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Ruolo'dell'OCT'nell'algoritmo'
diagnostico'del'glaucoma'

Francesco)Oddone
Responsabile'Unità'Operativa'Glaucoma

Ospedale'Britannico
IRCCS'Fondazione'G.B.Bietti

Roma

Roma,'7'ottobre'2022

GLAUCOMA'WORKSHOP
APPROCCIO'DIGNOSTICO'ALLA'PATOLOGIA'DEL'GLAUCOMA
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L’evoluzione'dell’OCT

1991:'time'domain' 2016:'Spectral domain
Swept source…
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Spectral'Domain'OCT'vs TD1OCT

! Velocità'di'acquisizione'dell’'immagine'401110'volte'maggiore'
del'TD

! 24000170000'(100000)'A1scan/sec,'con'una'risoluzione'assiale'
di'315'μm'(Time'domain:400'A1scan/sec,'risoluzione'assiale'di'
ca 10μm)

! Minori'artefatti'di'movimento

! Maggiore'quantità'di'dati'acquisiti'per'ogni'punto,'algoritmi'
avanzati'di'post1processing

! Ricostruzioni'3D
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1. Quando'prescrivere'l’esame'OCT'

(diagnosi,'progressione,'screening)?

2. Come'interpretare'le'informazioni'che'ne'
derivano?

3. Come'integrare'tali'informazioni'nel'quadro'
clinico'del'paziente?

OCT'nel'Glaucoma
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OCT'e'Glaucoma

Necessario'per'il'clinico…

! Conoscere'i'protocolli'di'scansione
! Saper'interpretare'correttamente'l’output'
! Conoscere'i'limiti'e'le'capacità'diagnostiche'(parametro'più'

valido,'meno'significativo)
! Identificare'possibili'fattori'confondenti'(qualità'delle'

immagini,'artefatti,'patologie'concomitanti)
! Saper'come'e'se'confrontare'i'diversi'OCT'oggi'disponibili
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! Studio'dell’'RNFL,'dell’ONH,'della'regione'maculare

! Analisi'globale,'analisi'settoriale

! Parametri'continui,'classificazione'normativa

Spectral Domain1OCT

Elementi in(comune

RIM RNFL GCL

Lamina
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Ragazzo'maschio'di'15'anni
AOD
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Managing'the'output

16'
parameters
+'macula

50'
parameters
+'macula
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Diagnostic'tests'vs'Diagnosis

• There'is'a'temptation'for'a'busy'clinician'to'
read'the'output'from'the'OCT'(e.g.'RNFL'
Av)'and'take'it'to'be'the'‘‘diagnosis”'1

1.#DF.#Garway+Heath.#Progr#Brain#Res#2008
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“Red disease”'and'“green'disease”

«Results'from'these'tests'must'be'interpreted'in'the'context'of'the'clinical'
examination'and'other'supplementary'tests'in'order'to'avoid'falsely'concluding'that'
a'statistically(abnormal(result(on'any'quantitative'imaging'study'represents'true'
disease» PPP1AAO
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Limits'of'normative'classifications

• Normative'databases'have'strict'inclusion'criteria'

• Consist'largely'of'patients'of'European'ancestry

• Exclude'those'with'high'refractive'error'or'ocular'
comorbidities

• Normal'structural'measurements'vary'widely'between'
individuals,'increasing'the'chances'of'misclassification

• In'some'cases,'because'of'the'wide'range'of'normal,'
significant'neural'losses'may'occur'before'a'patient'is'deemed'
to'be'outside'normal'limits
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Errors'in'diagnostic'information

• Both'false'positives'and'false'negatives'are'possible

• The'rates'of'FP'and'FN'will'differ'between'different'
pieces'of'information

We'should'know'how'to'select'and'interpret'
information'to'minimize'the'impact'of'such'errors
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MALATISANI

Distribuzione ideale

DISEASEDNON+DISEASED
0

Parametro'biologico'‘x’



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly

MALATISANI

Distribuzione reale

Veri positivi
Veri negativi

FALSI5
NEGATIVI

FALSI5
POSITIVI
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Probability'revision

Postpositive test'probability'
of'disease

Postnegative test'probability'
of'disease

The'pretest'probability'is'
revised'upward'if'the'test'
is'positive'or'downward'if'
the'test'is'negativePretest'probability
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Post1test'probability

25'yrs'old'subject'selected'at'
random'from'the'general'

population

47'yrs'old,'+'family'Hy,'referred'for'high'
IOP



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly

Sensitivity'and'Specificity

• Describe'how'often'a'test'is'correct'in'diseased'and'
non'diseased'groups
– Sensitivity:*measures'the'proportion'of'people'with'the'
disease'that'test'positives

– Specificity:*measures'the'proportion'of'people'without'the'
disease'that'test'negatives
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Cirrus'HD

Protocollo Optic'disc'
Cube'200'X'200
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Studi Accuratezza diagnostica
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Optic nerve head and fibre layer imaging for diagnosing
glaucoma (Review)

Michelessi M, Lucenteforte E, Oddone F, Brazzelli M, Parravano M, Franchi S, Ng SM, Virgili
G

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2015, Issue 11

http://www.thecochranelibrary.com

Optic nerve head and fibre layer imaging for diagnosing glaucoma (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Cohrane'Database'Syst'Rev.'Nov'2015

106$studi inclusi:$16260$occhi,$8353$casi,$7907$controlli
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Alte specificità
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Rilevanza'per'la'pratica'clinica
• Prendendiamo 1000'soggetti e'ipotizziamo una
prevalenza di'glaucoma'del'20%'(800'sani,'200'
malati).'

• Avere una Sn/Sp'di'72'e'94%,'significa che:'
– Dei$200$malati,'144'vengono diagnosticati correttamenti
come'malati

– Però ne'vengono'diagnosticati come$sani$(sbagliando)$56.
– Degli 800$normali$752$vengono$correttamente$classificati$
come$sani$e 48$vengono sbagliati e'diagnosticati come'
malati (falsi positivi)



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly

Likelyhood'ratios

• They'tell'us'how'many'times'more'likely'a'positive'or'
negative'test'result'is'in'a'patient'compared'with'a'
healthy'individual
– LHR+%sensitivity/(10specificity)
– LHR0 (10sensitivity)/specificity
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Post'OCT'probabilities'of'Glaucoma

OCT$V$C/D$ratio
Sn'72%
Sp'94%
+LHR$12
3LHR$0.30

76%

20%

4%

The'Fagan$nomogram$is'a'
graphical'tool'for'estimating'how'
much'the'result'on'a'diagnostic'
test'changes'the'probability'that'
a'patient'has'a'disease

Michelessi(et(al(2015;(Fagan.(NEJM(1975.(

Pretest'
prob

LHR Posttest'
prob
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Uno'vale'l’altro?'Sono'Intercambiabili?

Optovue
Cirrus

Spectralis



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly

Spessori'maggiori'con'l’Rtvue'rispetto'al'Cirrus /Spectralis
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Analisi di'progressione:'Cirrus
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Analisi'della'Progressione

Sia l’RNFL che i'parametri maculari mostrano promettenti
risultati (maculari migliori nelle forme avanzate?)

Problemi

• Follow'up'brevi,'relativamente pochi studi disponibili

• Cambiamenti dovuti all’età come'fattore confondente

• Effetto pavimento (cambiamenti funzione della baseline)

• Sviluppo di'opacità dei mezzi (cataratta)
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Fattori confondenti
la'qualità dell’immagine

! Occhio secco
! Cataratta
! Corpi mobili vitreali
! Ammiccamento durante la'scansione
! Distacco posteriore di'vitreo/trazioni'VM
! Artefatti di'movimento
! Opacità della lente
! Immagine troncata per'incorretto allineamento
! Errata'identificazione dei margini
! Segmentazione inaccurata
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Glaucoma'diagnosis:'a'bayesian'approach

RISK%FACTORS/DIAGNOSTIC%TESTS PROBABILITY%OF%HAVING%THE%DISEASE
(physician'confidence'in'the'diagnosis)

0%

100%

Pretest%prob

• Older'age

• Suspicious'disc/field

• Increased'IOP

• Reduced'CCT

• PEX

• Afro1caribbean'origin

• Imaging'test'ONL

• Family'history
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Risk'stratification'to'guide'decision'
making

• This'method'of'risk'stratification'can'allow'to'allocate'

treatment'for'those'glaucoma'suspects'at'highest'risk'of'

having'the'disease'and'just'monitoring'those'at'lower'risk'



U
N
IT
A’
'O
PE

RA
TI
VA

'G
LA

U
CO

M
A'
1I
RC

CS
'1
Fo

nd
az
io
ne

'G
.B
.B
ie
tt
i'1

Ro
m
e'
1I
ta
ly

Managing'Uncertainty

RISK%FACTORS/DIAGNOSTIC%TESTS
Physician%confidence%in%the%
diagnosis%starts%to%waver

0%

100%

• Age'!middle

• IOP'! lower%twenties

• CCT'! normal%range

• PEX'! absent

• VF'test'! unreliable

• Imaging'test'! borderline

• Family'history'! uncertain
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Diagnosing'by'monitoring'changes

• In'many'eyes'with'early'glaucoma,'the'diagnosis(is(uncertain(
when'the'patient'is'first'seen

• Given'the'progressive'nature'of'glaucoma,'careful(follow1up(
to'identify'structural'or'functional'changes'might(enable(a(
diagnosis(to(be(made

DF.'Garway1Heath.'Progr'Brain'Res'2008
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Are'Structural'Changes'
Relevant'to'the'Patient?'

• Each%1'micron/year%faster'rate'of'cpRNFL'loss'was'associated'
with'a'2'times%higher%risk%of'a'visual'field'defect'developing1

• Similar%results%were%found%in%eyes%with%established%
glaucoma,'with'progressive'RNFL'thinning'on'trend1based'
progression'analysis'strongly'predictive'of'visual'field'loss2

1.'Miki'A'et'al'.'Ophthalmology'2014
2.'Yu'M'et'al.'Ophthalmology'2016
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How'Are'Measurements'
Affected'by'Aging?'

• Lack'of'longitudinal'reference'databases'to'determine'
whether'an'observed'rate'of'change'is'pathologic'or'expected'
for'age'

• Trend&based*analysis*of'RNFL'thickness'change'should*
involve*testing*the*statistical*significance*of*its*change*
relative*to*the*mean*estimate*of*age&related*changes*
(similarly'to'evaluating'visual'field'progression'using'mean'
deviation'instead'of'mean'sensitivity)

Wu'Z'et'al.'AJO'2017'
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Monitoring'with'OCT'or'VF?

• Simultaneous detection'of'change'in'structural'and'functional'
measurements'is,rare,

• Eyes,with,less,severe,disease,at'baseline'have'a'higher'chance'of'being'
detected'as'progressing'by,OCT

• Eyes,with,more,advanced,disease,have'a'higher'chance'of'being'detected'
as'progressing'by,SAP

• Both'structural,and,functional,tests'should'be'monitored for'optimal'
assessment'of'glaucoma'progression

Tatham'et'al.'Ophthalmology'2017
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Take'home'messages

• The'OCT'is'an'evolving(technology
• The'test'output'should'be'interpreted'as'a'statistical(support(

to'alter'the'pre1test'probability'that'a'subject'has'the'disease'
and'not'as'a'diagnostic'verdict'itself

• Evidence(of(progression(sometimes'is'the'only'way'to'support'
an'accurate'diagnosis

• The'diagnosis'still'remains'the'result'of'the'integration'of'
clinical,'functional'and'structural'information'that'only'the'
Human(Brain(can'accomplish
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