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RETINOGRAFIA HIPERESPECTRAL: EFECTES DE L’EDAT EN 

PACIENTS ADULTS SANS 

 
 
RESUM 

Propòsit: Validar una càmera de fons d'ull hiperespectral amb sensibilitat en el rang de llum 
visible i infraroig proper, com un mitjà per obtenir informació espectral del fons d'ull i els efectes 
de l'envelliment en pacients adults sans. 
Mètodes: Un total de 105 ulls sans, de pacients d’entre 30 i 89 anys d’edat, van ser inclosos a 
l’estudi. A tots ells se’ls va realitzar un examen optomètric. A més, es van fer mesures amb 
retinograf de color convencional, amb tomografia de coherència òptica i  amb càmera de fons 
d’ull hiperespectral.  
Resultats: Els resultats van mostrar valors de reflectància més alts a longituds d’ona curtes en 
pacients d’edats avançades (entre 70 i 89 anys) respecte la resta. Dins d’aquest rang d’edat, els 
pacients avaluats tenien implantada una per cirurgia de cataractes i, per aquesta raó, tenien 
major transparència dels medis oculars. En els altres grups d'edat, la reflectància tendia a 
disminuir amb l'edat. D'altra banda, depenent de les longituds d'ona analitzades, les imatges 
van ressaltar diferents estructures oculars. Les longituds d'ona més curtes, de 416nm a 525nm, 
van revelar informació sobre les fibres nervioses i el disc òptic. Les longituds d'ona entre 595nm 
i 732nm van ser útils per ressaltar estructures vasculars. Finalment, les longituds d'ona més 
llargues (>865nm) van mostrar informació sobre estructures més profundes, com els vasos 
coroidals. 
Conclusions: S’ha demostrat que les imatges hiperespectrals són útils per proporcionar 
informació de diferents estructures oculars. Les corbes de reflectància han permès avaluar de 
manera quantitativa la possible reducció de la transparència dels medis oculars, així com 
informació rellevant de les estructures del fons d’ull. Així, aquest instrument podria ser útil 
clínicament per al diagnòstic precoç i el seguiment de malalties oculars que afecten la retina. 
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RETINOGRAFIA HIPERESPECTRAL: EFECTOS DE LA EDAD 

EN PACIENTES ADULTOS SANOS  

 
RESUMEN 

Propósito: Validar una cámara de fondo de ojo hiperespectral con sensibilidad en el rango de luz 
visible e infrarrojo cercano, como un medio para obtener información espectral del fondo de 
ojo y los efectos del envejecimiento en pacientes adultos sanos. 
Métodos: Un total de 105 ojos sanos, distribuidos en diferentes rangos de edad (30-89 años), se 
incluyeron en un estudio clínico. A todos los pacientes se les realizó un examen optométrico. 
Además, se llevaron a cabo medidas con retinógrafo de color convencional, con tomografía de 
coherencia óptica y con la cámara de fondo hiperespectral. 
Resultados: Los resultados mostraron valores de reflectancia más altos a longitudes de onda 
cortas en pacientes de edad avanzada (entre 70 y 89 años) con respecto al resto. Dentro de este 
rango de edad, todos los pacientes tenían implantada una lente por cirugía de cataratas y, por 
esta razón, tenían una mayor transparencia de los medios oculares. En los otros grupos de edad, 
la reflectancia tendía a disminuir con la edad. Por otro lado, dependiendo de las longitudes de 
onda analizadas, las imágenes resaltaron diferentes estructuras oculares. Las longitudes de onda 
más cortas, de 416 nm a 525 nm, revelaron información sobre las fibras nerviosas y el disco 
óptico. Las longitudes de onda entre 595 nm y 732 nm fueron útiles para resaltar estructuras 
vasculares. Finalmente, las longitudes de onda más largas (>865 nm) mostraron información 
sobre estructuras más profundas, como los vasos coroideos. 
Conclusiones: Se ha demostrado que las imágenes hiperespectrales son útiles para proporcionar 
información sobre diferentes estructuras oculares. Las curvas de reflectancia han permitido 
evaluar de manera cuantitativa la posible reducción de la transparencia de los medios oculares, 
así como información relevante de las estructuras del fondo de ojo. Así, estos dos factores 
respaldan el hecho de que este instrumento podría ser útil clínicamente para el diagnóstico 
precoz y el seguimiento de enfermedades oculares que afectan la retina. 
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HYPERSPECTRAL RETINOGRAPHY: EFFECTS OF AGING IN 

HEALTHY ADULTS  

 
SUMMARY 

Purpose: To validate a hyperspectral fundus camera, which has sensitivity in the visible and the 
near-infrared ranges, as a means of obtaining spectral information of the fundus and the effects 
of aging in healthy adult patients.  
Methods: A total of 105 healthy eyes, distributed in different ranges of age (30-89 years old), 
were included in a clinical study. All patients were examined with the usual optometric exam. 
Additionally, measurements with conventional colour retinography, optical coherence 
tomography and hyperspectral fundus camera were carried out.  
Results: The results showed that the spectral reflectance at shorter wavelengths of patients 
between 70 and 89 years was higher with respect to the others. Within this age range, all the 
patients had been previously implanted with intraocular lenses and, for this reason, they had 
higher ocular media transparency. On the other hand, depending on the wavelengths analysed, 
the images highlighted different ocular structures. The shorter wavelengths, from 416nm to 
525nm, revealed information about nervous fibres and also the optic disc. Wavelengths 
between 595nm and 732nm were useful to highlight vascular structures. Finally, the longer 
wavelengths (>865nm) showed information about deeper structures, like the choroidal 
vasculature.  
Conclusions: Hyperspectral images were shown to be useful to provide information about 
different ocular structures. The reflectance curves allowed us to evaluate in a quantitative way 
the possible reduction of ocular media transparency as well as other relevant information from 
ocular structures. These two factors support the fact that this instrument might be clinically 
useful to early diagnose and follow up several eye diseases affecting the retina.   
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Abstract: A hyperspectral fundus camera, which has sensitivity in the visible but also in 

the near-infrared range (400nm – 1300nm), has been used in this study as a means of 

obtaining spectral information of the fundus and the effects of aging in healthy adult 

patients. A total of 105 healthy eyes from 60 patients, distributed in different ranges of age 

(30-89 years old), were included in the clinical study. The results showed that the shorter 

wavelengths (416nm-525nm) revealed information about nervous fibers and optic disc. 

Wavelengths between 595nm-732nm were useful to highlight vascular structures, like 

arteries and veins. Finally, the longer wavelengths (>865nm) showed information about 

deeper structures, like the choroid vasculature. Also, results mainly showed differences in 

terms of spectral reflectance in patients between 70 and 89 years with respect to those of 

other decades of age. All the oldest patients evaluated had been previously implanted with 

intraocular lenses and, for this reason, they had unexpected higher ocular media 

transparency. In the other age groups, the reflectance generally decreased as the age 

increased. These results support the fact that this instrument might be useful clinically to 

early diagnose and follow up several eye diseases affecting the retina.   
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1. Introduction 

According to demographic development, life expectancy is increasing notably, which 

means that individuals might suffer a deterioration of the visual health more commonly and 

have higher risk of ocular pathology. There are many eye diseases that appear with age: 

patients above the age of 70 years have higher risk of developing diseases like cataracts, 

Age-related Macular Degeneration (AMD), glaucoma, diabetic retinopathy and retinal 

detachment (RD) than those between the ages of 50 and 70 [1]. Considering all this, control 

revisions and early diagnosis become very important, especially in old-aged individuals.  

In particular, retinal and Optic Nerve Head (ONH) diseases can cause vision loss and 

blindness [2] if they are not diagnosed in time. Due to the prevalence of these ocular 

pathologies, it is therefore of particular interest and relevance to use a retinal observation 

method allowing their detection and early diagnosis in clinics. Nowadays, a set of tests and 

exams are performed at the optometric or ophthalmic visits with the aim of evaluating the 

eye health as a whole, establishing a treatment if needed. One of the most important tests is 

the observation of the posterior pole, which can be done by means of different optical 

imaging systems. The most common ones are those based on fundus photography [3], 

fluorescein angiography [4], infrared imaging [5], and Optical Coherence Tomography 

(OCT) [6]. All of them are non-invasive techniques and may enhance detection of retinal 

lesions compared with only the traditional fundus examination through an ophthalmoscope 

[7].   

During the progression of degenerative retinal pathologies, like AMD, diabetic retinopathy 

or glaucoma, different stages can be distinguished, where at the most initial phases none or 

few pathological signs can be observed using the most common imaging systems. The 

conventional fundus cameras are based on RGB imaging systems with only three spectral 

bands: red, green and blue. These systems include one trichromatic camera with a white 



 

 
 

light source [8]. More recently, HYperspectral imaging Systems (HYS) have been 

introduced allowing the acquisition of spectral images through more than 3 spectral bands, 

modifying the spectral sampling in comparison with common fundus camera by means of 

changes in the illumination or acquisition bands. There are systems in which tuneable filters 

have been placed in front of a monochromatic camera [9,10], or alternatively others use 

Light Emitting Diodes (LED) [11,12] or sequential HYS sensors based on band-pass 

interference filters [13]. These instruments, even though they show some improvement with 

respect to conventional RGB cameras, only allow the acquisition of images within the 

visible range. Additionally, they are susceptible of generating severe motion artefacts and 

pixel misregistration because the eye is constantly moving and the acquisition time is rather 

long.  

For this reason, a HYS fundus camera that has been recently developed at the Universitat 

Politècnica de Catalunya (UPC) - Centre for Sensors, Instruments and Systems 

Development (CD6) has been used in this study, which has sensitivity in the visible but also 

in the near-infrared range (400nm – 1300nm). This system is useful to acquire images with 

more detailed information of retinal deeper layers, even reaching the choroid (choroidal 

vasculature and the Retinal Pigment Epithelium, RPE). This part of the retina cannot be 

observed with trichromatic fundus cameras because visible light does not penetrate so deep 

due to high absorbance of the preceding layers. The system is able to perform fast imaging 

of the retina and is expected to provide relevant spectral information of deeper structures of 

the retina from the images taken within 900nm and 1300nm, as in this range there is less 

absorption of melanin and hemoglobin [14].  

The goal of this study is to clinically validate the new HYS fundus camera prototype in 

healthy patients aged from 30 years to 89 years, as a means of evaluating the spectral 

features of different retinal structures over time and possibly detect some pathological signs 

that sometimes are ignored using conventional retinography. The study underlines the 

clinical potential of this system as a new tool for ophthalmic diagnosis [15]. 

 

2. Material and methods 

2.1. HYS fundus camera 

The HYS fundus camera used for this study is composed by lenses, mirrors, diaphragms, 

LEDs and two cameras (Fig. 1). The first is a CMOS camera (Orca Flash 4.0, Hamamatsu, 

Japan) with 2048x2048 pixels, with sensitivity to visible (VIS) light (400nm - 1000nm). 

The second is a camera called InGaAs (C12741-03, Hamamatsu, Japan) with 640x512 

pixels, with sensitivity to near infrared (NIR) light (950nm - 1700nm). Both cameras are 

synchronized and for this reason, all spectral images are obtained in 613ms (154ms for the 

CMOS and 459ms for the InGaAs). As it is a fast capture, it prevents from invalid images 

due to the patient's ocular movements. The whole prototype has an angular field of view of 

30º of the fundus and magnifications of 1.20 (VIS) and 0.88 (NIR), which allow taking 

images of the eye fundus without the prior need to dilate the patient’s pupil with mydriatic 

drops. 

The main feature of this fundus camera is that it is made up of light sources composed of 

LEDs emitting at different regions of the VIS and NIR spectrum allowing 15 different 

images to be obtained at 15 spectral bands centred at the following wavelengths: 416nm, 

450nm, 471nm, 494nm, 525nm, 595nm, 598nm, 624nm, 660nm, 732nm, 865nm, 955nm, 

1025nm, 1096nm and 1213nm. The shorter wavelengths enable to analyse in detail the most 

superficial retinal structures, such as nerve fibres, while the infrared ones allow the 

visualization of deeper layers of the back of the eye, such as the choroid. 

 

 

 

 



 

 
 

 

 

 

 

 

 

Fig. 1. Optical scheme of the HYS fundus camera (Top left). Illumination arm: 1-LED rings structure; 

2a, 2b, 2c-LED rings; 3, 4-1150 nm and 700 nm dichroic mirrors; 5a, 5b-Illumination telescopes’ lenses; 
6-Retinal conjugated diaphragm; 7-Anti-backreflections stops; 8-Fixation target; 9-Mirror; 10-Beam 

splitter plate. Detection arms: 11, 12-Objective’s lenses; 13-Holed mirror; 14-Lens; 15-950 nm dichroic 

mirror. VIS-NIR detection path: 16-Lens; 17-Field diaphragm; 18a, 18b-VIS-NIR telescope’s lenses; 19-
Refraction correction translator platform; 20-Aperture diaphragm; 21-CMOS camera. NIR detection 

path: 22-Field diaphragm; 23-Mirror; 24-Platform-linear translator; 25a, 25b-NIR telescope’s lenses; 26-

Aperture diaphragm; 27-InGaAs camera. Internal view of the HYS fundus camera (Top right). External 

view of the HYS fundus camera (Bottom). 

 

2.2. Control software 

To acquire the spectral images, two programs were simultaneously used together with the 

HYS fundus camera: the HoKaWo and MATLAB R2018b (Fig. 2). The first one allowed 

us to control both cameras, to obtain an optimal visualization of the posterior pole, and to 

adjust some parameters needed for the acquisition, the so-called Look Up Table (LUT), in 

order to highlight the ocular fundus structures while minimizing the back reflections of the 

system. It is to be highlighted that back reflections are one of the main drawbacks in fundus 

cameras as the retina reflects only about 3% of the energy while back reflections of optical 

surfaces included in the components of the camera as well as in the eye itself (such as the 

cornea and the lens) might be much stronger. Therefore, they must be avoided if usable 

spectral information is to be obtained from the retinal and choroidal structures. The second 

program allowed us to select the right and left eye, save the patient’s refraction (spherical 

equivalent), and perform the corresponding adjustment on a micrometric screw of the 

system to compensate for the refractive state of every patient. The program actually 

indicates the number of millimetres (mm) that permit to correct the patient’s spherical 

refraction to obtain focused fundus images. Finally, once the images have been taken, they 

are displayed using the Fiji program (ImageJ). 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. HoKaWo program ready to take the capture (top). 1: Camera control. 2: visualization during the 
capture. 3: Window to adjust the Look Up Table (LUT) (right). MATLAB program (bottom). 4: Options 

to choose the right or left eye and take the photo (“Target UD” / “Target UE” / “Measure”). 5: Window 

to introduce patient’s information. 

 

2.3 Clinical measurements and protocol 

A clinical study was conducted at the University Vision Center (CUV) in Terrassa (Spain) 

during the months of September, October and November 2019. All patients provided 

written informed consent before any examination and ethical committee approval was 

obtained. The study complied with the tenets of the 1975 Declaration of Helsinki (Tokyo 

revision, 2004). 

All patients were examined with the usual tests of optometric consultation, evaluating the 

best-corrected visual acuity (BCVA), refractive error, intraocular pressure (IOP) with an 

air-puff tonometer (CT-80, Topcon, Japan) and performing conventional retinography and 

OCT (3D OCT-1 Maestro, Topcon, Japan). 

The inclusion criteria of the study were: 

- Age between 30-89 years old. 

- Healthy eyes (with an IOP below 21mmHg).  
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- Subjective refraction between ±15D and astigmatism ≤2D (spherical refraction 

limited by the prototype correction range and low astigmatism value to obtain 

acceptable images without high distortion). 

Before the acquisition of the images of the fundus, the alignment and LUTs were set by 

means of the two programs and the micrometric screw described in the former section, and 

an additional background image was also taken to remove some artefacts coming from the 

system (internal reflections, stray light, etc.) using a black blanket placed in front of it to 

avoid any ambient light entering inside (Fig. 3).  

 

Fig. 3. Acquisition of the background image with the black blanket with the room in the dark. 

 

Then, in order to capture the fundus images, the patient was asked to place the chin and 

front at the chinrest, looking at a red square fixating point (available inside the prototype, 

one for each eye). Through the manual adjustment of the chinrest, the acquisition of the 

images was carried out. The patient was asked not to blink for a few seconds to obtain the 

whole sequence of spectral images (613ms). In total, two images were taken for each eye 

and the entire process was done with the light of the room turned off. 

 

3. Results 

A total of 120 eyes of 60 patients were measured. Eight of them were excluded from the 

analysis as they did not comply the age and refraction inclusion criteria; additionally, four 

more eyes of two patients were excluded for having cataracts and 3 more ones due to the 

existence of other pathologies. The rest (105) were healthy eyes. However, six of them had 

been previously implanted with Intraocular Lenses (IOL) during cataract surgery (these 

were included in the study). Table 1 shows the number of healthy eyes for different groups 

of age measured (divided in decades of age between 30 and 89 years), and the corresponding 

mean age, distribution of gender, BCVA and manifest subjective refraction. 

 

Table. 1.  Number of healthy patients / eyes for every age group, mean age (years), F: female, M: male, 

BCVA: best-corrected visual acuity (decimal), Sphere and cylinder (Diopters) included in the study (also 

those implanted with IOLs). 

 

 

Figures 4, 5, 6 and 7 show the fundus images measured for four healthy patients aged 32, 

46, 63 and 80 years old, respectively.  

Age (years) Mean age Number of eyes Gender (%) BCVA Sphere Cylinder

30-39 34 ± 1,633 7 75% F / 25% M 1,057 ± 0,098 -0,321 ± 1,830 -0,571 ± 0,773

40-49 47,192 ± 1,721 26 43% F / 57% M 1,146 ± 0,179 -0,26 ± 1,866 -0,529 ± 0,653

50-59 54,591 ±  2,471 44 59% F / 41% M 0,993 ± 0,219 +0,915 ± 2,582 -0,56 ±  0,453

60-69 65,263 ± 3,246 19 55% F / 45% M 1,011 ± 0,099 +1,789 ± 0,951 -0,434 ± 0,432

70-79 73,5 ± 3,16 5 67% F / 33% M 1,000 ± 0,000 +1,300 ± 1,052 -0,550 ± 0,716

80-89 80 ± 0,00 4 100% F / 0% M 0,975 ± 0,05 +1,125 ± 1,601 -0,625 ± 0,722



 

 
 

 

Fig. 4. Images of the patient 087 aged 34 years old. Left: fundus image taken with the OCT Maestro 3D. 

Right: spectral fundus images obtained with the HYS prototype. 
 

 

Fig. 5. Images of the patient 025 aged 46 years old. Left: fundus image taken with the OCT Maestro 3D. 

Right: spectral fundus images obtained with the HYS prototype. 

 

 

Fig. 6. Images of the patient 002 aged 64 years old. Left: fundus image taken with the OCT Maestro 3D. 

Right: spectral fundus images obtained with the HYS prototype. 



 

 
 

 

Fig. 7. Images of the patient 090 aged 80 years old. Left: fundus image taken with the OCT Maestro 3D. 

Right: spectral fundus images obtained with the HYS prototype. 

 

Some details can be further analysed from these examples. For instance, comparing the 

macular zone of the spectral fundus in the two patients aged 46 and 80 years old, 

respectively, it can be seen that the fovea of the youngest patient is more defined than that 

of the older one with has less defined macular limits, especially at medium wavelengths 

(Fig. 8). 

 
Fig. 8. HYS image taken at 595nm showing the macular area. 1: patient aged 46 years old. 2: patient 

aged 80 years old. 

 

In reference of the ONH and the excavation, we can see that with age, the edges are less 

defined. Figure 9 shows zoomed images taken at 660nm of the ONH of the four healthy 

patients aged 34, 46, 64 and 80 years old, respectively. As it can be seen, in the image of 

the oldest patient (4) the ONH edges are blurred and the excavation cannot be easily 

observed, while in the other patients the edge’s delimitation is well defined.  

 

 

 

 

Fig. 9. HYS image taken at 660nm. 1: patient aged 34 years old. 2: patient aged 46 years old. 3: patient 

aged 64 years old. 4: patient aged 80 years old. 

 

In regards with the observation of nervous fibers, figure 10 shows spectral images taken at 

471nm, where the comparison of these more superficial zones can be better carried out. It 

can be seen that in the image corresponding to the youngest patient (1), the nervous fibres 

are clearly visible, whereas in the oldest one (4) they are not so evident.  
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Fig. 10. HYS image taken at 471nm. 1: patient aged 34 years old. 2: patient aged 46 years old. 3: patient 

aged 64 years old. 4: patient aged 80 years old. 
 

In the following paragraphs, an analysis of the observed retinal structures in spectral images 

as a function of the wavelength (like nervous fibres, blood vessels and choroidal 

vasculature) is done.  Figure 11 shows zoomed colour and spectral images taken at 471nm, 

494 nm and 525 nm of the patient 087 aged 34 years. In the monochromatic spectral images, 

the nervous fibres can be more clearly distinguished than using the coloured one, as at these 

short wavelengths light is reflected more superficially in the eye fundus than at longer ones.  

 

 

 

 

 

 

 

Fig. 11. Images of the patient 087 aged 34 years old. Left: fundus image taken with the OCT Maestro 
3D. Spectral fundus images obtained with the HYS prototype at 471nm, 494nm and 525nm. White 

arrows: nervous fibers. 

 

Figure 12 shows spectral images taken at 471 nm, 595 nm and 865 nm for patient 090 aged 

80 years. In the monochromatic spectral images corresponding to intermediate 

wavelengths, the retinal blood vessels can be more clearly distinguished than using the 

others as haemoglobin absorbs stronger at blue and green peaks.  
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Fig. 12. Images of the patient 090 aged 80. Fundus image taken with the OCT Maestro 3D (RGB). 

Spectral fundus images obtained with the HYS prototype at 471nm, 595nm and 865nm. 

 

On the other hand, figure 13 shows the HYS images taken at 732nm and 955nm for patients 

087 and 025 aged 34 and 46 respectively. As expected, light penetrates deeper at longer 

wavelengths and therefore, information from deeper layers as the choroid and its 

vasculature is available at images within the NIR extended spectral range of the HYS 

prototype used. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Images of the patient 087 (top) and 025 (bottom) aged 34 and 46, respectively. Spectral fundus 

images obtained with the HYS prototype at 732nm, and 955nm. White arrows: choroidal vasculature. 

 

Besides the healthy eyes analysed so far, the following figures show examples of pathologic 

eyes that were excluded from this study. Figure 14 corresponds to a patient of 67 years old 

with cataracts. As it can be seen, in the images taken at short wavelengths (416nm – 

494nm), retinal structures, such as the blood vessels, choroidal vasculature, among others, 

cannot be distinguished.  

On the other hand, figure 15 shows the left eye of a patient aged 78 years old, who was 

diagnosed with myopic choroiditis. This ocular disease is based on a set of signs associated 

with myopia. The principal damage is the presence of chorioretinal atrophic areas. As it can 

be seen at the zoomed colour and OCT records, the choroid thickness and colour intensity 

is irregular and brighter and darker zones can be observed, especially at intermediate (green 

and red) wavelengths.      
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Fig. 14. Images of an eye with cataracts corresponding to the patient 070 aged 67 years old.  Left: fundus 

image taken with the OCT Maestro 3D. Right: spectral fundus images obtained with the HYS prototype. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. Images of the patient 022 aged 78 years old diagnosed with myopic choroiditis. Left: fundus 

image and OCT image taken with the OCT Maestro 3D. Right: spectral fundus images obtained with the 

HYS prototype. 

 

Finally, in figure 16, the averaged spectral reflectance curves as a function of age (decades 

of age) corresponding to different retinal structures are shown. These spectral reflectance 

curves were additionally computed from the digital levels of the images previously shown. 

Information for the following ocular structures are given: the optic disc, veins, arteries and 

the retina (without structures).  

In the plots, it is noticeable how the 70s and 80s curves have a notably higher reflectance 

at shorter wavelengths in comparison to other age ranges. This can be explained by the fact 

that all patients included in these two decades of age (70s and 80s) had been previously 

implanted with IOLs so that their ocular transmittance, especially at the blue-green 

wavelengths (>550nm), was enhanced. On the contrary, the reflectance curve 

corresponding to the range of 60s has lower transmittance due to the possible loss of ocular 

media transparency that takes place with aging. Also, a minimum of reflectance can be 

observed at the near-infrared (around 1000nm). This is due to the water absorption that 

mainly takes place in the ocular media in front of the retina (cornea, lens, vitreous and 

aqueous humour). As it can be seen in figure 17 this has also been observed by other authors 

[16].  

 

 

 



 

 
 

 

Fig. 16. Absolute spectral reflectance curves of the optic disk (a), veins (b), arteries (c) and fundus without 

structures (d) as a function of age. 

 

       

 

 

 

 

 

 

 

Fig. 17. Spectral transmittance of the eye at different axial locations (Source: Ref. 16). 

 

Figure 18 shows the absolute spectral reflectance curves for the eyes of the patient with 

myopic choroiditis, which were actually both previously implanted with IOLs. In the plots, 

and in both eyes, differences of spectral reflectance between dark and bright zones are 

highlighted. The brighter areas correspond to chorioretinal atrophic areas (lesions) where 

the reflectance is higher.               

 

Fig. 18. Absolute spectral reflectance curves of the right (a) and left (b) eyes of patient 022 aged 78 years 

old diagnosed with myopic choroiditis. 
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Finally, figure 19 shows the mean absolute spectral reflectance curve corresponding to 

patients with cataracts.  

 
Fig. 19. Absolut spectral reflectance curves of patients with cataracts. 

 

In the plot, it is noticeable the reduction of reflectance, especially in wavelengths up to 

850nm. This reduction is caused because of the loss of transparency in the lens (the 

intraocular diffusion is higher) and also the yellowish effect (the lens acts as a yellow filter 

absorbing more at the blue wavelengths) that typically appears with a cataract.  

 

4. Conclusions 

In this study, we have validated a HYS fundus camera with 15 spectral bands as a means of 

obtaining spectral information of healthy patients aged from 30 to 80 years old. We obtained 

spectral images in the VIS and NIR ranges as well as reflectance curves for several ocular 

structures and for each decade of age considered. Results highlighted the usefulness of the 

system: for example, patients with IOL implants had higher reflectance at shorter 

wavelengths, as expected and, therefore, the fundus could be better observed in such 

patients. The results also showed that, on average, as the age increases, the reflectance 

between 550nm and 850nm decreases. The HYS images showed some additional 

information of the fundus in comparison with the obtained using the conventional fundus 

camera, especially details of the choroid as the NIR wavelengths penetrate deeper due to 

lower absorption of the tissue. Also, the HYS fundus camera was used to image the fundus 

of some patients with pathologies, like patients with cataracts or other retinal diseases.  

In conclusion, images taken with the HYS system provide additional information that might 

be clinically relevant to early diagnose some ocular diseases, in which some small signs can 

be ignored using conventional retinography.  
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