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o) Glaucoma versus red disease: imaging and
glaucoma diagnosis

Gabriel T. Chong and Richard K. Lee

PMID: 22262083

Purpose of review

The use of ophthalmic imaging for documentation and diagnosis of ocular disease is rising dramatically.
Optical coherence tomography (OCT), confocal scanning laser tomography (CSLT), scanning laser
polc:lrlmetry [SLP] qnd photogrqphlc imaging of the ophc nerve heqd (ONH) are currently Used to
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Relationship Between Intraocular Pressure and Primary Open
Angle Glaucoma Among White and Black Americans

The Baltimore Eye Survey

Alfred Sommer, MD, MHS; James M. Tielsch, PhD; Joanne Katz, MS; Harry A, Quigley, MD;
John D. Gottseh, MD; JonathanJavitt, MD; Kuldev Singh, MD; Baltimore Eye Survey Research Group

55% of Iindividuals
with undiagnosed glaucoma
have normal IOP at initial presentation

Optic nerve morphology
IS more reliable than IOP for
identifying glaucoma suspects

PMID: 1867550
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Evaluation of the ONH in Glaucoma
I Physiologic variation in optic disc size
I Cup to disc ratio
I Loss of rim tissue
I Disc hemorrhage
I Peripaplillary atrophy
I Retinal nerve fiber layer atrophy



Vertical

Height 2.4 2.2 2.0 1.8 1.6
Expected 0.8 0.6 0.4 0.2 u 0.0
C/D Ratio

Classification LARGE <—— MEDIUM ——) SMALL

2SD 1SD 1SD 2SD

Assessment of disc size is the first step in assessment of optic cup Siz

Because the axonal tissue entering the optic disc varies much less than the s
of the optic disc itself, the optic cup in the center of the disc can vary a greatly
without necessarily reflecting any underlying deficit in the number of ganglion

cell axons



Numerous studies
have documented
the difficulty of
correctly
identifying
glaucomatous
damage in small
optic discs

Nixon (2017):
Doctors examined
stereophotosof
optic nerve heads
and were asked to
classify them as
normal or
glaucomatous

Percentage correctly identified as Glaucomatous/Normal

100 -

90 -

80 -

% CORRECTLY % CORRECTLY IDENTIFIED
IDENTIFIED AS NORMAL AS GLAUCOMATOUS

91.6

875 89.4

70 -

60 -

50 -

40 -

30 -

20 -

10 -

741

>90% of small
glaucomatous optic
discs were classified
as normal!

34.2

)

Small Medium Large \ Small / Medium Large
Normal Optic Nerve aucomatous Optic Nerve

Nerve type and size

Percentage of images where nerve type was correctly identified, by nerve type and size
Size was assessed by OCT (<1.63 msmall; >1.97 m#= large)
(Nixon, 2017)

PMID: 28538334



Cirrus ONH Parameters

~ Always gray b/c
[AGQa y2i
compared to

| normald

Average RNFL Thickness
RNFL Symmetry [

Rim Area

<1.75 mm=sm

| 1.752.75mn® =
medium

>2.75 mm=Ig

Disc Area
Average C/D Ratio
Vertical C/D Ratio

Cup Yolume

ONH morphology NOTEAsymmetric size may account for
asymmetry in CDR and RNFL



Heidelberg MRW Analysis
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Adjust slit lamp beam
height to match disc
height to assess
whether ONH is
unusually large or
small

BEWARE
SMALL ONH!

Use R/L asymmetry
and ISNT rule
violation to decide

whether OCT Is
‘ indicated




EVALUATION OF THE ONH
IN GLAUCOMA

Disc Damage Likelihood Scale

A B
C/D04 C/D04 C/D04 C/D0.8
Glaucoma Normal Glaucoma Normal




Violation of
the ISNT rule

(Inf < Sup)
IS a significant

predictor of

ISNT i i that is i thickness shows a charaleristc confguation of g laucoma

inferior (1) greater than or equal to superior (S) greater than or equal to nasal
(N) greater than or equal to temporal (T) (or [=S=N=T).

LY+ xNasxdend




EVALUATION OF THE ONH
IN GLAUCOMA

S
Frequency o
distribution of the S
location of RNFL n @
defects in | @
glaucoma - %
patients. | ™ Q
180 CD
N T He o
Most common: 208 —*
; O
Infero-temporal Q
meridian (80.4%,) 2 D
superotemporal 10 %
(54.2%)

PMID: 20678802
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A OCT Detection of Glaucoma
I Retinal Nerve Fiber Layer (RNFL)
I Optic Nerve Head (ONH) Topography
I Macular Thickness
A Factors Affecting OCT Detection of Glaucoma
I Disease severity
I ONH size
I Others



OCT Detection of Glaucoma

Method #1. Retinal Nerve Fiber Layer Thickness

I 3.4mm diametemeasurement circle

AMake sure disc is centered in measurement circle
I Segmentationof RNFL from other layers

A Accuracy dependent upogignal strength

I Overall, quadrant, sector values
AAvgand inferior most often affected in eargyic

I Compared to ageelated norms and fellow eye
A Average thickness of fellow eyes should be within 10pun
ADifference < 5um is noisgstable vs change over time)




ONH and RNFL OU Analysis:Optic Disc Cube 200x200 OD @ | ® OS

ONHOCT o e
The 4 Questions T

RMFL Symmetry

Ritn Ares| 0.86 mm? 0.92 min?

175 - 175
Dizc Areal 1.96 mm? 2.22 mm?
Average D Ratio 0.74 0.75
Yertical C/D Ratio 074 077

0 |

T h IS IS Wh ere m OSt o - Cup Volume| 0,308 mm® | 0344 mm®
Of th e aCtl O n |S | Neuro-retinal Rim Thickness

RNFL Deviation Map

—

,-J:/

Is the superior (less
or inferior (more common
hump depressed?

TEMP

Disc Center(-0.09,0.24)mm
xtracted Horizontal Tomogram

Is there RE/LE symmetry?

Is there evidence of rim loss
corresponding to the RNFL

Distnibution of Normals

- O = .
IOSS’? g v NA  95% B% 1%
52 73
‘ RNFL
Quadrants

Does the deviation map show
evidence ofa NFL defect?




OCT Detection of Glaucoma

Method #2 Optic Disc Morphology

I Comparecup and rim parameter® normals

I Automated detection of disc & cup margins
ihbl YIFNBAY RSTFAYSR | a
AAnalyzed at 255 points around the ONH circumference

AThe shortest perpendicular distance to ILM is the cup
margin

I Posterior migration of the lamina




Cirrus ONH Parameters

Rim Area<1.0 mn%is ALWAY Suspicious

])) 0S
Average RNWFL Thickness| 73 pm 61 pm
RNAL Symmetry 85%
Rim &real 1.12mm? | 0.72 mm?

Disc Areal 1.58 mm?* 1.72 mm*®

ONH morphology NOTEAsymmgtric disc size may account
for asymmetry in CDR and RNFL
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OCT Detection of Glaucoma

Method #3 Ganglion Cell Layer Thickness

I Death of ganglion cells leadsrmacular thinning

AlLocalized &/or diffuse loss
ACan be correlated with changes in RNFL and VF

I Ganglion Cell Complex (GCC)

ABecause it is technically difficult to segment the GCL
from the IPL, all instruments include IPL and/or RNFL ir
thickness measurement

AGCC RNFL + Ganglion cells + Inner plexif(RTiVug
ANOTE: Cirrus do@®t include RNFL in its analysis




Because the fovea lies about 10
degrees below the ONKanglion
cells inferior and temporal to the
fovea are preferentially damaged in
glaucoma

More vulnerable g...
(outside macula), vy

*
*
*
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-
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L »
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More vulnerable o’ PMID: 28012881

(outside macula)




Ganglion Cell OU Analysis: Macular Cube 512x128 OD @ @ OS

GCC Thickness - —
Data Presentation | | s

Thickness map
Sector thickness
Deviation map
Data table
Tomograms

To T T Do Do

Fovea 258, 68 Fvea: 270, 67

OD Sectors OS Sectors

OD Deviation Map OS Deviation Map

Look for temporal
step defect In
thickness map
and sectors

OD Horizontal D"agg BScan: 67

Are the GCC
findings consistent
with the RNFL
findings?




RightLeft Asymmetry

Asymmetry Analysis Single Exam Report OU BHEIDELBEINS
SPECTRALIS® Tracking Laser Tomography ENGiNeerinese
Patient: DOB: Sex: F

Patient ID: Exam.:

Diagnosis: --- Comment: ---
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Optical coherence tomography retinal ganglion cell complex analysis
for the detection of early chiasmal compression

Richard J. Blanch'%3 . Jonathan A. Micieli' - Nelson M. Oyesiku® - Nancy J. Newman'*? . Valérie Biousse'”

© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Purpose To report patients with sellar tumors aQd chiasmal compression with normal visual fields, who demonstrate damage
to the retinal nerve fiber layer (RNFL) and ganglion cell© T erence tomography (OCT).
Methods Seven patients with sellar tumors causing mass effect on the optic chiasm without definite visual field defect, but
abnormal GCC are described. GCC/RNFL analyses using Cirrus-OCT were classified into centiles based on the manufac-
turer’s reference range.

Results In seven patients with radiologic compression of the chiasm by a sellar tumor, OCT-GCC thickness detected com-

pressive chiasmopathy before visual defects became apparent on standard automated visual field testing. Without OCT, our

patients would have been labelled as having normal visual function and no evidence of compressive chiasmopathy. With only
OCT-RNFL analysis, 3/7 patients would still have been labelled as having no compression of the anterior visual pathways.
Conclusions These patients show that OCT-GCC analysis 1s more sensitive than visual field testing with standard automated
perimetry in the detection of compressive chiasmopathy or optic neuropathy. These cases and previous studies suggest that
OCT-GCC analysis may be used in addition to visual field testing to evaluate patients with lesions compressing the chiasm.

OCT can detect chiasmal compression
before VF loss occurs

PMID: 30097827
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Name: oD os ZEISS
ID: Exam Date: CZMI

DOB: 10/2/1961 Exam Time:

Gender: Male Serial Number:

Technician: Operator, Cirrus Signal Strength: 8/10 8/10

Ganglion Cell OU Analysis: Macular Cube 512x128 oD @
OD Thlckness Map OS Thickness Map

Fovea: 253, 65 Fovea: 259, 64

OD Sectors OS Sectors
OS Deviation Map

2

i

OD Deviation Map

Diversified:
Cristribution
of Narmals

N

Average GCL+IPLThickness

Minimum GCL + IPL Thickness




Macula Optic Disc Macula Optic Disc
Nae: 512x128  200x200 ANy Name: 512x128  200x200 W
1D BExam Date: 4/16/2019 4/16/2019 CZMI 1D Bxam Date: 4/16/2019  4/16/2019 CZMI
DOB: Exam Time: 8:26 AM 827 AM DOB: 6/4/1952 Bxam Time: 827 AM 827 AM
Gender:  Male Serial Number. ~ 5000-4574  5000-4574 Gender:  Meale Serial Number; ~ 5000-4574  5000-4574
Technician: Operator, Cirrus Signal Strength:  10/10 910 Technician: Operator, Cirrus Signal Strength:  8/10 810
PanoMap Analysis: Right Eye oD @ |[O 0s PanoMap Analysis: Left Eye ob O |® os
0 Disc Areal 1.81 mm? %0 Disc Areal 1.64 mm*
Rim Areal Rim Areg|
Average C/D Ratio| Average C/D Ratio] 089
Vertical C/D Ratio) Vertical C/D Ratio] ~ 0.67
Cup Volurmne|0.307 mr Cup Volume|0.182 mm?|
o Average RNFL Thicknesq B8 pm N Average RNFL Thicknes:
Superior RNFL Thicknes s Superior RNFL Thicknes
Inferior RNFL Thicknesq 110 pm Inferior RNFL Thicknesq 88 pm
Diversified: Diversified:
Distribution of Normals Distribution of Normals
NA 95% 5% 1% NA 95% 5% 1%
0 0 pm
RNFL Thickness RNFL Thickness
wm —0D um m=n 08
.\
.
Neeneaon
90 120 150 180 210 240
NAS INF TEMP TEMP SuUP NAS INF TEMP
GCL + IPL Macular Thickness GCL + IPL Macular Thickness
Diversified: Diversified: Diversified: Diversified:
Distribution Distribution Distribution Distribution
of Normals of Normals of Normals of Normals
95% 99% 95% 99%
95% 95%
5% . T @ 5% o
; A ; ; A .

A\

Average GCL + IPL Thickness

Minimum GCL + IPL Thickness

258

A\

Average GCL + IPL Thickness

Minimum GCL + IPL Thickness

A\

PanoMapAnalysis PRO See correlation between RNFL and GCC
damage.CONLoss of rightleft eye comparisons



BHEIDELBEINS

Hood Glaucoma Report
SPECTRALIS® Tracking Laser Tomography ENGINEErinGe
Patient: DOB: Sep/20/1955 Sex: F OS
Patient ID: Exam.: Sep/19/2022
Diagnosis: --— Comment: —
OCEART (KO C: 31 Retina view Field view
. \ f : - - : Il . I“I - L3
ST . 24-2
e e . =
2 - - -
|
10-2

[uwr] ssawyga 109

Classificaion RNFLT
| Within Normal Limits

Reference database: US Ethnic Mix (2016)

Hood Report; VF overlay missing in USA
due to FDA concerns regarding misinterpretation




Factors Affecting Glaucoma Detecti

Disease severity

Optic disc size

Signal strength / Errors
Artifacts / Ocular anomalies
Axial length

Blood vessel position

. Age

Race

0O N O Ok Wb RE



Factors Affecting Glaucoma Detecti

A Disease Severity: Early glaucoma

I OCT more sensitive than perimetig detection
of early glaucoma.

| Large overlap between normal and mildly
glaucomatous findings makes diagnhostic
determination upon a single test result difficult

I Detection ofchange over timamay be the most
reliable means of confirming the presence of
preperimetricdisease



Factors Affecting Glaucoma Detecti

A Disease Severity: Severe glaucoma

I OCT less sensitive than perimetny detection of
LINE ANBAaA2Y RdzS G2 aFft;

I Floor effect Residual RNFL tissue (blood vessels,
glia) masks continued loss of ganglion cell axons

I OCT not reliable in detecting progression once
global RNFL thickness <60um
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Factors Affecting Glaucoma Detecti

A Optic Disc Size B—
i Larger discs have (&N
thicker RNFL
measurements - _
AMay contain more nerve fibers
AMay be an artifact of fixed measurement circle

I Larger discs have lower sensitivity for early
glaucoma detection

ABecause larger discs start with thicker RNFL

measurements, they must suffer more damage before
registering as abnormal on OCT




Disc margin as
“defined by OCT

- Thickest

: Thicker

Thick



Relationship between ONH size and measured RNFL thic
PMID: 15774930
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Factors Affecting Glaucoma Detecti

Sma” w<1.75 mm2
wThin RNFL

O N H wkFalse Positive

W>2./5mm?2

wThick RNFL
wFalse Negative

PMID: 21550120



Factors Affecting Glaucoma Detecti

A Signal Strength

I Scan gquality affects OCT performaneegn when
within manufacturer recommended limits

AEffect greater on RNFL than ONH and GCC

I Pupil dilation does not affect signal strength, RNFL
measurement or reproducibility inormal eyes

APupil dilation may improve signal strength withtaract

I Technical errors
ADisc centration, capture window displacement
ABlinks & eye movements




Name: oD 0s ﬁ
ID: Exam Date: 4/23/2018 4/23/2018

DOB: 5/111957 Exam Time: 12:47 PM 12:49 PM
Gender: Male : -
Technician: Operator, Cimus

Extracted Horizontal Tomogram

ONH and RNFL OU Analysis:Optic Disc Cube 200x200 OD @ | @® OS

RNFL Thickness Map ,r""!\-\ oD 05 RNFL Thickness Map
Average RMNFL Thickness 68 pm 101 pm 350 .
RNFL Symmetry 41%
Rim Area| 1.03 mm# 1.33 mm*
Disc Area|  2.00 mm? 2.05 mm? Lo
Average C/D Ratio 069 0.58
Yertical C/D Ratia 060 0.54

0 pm)

Cup Volume| 0.301 mm® | 0146 mm*

RNFL Deviation Map RNFL Deviation Map
Neuro-retinal Rim Thickness

HM 0D --- 05

TEMP sUP NAS INF TEMP

Disc Center(-0.12,0.09)mm RNFL Thickness Disc Center(-0.09,0.12)mm
Extracted Horizontal Tomogram Extracted Horizontal Tomogram
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3 Distribution of Nomals 13
v M&  95% 6% 1%
50 E5 83 46
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Quadrants
128 144

152 124

g2 0 a2
57 85 115 55
45 52 RNFL g M
Clock
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Name:
1D: 31617 Exam Date:
DOB: 11251947 Exam Time:

Gender: Male Serial Number:

ob o3 ZEISS
10/6:2014 10/6:2014 Sample institute

9:24 PM 919 PM
800-1098708 800-1098708
510 610

Decentration =-
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Factors Affecting Glaucoma Detecti

A Ocular Anomalies

| Cataracts can decrease signal strength
AMay be improved with pupil dilation
I Epiretinalmembrane is a common artifact on
RNFL and GCC scans

AERM may inflate RNFL and macular thickness
measurements

I Partial PVD will also inflate the thickness
measurements until detachment occurs

ADecrease in thickness following PVD may simulate
glaucoma progression




OCT ART (103) Q: 31
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Factors Affecting Glaucoma Detecti

A Axial Length

I RNFL thickness is influenced by axial lendtie
longer the eye, the thinner the mean RNFL
AOGSNE mMYY mtEAIE fSy3aikK
I High myopes may also halageral shifts in the
RNFL thickness profile
I Longer axial length associated with significantly
nigher risk of OCfRlse positive

PMID: 1721018121550120



Pathologic Myopia




