophthalmic OCT Imaging System

Fiber-Optic Scanning

Interferometer
Low Coherence Reference
ight Source Mirror

Early OCT instruments used interferometry with
mechanical reference path scanning, fiber optics,
and light sources from optical fiber gyroscope
technology

Viewing
Objective

Retinal
Image Plane

E. Swanson, et al Opt Lett (1993)
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WHEWH ZETT,
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Retinal Fundus Image

Sclera

Ml Log Reflection

Hee, et al Archives Ophthalmology 113 (1995)
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MIT OCT instrument at New England Eye Center (Early 1990’s)
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OCT Research Team ca 1995

Joseph lzatt, PhD
Fitzpatrick Professor of Engineering
Duke University
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In Memoriam Professor Joseph lIzatt (1962 to 2024)

Michael J. Fitzpatric Professor of
Engineering, Chair Department of
Biomedical Engineering,
Duke University

Pioneer of Optical Coherence
Tomography

Intraoperative OCT

Co-Founder Bioptigen

X —31
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1995-2000 Studies in 5000 patients
First OCT investigations of

« diabetic retinopathy

» macular degeneration

» glaucoma

Carmen Puliafito, MD

Ophthalmology 105, (1995)

Imaging of Macular Diseases with
Optical Coherence Tomography

Carmen Aleﬁr MD," Michael R. Hee, MS,” Charles P. Lin, PhD,!
Elias Reichel, MD,! Jae(S Schuman, MD,’ jaySDk MD,!
Joseph A. Izatt, PhD,? Eric A. Swanson, , MS,? James G. Fuj ujimoto, PhD?

X —32
(K —32) WIHIOER 0CT AFJEIE, WIEOHEME TH LN AL « FUT 7 4 & (Carmen
Puliafito) AFEE L F L7z, 5000 ALLEDOBRFE ZRIHE L= APIOMFE TIX, OCT 2/ L7- 5%
BERE B OHIN RS ET,
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Early Clinical Studies (ca 1995)

Temp

First studies of OCT in glaucoma
* NFL measurement

+ Progression
* Response to therapy

Joel Schuman, MD

Archives of Ophthalmology 113, (1995)

— TNy

Quantiﬁcation of Nerve Fiber Layer Thickness o @ w e w0 50 40 M e Im e w0 5%
in Normal and Glaucomatous Eyes Using e o s e =
Optical Coherence Tomography AT T

A Pilot Study : = & )

Joel S. Schuman, MD; Michael R. Hee, MS; Carmen A. Puliafito, MD; Carlton Wong, MS; Tamar Pedut-Kloizman, MD;
Charles P. Lin, PhD; Ellen Hertzmark, MS; Joseph A. Izatt, PhD; Eric A. Swanson, MS; James G. Fujimoto, PhD

X —33
(B—33) FENFEDOHIFEIT Y a =L« S a—< U PNEBELE L, 2L ONZEIE, FiHMEE
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Clinical Atlas of OCT (1995)

OCT of Ocular Diseases

« 374 pages

* OCT, color fundus s E T . 4 N
photography, FA, ICGA of —— -8 Optical Coherence
ocular disease ¢ : Tomography

Guided the interpretation of of Ocular Diseases
OCT as a new modality

OCT Of Ocular Diseases
Fourth Edition

» Published 2021

« 592 pages

X —34
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Industry Investment in OCT (ca 1994)

John Moore Jay Wei, PhD
President OCT Program Manager,
mphre i i ed Develop

Founder / CEO Optovue
—35

(B—35) LarL, wbEBERESOOE DI, ER~ORELE ST BWET, RIS

LiemoleDid, "7V —/"Y 57 A ADHEE Tz ary « A—7TT, A—TRIZIFLTD
bRWEREE Y a v ilibhoTc L BnET, IRECHEM SN HIFIR R 72 il b b b
PILZ OFEMICHEE LD T, FFEHFAFIELY = - VoA lET, HiFx7a s/ 7L vFx—
U —HATRR EEAE T Lz, MR IS L C Optovue #EZ RS2 L, AREL OCT D% < ks
#Y—RLELE,

20



Development of OCT in Ophthalmology

OCT1 (1996)

OCT2 (2000)

Stratus OCT3 (2002)

X —36

Zeiss
Stratus OCT

Third Generation
(2002)

X —37
(=36, 37) Y=A « UVxAlX, V7 A AFLDOKRYD 3 DOMER, 0CTL, 2, 3 DB EZFHL
F L7z, ARTHAOCT 2002 FDF 3 HAOLDOTT, (K—37) ZTHLLIFAKFTZAOCT D
TEVAMN—=va BT A TY, 2ORIICHEBORE 0 barzFTT5 LN TE, K
T 0 haLO@ER, BAAEZELEZET 74 A b, ZLTT —ZBBOEODAF ¥ U E2{TVE
T ZAUE, WIROE I ZRET D700, B D BEHROWE 2R T2 71 barzRr LT
WET,
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OCT Imaging in Ophthalmology

MIT Prototype, Humphrey OCT1 and OCT2 (1994, 1996 and 2001)

Stratus OCT3 (2002) 4x higher speed / pixel density

X —38

(B —38) ZAUTIMIT OFRIEMEE . N TV — "V 7 A ZADFRHD 2D A A — 2 7R TT,
ARNTHATEVEHT, A FEOAE— R TLE, BRI CCTTM, mEgmEsmELE L,
SF Y WBEENGWVIEEEZENE ETADTT,

Development of OCT in Ophthalmology

1991
1993
1994
1995
1996
1999
2000
2001
2002
2005
2006
2006
2008

Demonstration of OCT in vitro

First in vivo images of the retina

Technology transfer to Humphrey Instruments
Clinical studies (glaucoma, AMD, diabetic retinopathy)
Commercial ophthalmic OCT device introduced
Approximatedy 180 units sold

2nd generation ophtha OCT instrument
Approximately 400 units sold

3rd generation StratusOCT

OCT becoming a standard of care Anti-VEGF
Approximatelystems sold treatment for
Multiple companies enter ophthalmic OCT market AMD
More than 10,000 instruments sold

X —39

(B—39) IRFHZI T D OCT DI E D & AN TORIIOIFEFEIL 1991 4£ T, FEERIZpE b
SNT=DIF 1996 4 L IEF IRV T L7z, Ll HEEEZRD & IEFICRNV 782 £ T,
1999 4E1Z1F 180 &, 2001 A1T1F 400 BAMRIE S 4L, HiITH T D 5 FENRIEB L E Lz, T
W N IER BN LB 2 HAvE T, Ml BE A MEE (SR 5 5T VEGE, Bl W B pli = IR 195
ERERE ST T, TORRTERMIZIES ZFARLND L 212720 LT,
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Anti-VEGF Therapy of Neovascular Age Related Macular Degeneration (AMD)

The NEW ENGLAND
JOURNAL o MEDICINE

OCTOBER 5, 2006 VOL.355 NO.14

Philip Rosenfeld, MD, PhD Ranibizumab for Neovascular Age-Related
Bascom Palmer Eye Institute Macular Degeneration

Philip J. Ro M.D., Ph.D., David M. Brown effrey S. Heier, M.D., David S. Boyer, M.D
Peter K. Kai , Carol Y. Chung, Ph.D., and Kim, M.D., for the MARINA Study Group

» Anti-Vascular Endothelial Growth Factor (Anti-VEGF) revolutionized the treatment

of neovascular AMD
» The need for personalized dosing drove the clinical adoption of OCT

“Lessons Learned From Avastin and OCT-The Great, the Good, the Bad, and the Ugly”,
The Jackson Memorial Lecture, American Journal of Ophthalmology (2019)

X —40—1

Anti-VEGF Therapy of Neovascular Age Related Macular Degeneration (AMD)

-
(lw

J&
Philip Rosenfeld, MD, PhD
Bascom Palmer Eye Institute

» Anti-Vascular Endothelial Growth Factor (Anti-VEGF) revolutionized the treatment
of neovascular AMD

» The need for personalized dosing drove the clinical adoption of OCT

“Lessons Learned From Avastin and OCT-The Great, the Good, the Bad, and the Ugly”,
The Jackson Memorial Lecture, American Journal of Ophthalmology (2019)

E—40—-2
(K —40) FAEHRFIC, M2 H AN B TR 250 VEGF JEIED N, =T T b7 4 ) v -
n—Y o7 o)l FERIOEHOBEER LEZWERWET, o0 h, ZRLENE, BEITAHIC
BN RKo> TN BT, RRFIZ, OCT 2 L TG EZMEBLT 2 BN E £ £ Lz,
BhEAKET oy bLTflZ R TAHAEL X9, ZIUTEIEALRBR T, BRE= T - BE T
NHMEFFS I, BMICEET A Z X2 H D E LN, T I7BROBELBRG SN BE W
NNBHIAET LE Lz,
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OCT Identifies VEGF-Induced Exudate:
OCT is a VEGF-Meter

OCT image through central macula

Horizontal E

VA: 20/100 o = s .‘ W"

VEGF Induced macular fluid
* Intra-retinal fluid
* Sub-retinal fluid

Courtesy P. Rosenfeld and C. Puliafito

OCT Identifies VEGF-Induced Exudate:
OCT is a VEGF-Meter

E Horizontal

VA: 20/100

Anti-VEGF Therapy:
1 month post-injection

VA: 20/40

Courtesy P. Rosenfeld and C. Puliafito

X —42
(—41, 42) ZHUIREREHTHY (X—41), FRFIZOCT OBAZHE LiEDE L7, 22
A& 17720/100, ZAUEBHME AMD O ZR L TR Y, M8 Tk, FEEENK, B3 R,
IRHIET RT3 AMD O~ —F —T7 (—42) HUVECF {4 CTIRHET 25 & Wriki g CHmsg
WEOEFANRONET, OCT IZIRER LR L, SO BEEL TWET,
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Economic impact of OCT and antiangiogenic therapy

1aging

Manag
e in
R osap " "herapy

Windsor, et al, American J. Ophthalmology (2018)

X —45—1

Economic impact of OCT and antiangiogenic therapy
American Journal of Ophthalmology (2018)

Estimating Public and Patient Savings From Basic  ®
Research—A Study of Optical Coherence
Tomography in Managing Antiangiogenic

Therapy

MATTHEW A. WINDSOR, SISS1 J.J. SUN, KEVIN D. FRICK, ERIC A. SWANSON, PHILIP J. ROSENFELD, AND
DAVID HUANG

From 2008 to 2015, the United States government and neovascular
AMD patients have accrued an estimated savings of $9.0 billion and
$2.2 billion, respectively, from the use of OCT to guide personalized

anti-VEGF treatment.

Windsor, et al, American J. Ophthalmology (2018)
E—45—-2
(—45) = b T4 P =T 00— 7/ RRTFELHIE T, 0CT ORFENE
MRESNE LD, 2 2Tl BRI L2288 L OEBEORETNFEZ RLTVET, TH
M. KEBUFITHEE 90 & RAZHK L, BEIL AD IO BIME 28 < 72912 0CT A H
HIET2R2ERLVEHKHLE LT,
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Advances in Sensitivity and Speed
Enable Volumetric Imaging

X —46

(—46) Z 5 LR LWIT LT, fiffom bk, RELAE—FoELRL RO, FIHTES
THHENRBAITIEA E LTz,

Advances in Imaging Speed
Spectral / Fourier Domain OCT (SD-OCT)

* Trade off between sensitivity vs speed and resolution
(data rate)

“Spectral / Fourier domain” detection enables
dramatic improvements in sensitivity

» ~20 dB (100x) increase in sensitivity

>50-100 times faster than first generation time domain
OCT and higher resolution

X —47
(B—=47) AT MVEIZT7 =V T RAAL ] BRIIC KD BRE, HEE, fMEED FL— A
TSN E LT, 2O 0 BKEED 100 £ (20dB) [ L. [FEHC, 45 1 A0 H X
D b 50~100 1 i 7o B L BE & 28 U L7z,
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Spectral / Fourier Domain OCT
Increased Speed and Functionality

1995 - Measurement of intraocular distances

2002 - OCT Imaging of retina and anterior chamber in vivo
- M. Wojtkowski et al., JBO 7, 457-463 Copernicus University, Poland
2003 - Demonstration of sensitivity advantage
- R. Leitgeb Opt. Express 11, 889-894
- J. De Boer Opt. Letters 28, 2067-2069
- M. Choma Opt. Express 11, 2183-2189
2003 - High speed OCT imaging of retina in vivo
- M. Wojtkowski et al., Opt. Letters 28, 1745-1747
- N.A. Nassif et al., Opt. Express 12, 36-376
2004 - High resolution and high speed ophthalmic OCT imaging

- B. Cense et al., Opt. Express 12, 2435-2447
- M. Wojtkowski et al., Opt. Express 12, 2404-2422

X —48
(X —48) HLBRRNZ L2, ZOHMCbREWELRSH Y 97, 1995 FI12 7 4 —VERKEDS
N—TNZDare 7 FEEBL, 2002 F2EFR—T7 0 ROa~L=7 AKZET, K{IOTE
AbMb—varMrbhE Lz, Z20%, BxOI7N—T4ED, HEO I V—TPEEL A E
— FOEMMHEEEFEL £ Lz,

Spectral Domain OCT - high speed imaging

50 frames/sec acquisition rate

24 kHz axial scan rate

2.7 um axial resolution

60 MHz camera read rate

480 x 1024 pixels; 3 mm x 0.8 mm

X —49
(K—49) 1ZFOHITT, LIFEO LT A E ., ZUT 1 BIC50 7L —2DET A L— kT,
FRAFRREETR, MR AE S . M AT 28 IR LR LTV E T,
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Spectral / Fourier Domain OCT (SD-OCT)

SFL6/BK7 Density
Glass block Filter

Fiber Coupler :]]
20/80 Reference
Mirror

Scanning

Spectrometer S\Mirror
+CCD camera - )
Scan % ‘-‘
Lens s Ocular
Biomicroscope [

[ . Ocular

% Cispaziilf-
Advanced i Dichroic

slgna! \ Mirror Image
processing 3 Plane

X —50—1

Spectral / Fourier Domain OCT (SD-OCT)

SFL6/BK7 Density
Glass block Filter

Light

SD-OCT encodes distance information in the
spectral domain similar to MRI

SD-OCT technology uses spectrometers,
high speed cameras and computation

- 11 "
5|gna! i Mirror Image
processing I Plane
¥

J
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(—=50) ZAUFZT AT LOMIERTY, K, HEtE AT, KRR BHEA 4 —T =
—ATOE—LAF v, FHETT, AT MUVEEIIEARIIC, BRI EG 5O & [
BRIZ, A7 MANOBBECET A= a— RLUET, 2O, 205, @i,
AT FHEICESNTHET,
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Optovue Spectral Domain OCT - high speed imaging

(K—51) ZOEBEIAT FE 22— T, ZNETRTEX 6 & ik LT, WS NIE
WCEHETHDHZ b £, WMAZEHRAIICAFT Y7528 T, T—4RY 2— 2% EE

TEXET, INElEBIEIN,
Raster Scanned Volume and En Face OCT

Increases in imaging
speed enabled 3D
volumetric / cube data

Registration of cross

sectional B-scans to
fundus features

En face fundus image
reconstructed from
3D OCT data

[ —52
(—52) LT, =RV 2a—LZEEHFAIIL U Z Y U TEEIFAH LT, BRIRGETHRS

MO BRI BB A2 AR L T,
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SD-OCT - Raster scanned retinal volume

TEMPORAL

EYE:0S
11/10/2004 SOCT ID: SHR-717 NAME:

Precise and Reproducible registration of OCT images to retinal features

[ —53
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Mapping Structural Alterations of the Retina

3D volumes enable

Mapping retinal layer
thickness and focal
pathologies

CFT: 239 um
Vol: 9.2 mm?

Longitudinal
measurements
across multiple

patient visits

o
o
3
&
©
[
®
=
k]
S
=
k=]
=
]
|

Monitoring disease i -
progression and ? 1 - X o Vo Vaotmm
treatment response 7 3 :

Zeiss | Bascom Palmer Gregori, Rosenfeld, et al Ophthalmology (2011)

X —o54
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Optovue

X —55
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3D OCT retinal imaging — cross sections and depth slices

X —56
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Fluorescein Angiography
Many retinal diseases such as diabetic retinopathy involve alterations
to retinal vasculature.
Fluorescein angiography - the classic technique for imaging retinal
vasculature - involves injecting a fluorescent dye.

Vessels of the retina
are photographed before and
after dye is injected

Special dye is
injected

Examination is time consuming and some patlents have aIIerglc reactlons
to the fluorescent dye.

X —57
(—57) b H—2OREAEST, MEEZRDLIZENTEDLLIT R ETY, FEREHE
BE 7 & 28 < DA B R Alﬂﬁ%omlﬂﬁ,\ FlexwET, MERE R L AR FER, AF
ZYEA L CHENEE o Hg i @%W%f% WbWL 7 NVE LA CIMEERIETT, ZOXATD
BB OE 2RISR LET, 7 F LA CiEEEOMBERIL, FERDPNLIMETHL L &
EHHNCT VAR —Kn R T EBENRND Z & TT,

OCT Angiography (OCTA)

Optical coherence tomography angiography (OCT) uses repeated
imaging to detect motion contrast from flowing blood

Generates 3D images of retinal and subretinal microvasculature

No dye injection required — Faster than Fluorescein Angiography,
easier for patients, and no risk of allergic reaction

Can be performed on every patient visit, enabling studies of disease
progression and response to therapy

Images are sharp, not obscured by dye leakage
Requires higher OCT imaging speeds

Generates extremely large data sets

X —58
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OCT Angiography (OCTA)

Makita, S., Hong, Y., Yamanari, M., Yatagai, T., Yasuno, Y. Optical coherence angiography.

Opt Express 14, (2006)

skuII |ntact by Optical Mlcro-AngloGraphy at 1. 3 um wavelength Opt Express 15 (2007)

An, L., Wang, R.K,, In vivo volumetric imaging of vascular perfusion within human retina
and choroids with optical micro-angiography. Opt Express 16, (2008)

Mariampillai, A., et al, Speckle variance detection of microvasculature using swept-

source optlcal coherence tomography Opt Lett 33, (2008).

mlcrovascular |mag|ng of human retma using optlcal coherence tomography with a
novel motion contrast technique. Opt Express 17, (2009)

J. Enfield, E. Jonathan, and M. Leahy, “In vivo imaging of the microcirculation of the
volar forearm using correlation mapping optical coherence tomography (cmOCT),”
Biomed. Opt. Express 2, (2011)

coherence tomog phy. Opt Express 20, (2012)
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Generating an OCTA Image

* In OCTA, repeated B-scans are rapidly acquired at the same
retinal location

Flowing blood
cells move
between
successive scans
(Ad = s - At)

X —61

Generating an OCTA Image

Flowing blood
cells move
between
successive scans
(Ad = s Wt)

This displacement

causes the OCT
signal to change

X —62
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Generating an OCTA Image

Flowing blood
cells move

successive scans
(Ad = s Wt)

This displacement
causes the OCT iz
signal ta¥ehange

The change in
OCT signal
change is

OCTA image

X —63
(M —60~63) FEARMIZMINELZ > TWDHNEWND & BEOKmmEEN (K—60) DI &
RO THGSNET, b LEIWTWAIMEAHIUE (K—61), ZhEEEHO~ESE LT
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RHLE 0T HMEBEOESSLTa) b—varkto T {bERDL ZENTE LD TT (K—63),
ZOTDHE, BTV D IMERDER S E T,

Normal Retinal Vasculature

9

I h

Capillary plexuses
33 yo normal subject
3mm X 3mm

(—64) IEWZ2MERME R, £E, THE, WREOBMMEEE VD RRDELETITDHZ
EWTEET,

36



Proliferative Diabetic Retinopathy, 55 years old

S MR T

%)

W22l ]
< ' 4 { b 4
W5 B

3mm x 3mm field of view

Proliferative Diabetic Retinopathy, 55 years old

Diabetes damages retinal capillaries —
capillary dropout, non-perfusion, microaneurysms

Retinal vascular injury is an indicator of
damage to other organs in the body

S A

3mm x 3mm field of view
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Diabetics with retinopathy have changes in vasculature
T2DM 18yrs, 60yo T2DM 44yrs, 63yo T2DM 2yrs, 68yo

X —66
(E—66) ZICkv ., BRIFICXLDEEOEITEZINT 2 HESERES N ET, FEYED 20N
PEPRERE T, MM R-OMIE T 2O W) BN R ET, 2F V. FERKFIT
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Commercial Ophthalmic OCT Angiography

Optovue
AngioVue

Introduced
2014

30 x 30 scan size (mm) Signal Strength 71

X —67
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LAR—FO—HTT, FOEBEOELTAEZEBRELEL LI,
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Commercial OCT Angiography

OCTA

new, non-invasive
approach to
visualizing retinal
vasculature

Branch Retinal Vein Occlusion
Images courtesy of Pravin Dugel, M.D
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OCT Angiography (2015 - present)

T

Optical Coherence Tomography
. . and OCT Angiograph
FNITIUTAE S| Optical CONBPENCE | i mefence and e S
Tomography Angioy
of the Eye

Darrin A. Landry, CRA, OCT-C
Amir H. Kashani, MD, PhD

SIACK Incorporated

Foreword
James Fujimoto
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David Huang » Bruno Lumbroso » Yall Ja « Nadia K. Waheed

(@il l———— | Optical Coherence Tomography

o . and OCT Angi h
INWATOAE | Optical CONErENCe | i eence and o s

Tomography Angiog
of the Eye P78 G NS S 43 e st

OCT Angiography accelerated understanding of
disease pathogenesis and provided new markers for
measuring progression and treatment response

Bruno Lumbfoso
David Huang
Ching J Chen
ali Jia
e
r n ¥
a K Wal

Darrin A. Landry, CRA, OCT-C
Amir H. Kashani, MD, PhD
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Advanced Photonics Technologies
Increased Performance and Functionality

X—70
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High Speed OCT using Frequency Swept Lasers
“Swept Source / Fourier domain” (88-OCT) enables further
improvements in speed and sensitivity
>1000x faster than first generation OCT

No spectrometer or line scan camera required

Can image at 1050 nm and 1300 hm wavelengths

Used in almost all other OCT applications cutside of
ophthalmology

Requires high performance frequency swept lasers

Potential for photonic integration and low cost

-1
(—71) Ebicmse ke LT, BERSIJEHF OCT (Swept Source OCT) & W9 HDBRH Y |
VI RO D 1000 FOEE TT, ZOEINTIRBILUSAD H & 2 iR TEEICED
NTBY, 7+ b= I AT 7 =g raflio ORI A N TEMERERIEE ZFN D Al
REMEDN B D &\ 9 BUIRERWEHE D BV £,
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Swept Source OCT (SS-OCT)

1992 - Frequency swept lasers for OCT - Swanson, et al, US PT 5,321,501 (1992)
1995 - Intraocular distance measurement - A.F. Fercher et al, Opt. Com. (1995)

1997 - Experimental demonstration of swept source OCT
S. Chin, et al, Opt. Lett. (1997)
B. Golubovic, et al, Opt. Lett. (1997)

2003 - First experimental demonstration of high speed swept source OCT
S.H. Yun, et al, Opt. Express (2003)

S.H. Yun, et al, Opt. Lett. (2003)

2005 - High speed swept source OCT with ring fiber laser
M.A. Choma, et al, J. Biomed. Opt. (2005)
R. Huber, et al, Opt. Express (2005)
Y. Yasuno, et al, Opt. Express (2005)

2006 - High speed - Fourier domain modelocked laser (FDML)
R. Huber, et al, Opt. Express (2006)

X—72
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Schematic of Ultrahigh Speed Swept Source OCT

NC
. PC
0:50
w
PC DG

BPD: balanced photodetectors; DC: dispersion compensation; GS: galvanometer scanners; ISO: optical
isolator; MZI: Mach-Zehnder interferometer; NC: not connected; PC: polarization controller; PIU: patient
interface unit; SL: scan lens; VCSEL: verticatcavity surface-emitting laser

X—73—1

Schematic of Ultrahigh Speed Swept Source OCT

adapted from optical communications, high

speed digitization, signal processing and
computation

BPD: balanced photodetectors; DC: dispersion compensation; GS: galvanometer scanners; ISO: optical
isolator; MZI: Mach-Zehnder interferometer; NC: not connected; PC: polarization controller; PIU: patient
interface unit; SL: scan lens; VCSEL: vertical-cavity surface-emitting laser

B —73-2
(H{—=73) Y AT LR THD L, BEOTHHORERH&GRE, EALABMIC > TET
WET, ZOEINT, JeEE, @mlET U H b, BERLE, BRI OFEENOM B SEG S
M EERS V= =2 L TV ET,
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Wavelength-Tunable MEMS-VCSEL for SS-OCT

1310 nm
tunable emission ||

actuator suspended

contacts _~ mirror

dieiectric

/memhrane

Advantages of MEMS-VCSEL Tech

A vmm"dmﬁ‘\ - nlfpo;::;ign » Variable sweep rate (kHz to MHz)

S S A * Long coherence length — long image
@ range

» Potential for low cost and scalable

X—74
(Bg—74) ZAid 0CT AUZBAFE S 7RO —fTF 23, FELIRGHEE L —Y — LT D
WEMEHAZR=ZZLTWET, Zhid, K32 TR = 7 A RBGERRETH Y . )
TEWEREZ I L TV ET,

Wide Field-of-View
OCT Imaging

* 600 kHz A-scan rate
* 23mm x 23mm
» Acquisition time 3.6 sec

+ 800 A-scans / B-scan

+ 800 B-scans
* 2 repeated B-Scan OCTA

* Interscan time 2.2 ms
Flythrough is 2x
slower

than acquisition speed

X —75
(K—175) ZAUTFDO—FITY, ISHEEOMIEA A — 0 7T, SRk miGg 2 AR T £9,
FTFETELLLDERDBRICPEINE TN, 20T HTFEBRITIT 2 FITEL 72D £9°,
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Wide Field OCT - Single Cross section

. Collab ti ith T 24mmx14mm. Scan time 3.5 sec
ollaboration wi opcon A scan rate: 600kHz, 2800 A scans/ B scan. 200 B scans.
Interscan time 5.8ms. 3 repetitions per B Scan

X —76
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23mmx23mm. Scan time 10.8 sec
1200 A scans/ B scan. 1200 B scans
A scan rate: 600kHz

Wlde Fleld en face OCT ' ‘ Interscan time 5.8ms
X epetitions per B Scan

Depth resolved en face OCT

provides information not available

from SLO

RPE flattened B scan

Enface
projection
range

Subject: 25 y.0. Male Whole retina

23mmx23mm. Scan time 10.8 sec
1200 A scans/ B scan. 1200 B scans

Wide Field en face OCT ; Ascan rte: 600z

| 3 repetitions per B Scan
/

Depth resolved en face OCT L f
provides information not available e :
from SLO

Enface
projection
range

fromILM
Subject: 25 y.0. Male to 90pm above
RPE
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23mmx23mm. Scan time 10.8 sec

. - - - 00.A scans/ B scan. 1200 B scans
Wide Field en face OCT . A scan rate: 600KkHz
- ylterscan time 5.8ms

ns per B Scan

Depth resolved en face OCT
provides information not available

RPE flattened B scan

Enface
projection
range

AR
from 30 pm below RPE
Subject: 25 y.0. Male p ; to 120 pm below RPE

23mmx23mm. Scan time 10.8 sec

. - 'y ::ans/ B scan. 1200 B scans
Wide Field en face OCT N\ N, oo o sooee
‘\ rpterscan time 5.8ms

i !}‘&ﬁe(i(ions per B Scan

Depth resolved en face OCT
provides information not available

RPE flattened B scan

Enface
projection
range

Subject: 25 y.0. Male ' R 120 below RPE
X —80
(M—77~80) hfiz L Z ) 7 TEET, ZHIFEEOEBR T, ZZIRSNTHWET
(=77, Wiz, WEO S EFIERBEERLET, (M—78) WETENARLZ, (K—-79) =6I
HITIE, BmHITEEO ToaH ERICk > THEATWAENR L £ (K—80),
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3mmx23mm. Scan time 10.8 sec

Wide Field OCTA e N

/4 Ihterscan time 5.8ms
e o)

+ Wide field OCTA can identify regions of
interest

+ Regions can be investigated with a high scan

Small field*
-, enface OCTA L
- = Id enface

s . *4.5 mm x 4.5 mm i
SUEEEE Zoyie [LElE 600 A scans / B scan. 600 B scans. 4 i el

X —81
(K—81) F7=. JAfE OCT M EEMAE L EITTE, BTOMEEEZIERT 5 2 & T EREE D
AR TEET, NIRRT, KL DT —F L L0 EESBUGEE N HIEATREIC
20 F9,

High definition OCTA resolves 3D capillary connectivity

Graph

RNFLP [licP M Inter-
Wscp pcp Plexus

X —82
(—82) BB ENDDOFMME DOBEFEZHOLICTHZENTEET, ZNHITHRERO
M OO EZFR L TWET,
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High Speed Long Range SS-OCT
for Anterior Eye Biometry (325 kHz, 10 mm depth)

b a v ez
' 2

S Chen, B Potsaid, Y Li, J Lin, Y Hwang, EM Moult, J Zhang, D Huang, JG Fujimoto, gh Speed, Long Range, Deep
Penetration SS-OCT for Structural and Angiographic Imaging of the Anterior Eye”, Scientific Reports (2021).

X —83
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Large Field-of-View
25 mm x 25 mm SS-OCT Imaging

1000%1000 A-scans
~4 s acquisition

X —84
(H—84) LT, ZOXIREZRITEDORY) 2a—hA A=V TR TEET, ZUTANEFH
EITOLAICEBR L CEET, ANEOFM CTIRNL v X0 EKZFH T 5 72 DI IXIEM 72 E
75%%%?#0
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The Future of Ophthalmic OCT

Impact on Public Health

X —85
(—85) FEk, ZDISHICONWTERD &, BWRHEEITEEL G A5 WMREER DY £7,

Implementing
Healthcare from the Eye
oz,

Early Detection
= @

Increased Access Wi

Enhance Equity @
Decreased Cost @

# TOPCON Healthcare

X —86
(X—86) K7 = DEY I [Healthcare from the Eye] IZOWTTHEMLET, =7 M.
A A=V THRMEHALT, TI7A4~VTT, ATy VA NTTRE BEOBERE ZARERI
Vo 73508007 = N—2%RFT 52 LT MAORYE AL ARRICL, fHRZSGEL,
ERELZHIRTEHE 0D DO TT,
Tut—varerAnb, BENRERERTHEVEZ A PEFRLIZWEBVET,
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Healthcare from the Eye

TOPCON Healthcare

Healthcare from the Eye™

X —87
(X —87) TR, ~7 a3~V A7 Tld, Healthcare from the Eye T~V A7 7T D
RECEMZEZ L TVET, Aebid, BE2HERORLEATHEY, 20, MR AFy
THREEH - AMOBRK[OBE 2 EHE S 2 51T, Microsoft Azure Z#5# L 7= Harmony I,
T—BuA LTIV MR L, AL ZIEH L TY TV Z A LOBKREEREL TR — KL,
fefk & PRt 2 ik L, |

Diabetes

* In 2021, 11.6% of the population (38.4 million people) in the
United States had diabetes.

» Diagnosed: 29.7 million people, including 29.4 million adults.

» Undiagnosed: 8.7 million people, which is 22.8% of adults
with diabetes.

* In 2021, 11.8% of the adult population in Japan had diabetes.

» 45.5% of people with diabetes are undiagnosed.

X —88

(—88) 7—~dD 1 DiF, S ZEREREZROTT, 1FHZ ALl THAT T 5720, 2
WS FREIC 72D 2 & T,

ZARREEELRDOTL X DD, BERF R EDFHRUZONTER THDL & KETIEIAD DK 11%
DHERIGZ B> TWETN, EIZEL L DADBBK 21T TOER A, A ORI EFE D 22%
IR a2 CnERA, BRTHEBROIET, FERFEEHR CRBA 21 T a0 AOEIEIX
SHIZEmLS o TWET, Lo T, EERERLEHAITDRWE | KNOBEE Ol RIZETHE
DOEENELET,
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Cardiovascular Disease Affects Nearly 50% of Adults in US

American Heart Association

X —89
(=89 b 50 & o>DICHENTLMERETT, 7 AU I TIIEAOKEEL, 1 {5 1600 7 AN
AL TWET, EEIARPBER ENERIFRTY,

Cardiovascular Disease

In the United States, approximately 128 million adults with
cardiovascular disease (CVD).

This is projected to increase to over 184 million by 2050.
CVD is a leading cause of death for both men and women.

In 2022, 702,880 people in the US died from heart disease,
which is one in every five deaths.

Cardiovascular disease (CVD) is a leading cause of death
in Japan, with more than 310,000 people dying from CVDs
annually.

X —90
(X —90) @bt Iic B Z UL, ZEE T ETEERMEIC/ARSTL L 9, 2060 4FFE T
PRS2 0MmERBOBERT 1 (& 8400 H A, ZIUIEELRFECKRKTHY, TAU BT
5 AT ADRETEEZEDTWET, BRIZBWTYH, ZIUIRTREREO kv 7T,
b L, DIEREIEZE Z RN ODERIED Y 27 2 PRI 2 Z ERNAREE o725, & 5 W IEAs
DIVRATZTRL, VR EZBRET 57D AT L ENAREE 726, LB L TATLIE
Wy,

51



OCT in Intravascular Imaging

X —91
(B—91) OCT DY 9 —>OFEERISHIL, TEERISNEHIBIT 2 MENA A —Y 2 7 TT,

OCT Imaging of Arterial Plaque and
Intravascular Imaging

» Cardiovascular disease is leading cause of
mortality in industrialized world

* Current imaging modalities
» Angiography — Xray with contrast agent
* Intravascular ultrasound (IVUS)

* Optical coherence tomography
« Identification of unstable plaque
» Guidance of interventional procedures
« Studies of pathogenesis

X—92
(B—92) T TITR~= L 91T, LIERBITFECRORE RIFRTY, B, MEELOBE
B e EOBBRZBHENR AN DI TWE A, OCT ITITMEBREIT DT Em N &V I FLEH
LD, ARENROME &2 FrE TE £,
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Artery with Plaque

X —93
(K—93) BRICT 7 —27B3HDE. ZHUTERATEREZEALZLOTT N, BfIROAZE,
RAEDFRE NN £9°,

Ischemia causes death of heart muscle

L :
e e
B ] 1

oo o NN i e
1

X—94
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X ray Angiography assesses vessel occlusion
but not plaque morphology

X—95
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Atherosclerotic Plaque

X —96
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Intravascular Ultrasound (IVUS)
Pre and post atherectomy

X —97
(—=97) BEMZHEMT DL, RBETHREZEZHRT DI LRAETTN, 77 —7 DFE
R4 5 2 L IXNEETT,

OCT of Arterial Plaque

500 um  —

M. Brezinski, et al,

Circulation 93, 1206
(1996)

X —98
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OCT of unstable arterial plaque

M. Brezinski, et al,
Circulation, 93, 1206

[T T Reflectance

X —99
(—99) TN ARLEST7—7DO—FH T, ZITITIRERE EEWNIERH VD | ARZ L4 <,
Bk AE ZORICPHZES A AREMEN H Y £77,

Fiber Optic Imaging Catheter 3.2F

transparent ~ guard

SF fiber sheath microprism

\NANNNNANNNNNNNNNNNNNNNNNNAN
e

speedometer cable
GRIN lens

Rotary torque cable with coaxial optical fiber and distal optics

Fiber optic probes enable endoscopic and catheter based
imaging of arteries or luminal organ systems

G. Tearney, et al, Science, 276, 2037 (1997)
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OCT versus Intravascular Ultrasound

G. Tearney, Circulation 94, 3013 (1996)

—101
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m EZRLTWET,

In Vivo OCT Imaging in Rabbit Aorta
Clot Formation and Plaque

C: Clot  P: Plaque

J. Fujimoto, et al, Heart (1999)

—102
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RAZLENTEET,
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Cardiac Catheterization

X —103
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First Intravascular OCT in Humans

10 patients, 42 coronary plaques
* OCT compared to IVUS

Massachusetts General Hospital G
I. K. Jang, B. Bouma .. G. Tearney, J. Am. Coll. Cardiol. 39 (2002)

X —105
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Development of Intravascular OCT

1996 - Vascular pathology ex vivo
- M. Brezinski, et al, Circulation
1996 - Catheter based OCT imaging of human coronary artery (ex vivo)
- G. Tearney, M. Brezinski, et al, Circulation
1997 - Endoscopic OCT (in vivo animal)
- G. Tearney, et al, Science
1997 - Comparison of OCT and IVUS (ex vivo)
- M. Brezinski, G. Tearney, et al, Heart

- J. Fujimoto, S. Boppart, et al, Heart

2000 - Porcine coronary imaging in vivo by OCT
- G. Tearney, |.K. Jang, et al, Acta Cardiologica

2001 - Tissue prolapse between coronary stent struts OCT vs IVUS
- LK. Jang, G. Tearney, et al, Circulation

- LK. Jang, B. Bouma, et al, J. Am. Coll. Cardiology

X —106
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OCT in Intravascular Imaging

™

X —107
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Intravascular OCT using fiber optic catheters
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High speed intravascular OCT imaging

Rapid Pullback
atheter i -

100 frames / second

50,000 axial scan/ sec

12-15 um axial resolution

—109
(®—109) ZDOET AL, AlRERA A=V U THEZRLTWET,
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3D OCT visualization of artery and stent

X—110

Software visualization and automatic assessment
X —OCTPamBack G N

’@ \ ‘/Q RN B 0&5!?

Courtesy
St. Jude
| Abbott
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2Ol BHEFEEAHVNDL ZENTEET,
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Pre-Intervention Imaging

03/16/2009 09:55:29
0097

Calcified +
Thrombus

Fibrotic

Lipid

H—112
(M—112) —HlL LT, ZAELati L, MAZEIRFZRLTOET, ZRIZEIIRO KT
T, ZZWmENRAES, T =7 2w dRHopITIE, 77—/ DRI ZMETDHILNT
EET, TITHMEMERDL Z LN TEET,

Post-Intervention Imaging

Well-Opposed

Edge
Dissection

Malapposition

X—113
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63



Commercial Development of Intravascular OCT

2004 2007 2009 2011 2012

M2 System M3 System C7XR™ System ILUMIEN™ System ILUMIEN™ OPTIS™

e Europe and US only h2012
m\ 100 fps / 500 lines T
Occlu: ush Occlusion-free e to

s for PCI

>~

V4
% 7
.li :7,'
A\\,a

FFR and OCT System 2 Gen FFR and OCT System

| 11}
mem ST. JUDE MEDICAL
L L Mo 'ONTROL. LESS RISK
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Commercialization of Intravascular OCT

1998 - Ligthlab was founded as joint venture with Zeiss

2002 - Lightlab cardiovascular IV-TD-OCT paper in October 2002.
irst commercial OCT. paper also in

2002 - LightLab acquired by Goodman, Ltd.
2004 - First commercial IV-OCT (TD-OCT) released by Lightllab

2007 - First commercial IV-SS-OCT demonstration by LightLab,
broadcast live at TCT and was in September 2007.

2009 - EU and Japan approval for LightLab IV-OCT.
2010 - LightLab acquired by St. Jude.

2010 - 510(k) from the Food & Drug Administration for
C7-XR imaging system and C7 Dragonfly imaging catheter.

2016 - St Jude (including LightLab) acquired by Abbot.

X—115
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Intravascular OCT CI_inicaI Trials

ECS Congress September 2, 2024

European Society of Cardiology > The ESC > ESC Press Office > Pres:

Lancet 2024 Optical coherence tor_noqraphy
outperforms conventional
angiography for stent guidance in

complex cases

!ntravasct{lar imaging-guided coronary drug-elc OCCUPI randomised trial finds optical coherence

implantation: an updated network meta-analys tomography significantly improves clinical outcomes
A Ak A and enhances safety and effectiveness of coronary

stenting

02 Sep 2024

Topic(s): Imaging;
Key take-aways

+ OCCUPI randomised trial finds optical coherence tomography (OCT) reduced the
combined risk of cardiac death, heart attacks, stent thrombosis, and the need for
revascularisation by 38% compared to conventional angiography at 1 year follow-up.

« Results will likely change practice of percutaneous coronary intervention (PCI) with
drug-eluting stents for complex coronary lesions by providing strong support for the
superior benefits of OCT guidance over conventional angiography-guided PCI.

T CRDA2023455662). Commpuatrmeiy Hedcl

K—116—1

Intravascular OCT CI_inicaI Trials

- ECS Congress September 2, 2024

European Society of Cardiology > The ESC » ESC Press Office > Press r

Lancet 2024 Optical coherence tomoqraphy
outperforms conventional
angiography for stent quidance in

OCT reduced the combined risk of cardiac death, heart
attacks, stent thrombosis and the need for
revascularization by 38% compared to conventional
angiography at 1 year.

« Results willlikely change practice of percutaneous coronary intervention (PCI) with
drug-eluting stents for complex coronary lesions by providing strong support for the
superior benefits of OCT guidance over conventional angiography-guided PCI.

B—116—2
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OCCUPT 7 > & MMEEGIRFER T3, OCT X, 1 F& DR T, DIESE, DIEFRIE, A7 > M LRE,

FIRROVIENEDOEA Y A7 &, MEEZITHART38% R SE-0 T, ZHUIEFICHm N2
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OCT Applications

Al onservaton

Metrology
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a0

Arrest of Christ

Photograph of the painting

“Arrest of Christ” early Netherlandish panel painting
1520 AD by an anonymous artist.
EH—118

108 e0;
Arrest of Christ gy

Infrared reflectography

“Arrest of Christ” early Netherlandish panel painting
1520 AD by an anonymous artist.

E—119
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DEETY, THNRET, RIMREERRE (K—119) 2179 L. REOREO T 33ERZHIIC A
AET,
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a0
&S

OCT imaging of Arrest of Christ

X —120

e gy
OCT imaging of Arrest of Christ o

Full OCT en face image

E—121
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WEICbEAT7LVTay 7 a2 0CT Bt T,
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a0

OCT imaging of Arrest of Christ

OCT en face image — varnish (shows reflections, aberrations)

D. Adler, et al Optics Letters
(2007)

e gy

OCT imaging of Arrest of Christ

OCT en face image — paint layer (uniform scattering of NIR)

PaintOnly

X —123
(K—122, 123) f2D BlZ=AR BN TWobHEE R N TEET, (K—122) 2L T,
ZOBOBIELS ETHVIAATHS X212, HRAICHHZES TS ZENTEET, bHAA
52 LI TEERAN, ZHITAFNCHEZES> TWHDOTY, (K—123) ZZICREDkE
WY BEICHRA RO ET,
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a0

OCT imaging of Arrest of Christ

OCT en face image — underneath the varnish

X —124
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OCT Imaging at ~1 Cubic Meter Volume

Scan pattern 1000x1000 A-scans/volume Volume (~200cm depth, ~100cm x ~100cm)
Chess board to back of mannequin ~80cm 0.4TB/volume, 200,000 points/A-line
Z. Wang, et al Optica (2017)
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Z. Wang, et al Optica (2017)
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Micron resolution non-contact metrology

4 1 09 08

Ground Truth 075
(inch)

Measured by 1015967  25.4000 22.8600 20.3267 19.0533
micrometer (mm)  +0.0058 £0.0000 £0.0000 £0.0058 £0.0058
Measured by OCT NA 0999440 0899984  0.800476  0.750535

(inch) 20000247  £0.000256  20.000232  £0.000256

Measuredby OCT NA 253858 228596 203321 19.0636
(mm) £0.0063 £0.0065 £0.0059 £0.0065

§ Block6 | Block7 Block8 Block® | Block10
3 2 07

Ground Truth 0.95 0.85

(inch)
Measured by 76.2033 508000 241300  21.5900  17.7800
micrometer (mm)  #0.0058  $0.0000  0.0000  0.0000  0.0000

Moasuredby OCT 29099862 1999592 0949665 0850474  0.700576
i 0000232 #0.000189  0.000155 £0.000270  0.000541

Measuredby OCT  76.196500 50789620 24.121490 21.602050  17.794643
(mm) 00059  :00048  £00039 200069 00137

15 um FWHM axial resolution, peak localization to <1 um
—127
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ZOMEDREN TN 0 BHE T,
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Scientific, Clinical and
Economic Impact

X —128

The International Research Community 2015:

www.octnews.org

J. Fujimoto and E. Swanson, Investigative Oph Visual Sci (2016)
—129
(=128, 129) Ti&, OCT DEBEIZOWTRHTWEE L x5, (KM—129) Tk, EERZRTZE
I a2=T 4R LICEO VR, TLE I, DNERBOAITZTEERFR I N —T ZmR L,
BN — RO ET L, EREBROERRERE R Y P —2 2R LTOET,
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Scientific Publications
5000

Surgery
Over 33,000 Cumulative Publications 1% Gastroenterology Other Non-Medical
with OCT in Title or Abstract in PubMed OCT product
Microscopy
4000 d NDE/NDT

Oral Cavity (not Dentistry)

1% Dermatology

OCT product

1# Cardiovascular
OCT product
15t Ophthalmic
OCT product
—_— Dentistry
t

/ | Neuoloy

Gastroenterology & Endoscopy
I = Dermatloey
.

| == Technology

R I AP R88E85885888 sy 8 | nuoman

588358588855 5568558¢85:55338¢:¢3¢8

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ RRRRIRRRRRRRRRRR C ommw
fear

Publications are a measure of scientific and clinical impact

X —130
(B—130) FXHROBIEL LD L, ZHIEFHESBOEMR L 77y FLIZHD T, 0CT 23
PAERNEA SR L 1T B LTV ET, UL, BRIl TR S, #HES
ND RN TY, BRI R L VOITIRE T, 7'vy F OO T,
TEBRE RITH EADOHS T, 2 BHIZZ VW, TOMIZYH, REORREMEZ D 7S AN EHEA G
e

Gynecology
3000

Bronchoscopy & Pulmonology

Developmental Biology

Urology

2000 Otolaryngology

Other Medical

Number of Publications

1000

OCT is Being Developed in Many Clinical Specialties

Dermatology

OCT is playing an increasingly important role
in understanding, detecting, and treating
various forms of cancer

Active and exciting area of research and
commercial development

Contrast, resolution, costs, reimbursement,
workflow, and cost and complexity of clinical
trials remain challenges
Gastroenterology
Courtesy Julia Welzel & Michelson Diagnostics

Pulmonology

Tethered Capsule
Endomicroscopy

A New Paradigm for G Tract
Disease Screening

Courtesy Gary Tearney, MGH

X —131
(B—131) X—131 1%, HbasFh, EER, MRaRFe Ll SEIERBRERICETZR Ao
HE R L TWET,
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OCT Applications

High-resolution, high-speed, high-
sensitivity, high-dynamic range imaging
— Optical biopsy
- Guiding surgical procedures
— Functional Imaging
— Advancing scientific and clinical understanding

Biomedical Imaging
Ophthalmology, Cardiology, Gastroenterology,
Dermatology, Gynecology, Dentistry, Neurology,
Otolaryngology, Pathology, Pulmonology, Urology,
Surgical Guidance, veterinary medicine, ...

Microscopy
eneral purpose, Developmental Biology, Genetics,...
Non-Destructive Evaluation
— Semiconductors, Polymers, Composites, Ceramics, Art,...
On/Off-Line Process Control

— Pharmaceuticals, Plastics, Roll-to-Roll Processing,...

Security

Other

— Terahertz Imaging, ... Courtesy of E. Swanson

OCT News

X—132
(K—132) Z ZICHEEDOICHRFE RSN TWET,

Translation from Research to Clinical
Practice is Complex, Expensive, and Slow

Significant sales
Industry Reimbursement authorization
Demonstrated clinical efficacy
Early adopter sales

Reseah Multi-center clinical studies
FDA Approval
Commercial prototype development
Clinical feasibility studies
Laboratory prototype development
Fundamental studies

Several Years

X —133
(B1—133) LU, EELAIZ, BERZOLEG. 8ifbo 7o 2ngnwens 2 LT,
WFFC B | BapR rTREMERRBR . PaSEBH M XM . FDA KGRI, Sk ith, RHIE R, #EiC
VB MEDERE, & L TEER i9%<k%ﬁmi%%ﬁbﬁﬁé EMTEET,
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The Future Potential of OCT

OCT will continue to play a key role in clinical ophthalmology and
ophthalmology research

Commercial advances will enable wider spread access, detecting
disease at earlier and more treatable stages

Applications in other medical specialties, cardiology, cancer detection,
surgical guidance will continue to develop

monltorlng will become |ncreasmgly lmportant
Photonic integration will increase performance and dramatically reduce
cost

+ Advances will be driven by the international scientific and engineering
community and the partnership of government, academics, medicine
and industry

X—134

(X —134) FFHEIEH 0 923, BV A 7 Tkl wf# OCT (X4 1% & IR BHER R IR B 4
WCRWTEEREEH ZRITEELCTWET, MENRESRCEIY, XVIRFERT 7 & X3 0hE
K@D\&%%EKk%ﬁ%@%ﬁzéﬂmﬁ@%éﬁix7Uwzyfwﬂﬁﬁ%hibto
ZAUIFEFICAE LR R Z L2 L WET,

fDOHALSE~DIEH b H Y . RIS EBHEL TS TLE IR, ENENDOIHITT —A
WA —ATHRBETL2HLERH Y E£3, FHI. IFERL, Y2t R - =XV I RERHY
F9, bl INO0HEEMERETETEHELIEEZXTVET, 74+ b=y 7 DAL,

I A N TEMERZ BRI LET, —MIc. 2o 0oERFEREN 2RI IO v
V=7V rala=s 4, BROBUT, FIRR. EF EERON— =2y TRRETT,

Take Home Messages
The development of optical coherence tomography (OCT) - an
example of translation from research to clinical impact

Doctoral trainees and early career professionals can make
major advances

The international research community plays a critical role

Advances in technology, optical communications,
computation, image processing can enable advances in
medicine

Widespread impact requires an ecosystem of government
support, fundamental research, engineering, clinical studies
by clinician scientists, industry investment ...

X —135
(—135) ZHNOLNEERT—THY ., BNRNTERLWETY, 0CT OFELIX, MR %
BRIR DB TED Z L 2R L TCWET, BIE, B TR EANIIHZ < H Y, 0CT 13%
D—f T EREOFHEARLF v U 7 DY OFMFIIRERESEET D LN TE,
AUIR T KO FEREORE WAL OFEEEZ R L TOET, BRI 2 =7 ¢ NEER
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@CT News

Image of The Week

hitp:iioctnews.org

By the early 1990's both Ophthalmology and
2 iz

MLA 1,86 mm2 "1 MLA 4,08 mm2 Cardiology were being investigated as

potential applications of OCT (see for
example Huang et al). But while OCT for
ophthalmologic exams developed into a main
stream application in less than 10 years with
well over 10,000 units currently fielded,
100.000’s patients diagnosed, and over
$200M/year in revenue for a variety of
Companies, cardiology has lagged behind.
This is due to a variety of issues including the
more invasive and complex nature of the
procedure and the implicit demand on the

technology as well as the higher regulatory
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Thank You
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