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Glaucoma
• Hippocrates “Aphorisms” 400 BC

– “glaucosis” dimness of vision and blindness

• Aristotle (384-322 BC) “De Generatione
Animalium”

– “color of the eye depends of the amount of water”

• Galen (129-216 AD) 
– “glaucoma: the pupils became discolored because of 

changes in the fluids in the eye”





OCT and glaucoma
Advantages

• Non invasive

• Objective

• Accurate

• Rapid

• Reproducible

• Quantitative 

Points of measure

• RNFL

• Optic nerve head

• Macula

• Retina and Optic nerve 
vasculature

• Anterior chamber angle

• Aqueous outflow system



What OCT has changed in glaucoma management?

• Before OCT

– Glaucoma diagnosis and progression relied on 
both optic disc examination and VF test

– Both very subjective examinations

– High rate of undiagnosed glaucoma



 Population studies suggest that at least  half of all glaucoma cases have not been 

diagnosed1

1. Leske MC. Ophthalmic Epidemiology. 2007;14:166-172.

2. Gillespie BW. Invest Ophthalmol Vis Sci. 2003;44:2613-2620 

Blue Mountains Eye Study   51%

Rotterdam  Eye Study           53%

Baltimore Eye Survey           56%

Proyecto VER                       62%

Latino Eye Study              >75% 

Egna-Neumarkt Study         87%

Aravind Eye Study (India)  93%

Underdiagnosis of OAG



Type of glaucoma Rates of undiagnosed cases p value

OAG 50.4% (n=71/141)

p=0.017

POAG 57.1% (n=56/98)

PEXG
34.9% (n=15/43) 

Thessaloniki Eye Study

Rates of undiagnosed glaucoma

Topouzis F et al. Factors associated with undiagnosed open-angle glaucoma: 

the thessaloniki eye study. Am J Ophthalmol. 2008;145:327-335.



Glaucoma Continuum



OCT and glaucoma

• Detection of early glaucoma

• Early detection of glaucoma 

• Screening for glaucoma

– General population?

– High risk population



Accuracy of OCT



Module 2

Screening strategies
• IOP 

– Sensitivity: 79%
– Specificity: 64%

• Optic nerve examination

– Examiner skill
– Patient characteristic
– Sensitivity and specificity: 70%-80%

• Visual field testing

– Sensitivity and specificity: 70%
– By the time a defect is noted > 50% of ganglion cell loss

• Optic nerve and ganglion cell imaging

– High accuracy in case/controls studies
– In real life condition?



Agreement Between Optic Nerve 
Appearance, Visual Fields and Structural Measurements?





OD OS



8 months later



Define normals



Define normals







OD OS

2005

2006

Unreliable



2/2005 1/2006



Initial Visual Fields

Final Visual Fields



Early glaucoma or normal?



Myopia
False positive results

•Myopic refractive error

•Longer axial length

•Tilted disc



Artifacts 
20%-45% of scans have 
artifacts

1. Decentration

2. Motion artifacts

3. Poor signal

4. Segmentation errors

5. Vitreomacular traction,

ERM and PVD





Glaucoma progression



RNFL thickness decrease
as typical bundle pattern

Average RNFL 
thickness  rate 
of change
1.93 µm/year 

Event

Focal  thickness loss
depicted in RNFL
thickness profile

Event

Trend

Fast negative trend in 
inferior RNFL thickness

Trend

OCT: Retinal Nerve Fiber Layer Thickness Assessment

RNFL, retinal nerve fiber layer; OCT, Optical coherence tomography.



29

Focal defect

P>5% within normal 

1%<P<5% Bordeline

normal P< 1% Outside normal 

Spectralis RNLF 
progression analysis



2005 2005

Structural progression may precede VF changes



Visual field testing will continue to have an important role in the diagnosis and management of glaucoma



OCT Ability to Measure Change Will Show a Floor Effect 
in Structural Zones, Indicating Advanced Damage

OCT Floor Effect



• Ganglion cell complex-GCC

macular thickness



Ganglion Cell Analysis
Key Elements

• Thickness Map     Show thickness 
measurements of the GCL + IPL in 
the 6mm by 6mm cube and 
contains an elliptical annulus 
centered about the fovea.

• Deviation Maps Show a 
comparison of GCL + IPL 
thickness to normative data.

• Thickness table Shows average 
and minimum thickness within 
the elliptical annulus.

• Sector maps - divide the elliptical 
annulus of the Thickness Map into 
6 regions: 3 equally sized sectors 
in the superior region and 3 
equally sized sectors in the 
inferior region.  Values are 
compared to normative data.

• Horizontal and Vertical 
B-scans. 



OCT-Angiography

• Novel technology: 1st approval by FDA in 2016 
• Wide use in retinal diseases
• Faster image acquisition and higher resolution than OCT
• 3-D vascular maps
• En face technique
• Images of deep retinal vascular plexus and 

choriocappilaries
• Uses motion contrast, not exactly blood flow



OCTA and optic disc
papillary microvasculature

peripapillary microvasculature



Peripapillary area



OCTA on macula



Major results of OCTA on optic disc in glaucoma

• Good reproducibility and repeatability
• Reduction in ONH flow index (25%) in glaucoma compared to controls (100% 

sensitivity/100% specificity) Jia et al Ophthalmology 2014

• Reduction in peripapillary cappilaries flow index and vessel density in glaucoma
eyes compared to controls) Liu et al. JAMA 2015

• Correlation of peripapillary cappilaries vascular density dropout with VF MD and 
PSD and corresponding location of  visual field defects 

• Correlation of peripapillary cappilaries vascular density dropout with RNFL defects
by OCT in both location and extent Lee et al. IOVS 2016

• Association of peripapillary deep retina dropout in glaucoma with focal lamina 
cribrosa defects, thinner choroidal thickness, low diastolic pressure

• Evidence of glaucoma damage detection in OCTA prior to the perimetric changes or 
even prior to structural changes in RNFL (differences among normals, ocular 
hypertensive, glaucoma suspects, preperimetric and perimetric glaucoma eyes) 





Anterior chamber OCT

Pre-op

Post-op



Aqueous angiography



Aqueous angiography-Aqueous Humor Outflow

Spectralis HRA+OCT  FLEX module

•FA intravenous

•ICG  0.4% intracameral

•Episcleral venous plexuses

•Segmental patterns

Huang AS et al. Ophthalmology 2017

Swept source OCT, PLEX, Zeiss

•AS OCTA

•Intrascleral and conjuctival vessels

•Deep layer OCTA flow images similar 
characteristics to aqueous angiography 
images

Akagi T et al. Am J Ophthalmol 2018



Thank you
“glaucoma: the pupils became discolored because of 
changes in the fluids in the eye”


