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Visualization of the retinal structure is crucial for understanding the pathophysiology of ophthalmic diseases,
as well as for monitoring their course and treatment effects. Until recently, evaluation of the retina at the cel-
lular level was only possible using histological methods, because the available retinal imaging technology had
insufficient resolution due to aberrations caused by the optics of the eye. Adaptive optics (AO) technology im-
proved the resolution of optical systems to 2 um by correcting optical wave-front aberrations, thereby revolu-
tionizing methods for studying eye structures in vivo. Within 25 years of its first application in ophthalmology,
AO has been integrated into almost all existing retinal imaging devices, such as the fundus camera (FC), scan-
ning laser ophthalmoscopy (SLO), and optical coherence tomography (OCT). Numerous studies have evaluated
individual retinal structures, such as photoreceptors, blood vessels, nerve fibers, ganglion cells, lamina cribro-
sa, and trabeculum. AO technology has been applied in imaging structures in healthy eyes and in various oc-
ular diseases. This article aims to review the roles of AO imaging in the diagnosis, management, and monitor-
ing of age-related macular degeneration (AMD), diabetic retinopathy (DR), glaucoma, hypertensive retinopathy
(HR), central serous chorioretinopathy (CSCR), and inherited retinal diseases (IRDs).
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Background

Retinal imaging is crucial for understanding physiological and
pathological processes in the eye and monitoring disease pro-
gression and treatment effects. Until recently, evaluation of
single retinal cells was only possible using histological tech-
niques because the available retinal imaging techniques (such
as scanning laser ophthalmoscopy [SLO] and optical coherence
tomography [OCT]) had insufficient resolution to image struc-
tures at the cellular level, mainly due to aberrations caused by
the optics of the eye. Generally, optical aberrations can be di-
vided into 2 main groups: chromatic and monochromatic aber-
rations [1]. Differences in the refractive index of the eye struc-
tures for various wavelengths cause chromatic aberrations.
It is possible to compensate for them using a single-wave-
length light source [2]. Monochromatic aberrations are wave-
length-independent and are caused by optical imperfections
of eye structures, such as the tear film, cornea, and lens [1,2].
Monochromatic aberrations are classified into low-order and
high-order aberrations [2]. The first can be corrected with
spherical or cylindrical lenses, while high-order aberrations,
also termed optical wave-front aberrations, cause parallel rays
of light entering the eye to focus on different parts of the ret-
ina, greatly reducing lateral resolution and worsening the ret-
inal image quality [1,2]. Adaptive optics (AO) technology has
enhanced the performance of optical systems by correcting
optical wave-front aberrations and has revolutionized meth-
ods of examining eye structures in vivo. Since its first use by
Liang 20 years ago, AO technology has been applied to imag-
ing structures in healthy eyes and various ocular diseases, al-
lowing a better understanding of the etiology of ophthalmic
diseases and accurate monitoring of their progression. This
article aims to review the role of AO imaging in the diagnosis,
management, and monitoring of age-related macular degen-
eration (AMD), diabetic retinopathy (DR), glaucoma, hyperten-
sive retinopathy (HR), central serous chorioretinopathy (CSCR),
and inherited retinal diseases (IRDs).

Methods of Adaptive Optical Imaging

AO was first used in astronomical telescopes to remove op-
tical wave-front aberrations caused by atmospheric turbu-
lence. This technology has improved the quality of images of
distant astronomical objects. The history of the use of AO in
ophthalmology is more than 20 years old — it was first used
in 1997 by Liang to obtain high-quality retinal images [3]. The
AO system consists of 3 basic elements — a wave-front sen-
sor, a wave-front corrector, and a control system — which are
used to identify the eye’s optical aberrations and then cor-
rect them [4]. A wave-front sensor measures the aberrations
of the eye. There are many different wave-front sensors, but
the Shack-Hartmann sensor (SHS) is the most commonly used
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type. It consists of lenslets, aiming to sample a local portion
of the incident wave-front and focus collimated light onto an
area detector [5]. A wave-front corrector compensates for the
aberrations measured by the SHS. The most commonly used
type of wave-front corrector is the deformable mirror, which
works by changing the shape of the surface [4,5]. A series of
electric actuators connected to the mirror deform its surface
to modify the light beam and thus effectively remove optical
distortion in real-time [2,4]. The control system aims to con-
nect the first 2 elements: a wave-front sensor and a wave-
front corrector [2].

AO alone does not create an image, so the AO system must be
integrated into existing retinal imaging devices such as fundus
cameras (FC), SLO, and OCT. The first device integrated with
AO to visualize the photoreceptor mosaic was FC-AO-FC [3].
The AO-FC is also the first commercially available system —
rtx1 (Imagine Eyes, Orsay, France). The rtx1 camera is char-
acterized by high lateral resolution (1.6 microns) and fast im-
age acquisition time (4 s), during which 40 individual images
are taken [6]. Due to the short capture time, AO-FC images
are minimally disturbed by eye movements [1,2]. Another ad-
vantage of AO-FC is its lower cost and better availability than
AO-OCT and AO-SLO. Disadvantages of AO-FC include low ax-
ial image resolution and reduced contrast compared to other
devices [1,2]. The advantage of AO-OCT is the high axial res-
olution (about 5 ym) compared to AO-FC (about 300 pym) and
AO-SLO (about 100 pm), which enables 3D visualization of ret-
inal structures [7]. In AO-SLO, the collimated laser light beam
uses only the central 1 mm of the pupil aperture to image the
eye’s structures, while the scattered light is back-focused on
the focal point, resulting in increasing contrast and axial res-
olution [8]. The main advantages of AOSLO are its confocal
configuration, allowing it to generate images of planes at dif-
ferent retinal depths, and its ability to integrate fluorescence
and AF imaging with AO-SLO imaging [9]. Of particular inter-
est is multimodal AO imaging; for example, the integration of
OCT with the AO-SLO system to create an AO-SLO-OCT [10].
As mentioned above, AO enables non-invasive imaging of the
retina at the microscopic level in vivo, allowing the analysis
of individual structures such as photoreceptors (Figure 1),
blood vessels (Figure 2), nerve fibers, ganglion cells, and the
lamina cribrosa. The AO technique can improve lateral reso-
lution to 2 pm providing information about the retinal struc-
ture that cannot be obtained with currently available in vivo
methods [2]. The main photoreceptors parameters examined
by AO imaging are cone density, spacing, reflectivity, and reg-
ularity [11,12]. For density estimation, the number of cones is
divided by its area. In the case of cone spacing, the distances
between adjacent cells are measured. As the cones are usu-
ally organized in a hexagonal lattice pattern, cone regularity
is defined as the frequency of cones with exactly 6 adjacent
cells. Reflectivity is defined as the mean intensity of the pixels
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Figure 1. Image of normal cone mosaic.
Image of normal cone mosaic in a
healthy volunteer obtained with
adaptive optics camera 4°x4° degree
square (Rtx-1, Imagine Eyes, Orsay,
France). The analysis was performed
at superior 2° from the fovea (top).
The region of interest (ROI) (yellow
square in the top image) was used
for automated cone segmentation
(bottom left) and detection (bottom
right) using dedicated software. Red
squares correspond to automatically
identified cones (bottom right). The
image is from the author’s collection.

corresponding to the cones [2]. To assess vascular morphology,
the following parameters are measured: total vessel diameter
(TD), lumen diameter (LD), and wall thickness (WT). Additional
parameters are the wall-to-lumen ratio (WLR), defined as the
ratio of the vessel WT to the LD, and the wall cross-section-
al area (WCSA), describing the relationship between LD and
TD [13]. The parameters used to assess lamina cribrosa (LC)
include pore number, pore density and area, and pore ovality
index [14]. In addition, using AO-OCT, it is possible to assess 3D
LC parameters such as connective tissue volume fraction [15].

Diabetic Retinopathy

DR is a complication of diabetes mellitus (DM) and is the fifth
leading cause of blindness worldwide [16]. DR consists of micro-
angiopathy and neurodegenerative changes in retinal cells [17].
Assessing photoreceptors and vessels in diabetic patients is
one of the main directions in AO imaging (Figure 3), although
AO retinal imaging in patients with DM can be difficult due
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to diabetic complications such as difficulties with mydriasis,
cataract, and vitreous hemorrhage [18]. Lombardo et al, using
AO-FC, found a loss of cones in DM eyes compared with con-
trols and decreased cones numbers in patients with glucose
intolerance, high glycohemoglobin level, and signs of DR [19].
In other research, Lammer et al, using AOSLO, found that re-
duced regularity of the cone mosaic is correlated with increas-
ing severity of DR and DME [20]. Cristescu et al, using AO-FC,
showed similar results, demonstrating photoreceptor loss in
DM 1 patients compared to the control group [21]. In contrast,
Tan et al, using AO-FC, found that photoreceptors did not dif-
fer from the control group [22]. Cone parameters and retinal
vessels were assessed by Zaleska-Zmijewska et al with the AO-
FC in the course of DM. A significantly lower density of cones
was observed in DR compared to the control group, as well as
a decrease in density and regularity of cones as the severity
of DR increased. Moreover, the artery walls were significantly
thicker in the DR group compared to the control group [18]. In
another study, Datlinger et al analyzed the density and mor-
phology of photoreceptors in ischemic versus nonischemic
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Figure 2. Image of normal retinal arteriole and venule. Evaluation of retinal arteriolar morphology in a healthy volunteer with
adaptive optics camera 4°x4° degree square (Rtx-1, Imagine Eyes, Orsay, France) and measurement of morphological
parameters using AOdetect software (top). The parameters calculated from the 3 selected regions of interest, for each time
landmark (100 pm width and height each) (bottom). The image is from the author’s collection.

retinal areas in the patients with DR. It was found that the ar-
eas affected by capillary non-perfusion showed severe chang-
es in cone morphology and density compared to areas with
intact capillary perfusion, and these structural changes were
associated with a severe reduction in retinal sensitivity [23].
Lombardo et al found that average capillary LD in parafove-
al areas was significantly narrower in eyes with nonprolifera-
tive DR (NPDR) than in the control group [24]. Ueno et al as-
sessed the retinal vessels’ morphological parameters using
AO-FC and retinal blood flow using laser speckle flowgraphy
(LSFG) in patients with DM 2. The WLR was significantly high-
er in the proliferative DR (PDR) group than in all other groups.

Furthermore, the retinal blood flow was correlated with WLR
and was significantly lower in the PDR group than in the other
groups [25]. Cristescu et al confirmed previous results. They as-
sessed changes in the retinal microcirculation in patients with
DM 1 and DM 2. The WLR in the eyes of diabetic patients in
both groups was higher compared to the control group and
there were no substantial differences between the DM1 and
DM2 groups [26]. In another study, Palochak et al, using AO-
SLO, showed that retinal blood flow and velocity in diabetic
patients without DR were significantly higher than in the con-
trol group, and these parameters were significantly reduced
in eyes with NPDR compared to the controls. The trends were
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Figure 3. Image of retinal vessels in a patient with diabetes mellitus type 2. Evaluation of retinal arteriolar morphology in a patient
with diabetes mellitus type 2 with adaptive optics camera 4°x4° degree square (Rtx-1, Imagine Eyes, Orsay, France) and
measurement of morphological parameters using AOdetect software. Retinal artery with focal luminal narrowing (yellow
arrow) and increased wall-to-lumen ratio (WLR 0,33; 0,37; 0,29) (top). The parameters calculated from the 3 selected regions
of interest, for each time landmark (100 ym width and height each) (bottom). The image is from the author’s collection

similar for vessel density measured with OCTA. The research- tortuosity of the AV channel in DM may result from a gradual
ers suggested that increased retinal blood flow and velocity loss of key capillary segments [28].

can cause endothelial damage during the early stages of dia-

betes, resulting in reduced retinal blood flow later [27]. Using

AOSLO, Tam et al assessed the characteristics of arteriovenous ~ Age-Related Macular Degeneration

(AV) channels in DM2 patients without DR. The mean tortuosi-

ty of AV channels was 26% greater in DM2 patients compared AMD is the leading cause of vision loss worldwide in people
to the control group, and it was suggested that the increased aged 60 years and older [29]. In this context, the benefits of

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
€941926-5 [ISI Journals Master List] - [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




REVIEW ARTICLES

identifying patients at increased risk of disease progression
early is invaluable. By using AO, progression in drusen size can
be determined, and its impact on the underlying retinal layers
can be assessed [30]. Drusen is usually visible as poorly de-
marcated hyper-reflective patches and are therefore a chal-
lenge for AO imaging [30]. Rossi et al found that the contrast
of drusen can be increased by capturing images from differ-
ent gaze positions and combining them into a composite im-
age using statistical operations [31]. The differences in reflec-
tance between the drusen and reticular pseudodrusen can be
assessed using AO [32]. Furthermore, the studies with the use
of AO demonstrated the dynamism of drusen and pseudodru-
sen, showing new and regressive changes over time [33]. The
researchers demonstrated an undisturbed photoreceptor mo-
saic for early drusen with normal regularity and cone densi-
ty [34]. Boretsky et al, using AO-SLO, found increasing disrup-
tion of photoreceptors across the macula in direct relation to
the progression of AMD [35]. Geographical atrophy (GA) has
also been examined using AO. Changes in cone density in atro-
phic and adjacent regions with numerous hyporeflective clumps
were revealed by Gocho using adaptive optics near-infrared
reflectance (AO NIR) fundus imaging. These clumps may rep-
resent melanin-containing cells and are possible biomarkers
of retinal pigment epithelium (RPE) damage [36]. Querques et
al also examined AO features of functional photoreceptors of
foveal sparing in eyes with GA. En-face AO images showed fo-
veal sparing as well-demarcated regions of reduced reflectivity
with fewer hyporeflective clumps compared to GA regions. [37].
Finally, AO has been used in clinical trials to assess the success
of stem cell therapy in patients with exudative AMD and pol-
ypoidal choroidal vasculopathy (PCV) [38]. It should be noted
that investigating wet AMD is still technically difficult due to
the lack of retinal transparency [39].

Glaucoma

Glaucoma is the leading cause of irreversible blindness world-
wide and is characterized by progressive dysfunction and loss
of retinal ganglion cells (RGC) and their axons. Many studies
have shown the use of AO in glaucoma [40-50]. In their study
using AO-SLO, Takayama et al examined pathological chang-
es in the retinal nerve fiber layer (RNFL) in eyes with glauco-
ma, finding a decrease in the width of the nerve fiber bundles
in both clinically normal and abnormal regions of the retina.
These abnormalities were correlated with the loss of visu-
al field [40]. Hasegawa et al demonstrated the expansion of
individual retinal nerve fiber (RNF) bundle narrowing in eyes
with glaucoma [41]. Chen et al used AO to compare the pat-
tern of RNF bundles in retinal regions with normal (WN) and
abnormal (AB) RNFL thickness on OCT images [42]. A few stud-
ies have investigated the effects of glaucoma on photorecep-
tors, but the results are contradictory. Choi et al demonstrated
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structural changes in cone photoreceptors at the retinal loca-
tions with reduced visual sensitivity with AO images. In these
locations, AO-FC en-face images showed dark areas in the
cone mosaic, while AO-OCT showed shortening of the cone
outer segments (0OS) [43]. Structural changes in the cone mo-
saic have also been shown in patients with optic neuropa-
thies and glaucoma-like VF defects [44], but Hasegawa et al
found no difference in either density or spatial organization
of cones in glaucomatous eyes [45]. Several studies have as-
sessed the morphology of lamina cribrosa in glaucoma eyes.
In rhesus monkeys, Vilupuru et al demonstrated greater area
and elongation of LC pores in the eye with experimental glau-
coma than in its healthy fellow [46]. These findings were con-
firmed by Akagi et al, showing significantly larger pore areas
in glaucomatous eyes than in normal ones, which was sig-
nificantly correlated with higher IOP [47]. Zwillinger, in turn,
revealed elongated LC pores not only in primary open-angle
glaucoma (POAG) eyes, but also in healthy eyes of POAG rel-
atives [48]. Another application of AO was presented by King
et al by combining AOSLO with a gonioscopic lens for trabec-
ular meshwork imaging [49]. Finally, morphological analysis of
the peripapillary microcirculation in glaucoma was assessed
using AO-FC by Hugo et al, who found narrowing of the ar-
terial LD without any change in the WT, which may suggest
that the vasospastic mechanism is associated with POAG [50].

Hypertensive Retinopathy

HR is the most common ophthalmologic complication of hy-
pertension [51]. Recently, OCT and angio OCT have also been
frequently used to evaluate vasculature in patients with HR.
With AO it became possible to assess vascular remodelling in
HR at the microscopic level (Figure 4). Metha et al, using AO-
FC, observed a significant increase in retinal arteriolar WLR
and WCSA in a hypertensive group compared to the control
group, and they suggested that AO enables distinguishing
between 2 types of vessel wall remodelling in HR: eutrophic
and hypertrophic [52]. Rosenbaum et al found that lowering
blood pressure increased arterial LD without changes in WT,
while chronic antihypertensive treatment led to normaliza-
tion of remodelling [53]. The correlation of WLR with hyper-
tension and microvascular abnormalities has been confirmed
by other studies [54-57]. Gallo et al investigated whether ret-
inal arteriolar WLR and LD parameters can distinguish hyper-
tensive from healthy subjects [58], and they also assessed vas-
cular parameters in people with masked arterial hypertension
(MAH), finding that AO analysis could help diagnose hyper-
tension, particularly in cases of MAH [58]. In addition, a case
report presenting the application of AO-SLO in a patient with
malignant hypertension has been published [59].
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Figure 4. Image of retinal vessels in a patient with hypertensive retinopathy. Evaluation of retinal arteriolar morphology in a patient
with hypertensive retinopathy with adaptive optics camera 4°x4° degree square (Rtx-1, Imagine Eyes, Orsay, France) and
measurement of morphological parameters using AOdetect software. Retinal artery with increased wall-to-lumen ratio (WLR
0,31; 0,33; 0,32) (top). The parameters calculated from the 3 selected regions of interest, for each time landmark (100 pm
width and height each) (bottom). The image is from the author’s collection.

Central Serous Chorioretinopathy

CSCR is a common type of maculopathy, with multiple causes,
including hyperperfusion and hyperpermeability of the choroid
vasculature [60]. Ochinciuci et al, using AO-FC, showed that
photoreceptor density was significantly reduced in eyes with
CSCR compared to healthy eyes [60]. Ooto et al, using AO-SLO,
revealed abnormal cone mosaic and reduced cone density in

eyes with resolved CSCR, and these abnormalities were corre-
lated with decreased VA [61]. Meirelles et al, using AO, showed
changes in the photoreceptors mosaic in the eye after CSCR
resolution, suggesting that resolved CSCR may cause photo-
receptor changes, even after clinical recovery [62]. Gerardy et
al examined cone mosaic in the asymptomatic fellow eye in
patients with unilateral CSCR, showing reduced cone density
in the fovea, suggesting that photoreceptors may be affected
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Figure 5. Image of cone mosaic in a patient
with cone-rod dystrophy. Image
of cone mosaic in a patient with
cone-rod dystrophy obtained with
adaptive optics camera 4°x4° degree
square (Rtx-1, Imagine Eyes, Orsay,
France). The analysis was performed
at superior 2° from the fovea. Empty
spaces at the photoreceptor level and
a disrupted mosaic of photoreceptors
are demonstrated (top). The region
of interest (ROI) (yellow square in the
top image) was used for automated
cone segmentation (bottom right)
and detection (bottom left) using
dedicated software. Red squares
correspond to automatically identified
cones (bottom right). Low density of
the cones and the defect in the cones
is demonstrated (bottom). The image
is from the author’s collection.

independently of the development of CSCR [63]. Vienola et al,
using AO-SLO, revealed hyperautofluorescent punctate patch-
es in patients with CSCR, which may correspond to the accu-
mulation of fluorophores within macrophages from RPE and
photoreceptors during the active stage of the disease [64].

Inflammatory Diseases

Retinal vasculitis is characterized by inflammation of the ret-
inal vessels [65]. Inflammatory changes in the retinal vessels
can be assessed by AF, indocyanine angiography, and angio
OCT [66]. In vivo visualization of inflammatory changes in the
vessels using AO can be a valuable diagnostic tool. AO technol-
ogy enabled visualization of vessel sheeting in patients with
confirmed autoimmune diseases and made it possible to mon-
itor changes over time, such as the decrease and resolution

of sheathings. The AO findings were correlated with the re-
sults of fundus photography and AF [66]. These findings were
confirmed by Errera et al in a study using AO in patients with
retinal vasculitis in the course of Lyme disease and presumed
tuberculosis [67]. They observed increased vein diameter and
thinning of the perivenous sheathing during treatment on sub-
sequent follow-ups [68]. In addition to vascular changes in in-
flammatory diseases, abnormalities in the outer retina and
RPE also occur [69]. Biggee et al demonstrated alterations of
the parafoveal cone mosaic in eyes with posterior uveitis. In
addition, after starting therapy, AO showed an improvement
in cone density in the parafoveal region [69]. Photoreceptor
abnormalities were also confirmed by other studies, such as
those evaluating photoreceptor mosaic in idiopathic multifo-
cal choroiditis [70], acute posterior placental syphilitic cho-
rioretinopathy (ASPPC) [71], Behget’s disease (BD) [72], and
white dot syndrome [73].
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Table 1. Examples of using AO in IRDs.

IRDs Research findings using AO

Macular dystrophies

Stargardt disease Enlarged cone and rod spacing in retinal regions that appear normally in conventional images,
suggesting that photoreceptor loss precedes clinically detectable disease [77]

The cone mosaic parameters in AO-SLO images correspond to retinal structure in OCT images
and visual function in microperimetry, demonstrating a valuable structure-function correlation

(78]

Best vitelliform macular Photoreceptor morphology within vitelliform lesions can range from normal appearing mosaic
dystrophy to significant disruption depending on the disease stage [79]

The increased cone spacing and abnormal packing in the macula but almost normal cone
morphology outside the central foveal schisis [80]

Congenital stationary night AO-SLO demonstrated normal rod and cone mosaic topography, suggesting that the disease
blindness is caused by functional defects in retinal neurotransmission rather than morphological
abnormalities of photoreceptors [81]

Blue cone monochromacy Using AO-SLO, decreased density and impaired mosaic of cones in asymptomatic female carriers
(X-linked) have been demonstrated [82]
The degree of disruption in cone structure in affected men varies widely, which may depend on
the type of mutation [83]

Empty spaces at the photoreceptor level in the fovea were demonstrated. The mosaic of

photoreceptors was significantly disrupted compared to the control group, although in very
different degrees depending on age and mutation type [84,85]

Progressive retinal
dystrophies

Decreased cone density even in the retinal regions with unaffected the ellipsoid zone/the

interdigitation zone (EZ/1Z) in OCT and preserved visual sensitivity [86]

Cone-Rod dystrophies
(Figure 5)

Relatively intact central retina with normal or reduced cone density and sudden loss of cones at

Choroideremia

Large areas without cones in atrophic regions. Regions that appeared relatively lesion-free on
clinical examination contained abnormally large cones, resulting in reduced cone density [87]

the border of RPE atrophy. No RPE cells were seen in areas of cones’ loss [88]

AO — adaptive optics; IRDs — inherited retinal diseases; AO-SLO — adaptive optics scanning laser ophthalmoscopy; RPE — retinal

pigment epithelium.

Inherited Retinal Diseases (IRD)

Other Pathologies

IRD is a group of clinically and genetically heterogeneous con-
ditions characterized by retinal dysfunction that can be sta-
tionary or progressive and even lead to visual loss [74]. AO im-
aging is an important tool in studying the pathogenesis and
progression of IRD, allowing high-resolution characterization
of the retinal cellular structure (Figure 5) such as phenotyp-
ing of hereditary retinal diseases and correlation of the find-
ings with specific genetic mutations, which are essential for
better selection of patients for new therapies (including stem
cells and gene modification therapies) and better control of
treatment outcomes [75,76]. Examples of studies in which IRD
were assessed using AO are shown in Table 1.

AO technology has found application in many other ophthal-
mic diseases [89-103]. Examples of diseases studied with AO
are shown in Table 2.

Future Developments

Despite the numerous studies using AO described in this ar-
ticle, AO technology is not yet widely used in clinical prac-
tice. For widespread use of AO in everyday practice, it is nec-
essary to standardize measurement parameters, terminology,
and proper validation of AO devices. The development of nor-
mative databases is also crucial to popularize AO in clinical
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Table 2. Examples of diseases studied with AO.

Ophthalmological disease Research findings using AO

Retinal vein occlusion Parafoveal aggregated erythrocyte velocity (AEV) assessed by the AO-SLO method in eyes with
macular edema caused by retinal vein occlusion is significantly reduced compared to the control
group [89]
The microvascular density of fellow eyes was significantly higher than that of the affected eyes
and significantly lower than that of the control group, reflecting subclinical pathology [90]

Disruption of photoreceptor mosaic corresponding to regions of ellipsoid zone disruption on
OCT was shown in all patients after successful MH closure [91]

On AO-OCT images, scattered hyper-reflective dots were shown on the surface of the peeled
retina in all patients after vitrectomy with internal limiting membrane peeling and gas
tamponade, suggesting possible Miiller cell reactive gliosis [92]

Photoreceptor alterations were shown in the retina lying above the choroidal lesion and in the
adjacent retina [93]

Melanoma associated
retinopathy

Macular Hole

Cancer Associated
Retinopathy

Pseudoxanthoma Elasticum-
related retinopathy

Hydroxychloroquine induced
maculopathy

Abnormal cone structure and reduced cone density were demonstrated using AO-SLO compared
to the control group. These findings correspond to post-mortem findings on histopathological
examination [95]

The cone density in the fovea was decreased in all patients with solar retinopathy compared to
the controls [96]

Alterations in the foveal cone mosaic correspond to changes in reflectivity on en-face OCT
image and reduced retinal sensitivity in microperimetry [97]

There was a loss of inner and outer segments of the cones, an increase in the Voronoi domain
area, and a decrease in the regularity of the cone mosaic in the fovea [98]

A cone mosaic of decreased density was demonstrated within the angioid streaks compared to
adjacent areas of the retina.
Three types of angioid streaks were identified: “crack,” “band,” and “hypopigmented” [99]

AO-OCT images showed a cone mosaic of severe irregularity and reduced density in eyes after
gas-assisted vitrectomy for macular detachment compared to healthy eyes. After 56 weeks,
although there has been significant improvement in parameters, structural impairment was still
present [100]

A decreased foveal cone density in the eye with resolving endophthalmitis was demonstrated
compared to the fellow eye, despite near-normal vision and no structural changes in OCT [101]

Gradual loss of cones was observed as the accumulation dose of hydroxychloroquine increased
without clinical evidence of maculopathy [102]

The study showed a disturbed cone mosaic with a loss of cones correlating with visual field

defects [103]

AO — adaptive optics; AO-OCT adaptive optics optical coherence tomography; AO-SLO — adaptive optics scanning laser

ophthalmoscopy; OCT — optical coherence tomography.

ophthalmology [104]. The large size of AO equipment, as well
as its high cost and difficulties in operation, cause many in-
conveniences in clinical applications. The development of AO
hardware and software in the future may overcome these
problems [105-107]. The most important directions for the
development of AO are the miniaturization of AO hardware,
lowering production costs, and developing user-friendly soft-
ware, which will contribute to better AO availability. Further
improvements in the resolution of AO imaging, as well as the
combination of different methods and the development of

multimodal AO systems, will improve imaging and analysis of
eye structures [108]. Finally, artificial intelligence is expected
to play an increasingly important role in analyzing images and
interpreting results obtained with AO [109].

Conclusions

AO technology offers the possibility to assess lesions at a
microscopic level, previously only available on post-mortem
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histological examination. This enables early disease detec-
tion at clinically asymptomatic stages and provides more ef-
fective monitoring of disease progression and treatment out-
comes. In addition, AO provides the opportunity to improve
our understanding of the pathogenesis of ophthalmic diseases.
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