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The Evolution of OCT Imaging

OCT has changed how clinicians look at the retina

OCT has changed how we manage glaucoma

The assessment of retinal abnormalities and glaucoma based
on OCT imaging has advanced eye care

OCT in Optometry practices ~ 70-85%
As the technology has evolved -> prices continue to come
down

Advances in SD-OCT

 Improving software

* Faster — virtual angiography

* Noise reduction/over sampling technology
* Wider and deeper scans

* Greater density in the scans

* Improvements in 3D imaging

* Enhanced depth imaging — imaging choroid
* Progression analysis software

Understanding the Fundementals

Don’t Make It More Complicated Than it Needs to be

* Many macular disease conditions have a “signature” OCT feature

* Learn what those are and the diagnosis and interpretation becomes
easier

What does This patient have?
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Where is the Fluid?
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Where is the Fluid? Central Serous Chorioretinopathy (CSR)

44 y/o Female: Notes blurinthe LEX 1 mo BCVA: 20/25

|
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Diabetic Macular Edema (DME)
The Macula in Diabetes

SD-OCT of a retina with DME Color Fundus photo with DME

.
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The Macula in Diabetes Macular Edema

* Is there retinopathy? * Thickening of the retina
+ Secondary to leaky

microaneurysms

« Is there retinal thickening?
* Is there fluid?
* How close is it to the macula?

* 90% of visual loss in diabetes

19 20

CSME

+ Retinal thickening within 500 microns
from the center of the FAZ

* Hard exudates associated with retinal
thickening 500 microns from center of
FAZ

« Zones of retinal thickening > 1 DD in
area, any part of which is 1 DD from
the center of the fovea
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Diabetic Macular Edema (DME)
How we diagnose diabetic macular edema is changing . CSME

* Center involved vs. Not center involved

ETDRS definition has been modified in the era of OCT and anti-VEGF therapy
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2017 DME Classification:

Center Involved of Not?

* ETDRS definition of
“clinically significant
macular edema”
modified in era of OCT
Randomized clinical
trials of anti-VEGF agents
used presence of DME in
OCT central subfield

Central

subfield

Center-involved DME
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25
—- Diabetic Macular Edema (DME)
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Central subfield x». ¥ : ‘ ' \. Center-
thickness (CST) involved
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Retinal
thickening in the
central subfield
zone
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SD-OCT of a retina with DME

Color Fundus photo with DME

OCT Angiography (OCTA)

The Basic Idea of How it Works:

+ Capturing motion in the retina

Scans at 68,000 A-scans per second

— Traditional SD OCT scan at 28,000 to
40,000 A- scans per second

Compares repeat scans acquired at
the same position in the retina to look
for changes - motion
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(o] NGIOGRAPHY

= The only thing that moves in the retina over time are red blood cells

= Take the ‘difference’ between multiple B scans at the same location to produce a
‘decorrelation signal’

30
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OCT ANGIOGRAPHY

= En face flow formation and cross sectional structural information

= Not a replacement for FA/'OCT

= Provides new information

= Valuable for detection of choroidal and retinal neovascularization, macular ischemia,
segmentation of the deep and superficial capillary plexi—and maybe early glaucoma?

31

Superficial retinal capillary Deep retinal capillary
plexus plexus
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MACULAR ISCHEMIA

= Vision loss either due to fluid within in the macula or a poorly perfused macula
= Macular ischemia in the absence of DME/hemorrhage/exudate

= Enlargement of the foveal avascular zone is a sign of ischemia

39
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ISCHEMIA IN DIABETIC RETINOPATHY

= Cotton wool spot

= Really not an “infarct”

42
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Challenges in OCTA

Static blood flow information

No legkage, pooling or staining
Small field of view 3x3mm; 6x6mm;
8x8mm (or 12x12mm) with current
systems
Motion artifacts are a big deal

Sensitivity is a challenge in eyes with
pathology

Quantification of blood flow-not yet

Referral Patterns for Diabetic Retinopathy

* More than moderate NPDR or wait until Severe or even PDR?
* Any CI-DME or only when Vision is reduced?

43 44
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The Macula in AMD S P . ==
More then just recognition of conversion to Wet AMD F
== = J
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Inf scan through GA:
Hypertransmission defect
IRORA

47

Conversion from Dry to Wet
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74 yo Hispanic Female

Risk Factors for Progression to Wet AMD

.

Traditionally based on clinical
appearance
Intermediate AMD

— Large drusen > 125 microns

.

— RPE mottling/pigmentary
abnormalities

Risk of conversion to wet AMD

over 5 years > 50%

|
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AMD Is the Leading Cause of Blindness for Caucasians in the USt

53.9%

Central GA

[

|
47.6%

Neovascular AMD (nvAMD)

SRR

54
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OCT findings in dry AMD can be predictor for progression to GA or CNV

Hypertransmission d

OCT Biomarkers May Help Predict Conversion
to GA or Wet AMD

OCT Bimartams bn Nomasnder Agr- Retard Macwinr
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OCT Biomarkers May Help Predict Conversion
to GA or Wet AMD

* Drusen volume Mand W Anyvs s Dde 0% 00 (@ 58

* Increased drusen height

.

« Abnormal thinning of the
RPE layer

57

OCT Biomarkers May Help Predict Conversion to GA
or Wet AMD

Hyper-Reflective Foci (HRF)
Retucular pseudo drusen
Incomplete Retinal Pigment
Epithelial and Outer Retinal
Atrophy (iRORA)

~ Without RPE loss

— Replaces “Nasacent GA”

* Hyper-transmission defects

* OCT-Reflective Drusen
Substructures

OCT Biomarkers May Help Predict Conversion to GA
or Wet AMD

+ Extracellular pigment granules and
outer segment debris (outer HRF)

+ May also represent displacement
and clumping of degenerated RPE
cells

* AREDS2 study: Patients with HRF
had 5 X increased risk of

progression to GA at 2 years vs.
controls
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3/26/18: Conversion from Dry to Wet AMD OU
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11/30/2021: Multiple anti-VEGF injections 0U
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Hyperreflective foci

Drusen size,
extent of drusen

Hyporeflective

core

Hyperreflective Retinal Foci (HRF)

Secondary to:
— DR/DME, RVO, AMD, CSR, Uveitis, MacTel; IRD
Most likely activated inflammatory microglia cells

* Biomarker for disease progression

|
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Reticular Pseudo Drusen

Subretinal collections of granular, interlacing, hyper-reflective material located above RPE
Commonly found in the superior macula or close to superotemporal arcade

Undergo a characteristic lifecycle of growth, invasion into the ellipsoid zone, and finally
regression

Reticular pseudodrusen is associated with an additional 2-6-fold increased risk of
progression to nAMD or central GA,

64

SUBRETINAL DRUSENOID DEPOSITS

Nessis M, et . OCT sk ftors ordeveloprent of o agorlaed
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SUBRETINAL DRUSENOID DEPOSITS

Distinctive type of drusen aka reticular pseudodrusen

= Subretinal space extending to the outer segments of photoreceptors

Not just drusen above the RPE
= Include immune-reactive cells (macrophages, microglia)

= Impact dark adaptation; choriocapillaris flow impairment

Increased risk of progression to late stage AMD
= Finger et al. 2014

65
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CUTICULAR DRUSEN
= Drusen subtype
= AKA basal laminar deposits

= Between the basal lamina of RPE and the inner collagenous layer of Bruch’s
membrane

= Can progress to geographic atrophy and MNV

8/22/23

Hyper-reflective Colum:

+ Narrow strips of light
transmission

Overlying RPE appears intact
— May represent micro-cracks

Increased risk of progression
to GA
— Present in 27% of eyes that
progressed to GA nAMD

72
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Villoldo: GA: 2015 Sub-RPE hyper-reflective columns Villoldo: GA: 2015 GA Progression 2015 to 2021

T T

Jan 2021 Jan 2021

- —— e - = o T =3 30

CRORAVS IRORA

= CAM (classification of atrophy meetings) classification

OCT BIOMARKERS FOR PROGRESSION TO NAMD

= Consensus on nomenciature = Thick double layer sign, intraretinal hyperreflective foci, fellow eye exudative macular
= Complete RPE and retinal atrophy (cRORA) which occurs in AMD neovascularization
= >=250 um choroidal hypertransmission on OCT B-scan; vs. IRORA

(incomplete)

= Loss of retinal layers, RPE disruption of at least 250um

Warsuki,eca. Opeical Coherence Tomograpty Biormarkersfor Conversion to Batve
WB2U7137-144

77 78
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Double Layer Sign

« Shallow, irregular retinal pigment epithelium (RPE)
elevation, or Sl

- stemmed from the double-layer sign initially described
in polypoidal choroidal

+ [When the RPE is elevated due to (macular
neovascularization), the underlying hyperreflective Bru
membrane becomes visible

— Creates 2 hyperreflective lines or a double-layer sign

+ Tn patients with nonexudative AMD - SIRE may predict that
1in 4 of these patients have an underlying MNV that is not
vet exudative

+ Features of SIRE include

~ length of more than 1000 mm

— RPE elevation < less than 100 mm
(resulting in shallow morphologic features),

~ Irregular overlying RPE layer,

— Nonhomogenous reflectivity

79

L . Pay Attention to the Vitreoretinal Interface

5 Diseases Arising from the Vitreomacular Interface (VMI): 1073072018 20040

* Vitreomacular traction (VMT)
 Full Thickness macular hole (FTMH)
* Lamellar macular hole

—
e m—

« Epiretinal membrane (ERM)
* Myopic macular schisis

Harrison

83 84
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VMT evolving into a Macular Hole

7/27/14

12/21/21 PCO > Yag -> 20/30+

10/6/14

(Harrison 0341614)

85 86

Initial

Initial

20/80

1 year later

20725

1 year later

15
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Is it Full Thickness?

Pseudoholes vs. Full Thickness Holes

Is it Full Thickness?

65 y/o White Female

| VARE X 6 Weeks, | VALE X > 1 Year

95
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Myopic Macular Retinoschisis
+ Seen in 9% of highly myopic eyes with posterior staphyloma
. + 50% progress to macular hole formation or macular
- PO PO e N detachment within 2 years
(Smm—— + Caused by rigidity of ILM that induces traction

98

Jeff: mid-50’s Attorney, High Myopia
Hx of RD Repair in both eyes: RE: 1985 LE 1989

11/22/13

« Never recovers vision in the RE

* He is followed through the 90’s with a progressive NS and
declining Va ~20/70
— 1 eyed patient and reluctant to have CE

« Eventually has CE/IOL 90’s-early 2000’s and does well
— VA 20/25 low refractive error

2015 20/30

Jeff: High Myopia and VMT Bans e Lane
3/11/19

* Feels Vision is slightly worse, increase in
distortion

A

|
101 102
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Jeff: (66 yo)High Myopia, Pseudophakia and VMT
5/11/20
* Notes a[paracentral defect in the LE X 2 weeks ]

— Starting to invade the central vision: VA: 20/150

103
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9/27/2021: Vision is better: 20/50

2/14/22

20/40

107

What is going to happen?
Will he progress to macular hole
Would he benefit from a vitrectomy?

108
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Pseudophakia — was myopic all her life

Initial visit

20/30 20/40

109

2yearsaftr last OCT Lyear later

Lyear ater

The OCT in Glaucoma

The OCT in Glaucoma

* When is it glaucoma?
— Differentiating glaucoma nerves from physiologic nerves
— Sometime it’s very easy but not always
* Following glaucoma suspects
— Recognizing early change -> green disease
— Recognizing when it’s NOT glaucoma - red disease
* Determinging progression
* When is the OCT not as helpful?

111 112
OCT: RNFL AND GCC ANALYSIS
There is no one test for
. + Objective structural (anatomic) assessment
detection of glaucoma, or to
determine if and when disease ' - '
A * Used as an adjunct to clinical examination and
progression occurs automated perimetry
* Normative database provides comparative
information
113 114
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RETINAL NERVE FIBER LAYER VS. GANGLION CELL
COMPLEX

= We use both
= Ganglion cell complex (not just the cell layer-usually IPL-may also include RNFL)

Difficult to segment ganglion cell layer ONLY
Retinal ganglion cells most dense at the macula
* More than 30%;2% of retinal area

Lack of retinal blood vessels and support cells

= Retinal nerve fiber layer contains non-neuronal elements

Thickness impacted by blood vessels, glial elements

BUT-contains all (100% of) retinal ganglion cell axons

Do you on do 1 RNFL scan?

* How do you know how accurate/reliable that scan is?
* Instead do 3 RNFL scans at a time
— at a minimum do 2 scans

« Ensures consistency/reliability

115 116
What is the Reproducibility of RNFL RNFL Quadrants and Clock Hours
OCT Clock Hour Measurements
A. 0-3 microns
B. About 4-5 microns
C. About 10 microns
D. >10 microns

117

- v - Inter-visit Tolerance:
= Clock Hours: ~ 4-5 microns
Bs-ofl o eone

119

How much change needs to occur on
an OCT RNFL for it to be significant?

How much change needs to occur on an OCT RNFL
for it to be significant?

* 5 microns

¢ 10 microns
¢ 20 microns
* 25 microns

120
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121

122

123

124

125
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Can the RNFL/optic nerve of your patient be applied to the normative data base?

« Pathologic myopia
* Tilted disc

* Extremely large cups

(and small)

« Patients less then 18 yo

21
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Do normative databases help--or hurt us?

Group of normal individuals to which your images (and
therefore patient) are compared to
“Healthy” patients can be labeled as abnormal and vice versa if
they don’t “fit the mold”
Heidelberg Spectralis: 330 eyes
218 non-Hispanic white, 45 Hispanic white, 4| Black, 23 Asian, 3 American
Indian
Age 1878
Zeiss Cirrus: 282 eyes

Age 19-84; 6 US sites, | in China Green = 95% thickness

133 males, 149 females. 43% Caucasian, 24% Asian, 18% African American, 12% Hispanic, 1% Indian, percentile
6% mixed echnicicy =
=<
RT-Vue: 600 eyes Ye‘,';:: = <f§
19-84 years of age; 1| sites, USA, Japan, India, England

B SN e M D MTH 8 8 8 08

2 -

11/4/2013: Ta 14/13

|
132
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2013

GCC No Help!

134

72 y/o White Male
When is it glaucoma? « Routine eye exam
— VA OD -20/30, OS-20/30-2
— 1+ NS OU, 1+ PSCOU
—IOP - OD 32mm Hg, 0S 34mm Hg
—C/D - 0D .6/.6,0S.75/.75 (thin beta zone temporally)
— Pachymetry — OD 543, 0S 534

135 136

72 y/o White Male

2o
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139 140

141 142

The Anatomy of the RNFL Printout

w <

When is it Glaucoma?

T avwsge oL Tooreas| W0 Sm
AL Symmeny o
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There is a large range of “normal” before

b >, LT 3
the RNFL reaches the “tipping point Vwaes CORen] OB e
SRRV FPETpe T

Be on the lookout for Green Disease!!
Average RNFL Thickness Ranges ~ 75 -110 microns

Tipping Point = 75 microns

.
143 144
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There is a Large “Range” of Normal

Normal ranges
for Average RNFLT

« Just like perimetry,
the average patient
can lose a third of

his/her RNFL or 50th percentie = 89 microns.
neuro-retinal rim and -

still be inside the  ——>

normal range.

5" percentle = 75 microns

Average RNFL Thickness .
75 microns — tipping point 9 parcentie = 67 microns
Floor Affect in Advanced
Glaucoma sk of sty <50 microns
40-50 microns
Values shown are for a 69 year old normal.i

145

What This Means For Everyday Clinical Care

Normal significance Limits

We can measure multiple
for Average RNFLT

steps of statistically
significant change while a
glaucoma suspect still is
in the green normal range

It is possible to view
SDOCT change from
baseline as an early
detection strategy in
glaucoma suspects.

Values shown are for a 69 year old normal.
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Large Range of Normal Before Tipping Point
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The OCT can show glaucomatous change
BEFORE it is seen on visual fields

In fact — may be MORE sensitive than visual fields in detecting progression

148

Estimating the Lead Time Gained by
Optical Coberence Tomography in
Detecting Glaucoma before Development
of Visual Ficdd Defects

Ophthalmology. 2015 Oct;122(10):2002-.

* At 95% specificity, up to 35% of eyes had abnormal average
RNFL thickness 4 years before development of visual field loss
and 19% of eyes had abnormal results 8 years before field loss.

* Conclusions: Assessment of RNFL thickness with OCT was able
to detect glaucomatous damage before the appearance of VF
defects on SAP. In many subjects, significantly large lead times
were seen when applying OCT as an ancillary diagnostic tool.

149

Avtwr ax husna
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OCT Detects Progression Before VF Arturo
* OCT can detect progression 1-2 years before it shows up on VF * Followed without treatment for 4-5 years
* Both NFL and GCC outperform VF in detecting progression in * Varying IOP’s: Tmax 32/17

early glaucoma — RE fluctuated 18 -> 29 (32 max on initial visit)
* In moderate and advanced GL, RNFL looses sensitivity due to

floor effect

* GCC continues to detect progression in moderate and advance
glaucoma

. |
151 152

12/16/13 £ 13
D e NFL G s Gy G o 39039005

153 154

2013

Ouided Peogressins Sastysin: §

156
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157 158

159 160

TA: 29/16

161 162

27



8/22/23

Arturo

* Being followed for OHTN
— History of RK

« Variable I0P spikes RE
—3/1/16 visit— TA 29

* Suggestion of VF defect
« OCT - probably normal...NOT

* What do you do?

163

Arturo

+ Being followed for OHTN
— History of RK
* Variable IOP spikes RE
— 3/1/16 visit—TA 29
« Suggestion of VF defect
* OCT-Thinning in the normal range
What do you do?

Latanoprost ghs RE started

* Returned 4/2/16 — TA 20/16

164

Detecting Glaucoma Progression Using OCT - RNFL

RNFLThinning on OCT

Patient able to do a ves

Glaucoma has progressed
Reliable VF?
s thinning 310 microns
No
Is there VF worsening and/or
ves. v
s the thinning 2,5 microns? disc hemorrhage that

corresponds to the area

No of thinning?

165

When is it glaucoma?

Red Disease

166

11/4/2013: Ta 14/13

|
167

2013
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171 172

173 174
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Does she have glaucoma or is this just Red Disease?

Stable vs. Progression?

176
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Here is what | think:

« | don’t think she has glaucoma
« | think she has anomalous optic nerves and that is it!

178

11321

1/13/21

65 yo Hispanic Female

179

On Latanaprost

30
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65

181

yo Hispanic Female 1/13/21

hougtt 1 te
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1/13/21

¢ o - 17
) of RNFL 380 GCC, LE noery
vianly sgretcwt

1/27/21
TA19/19

183

2 weeks Later

184

185

What do you think?
Does she have glaucoma?

Do you keep her on medical therapy?

5/24/21

* 2 weeks Post Op RE, 4 weeks Post Op LE
+ iStents X 2 each eye

.« Ta29/24

* PFTid but tapering

Sl 6/23/2021: Ta 19/18

Return August for Imaging

31
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113721 8/23/21

187

11321 8/23/21
- 5 -
r h L] 5 5
DO O o, %
—f
« OCTis stable
+ Good IOP on Latanoprost
« Follow in 6 months

|
188

~ 18 months 6/27/2022 a: 16017 Not taking Latanoprost -> feels they bother her
T e— e e —————
. -
< ™
: :
— et

Now What?

190

Emanuelli: 66 yo Hisp Female

June 27,2022
* VF Worse RE but OCT is stable
— Progression vs artifact ?

— If progression — is this due to episodes
of elevated 0P during Post OP?

« Dermatochalasis BUL:
— Wants referral to OCP

Switch to Timolol bid OU

|
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9/26/22

Ta18/17
Timolol bid OU!

192
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193

8/23/21 9/26/22

N T LT

== §%4

194

8/23/21 —— 9/26/22

" i &

195

Final Thoughts...

.

.

.

.

.

RE: POAG —stable;  LE: OHTN

— Appeared progression based on VF but not on OCT
Needs a VF - scheduled for 6 months

— I wish | would have done it on the recent visit
Using Timolol bid...

— Does she need it in only RE or both?

Could you consider stopping....?

Could you consider SLT RE only?

|
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When the OCT is not helpful

When the OCT is not helpful

Severe glaucoma
* Floor Affect in Advanced Glaucoma ~40-50 microns

« Difficult to use the OCT to measure progression

High Myopia
Tilted Discs

198
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Pathologic Myopia with POAG OU and Macular Hole RE

199

200

201

Be careful to make decisions on what is normal for patients who do not fit into the
normative data base

202

203

Summary OCT in Glaucoma

« OCT provides another piece information for the “glaucoma
puzzle”

— Along with IOP, visual fields and clinical appearance of the nerve

« It provides an objective means of comparing “glaucomatous”
nerves from normal or physiologic optic nerve

« It provides an objectives means of determining progression

204
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Summary: OCT in Retina

SD OCT has emerged as a critical tool in the diagnosis and treatment
of retinal disease

It has changed how we evaluate the macula

Helps establish a diagnosis that is difficult to determine with only
standard ophthalmolcopy

Advancing software has provided expanded uses OCT

OCT Angiography has taken OCT to the next level

8/22/23
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