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Traditional model

• Hello, I’m Dr X…

• What’s wrong?

• Let me have a look

• I think we need to get some investigations

• Let me inspect these images



Current model

• Review imaging

• Inspect integrity of retinal layers

• Formulate provisional diagnosis and management plan

• Hello, I’m Dr X…



Importance of imaging…

• Why image? What’s wrong with clinical examination?
• Document findings (for monitoring or further opinions)

• vs scribbles on paper or blobs on electronic patient records

• Can be quicker for the patient 

• Detect abnormalities not discernible on clinical examination

• Refine diagnosis and improve our understanding of disease

• Monitor changes including efficacy of treatment



Non-invasive imaging modalities

• En face
• Colour fundus photography, contact (e.g. retcam), non-contact
• Ultra-widefield imaging (pseudocolour; white light)
• Red-free imaging
• Infra red reflectance
• Blue light reflectance (also red, green)
• Short wavelength autofluorescence
• Near infra red autofluorescence

• Cross-sectional
• Ultrasound
• Optical coherence tomography: time domain, spectral domain, swept source

• OCT angiography (en face and cross-sectional)



Outline

• Definition

• Historical perspective

• Some current devices

• Clinical applications: examples
• AMD; CSCR; hydroxychloroquine
• Inflammatory disease
• Inherited retinal disease
• New characterisations

• Further developments
• Two wavelength autofluorescence
• Photopigment bleaching and regeneration
• Quantitative autofluorescence
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Definition

• Fluorescence – Light absorbing substance (“fluorophore”) re-emits photons of a 
longer wavelength (e.g. fluorescein, indocyanine green)

• “Autofluorescence” – intrinsic fluorescence property of the tissue, without 
requiring injection of extrinsic dye

• In retinal imaging, excitation is usually with short wavelengths (“short wavelength 
autofluorescence” or “blue light autofluorescence”)

• Main fluorophore appears to be a component of lipofuscin (A2E or other 
molecule(s)) 

• Another modality is near infrared autofluorescence (fluorophore here is melanin)



Photons

Electrons within fluorophore in ground state

Some energy dissipatedElectrons elevated to higher energy state

Photons 
emitted
(Lower energy, 
longer 
wavelength)



Delori et al., 1995

Excitation filters

Emission filters
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Spectralis



Optos



Albinism
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Increased AF Reduced AF

Increased fluorophore
Examples (lipofuscin-related)
• Stargardt, Pattern dystrophy
• Best disease and Vitelliform maculopathies 

(and CSCR subretinal material)

Other fluorophores
• Disc drusen
• Astrocytic hamartomas

Reduced fluorophore
Examples
• RPE loss (AMD, inherited retinopathies)
• Visual cycle disturbance (general reduction 

in AF, e.g. RPE65, RDH5, LRAT)

Window defect (loss of photopigment or 
macular pigment)
• Outer segment loss (e.g. in white dot 

syndromes or photoreceptor pathology 
and CSCR)

• Mactel

Masking
• Haemorrhage
• Fibrosis



Examples

• AMD

• CSCR

• Mactel

• Drug toxicity

• Inflammatory disease: PIC, MEWDS, multifocal choroiditis, AZOOR

• Inherited retinal disease: ABCA4, Best, RP, pattern dystrophies, MIDD, 
carrier status in ocular albinism and choroideraemia



CSCR



AMD?
MIDD?



HCQ retinopathy
Yusuf et al. Eye 2017



PIC



MEWDS
Yung et al. Int J Retin Vitr 2016



ABCA4
(Stargardt)



PRPH2



ABCA4



ABCA4



ABCA4



ABCA4



ABCA4



Autosomal Dominant RP



Parent



Usher syndrome





Control subject

Very low autofluorescence
Impairment of synthesis of fluorophores





Infra red autofluorescence imaging…





New characterisations…
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Dual wavelength autofluorescence

• Objective quantification of macular luteal pigment

• Excitation at 488 and 514 nm





Photopigment bleaching and regeneration



Quantitative autofluorescence (qAF)

Delori et al., 
IOVS 2011









Concluding Remarks

• Fundus autofluorescence imaging is an important modality for assessing 
retinal disease, more sensitive in many conditions than colour fundus 
photography or clinical examination

• Patterns of autofluorescence emerge in different conditions, permitting 
better diagnosis and monitoring, particularly when correlated with OCT

• Quantitative measures are being developed to permit objective 
assessments that will allow better distinction between phenotypes and 
insights into pathogenesis of disease


