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Abstract

Aims To compare melanin-related near-

infrared fundus autofluorescence (FAF; NIA,

excitation 787nm, emission 4800nm) with

lipofuscin-related FAF (excitation 488nm,

emission4500nm) in retinitis pigmentosa (RP).

Methods Thirty-three consecutive RP

patients with different modes of inheritance

were diagnosed clinically, with full-field ERG,

and if possible with molecular genetic

methods. FAF and NIA imaging were

performed with a confocal scanning laser

ophthalmoscope (Heidelberg Retina

Angiograph 2).

Results Rings of increased FAF were present

within an area of preserved retinal pigment

epithelium (RPE) at the posterior pole (31/33).

Rings of increased NIA were located in the

same region as rings of increased FAF. In

contrast to FAF, NIA showed a precipitous

decline of NIA peripheral to the ring. In larger

areas of preserved NIA (11/31), pericentral and

foveal NIA were of similar intensity with an

area of lower NIA in between. In smaller areas

of preserved NIA (20/31), NIA was

homogeneous from the perifovea to the fovea.

In one patient without a ring of increased FAF,

NIA distribution was normal. In the

remaining patient with severely advanced RP,

no residual RPE as well as no FAF and NIA

were detectable.

Conclusion Characteristic features for FAF

and NIA alterations in a heterogeneous group

of RP patients indicate a common pathway of

RPE degeneration. Patterns of NIA and FAF

indicate different pathophysiologic processes

involving melanin and lipofuscin. Combined

NIA and FAF imaging will provide further

insight into the pathogenesis of RP and non-

invasive monitoring of future therapeutic

interventions.
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Introduction

Retinitis pigmentosa (RP) comprises a group of

disorders characterized by night blindness,

progressive visual field loss, subsequent loss of

visual acuity and, on ophthalmoscopy,

narrowing of retinal vessels, retinal pigment

epithelial (RPE) defects, optic disc pallor, and

often development of bone spicules. Within the

group of RP onset of disease, disease severity

and progression as well as clinical findings are

highly variable. In addition, RP-like ocular

findings develop in several syndromes with

additional systemic manifestations. All modes

of inheritance have been observed and non-

syndromic as well as syndromic RP has been

associated with mutations in multiple genes,

which encode proteins with distinct functions in

the photoreceptors or the RPE.1 The evaluation

of the RPE is of major interest as RPE function

may directly be affected by a gene mutation or
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may indirectly react to photoreceptor degeneration.

Histological studies have shown that marked alterations

of the RPE and the photoreceptors are present in areas

with preserved retinal function.2 Non-invasive in vivo

visualization of RPE alterations could provide a

technique to observe the natural course of the disease

and to measure the efficacy of future therapeutic

intervention.3

Recently, autofluorescence techniques have been

introduced to monitor two major pigments of the RPE,

lipofuscin, and melanin. Lipofuscin accumulates during

life in the basal portion of the RPE cells as an end-

product of phagocytotic processes.4,5 Increased

accumulation of lipofuscin in the RPE has been observed

in various degenerative disorders.6–9 Lipofuscin

distribution can be visualized by fundus

autofluorescence (FAF; excitation 488 nm, emission

4500 nm).10 Characteristic patterns of FAF abnormalities

have been reported in RP, and their association with

retinal function has been demonstrated.11–14 In contrast,

melanin is the major protective agent in the RPE cells

sheltering the RPE from exposure to light scattering,

radiation, oxidative stress, and light damage.9,15,16

Melanin granules accumulate in the apical part of the

RPE cells undergoing a moderate decrease in numbers

with age.17 Melanin distribution in the RPE can be

visualized using near-infrared autofluorescence (NIA,

excitation 787 nm, emission 4800 nm).18,19 Choroidal

melanin is an additional, minor source of NIA.19 NIA

abnormalities have been reported in age-related macular

degeneration,18,19 Stargardt disease,20 chloroquine

retinopathy,21 some forms of RP,22,23 and Usher

syndrome.24

Both imaging methods, FAF and NIA, are non-invasive

without any application of dye and can be repeated

frequently if necessary. The purpose of this study is to

compare NIA and FAF images in patients with RP and to

evaluate the usefulness of NIA for diagnostic purposes.

Patients and methods

A consecutive series of 33 patients from 30 families with

non-syndromic or syndromic RP with different modes of

inheritance or as simplex cases with no apparent history

of familial disease were included in this study. The

diagnosis was established in each patient by one author

(UK) based on patient and family history,

ophthalmoscopy, visual field testing, and full-field or

multifocal electroretinography according to the

standards of the International Society for Clinical

Electrophysiology of Vision.25–29 The range of normal

FAF and NIA images was evaluated in one eye of 25

healthy subjects aged 12–70 years without ocular disease.

These subjects had normal visual acuity for the eye

examined and no abnormalities on ophthalmoscopy. All

participating patients and study subjects gave informed

consent after detailed explanation about the background

of the study. The study was performed in adherence to

the tenets of the Declaration of Helsinki. We certify that

all applicable institutional and governmental regulations

concerning the ethical use of human volunteers were

followed during this research.

In vivo measurement of FAF and NIA was performed

by one author (SW) as described previously.21 Images

were obtained after medical dilatation of the pupil

(phenylephrine 2.5% and tropicamide 1%, achieving

a minimal diameter of 5 mm) with a confocal scanning

laser ophthalmoscope (Heidelberg Retina Angiograph 2,

Heidelberg Engineering, Heidelberg, Germany) using

wide-angle or 301 camera objectives. The image

resolution was 768� 768 pixel. The maximum

illumination of a 10� 101 field of view was about 2 mW/cm2.

Focusing was achieved using the near-infrared

reflectance mode at 815 nm. For FAF, argon laser light

(488 nm) was used to excite lipofuscin autofluorescence.

A wide band-pass filter with a cutoff at 500 nm was

inserted in front of the detector. Six pictures per second

were recorded and approximately 10 single images were

averaged depending on the fixation of the patient.

For NIA, diode laser light (787 nm) was used to excite

melanin autofluorescence. A wide band-pass filter with a

cutoff at 800 nm was inserted in front of the detector.

Six pictures per second were recorded and

approximately 15 single images were averaged

depending on the fixation of the patient.

Normal FAF and NIA images show a dark optic disc

and dark vessels due to blocking of autofluorescence

(Figure 1). At the posterior pole, FAF and NIA

distribution differ remarkably. The lowest FAF intensity

is observed in the fovea due to blockage by macular

pigment. FAF intensity gradually increases towards the

perifoveal region and slightly declines towards the vessel

arcades. In contrast, the highest NIA intensity is present

at the posterior pole with peak intensity under the fovea.

NIA intensity gradually declines towards the perifoveal

region. Large choroidal vessels can be visible on some

normal NIA images. Using a wide-angle field of view,

FAF, and NIA intensity remain unchanged from the

mid-periphery towards the periphery (not shown).

FAF and NIA images in RP patients were evaluated on

the computer monitor by three examiners (UK, SK, and

KR). Abnormalities of FAF and NIA distribution were

documented and classified as either increased, normal,

reduced, or absent FAF/NIA. The variability of media

transmission properties due to the presence or absence of

cataract, after cataract or moderate vitreous opacities as

well as the associated difficulties of calibration of the

FAF/NIA grey scale precluded a quantification of FAF or
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NIA intensity in our clinical setting. The horizontal and

vertical diameter of FAF and NIA alterations was

determined with the measuring tools provided by the

software of the Heidelberg retina angiograph.

Measurement of characteristic retinal landmarks

(eg, vessels and optic disc) in a series of 15 eyes

demonstrated no difference between FAF and NIA

imaging modes regarding distance measurements.

Genetic testing for syndromic or non-syndromic RP

was performed in patients where DNA was available

(BHFW and BF; Table 1). The mutational status of non-

syndromic RP was assessed for a single gene or a

combination of genes including peripherin-2 (PRPH2),

rhodopsin (RHO), retinitis pigmentosa-1 (RP1),

centrosomal protein 290 kDa (CEP290), and the X-linked

RP GTPase regulator (RPGR). Primer sequences for

genomic sequence analysis were designed to cover the

coding sequences as well as the immediate 15 bp flanking

the respective 50 and 30 exon/intron boundaries. Gene

mutation testing in syndromic RP was performed by first

analysing 430 known variants in eight Usher syndrome-

associated genes (CDH23, MYO7A, PCDH15, Harmonin,

SANS, Usherin, VLGR1, and USH3A) by the Apex array

technology.30 These genes carry mutations in patients

with various types of Usher syndrome including USH1b,

USH1c, USH1d, USH1f, USH1g, USH2a, USH2c, and

USH3a. Positive findings with the array hybridizations

were subsequently verified by DNA sequencing. All

primer sequences and PCR conditions for the sequence

analyses are available from one of the authors (BHFW)

upon request.

Results

Detailed clinical and molecular genetic data are

summarized for all patients in Table 1. The 33 RP patients

included 12 patients with autosomal dominant RP, two

patients with autosomal recessive RP, eight patients with

simplex RP, six patients with X-linked RP including two

manifesting carriers of X-linked RP, four patients with

Usher syndrome, and one patient with RP and

nephronophthisis. In 7/30 families, disease-associated

gene mutations were revealed (RHO, CEP290, MYO7A,

PRPH2, and 3� RPGR; Table 1). In two additional

unrelated patients (no. 2818 and 2895), mutations in the

RP1 gene were detected, although the functional

relevance of these mutations to the disease is unknown.

In all patients, findings on ophthalmoscopy, FAF, and

NIA did not differ between both eyes except for one

patient (no. 2849) with severe trauma on the left eye. In

32/33 patients with RP, preservation of FAF at the

posterior pole corresponded to the area of preserved RPE

visible on ophthalmoscopy. No residual RPE could be

detected by ophthalmoscopy, FAF, or NIA in one patient

with progressed X-linked RP at an age of 60 years

(no. 2866).

In 29/32 patients with preserved RPE at the posterior

pole, within the area of preserved FAF ring-like or more

irregular-shaped arcs of increased FAF surrounding the

fovea could be distinguished (Figure 2a–d). FAF on both

sides of these rings appeared to be similar and within the

normal range. Compared to normal probands, subfoveal

NIA appeared to be normal in RP patients. In the area of

the rings of increased FAF, pericentral NIA was markedly

increased to the levels of subfoveal NIA. Beyond this ring

of increased NIA, a precipitous decline of NIA intensity

towards the periphery was observed. In 11/29 patients

with larger areas of preserved NIA, the normal

parafoveal decrease of NIA intensity was detectable

between the ring of pericentral increased NIA intensity

and the normal subfoveal high NIA intensity (Figures

2a–c and 3a). In 18/29 patients with smaller areas of

preserved NIA, the NIA intensity was homogeneous

from increased paracentral NIA to normal subfoveal NIA

(Figures 2d and 3b). Areas of increased NIA did not

correspond to ophthalmoscopically increased

pigmentation. Visual fields usually showed a concentric

narrowing with a residual field that was comparable in

diameter to the size of the FAF ring or area of increased

NIA (Figure 3).

The horizontal and vertical diameter of the rings of

increased FAF and NIA was not significantly different

Figure 1 Comparison of normal FAF and NIA distribution.
FAF and NIA are blocked by retinal vessels and the optic disc
appears dark. (a) FAF shows a foveal decrease and NIA shows a
foveal increase in a 15-year-old man. (b) Similar findings in a
46-year-old woman.
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Table 1 Patient data

Patient family Age Sex Gene History VA RE/LE Visual fielda Full-field ERGb

adRP
2776
F268, mother of 2777

63 F Negative: PRPH2 NBL, VA loss at 40 years of
age, amblyopia LE,
additional affected family
members

20/125
HM

Severe constriction Residual
responses

2778
F268, son of 2776

24 M Not examined (negative
result of mother)

NBL, VA loss at 14 years of
age, additional affected
family members

20/125
20/125

Severe constriction Residual
responses

2697
F289, daughter of
2928

45 F Negative: PRPH2, RHO,
RP1

NBL at 15 years of age 20/50
20/32

Severe constriction No recordable
responses

2928
F289, father of 2697

84 M Not examined (negative
result of daughter)

NBL since youth 20/1000
20/200

Not detectable No recordable
responses

2645 63 M PRPH2 c.745G4A
(p.Gly249Ser)

NBL since 20 years of age,
several affected family
members

20/40
20/40

Severe constriction Severely
reduced

2695 60 F Negative: PRPH2, RHO,
RP1

VA loss at 55 years of age,
affected father

20/40
20/40

Severe constriction Markedly
reduced,
DA4LA

2818, variable
penetrance within
family

13 M RP1 (variant c.5375C4G
(p.Ala1792Gly) with
undefined pathogeneity);
negative: PRPH2, RHO

NBL, grandfather affected,
father reduced ERG

20/25
20/25

Moderate
constriction

Unreliable due
to limited
cooperation

2819 37 F Negative: PRPH2, RHO,
RP1

NBL since 20 years of age,
mother affected

20/32
20/20

Moderate
constriction

Markedly
reduced,
DA4LA

2865 62 F RHO, c.1033G4A
(p.Val345Met)

NBL since 15 years of age,
several affected family
members

20/200
20/200

Severe constriction No recordable
responses

2914 49 M Negative: PRPH2, RHO,
RP1

VA loss since 37 years of
age, several affected family
members

20/40
20/32

Severe constriction Severely
reduced

2917 65 F NA VF loss noted at 61 years of
age, father affected

20/32
20/32

Severe constriction Severely
reduced

2929 45 M Negative: PRPH2, RHO,
RP1

Val loss since 20 years of
age, brothers and father
affected

20/20
20/20

Moderate
constriction

Markedly
reduced,
DA4LA

arRP
2847, LCA 15 F CEP290:

IVS25þ 1655A4G
(p.Cys998X); c.5674G4T
(p.Gly1892Ter)

Nystagmus since
childhood, affected
brother, no signs of Joubert
syndrome

20/100
20/100

Severe constriction No recordable
responses
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Table 1 (Continued )

Patient family Age Sex Gene History VA RE/LE Visual fielda Full-field ERGb

2921 46 F NA NBL since childhood,
affected brother and sister

20/63
20/32

Severe constriction No recordable
responses

sRP
1831 54 F NA NBL since youth 20/25

20/32
Severe constriction No recordable

responses
2514 64 F NA NBL; VA loss at 60 years of

age
20/50
20/50

Severe constriction Residual
responses

2779 59 F NA NBL since 28 years of age 20/20
20/40

Pericentral ring
sotoma

Severely
reduced,
DA4LA

2800 56 M NA NBL since 16 years of age 20/63
20/63

Severe constriction No recordable
responses

2805 43 M NA NBL since 23 years of age 20/32
20/25

Severe constriction No recordable
responses

2868 44 F NA NBL since childhood 20/32
20/200

Unreliable due to
cooperation

No recordable
responses

2895 60 M RP1 (variant c.1380G4C
(p.Lys460Arg) with
undefined pathogeneity);
negative: PRPH2, RHO

VA problems since 57
years of age

20/40
20/63

Moderate
constriction

Severely
reduced

2932 30 M NA VA problems since 20
years of age

20/32
20/40

Severe constriction Severely
reduced
DA4LA

xRP
2882
F286, mother of 2885

41 F RPGR-ORF15þ 882delG
(p.Glu879LysfsX209 )
Negative: RP2

Visual field loss since 35
years of age

20/40
20/40

Severe constriction Residual
responses

2885
F286, son of 2882

5 M RPGR-ORF15þ 882delG
(p.Glu879LysfsX209 )

Problems in the dark 20/32
20/32

Midperipheral
sensitivity loss

Unreliable due
to limited
cooperation

2788 33 F RPGR-ORF15: þ 483-
484delGA
(p.Glu802ArgfsX23);
Negative: RP2

NBL since 23 years of age;
more severely affected
brother

20/32
20/32

Severe constriction Severely
reduced
DA4LA

2849 66 M Negative: RP2; RPGR NBL since childhood, LE
lost due to trauma

20/200NLP Severe constriction No recordable
responses

2866 60 M RPGR-ORF15:
þ 699G4T
(p.Glu818Ter)

NBL since childhood HM
HM

Peripheral residues No recordable
responses

2880 28 M Negative: RP2; RPGR NBL since childhood 20/32
20/25

Severe constriction Markedly
reduced
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between FAF and NIA (paired t-test, P40.5). The mean

horizontal diameter was larger (FAF and NIA: 3.2 mm;

range: 0.65–7.5) than the mean vertical diameter

(2.51 mm; range: 0.51–7.61) consistent with the usual oval

shape of the areas of preserved autofluorescence. The

area of pericentral increased NIA had the largest

diameter in the youngest patient (no. 2885, 5 years of age,

Figure 2a). Although the ring diameter varied with age,

all measured diameters decreased with increasing age

and more advanced RP (Figures 2d and 3b).

In 2/32 patients with preserved RPE (no. 2788 and

2882), a broader ring-like area with swirls of increased

FAF surrounded the fovea (Figure 3c). Within the area of

these swirls, NIA was homogeneously increased,

however, the border of increased NIA was less sharply

demarcated compared to the other patients. These

patients were both manifesting carriers of X-linked RP.

In contrast to the previous patients, the remaining

patient with preserved RPE (no. 2800, Figure 2e) showed

a relatively normal distribution of FAF and NIA closely

corresponding to an area of preserved RPE at the

posterior pole on ophthalmoscopy. No rings of increased

FAF were detectable. FAF was slightly lower subfoveal

but without the typical decrease seen in normal subjects.

In contrast, the area of subfoveal increased NIA was

similar to the size seen in normal individuals.

Discussion

The findings in this study support the presence and

different characteristics of two fundus fluorophores in

normal and RP-diseased conditions. The difference in the

distribution of FAF and NIA abnormalities in the present

series of RP patients indicates different pathophysiologic

processes involving the fluorophores lipofuscin and

melanin. The observed FAF and NIA alterations appear

to be a universal phenomenon in RP patients.

The normal distribution of FAF intensity corresponds

to the distribution of lipofuscin increasing from the

periphery to the posterior pole with a dip at the fovea

due to blockade by macula pigment.10,31 Accumulation of

lipofuscin and correlated increase of autofluorescence

depends on the phagocytosis of photoreceptor outer

segments.32 In various degenerative retinal disorders,

increased FAF correlated with lipofuscin accumulation,

whereas reduced or absent FAF indicated blockage (eg,

retinal vessels), loss of RPE cells, or absence of RPE

phagocytosis.26,27,33–40 The patterns of FAF distribution in

RP patients observed in this study are similar to those

reported previously. Ophthalmoscopically preserved

areas of RPE at the posterior pole correspond to

detectable FAF. Within this area of preserved FAF,

a ring of increased FAF that is not discernible by

ophthalmoscopy can be detected in the majority ofT
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RP patients.41 This ring of increased FAF demarcates

the area of preserved cone function,11,13,14 whereas rod

function can be severely affected in areas within the

ring.12 This is puzzling, as FAF intensity at both sides of

the ring of increased FAF appears to be similar, and thus

FAF intensity does not correspond to photoreceptor

Figure 2 Colour image, FAF and NIA in RP. (a) In the youngest patient (no. 2885, 5 years, xRP), FAF and NIA were increased near the
vascular arcades and the optic disc. Both FAF and NIA appeared normal in the fovea. (b) In a patient with adRP (no. 2818, 13 years of
age), pericentral NIA was increased within an oval ring of increased FAF with a precipitous decline peripheral to this border. The
distribution of NIA intensity within this area was inhomogeneous. (c) A similar finding but a smaller area of preserved NIA was seen
in a patient with xRP (no. 2880, 28 years of age). (d) In more progressed arRP, a small ring of increased FAF and an area of
homogeneous NIA was present (no. 2921, 46 years of age). (e) In contrast, patient no. 2800 (sRP, 56 years of age) showed a relatively
normal distribution of FAF and NIA within the preserved RPE at the posterior pole. FAF was slightly lower subfoveal without marked
decrease, and NIA showed a subfoveal increase. Few parafoveal dark spots can be seen on FAF and NIA correspond to RPE loss.
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function. The swirls of increased FAF in carriers of

X-linked RP observed in this study support previous

observations.42

In this study, rings of increased FAF were associated

with rings of perifoveal increased NIA and corresponded

closely with a precipitous decline of NIA towards the

periphery. Similar NIA alterations have been described

in RP associated with CEP290 or RHO gene mutations

and in Usher 2A and 3A syndrome.22–24 The pericentral

increase of NIA in RP is most likely related to the

accumulation of melanin or melanin-associated

fluorophores. There is consistent evidence based on the

distribution of NIA corresponding to RPE melanin

distribution,31 the contribution of RPE and choroid to

NIA and the markedly increased NIA in choroidal

nevi that the major contribution to NIA is derived

from ocular melanin, although a minor contribution

of other fluorophores can not be excluded at present.19

Increased NIA corresponds to increased melanin

levels (eg, in choroidal nevi), reduced NIA to

deficient RPE cells in chloroquine retinopathy, age-

related macular degeneration, or Stargardt disease.18–21

Figure 3 FAF, NIA and visual field in RP. For easier comparison, visual fields are inverted: (a) moderate concentric narrowing
corresponding to the area of increased NIA (adRP, no. 2929, 45 years of age), (b) severe concentric narrowing corresponding to the area
of increased NIA (arRP, no. 2921, 46 years of age). (c) In a manifesting carrier of xRP (no. 2788, 33 years of age), swirls of increased FAF
demarcate an area of homogeneously increased NIA, which shows a less precipitous decline towards the periphery. The preserved
visual field corresponds to the area of increased NIA.
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Three possible mechanisms could explain the altered

NIA distribution in RP. First, an increase of melanin,

melanolysosomes, or melanolipofuscin content in the

RPE cell may occur. Limited melanogenesis has been

found in adults,43 and as melanin is involved in

photoreceptor outer segment phagocytosis,44 an increase

of melanogenesis as a response to increased phagocytosis

of degenerating photoreceptors is feasible.45 An increase

of melanolysosomes and melanolipofuscin has been

documented in degenerative diseases.4,17,46 Second, an

alternative hypothesis would be an alteration of melanin

autofluorescence characteristics that has been observed

due to oxidation.47,48 Third, a different placement of

melanin within the RPE cells could affect NIA. In normal

RPE cells, melanin granules accumulate in the apical

portion of the cell, whereas lipofuscin is located in the

basal portion.17 This intracellular distribution may be

disturbed in a diseased state. Finally, a combination of

the previous three mechanisms may be the basis of the

observed NIA alterations.

Histological examinations of RP retinae have focused

on melanin in bone spicule formation, and only limited

attention was given to alterations of melanin in RPE cells

at the posterior pole.49 The existing reports support the

correlation of NIA findings to RPE melanin distribution

in RP. In advanced RP with different forms of

inheritance, loss of pure melanin granules and a marked

increase of melanolysosomes within the RPE cells has

been documented in areas with preserved retinal

function corresponding to cones with residual outer

segments, and intact cone synaptic pedicles.2,50–52 In

contrast, RPE cells in the perifovea or near the optic disc

underlying cone cell bodies without outer segments, and

synaptic pedicles lost their melanin and contained no

melanolysosomes.50,53 Also, in areas with shortened and

disorganized cone and rod outer segments, pyramid-

shaped RPE protuberances filled with melanin granules

were found to surround cone but not rod outer

segments.2,51 On the basis of these histological findings,

we assume that the increased NIA reflects the presence of

melanin and melanolysosomes in areas with preserved

cone function. The functional findings in our patients

and earlier studies on FAF and retinal function11,13,14 are

in agreement with the histological findings. The area

within the rings of increased FAF and NIA are identical

with the area of preserved cone function. The larger area

of detectable FAF peripheral to the ring of increased FAF

most likely indicates preserved RPE cells with loss of

viable photoreceptors. This is consistent with OCT

findings indicating loss of the outer nuclear layer and

corresponding visual field loss in areas peripheral to the

perifoveal ring of increased NIA.22,24 During disease

progression, a reduction of size has been observed for the

ring of increased FAF,14 and correlates to the decline of

the diameter of areas of preserved autofluorescence with

age in the present series.

It is impossible to differentiate, whether the increased

number of melanolysosomes, the altered oxidation of

melanin or the anterior displacement of melanin granules

in RPE protuberances contributes predominantly to the

increased NIA. Our patient (no. 2866) with non-

detectable NIA and missing cone function corresponds to

a histological report of the absence of melanin and

absence of recent phagocytosis in subfoveal RPE cells

losing the monolayer formation in a severe case of RP.54

The molecular genetic data in our series are limited,

but the detected associated gene mutations and the

different modes of inheritance underline the

heterogeneity of the RP patients included in this study.

On the basis of the presence of similar FAF and NIA

alterations in 96.9% of patients with preserved RPE in the

heterogeneous group of RP patients in the present study

as well as previously reported RP patients,22–24 we

hypothesize that the documented pathophysiologic

alterations of the RPE are a characteristic phenomenon in

RP patients supporting the concept of a common

pathway of RPE degeneration independent of the

underlying gene defect.

Although the underlying mechanisms that contribute

to NIA alterations need further evaluation, at present, it

can be concluded that the combined application of FAF

and NIA allows the monitoring of RPE abnormalities and

provides insights on different pathophysiologic aspects

of the degenerative process in RP. These non-invasive

techniques facilitate frequent follow-up examinations,

which will be important for future therapeutic trials.
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