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55% of individuals 
with undiagnosed glaucoma 

have normal IOP at initial presentation

PMID: 1867550

Optic nerve morphology 
is more reliable than IOP for

identifying glaucoma suspects
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Evaluation of the ONH in Glaucoma

ïPhysiologic variation in optic disc size

ïCup to disc ratio

ïLoss of rim tissue

ïDisc hemorrhage

ïPeripapillary atrophy

ïRetinal nerve fiber layer atrophy



Assessment of disc size is the first step in assessment of optic cup size.
Because the axonal tissue entering the optic disc varies much less than the size 
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



Percentage of images where nerve type was correctly identified, by nerve type and size. 
Size was assessed by OCT (<1.63 mm2 = small; >1.97 mm2 = large) 
(Nixon, 2017)

% CORRECTLY 
IDENTIFIED AS NORMAL

% CORRECTLY IDENTIFIED 
AS GLAUCOMATOUS

>90% of small 
glaucomatous optic 
discs were classified 

as normal!

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

Nixon (2017): 
Doctors examined 
stereophotos of 
optic nerve heads 
and were asked to 
classify them as 
normal or 
glaucomatous PMID: 28538334



Cirrus ONH Parameters

Always gray b/c 
ƛǘΩǎ ƴƻǘ 
compared to 
normals!

<1.75 mm2 = sm

1.75-2.75mm2 = 
medium

>2.75 mm2 = lg

ONH morphology NOTE: Asymmetric size may account for 
asymmetry in CDR and RNFL



Heidelberg MRW Analysis

Average BMO
Is 2 mm2

NOTE: 
Asymmetric 
size may 
account for 
asymmetry in 
CDR and RNFL



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



Violation of 
the ISNT rule

(Inf < Sup)

 is a significant 
predictor of 
glaucoma
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EVALUATION OF THE ONH 
IN GLAUCOMA

PMID: 20678802
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Frequency 
distribution of the 
location of RNFL 
defects in 
glaucoma 
patients. 

Most common: 
infero-temporal 
meridian (80.4%), 
superotemporal 
(54.2%)
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ÅOCT Detection of Glaucoma

ïRetinal Nerve Fiber Layer (RNFL)

ïOptic Nerve Head (ONH) Topography

ïMacular Thickness

ÅFactors Affecting OCT Detection of Glaucoma

ïDisease severity

ïONH size

ïOthers



OCT Detection of Glaucoma

Method #1: Retinal Nerve Fiber Layer Thickness

ï3.4mm diameter measurement circle 
ÅMake sure disc is centered in measurement circle

ïSegmentation of RNFL from other layers
ÅAccuracy dependent upon signal strength

ïOverall, quadrant, sector values 
ÅAvg and inferior most often affected in early glc

ïCompared to age-related norms and fellow eye
ÅAverage thickness of fellow eyes should be within 10µm

ÅDifference < 5µm is noise (stable vs change over time)



ONH OCT
The 4 Questions

This is where most 
of the action is!

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

Is there RE/LE symmetry?

Is there evidence of rim loss 
corresponding to the RNFL 
loss?

Does the deviation map show 
evidence of a NFL defect?



OCT Detection of Glaucoma

Method #2: Optic Disc Morphology

ïCompare cup and rim parameters to normals

ïAutomated detection of disc & cup margins 

ïhbI ƳŀǊƎƛƴ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǘŜǊƳƛƴŀǘƛƻƴ ƻŦ .ǊǳŎƘΩǎ

ÅAnalyzed at 255 points around the ONH circumference 

ÅThe shortest perpendicular distance to ILM is the cup 
margin

ïPosterior migration of the lamina



Cirrus ONH Parameters

ONH morphology

Rim Area <1.0 mm2 is ALWAYS suspicious

NOTE: Asymmetric disc size may account 
for asymmetry in CDR and RNFL



Heidelberg ONH Parameters

Tomograms

TSNIT Curve Pie Chart

Classification



OCT Detection of Glaucoma

Method #3: Ganglion Cell Layer Thickness

ïDeath of ganglion cells leads to macular thinning

ÅLocalized &/or diffuse loss

ÅCan be correlated with changes in RNFL and VF

ïGanglion Cell Complex (GCC)

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

ÅGCC = RNFL + Ganglion cells + Inner plexiform (RTVue)

ÅNOTE: Cirrus does not include RNFL in its analysis



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

PMID: 28012881



GCC Thickness 
Data Presentation
Å Thickness map

Å Sector thickness

Å Deviation map

Å Data table

Å Tomograms

Look for temporal 
step defect in 
thickness map 
and sectors

Are the GCC 
findings consistent 
with the RNFL 
findings?



Right-Left Asymmetry

Superior-Inferior Asymmetry



OCT can detect chiasmal compression 

before VF loss occurs

PMID: 30097827



Pre-Op Post-Op

PMID: 30097827





PanoMap Analysis: PRO: See correlation between RNFL and GCC 
damage. CON: Loss of right-left eye comparisons



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



Factors Affecting Glaucoma Detection 

1. Disease severity

2. Optic disc size

3. Signal strength / Errors

4. Artifacts / Ocular anomalies

5. Axial length

6. Blood vessel position

7. Age

8. Race



Factors Affecting Glaucoma Detection

ÅDisease Severity: Early glaucoma

ïOCT more sensitive than perimetry in detection 
of early glaucoma. 

ïLarge overlap between normal and mildly 
glaucomatous findings makes diagnostic 
determination upon a single test result difficult

ïDetection of change over time may be the most 
reliable means of confirming the presence of 
preperimetric disease



Factors Affecting Glaucoma Detection

ÅDisease Severity: Severe glaucoma

ïOCT less sensitive than perimetry in detection of 
ǇǊƻƎǊŜǎǎƛƻƴ ŘǳŜ ǘƻ άŦƭƻƻǊ ŜŦŦŜŎǘέ

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

ïOCT not reliable in detecting progression once 
global RNFL thickness <60um 



GLOBAL RNFL THICKNESS (M˃)

DISEASE PROGRESSION

MEAN DEVIATION (dB)
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Factors Affecting Glaucoma Detection

ÅOptic Disc Size

ïLarger discs have 
thicker RNFL 
measurements
ÅMay contain more nerve fibers

ÅMay be an artifact of fixed measurement circle

ïLarger discs have lower sensitivity for early 
glaucoma detection
ÅBecause 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 thickness
PMID: 15774930

Big

Small

Thin Thick

Larger discs have 
thicker RNFL



Factors Affecting Glaucoma Detection

PMID: 21550120

ω<1.75 mm2

ωThin RNFL

ωFalse Positive

Small 
ONH

ω>2.75mm2

ωThick RNFL

ωFalse Negative

Large 
ONH



Factors Affecting Glaucoma Detection

ÅSignal Strength

ïScan quality affects OCT performance, even when 
within manufacturer recommended limits

ÅEffect greater on RNFL than ONH and GCC

ïPupil dilation does not affect signal strength, RNFL 
measurement or reproducibility in normal eyes

ÅPupil dilation may improve signal strength with cataract

ïTechnical errors

ÅDisc centration, capture window displacement

ÅBlinks & eye movements





Decentration
Error



Factors Affecting Glaucoma Detection

ÅOcular Anomalies
ïCataracts can decrease signal strength
ÅMay be improved with pupil dilation

ïEpiretinal membrane is a common artifact on 
RNFL and GCC scans

ÅERM may inflate RNFL and macular thickness 
measurements

ïPartial PVD will also inflate the thickness 
measurements until detachment occurs
ÅDecrease in thickness following PVD may simulate 

glaucoma progression



Epiretinal membrane



Factors Affecting Glaucoma Detection

ÅAxial Length

ïRNFL thickness is influenced by axial lengthτthe 
longer the eye, the thinner the mean RNFL

Å9ǾŜǊȅ мƳƳ ҧŀȄƛŀƭ ƭŜƴƎǘƘ  Ґ нΦнҡƳ ҨwbC[ ǘƘƛŎƪƴŜǎǎ

ïHigh myopes may also have lateral shifts in the 
RNFL thickness profile

ïLonger axial length associated with significantly 

higher risk of OCT false positive

PMID: 17210181, 21550120



Pathologic Myopia


