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Advanced ocular imaging has 
transformed clinical eye care and 
is now integrated into the early 
detection, accurate diagnosis, and 
appropriate management of a variety 

of ocular diseases. As new imaging modalities emerge that 
tout advances in analytics, optics, and lasers, researchers are 
investigating their clinical utility before they become a part 
of routine practice. Here are some of the tools working their 
way through the ophthalmic imaging pipeline.

 F LU O R E S C E N C E I M AG I N G 
The OcuMet Beacon (OcuSciences) identifies retinal 

metabolic diseases using flavoprotein fluorescence (FPF) 
technology. The device shines blue light onto the retina to 
excite flavoproteins, which show a green autofluorescence.1 
The amount of fluorescence emitted by the flavoprotein 
indicates reversible metabolic stress due to disease, before 
cell death. The more intense the signal output the device 
generates, the more metabolic dysfunction it is measuring. 

Conversely, a decrease in metabolic stress may reduce FPF 
intensity. In a study by Romo et al, eight patients with diabetic 
retinopathy (DR), diabetic macular edema (DME), and/or 
clinically significant DME (CSDME) were imaged before and 
after treatment with anti-VEGF therapy.2 The results showed a 
strong correlation between decreased FPF and improvement 
in BCVA following therapy (Figure 1). One patient with DME 
(not CSDME) had significantly improved FPF after anti-VEGF 
treatment, demonstrating that this imaging modality may 
detect mechanisms not due to CSDME.2 

The OcuMet Beacon can detect the presence of 
FPF at the optic nerve head, indicating mitochondrial 
dysfunction and glaucomatous damage.3 Ahsanuddin et al 
found that FPF values were inversely correlated with BCVA 
and elevated in conditions known to be mediated by 
oxidative stress, such as retinal vein occlusion, AMD, and 
proliferative DR.4  

Fluorescence lifetime imaging ophthalmoscopy (FLIO) 

monitors changes in the retina using a similar method—
measuring the lifetimes of fundus autofluorescence. Using 
FLIO, clinicians can measure the time a molecule spends 
in an excited state before returning to a ground state. In 
addition to standard intensity images, FLIO creates detailed 
characterizations of ocular diseases, such as choroideremia, 
Stargardt disease, and macular telangiectasia type 2, through 
hyperfluorescent lesions or hypofluorescent atrophic areas.5-7 

 L A S E R D O P P L E R H O LO G R A P H Y 
Laser Doppler holography (LDH) is a digital holographic 

imaging modality that is capable of measuring retinal and 
choroidal blood flow with ultrafast frame rates (a few 
milliseconds) and high temporal resolution.8,9 LDH analyzes 
the frequency spectrum between the monochromatic 
reference beam and the Doppler broadened beam to create 
blood flow contrast.10,11 The holographic technique allows 
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for higher speed acquisition fields and can work with very 
low exposure time.12,13 

In a study by Puyo et al, the high temporal resolution of 
LDH showed the pulsatile nature of blood flow through the 
retina.8 The data showed a full-field temporal resolution 
of 1.6 ms while maintaining the retinal exposure under 
1.5 mW at 785 nm. A prior study found that LDH displayed 
structures in the choroidal vasculature not previously 
observed with OCT and ICG angiography instruments.14 
LDH can also identify retinal and choroidal arteries and veins 
unambiguously based on the variation in systole and diastole 
and pulsatile flow measurements.15-17

In another study by Puyo et al, LDH effectively imaged 
blood flow in the bulbar conjunctiva and episclera and docu-
mented anterior segment transparency over the entrance 
pupil with a single image, demonstrating simultaneous 
imaging of the anterior and posterior segments. Compared 
with slit lamp examinations, the authors found that LDH 
provided better contrast of opacities, is highly repeatable and 
comfortable for patients, and is not operator-dependent.18

 V I S I B L E L I G H T O C T 
Visible light OCT (vis-OCT) uses a supercontinuum light 

source—rather than near-infrared (NIR) light—to improve 
the imaging resolution and retrieve unique tissue scattering 
and absorption.19 Vis-OCT has a higher axial resolution than 
NIR-based OCT with comparable bandwidth; it also provides 
an increased imaging contrast due to higher scattering 
coefficients for spectroscopic analysis (Figure 2).19-21 

Vis-OCT provides imaging of all four layers of the outer 
bands of the retina. Zhang et al used vis-OCT to investigate 
contributors to the outermost (4th) hyperreflective band, 

and they found that melanosomes are the predominant 
contributors to retinal pigment epithelium (RPE) 
backscattering in young healthy eyes.22 

The device has been shown to be suitable for routine clinic 
visits, and researchers have used a portable vis-OCT system 
to provide high-quality images of the retina in diseased and 
healthy eyes.23 More recently, vis-OCT has been combined 
with NIR to validate the system’s ability to detect structural 
abnormalities in en face and B-scan images.24 Vis-OCT can 
also measure retinal oxygen metabolic rate and facilitate 
oximetry by using a narrower bandwidth spectrometer, 
creating vis-OCT angiography.21,25 

 A DA P T I V E O P T I C S O C T 
Adaptive optics OCT (AO-OCT) is a research tool with 

only a few systems available worldwide. The technology  
has been used for in vivo assessment of the retinal 
vasculature, cone function and density, and RPE cell 
density.26 Imaging using AO-OCT is primarily performed 
in the macular area where light backscattered from the 
photoreceptor band creates a signal, resulting in a reliable 
wavefront measurement. 

Until recently, AO-OCT imaging was mostly used in mice. 
Pollreisz et al reported the first successful use of AO-OCT 
with a fundus camera to examine patients with early and late 
AMD in a routine clinical setting.27 In addition, the device 
has 3D capabilities and can visualize single photoreceptors, 
the lamina cribosa, and retinal nerve fiber bundles.28-30 

 P H OTOAC O U S T I C I M AG I N G 
Photoacoustic imaging (PAI) uses the absorption charac-

teristics of endogenous or exogenous biomarkers to generate 
chromophore selective image contrast.31,32 This noncontact 
technology uses both light and sound waves to detect activity 

Figure 1. The fundus images of a 65-year-old Hispanic male diagnosed with proliferative 
DR and CSDME before (A) and after (B) one injection of an anti-VEGF agent show macular 
edema, hard exudates, and hemorrhages. OCT imaging shows a central macular thickness of 
574 μm before treatment (C) and 541 μm after injection (D). The FPF map shows an increase 
in the green-yellow coloring before anti-VEGF therapy (E), suggesting greater mitochondrial 
dysfunction (oxidative stress) compared with the blue-green FPF map after injection (F). 
[gsu = grayscale units] Reprinted with permission from Hindawi Pub. Corp.2 

Figure 2. These SLO (A) and vis-OCT images (B)—contrast-adjusted in C and D, respectively—
are centered at the optic nerve head of the same patient. In the cross-sectional vis-OCT 
image (E) from the location highlighted in B, the arrows point to the signal from the blood 
within major retinal vessels. Reprinted with permission from The Optical Society.22
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at the molecular level and is typically paired with OCT due to its 
detailed scatter information. PAI provides metabolic and molec-
ular information, and in combination with spectral-domain 
OCT, has been used to evaluate microvasculature flow states. 
The complementary nature of PAI and OCT may be useful in 
studying diseases related to the functional blood supply.33 

Multi-wavelength PAI microscopy has been combined 
with swept-source OCT to demonstrate both systems’ ability 
to create imaging contrasts of optical scatter and absorp-
tion.34 A study by Hosseinaee et al showed that PAI/OCT can 
provide noninvasive, accurate measurements of functional 
details in ophthalmic tissue (Figure 3).34 Other researchers 
have used PAI/OCT to image choroidal neovascularization 
and RPE cells in the setting of regenerative cell therapies.35,36

More research is needed, as the PAI scanning speed does 
not yet reach that of the OCT system in all scenarios.33 Some 
studies have addressed this using the stimulated Raman 
scattering effect to implement high-speed, multi-wavelength 
light sources.34,37

 T R A N S S C L E R A L O P T I C A L P H A S E I M AG I N G 
Combined with adaptive optics, transscleral optical phase 

imaging (TOPI) uses high-angle oblique illumination of the 
retina to enhance cell contrast. Through TOPI, clinicians 
can visualize RPE and nerve fiber layer cells over a large field 
of view, without the downside of long exposure time. An 
oblique beam of light crosses the sclera and scatters to create 
a divergent beam that illuminates the posterior retina  
evenly (Figure 4).38,39

TOPI can provide a noninvasive quantitative assessment 
of the RPE and choriocapillaris with fewer eye-motion 
artifacts due to the fast acquisition time.40,41 Unlike adaptive 
optics scanning laser ophthalmoscopy (SLO) and AO-OCT, 
which may be more difficult to use in a clinical setting to 
achieve cellular-resolution imaging, TOPI uses a similar 
mechanism but with high-angle oblique illumination of the 

retina.38 Kowalczuk et al found the technology to be safe and 
repeatable, as well as consistent with previous in vivo  
studies of RPE cells.42   

 S U P E R-R E S O LU T I O N M R I 
Super-resolution MRI (srMRI), a novel tool designed to 

provide precise medical diagnosis and analysis, categorizes 
image patches as either smooth or textured. The srMRI 
denoises the patches using an algorithm that takes an 
estimated high-resolution image gradient profile to 
determine gradient profile sharpness and improve the 
signal-to-noise ratio.43

Hoang et al used srMRI to produce high-resolution 
(250-μm isotropic), 3D images of highly myopic eyes.44 The 
technology produced high-resolution images of the entire 
eye while also lowering scan times significantly and reducing 
motion artifacts.44 Another study of a different srMRI system 
also obtained high-resolution and contrast MRI images of 
the entire eye while avoiding significant motion artifacts.45 
This device is particularly beneficial for myopic eyes because 
the retinal curvature imaged with 2D OCT imaging can be 
artificially flattened and misrepresent the true anatomy.46

 N E X T S T E P S 
Over the past three decades, the emergence of new tech-

nology has revolutionized imaging modalities that document 
ocular health and disease. Knowledge gained from these 
innovative approaches can help guide the future of ocular 
disease screening, diagnosis, and management. n
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with bright edges. Reprinted with permission from Nature Research; Springer Science and 
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