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OCT Development




OCT is Based on Optical Ranging

Depth = 0.5 Time-of-Flight / Speed-of-Light

OCT Principle
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OCT Scanning

Axial Scan Transverse Scan
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Optical Coberence Tomography
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Commercial OCT Systems

Zeiss Humphrey Ophthalmic
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Reproducibility

*  SD-OCT showed statistically

lity of RTVue Retinal Nerve Fiber Lave
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Comparison of Retinal Nerve Fiber Laye
Measurements Using Time Domain and

Seeceral Doman

Diagnostic Ability of Fourier-Domain vs

lime-Domain Optical Coherence Tomography for

Glaucoma Detection

METRA SEML DILRA S GREWAL, CHINTON W, SHEETS, AND DANID S, GREENFIELD

 Glavcoma |

Comparison of Cirrus OCT and Stratus OCT on the
Ability to Detect Localized Retinal Nerve Fiber Layer
Defects in Preperimetric Glaucoma




Comparison of Retinal Nerve Fiber Layer
Thickness Measured by Cirrus HD and
Stratus Optical Coherence Tomography

e Assessment of glaucoma risk

e OHTS HRT andillary study showed positive predictive
value of CSLO ONH examination at baseline
e Similar findings with SLP and OCT in different datasets
Zangwil LM Weirreb RN, Betser JA, ot 3l Sxusline optic dac masreTents 3 smcchned with the

mdmwmh Scarring Laser Ophshalmoscopy Anclilary Soudy o
Ocuber Hypertansion Trestrsant Sudy Arch Opbehalmol 2005;123:1 188-1 197.

Mohamrad K, Bowd C Weinreb AN, et al Ratinal nerve fber lyer thicknen mamurements with scanning baer
polarimetry predict ghacomatous viseal fleld loss Am | Ophthalimal 2004; | 38992604

Lalezary . Medeiros FA Weinreb RN ot il Bastline Opticdl Coberence Tormography Prediars the Developrsent of
Gastormaioss Ounge n Gastorma Suspects. An | Opivbalmel 2004 142 576580,

Clinical Application of SD-OCT in
Glaucoma

e Structure before function?

® RNFL thickness “tipping point”
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The Macula as a Glaucoma
Diagnostic Target

Optical Coherence Tomography
for Detection of Progression

o&4 eyes/37 ghecoma sespects and ghucoma patients
sMedian flu 4.7 years, median 5§ usable OCTs and 6 usable VFs
o56% stable, 22X progressed by OCT aloae, 9% by VF alose, 3% by boch OCT and VF

Wibiistain G, Schamman J5, Price LL ot al-Optical Cohsrence Tomography Longitadinal Bvaluation of Retiral Nerve Fber
Laywr Thicknes: in Checoma Arch Ophhualmol 2004 123444470

Detection of Glavcoma Progression with Seeatus OCT
Retinal Nerve Fiber Layer, Optic Nerve Head, and
Macular Thickness Measurements

153 eyen 3| pragremons, 4 pears medin By
Progretsion by GPA versus ONH wereephbote
Fate of dhange 472 wnpe verses 014 wnvipe
FNFL bemer then ONH and macva
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Evaluation of Retinal Nerve Fiber Layer Progression in
Ghucoman A Study on Optical Coherence Tomography
Guided Progression Analysis

114 eyes of 4 patorms, ot ard st mwivsorres ot bourt J yoars apart
Progression by OCT GPA verwas SAPVA

Modien rate of change 3] umpr verses 3 084

Untle overlp betwaen VF progressons and OCT progressons

Case

75 year old man
®  H/O round retinal hole
POAG OU

Nudear Scdlerotic Catarace OS
Pseudophakia OD

VA: 20025, 20/32

IOP: 1418

CCT: 585,577

CDR:0.8/0.8




Case:Visual Field OD

Pattern Deviation Plocs
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Case:Visual Field OS
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Case:Visual Field OS
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Case: HRT TCA OS

Cirrus 11/09
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Case: SD-OCT Cirrus 11/09

SD-OCT RTVue RNFL GPA




OCT in the Lab

What'’s New?

InVivo Hutfian AS SD-OCT

Modified Bioptigen Device

by
Invest Ophthaimod Vis Sci, 2010 Mar |7 epub ahaad of prist




Stnctanal OCT

168 pn
Modified Bioptigen Device

Kagemann LG, Wedlitein G, Ishiurwa H, Bilonick RA, Breaneen FM, Pelio LE, Gabriele ML, Scivaman JS,
Identification and Adssismant of Schlamm's Canal by Spectral Demale Opcical Coharence Tomograghy.
Invest Ophthalmod Vis Sci, 20 13 Mar |7 epub ahaad of princ

160 pm x 160 pm  Ope 3D-OCT
region of the  gata set acquired
retina repeatedly  jn 162 ms
imaged

3d dama set {volume) = 64 frames x 64 adal scans x 1024 plels

Baseline vs. Stimulus
Photoreceptor Outer Segment Amplitude Reflectance

*  basebrw [no stimulus)
*  functional (stimuius)

Average 08 Amplitude Reflectance (AU

Srinivasan, et al Optics Letters (2006)




En Face View of Functional Response
Photoreceptor Outer Segments

+« 160 pm x 160 pm region
« Differential response In color scale (above left)
« Average normalized response shown In scatter plot (above right)

Srinivasan, et al Optics Letters (2006)

Limitations of Spectral / Fourier Domain OCT

* Sensitivity varies with depth
* Resolution varies with depth

* Speed Is limited by CCD camera speeds
* Resolution / depth trade off - limited by number of CCD pixsis

High Speed OCT using
Frequency Swept Lasers

“Swept Source / Fourier domain” detection
enables dramatic improvements in speed and

sensitivity

~500x higher speed than standard OCT
No spectrometer or CCD required

Uses high speed single or dual channel A/D
Can operate at | and 1.3 um wavelengths

Requires narrow linewidth, high speed, frequency
swept lasers




TD-OCT v. Swept Source OCT

X50 images x 512 A scars
#
-

512 A scans: | 4 seconds

~ 16,000 axial scans per image
~8 micron resolution in retina
Improved choroidal penetration at 1050 nm

Trnian \Adw D, Ows X Garcapadia | Mt &, Oubr | Shuman [ Fpumane | g pont Optnal Cabarvnis Tumagraphy be Thave
Chmarviond and Dr Puce imagng of the Racin and Opeic Nerve Mast. 1OWE Mosember J00RWA40. Mo, 11 5M0-5118

En Face Imaging of Inner Retina

SI2x856mdal scans,2 s

S Adw D, O X Garcapads |, Mot £, Oubar | Schuman [ Fupuane | Db et Optnal Cabarsnis Tumagraply e Thove
Chmarviond and Dr Pace imaging of the Racen and Opec Narve Mast. 1OWE Mosamber 200RWA40 Mo, 11 5M0-5118




Imaging of capillaries near the foveal avascular

512 x 850 axdal scans,2 s m%wmm«

to CD3| and Von Wikdebrand's factor:
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En Face Imaging of the Lamina Cribrosa

_=i'v‘- Scanning Electron Microscope
s N Image of the Lamina Cribrosa.
. | From jonas e al, IOVS, 1991
En Face depth sectioning using
ultrahigh speed OCT 512 % 450 mind

scams, | sec

Sdnss A ©, O Y, Gusipeba Libbior R, Db | Sutmen fi, Agmise | Ubouiighvapend Optnsl Cobamain Tomiagrahy e Thse
Cmansional and D Pacx maging of the Resira wnd Opc Nerve Maad 1OV November 2008440 Mo 1L 590050 .

OCT technologies for retinal imaging

¢ Twmedomain OCT ﬂw
W 'y PR
g

| (500 pbend) image per second
¢ Zem StraennOCT

¢  Specwnal / Fourler domaia OCT
*  ~25000 - 55,000 adil scans per second
e ~100 - 200 images per second
¢ >7 compasies marketing iratruments

*  Swept source | Fourler domsin OCT
~250,000 xeal scans per second
~500 wrages per second
Resclution lower thin spectesl OCT
Curverdly in the research sage




SD-OCT

¢ Limitations

The technology is young, still in evolution.

OCT imaging may be difficult in the presence of
media opacities such as dense central corneal
scarring, severe posterior subcapsular cataract, dense

vitreous hemorrhage
SD-OCT still requires development of robust

alignment and registration algorithms to approach its
clinical potential

OCT in Glaucoma

® Optical Coherence Tanography (OCT) Is a useful
tool for the assessment of the presence or absence

of glaucoma and its progression
® Structure - function correlates
® |dentify areas of abnormality or change
® Reduce uncertainty in Glaucoma Suspects

® 3D OCT imaging increases reproducibility, and may
enhance sensitivity and specificity

® OCT statistical software for the measurement of
glaucoma progression is now commercially available

The Future of OCT
Where Are We Going!?

® Novel diagnostics are at hand for assessment
of disease and its progression

® Current commercially available technology
may be used in new ways to assess disease

and progression
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