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Glaucoma  Glaucoma  2  2  ͣcausa di cecità al mondo, ͣcausa di cecità al mondo, 1  1  ͣcausa di cecità irreversibileͣcausa di cecità irreversibile

800.000 Italia2,5%  over 40

Caucasici *

Dati OMS 2010Dati OMS 2010
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*  Bonomi L. et al. The Egna-Neumarkt Study 1998

** Quigley H.A. et al. Br. J. Ophthalmol. 2006 

2,5 milioni in USA

3,36 milioni 2020

79.600.000 

in the World 2020 **



The Glaucoma ContinuumThe Glaucoma Continuum
Weinreb R. et al A. J. Ophthalmol 2004; 138;458-467
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Retinal Ganglion CellRetinal Ganglion Cell
Weinreb R. The Lancet 363; 1711, 2004

5

Perdita

5000/anno



OH v/s Glaucoma OH v/s Glaucoma 

• Kass M A et al; OHTS Ocular Hypertension Treatmaent Study 2002

• Miglior S. et al; Results of the European Prevention Study 2005
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IOP + CCP + ETA’+ PSD + CUP/DISK + Etnia + sesso + PA + ecc



RelationshipRelationship betweenbetween MDMD andand RGCRGC numbernumber

1 dB = 0.1 Log
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Adapted from Medeiros FA, Lisboa R, Weinreb RN, et al. A combined index of structure and 

function for staging glaucomatous damage. Arch Ophthalmol. 2012;130(5):E1-10.)

5000 Ganglion Cells/Year



MeanMean Deviation (dB) Deviation (dB) 

AverageAverage Thickness (µm)  Thickness (µm)  --------------------------------------

EstimatedEstimated RCG RCG countcount (x 10.000 cells)(x 10.000 cells)

MD dB CVMD dB CV

AtAt early stagesearly stages of damage of damage 

(high RGC counts), (high RGC counts), changes changes 

in estimatedin estimated RGCRGC counts counts 

correspond to relatively correspond to relatively 

smaller changes in MDsmaller changes in MD
(continuous line) (continuous line) andand
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Thickness µm HDThickness µm HD--OCTOCT

(continuous line) (continuous line) andand

relativelyrelatively larger changes inlarger changes in
average RNFL average RNFL thickness thickness 

(dashed line).(dashed line).

AtAt advancedadvanced stagesstages of of 

damage damage (low RGC counts), (low RGC counts), 
changes in estimatedchanges in estimated RGCRGC
counts correspond to counts correspond to 

relatively relatively large changes in large changes in 
MDMD, butbut onlyonly small changes small changes 
in average RNFLin average RNFL thickness.thickness.



CSFI CSFI 
Combined Structure Combined Structure 

Function Index Function Index 
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Felipe A. Medeiros, Renato Lisboa, 

Robert N. Weinreb, Christopher A. 

Girkin, Jeffrey M. Liebmann, Linda M. 

Zangwill. Arch Ophthalmol. 2012
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HRT IIIHRT III
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GDx PROGDx PRO
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GDx GDx -- Deviation MapDeviation Map



SD/HD OCTSD/HD OCT
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Perché l’OCT nel glaucomaPerché l’OCT nel glaucoma

• Non invasivo 

• Non dannoso

Technical Technical ReasonsReasons

• Ripetibile

• Riproducibile  

• Affidabile

• Veloce

• Esecuzione delegabile?

• Hi Tech in progress
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Perché l’OCT nel glaucomaPerché l’OCT nel glaucoma

• 1 Glaucoma in terapia/2,5 senza terapia  

• Danno CV dopo 25-40% perdita ganglion cell

Clinical Clinical ReasonsReasons

• Danno CV dopo 25-40% perdita ganglion cell

• RNFL diminuisce ± 6 anni prima dei danni al CV

• RNFL diminuito nei giovani con CV OK

• HD-OCT &  AS-OCT & CV  in COMBO
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OCT LimitsOCT Limits

• Opacity dioptric media
• Tilting retina
• High myopia• High myopia
• Agreement
• Higt Costs
• In the later stages of glaucoma OCT measurements 

appear to reach a plateau 
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HDHD--OCT OCT ÜberÜber allesalles

• Valutazione corio-retina strato x strato

• Valutazione spessore in toto e strato x strato

• Valutazione 3D  

• Valutazione en-face• Valutazione en-face

• Valutazione papilla ottica ONH

• Valutazione del Segmento Anteriore AS-OCT

• Valutazione flussimetrica con OCT-Doppler

• Valutazione ossimetrica corio-retinica

• Valutazione cellulare con Ottiche Adattive
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Retinal Retinal Ganglion Ganglion Cells Cells 
www.olympusfluoview.com
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Retinal cellsRetinal cells

•• 125.000.000125.000.000 Bastoncelli

•• 5.000.0005.000.000 Coni

•• 5.000.000 5.000.000 EPR•• 5.000.000 5.000.000 EPR

•• 1.000.0001.000.000 Gangliari

•• 1.000.0001.000.000 Bipolari

•• 1 : 9 1 : 9 gangliari/glia = 9.000.0009.000.000 Muller (25.000/mm²)(25.000/mm²)

• Amacrine, Orizzontali.
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ImportantImportant Müller Müller cellcell - neuronneuron interactionsinteractions in the normal mature retina. (A) in the normal mature retina. (A) SpatialSpatial bufferingbuffering

of K+ of K+ ionsions and water. (B) and water. (B) TransmitterTransmitter recyclingrecycling. (C) “. (C) “MetabolicMetabolic symbiosissymbiosis”. (D) Free radical ”. (D) Free radical 

scavengingscavenging/GSH /GSH metabolismmetabolism . CA, . CA, carboniccarbonic anhydraseanhydrase; ; cystcyst., ., cysteinecysteine; GABA, gamma; GABA, gamma--

aminobutyricaminobutyric acid; acid; glutglut, , glutamateglutamate; GS, ; GS, glutamineglutamine synthetasesynthetase; GSH, ; GSH, glutathionglutathion; LDH, ; LDH, lactatelactate

dehydrogenasedehydrogenase; PK, ; PK, pyruvatepyruvate kinasekinase; R radical dot, free radical ; R radical dot, free radical moleculemolecule. . 

((www.sciencedirect.com) www.sciencedirect.com) 



Retinal Ganglion & Muller Retinal Ganglion & Muller CellCell

RGCRGC

IPLIPL
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IPLIPL



Glaucoma Glaucoma affectsaffects 3 3 areasareas in the retina of the in the retina of the eyeeye

ONHONH
RNFLRNFL

GCCGCC
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HDHD--OCT & Glaucoma OCT & Glaucoma 

• RNFL                Retinal Nerve Fiber Layer

• ONH                 Optical Nerve Head

GCC                  • GCC                  Ganglion Cell Complex

• AS-OCT Anterior Segment OCT

• HD-OCT & CV Piattaforme multimediali
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HDHD--OCT & GlaucomaOCT & Glaucoma

RNFL Retinal Nerve Fiber Layer
• ONH Optical Nerve Head

11

25

• ONH Optical Nerve Head

• GCC Ganglion Cell Complex

• AS-OCT Anterior Segment OCT

• HD-OCT & CV



RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer
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At early stages of glaucoma, large structural changes At early stages of glaucoma, large structural changes 
can be associated with statistically normal visual fieldscan be associated with statistically normal visual fields
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RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer
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RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer
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Glaucoma Reports Glaucoma Reports 
RTvueRTvue CirrusCirrus SpectralisSpectralis
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HDHD--OCT & GlaucomaOCT & Glaucoma

•• RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer

ONH Optical Nerve HeadONH Optical Nerve Head

22

ONH Optical Nerve HeadONH Optical Nerve Head

•• GCC Ganglion Cell ComplexGCC Ganglion Cell Complex

•• ASAS--OCT Anterior Segment OCTOCT Anterior Segment OCT

•• HDHD--OCT & CVOCT & CV
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Cup/ Disk come fattore di rischioCup/ Disk come fattore di rischio
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C/D 0.89



L. Tang: P; patent. Y.H. Kwon: None. W.L.M. Alward: None. K. Lee: None. M.K. Garvin: None. M.D. Abràmoff: P; patent34



Method for "minimum distance band" (MDB) determination in spectral domain optical 

coherence tomography (SD-OCT) images of the optic nerve head. Minimum distance

mapping using three-dimensional optical coherence tomography for glaucoma diagnosis.  

Boris Boris PovazayPovazay et alet al
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Automated volumetric evaluation of stereoscopic disc photograph Automated volumetric evaluation of stereoscopic disc photograph 

Juan Xu et al  Optics Express, Vol. 18, Issue 11, pp. 11347-11359 (2010)

http://dx.doi.org/10.1364/OE.18.011347
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Finite Element Modeling of the Lamina Cribrosa of the Finite Element Modeling of the Lamina Cribrosa of the 

Optic Nerve Head in Optic Nerve Head in GlaucomaGlaucoma
Devers Eye Institute / National Institute of Health Optic Nerve Head Research Laboratory

directed by Dr. Claude Burgoyne (Portland Oregon)
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Report Cirrus RNFL and ONHReport Cirrus RNFL and ONH
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HDHD--OCT & Glaucoma OCT & Glaucoma 

•• RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer
•• ONH Optical Nerve HeadONH Optical Nerve Head

33

•• ONH Optical Nerve HeadONH Optical Nerve Head
GCC Ganglion Cell ComplexGCC Ganglion Cell Complex

•• ASAS--OCT Anterior Segment OCTOCT Anterior Segment OCT
•• HDHD--OCT & CVOCT & CV
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GCC Ganglion Cell ComplexGCC Ganglion Cell Complex

Complex scan pattern

7 mm scan area 14.944 a-scan 0.58 sec 
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Schultze A, et al. Diagnostic ability of retinal ganglion cell complex …. 

Graefes Arch Clin Exp Ophthamol 2011 Jul; 249 (7) : 1039-45

50% Ganglionari

in macula



Abnormal GCC in Abnormal GCC in spitespite of normal RNFL Thicknessof normal RNFL Thickness
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Reproducibility of retinal nerve layer and macular thickness ecc

Garas A et al  Ophthalmology 2010 Elsevier



NormalNormal RNFL Thickness v/s RNFL Thickness v/s abnormalabnormal GCC GCC 
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Ganglion Cell Analysis Report Ganglion Cell Analysis Report 
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StagesStages of Glaucoma & GCCof Glaucoma & GCC
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HDHD--OCT & Glaucoma OCT & Glaucoma 

•• RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer

•• ONH Optical Nerve HeadONH Optical Nerve Head

44

•• ONH Optical Nerve HeadONH Optical Nerve Head

•• GCC Ganglion Cell ComplexGCC Ganglion Cell Complex

ASAS--OCT Anterior Segment OCTOCT Anterior Segment OCT

•• HDHD--OCT & CVOCT & CV
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Visante OCTVisante OCT
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HDHD--OCT Cirrus Photo ASOCT Cirrus Photo AS--OCTOCT
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SDSD--OCT OCT Spectralis Anterior Segment Spectralis Anterior Segment ModuleModule
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UBM v/s ASUBM v/s AS--OCTOCT
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HDHD--OCT & Glaucoma OCT & Glaucoma 

•• RNFL Retinal Nerve Fiber LayerRNFL Retinal Nerve Fiber Layer

•• ONH Optical Nerve HeadONH Optical Nerve Head
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•• ONH Optical Nerve HeadONH Optical Nerve Head

•• GCC Ganglion Cell ComplexGCC Ganglion Cell Complex

•• ASAS--OCT Anterior Segment OCTOCT Anterior Segment OCT

HDHD--OCT & CVOCT & CV



• Zeiss Cirrus & Humphrey con FORUMFORUM

HEYEXHEYEX

Piattaforme Piattaforme MultimedialiMultimediali

• Heidelberg Spectralis & HEP con HEYEXHEYEX

• Optovue & Octopus Bundle Bundle HaagHaag--StreitStreit * * 
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RNFL & Visual Field Combined OU ReportRNFL & Visual Field Combined OU Report
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HFA Visual Field and Cirrus RNFL HFA Visual Field and Cirrus RNFL 
Combined ReportCombined Report
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Map representing the relationship between Standard Automated Perimetry visual field

sectors and sections of the peripapillary OCT scan circle. This map is based on the work of

GarwayGarway--HeathHeath etet alal and shows the correspondence between areas of the visual field and

peripapillary retinal nerve fiber layer due to the anatomical configuration of the retinal nerve

fiber bundles.

GarwayGarway--HeathHeath et al et al 

58



59



Forum Glaucoma Forum Glaucoma WorkplaceWorkplace
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Structural and functional recovery in juvenile open angle 

glaucoma after trabeculectomy C K S Leung, J Woo, M K Tsang and K K Tse
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Fundus photographs, OCT optic nerve head scans (vertical cut) and Humphrey visual field 
pattern deviation plots of the left eye obtained the day before trabeculectomy (a) and 1 
week postoperatively (b). The red lines on the fundus photographs indicate the location of 
the OCT scans in the middle panel. Eye (Eye (LondLond). 2006 Jan;20(1):132). 2006 Jan;20(1):132--44 63
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Structural and functional recovery in juvenile open angle 

glaucoma after trabeculectomy 
C K S Leung, J Woo, M K Tsang and K K Tse Eye (Lond). 2006 Jan;20(1):132-4

bufferbuffer--zonezone A time interval in which optic nerve damage can A time interval in which optic nerve damage can 
be reversed by appropriate interventions.be reversed by appropriate interventions.=

Reversal is likely to be dependent on the degree of IOP reduction, degree of IOP reduction, the age of presentationage of presentation, 

and may vary with the compliance of the lamina compliance of the lamina cribrosacribrosa and the composition of supportingcomposition of supporting

tissuetissue of retinal ganglion cells.
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Post Op. 117 µmPre Op. 74.5 µm



ReversibilityReversibility of glaucomatous of glaucomatous demangedemange

1.Kotecha A, Siriwardena D, Fitzke FW, Hitchings RA, Khaw PT. 

Optic disc changes following trabeculectomy: longitudinal and 
localisation of change. 

Br J Ophthalmol 2001; 85: 956–961. | Article | PubMed | ISI | ChemPort |
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