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Abstract 
Background: Optical coherence tomography (OCT) has revolutionized the field of ophthalmology since its introduction in 1991, providing 
high-resolution imaging of retinal and choroidal structures. This non-invasive imaging technique has become integral in diagnosing and 
managing various retinal diseases, including neovascular age-related macular degeneration (AMD) and central serous chorioretinopathy 
(CSCR). 
Methods: This review synthesizes recent advancements in OCT technology and methodologies, categorizing them into clinical applications, 
scientific developments, and technological innovations. The review covers various OCT modalities, including time-domain OCT, spectral- 
domain OCT, swept-source OCT, visible light OCT, adaptive optics OCT, and polarization-sensitive OCT, as well as portable and intraoperative 
OCT devices. 
Results: The findings demonstrate that advancements in OCT technologies have significantly enhanced the detection and monitoring of retinal 
diseases. Key developments include improved imaging resolution, speed, and the ability to visualize previously obscured choroidal structures. 
Innovations such as home-based OCT devices and intraoperative OCT (iOCT) have further improved patient care, allowing for real-time 
imaging during surgical procedures and facilitating daily monitoring for at-risk individuals. 
Conclusion: The evolution of OCT technology continues to enhance our understanding of retinal pathologies and improve clinical outcomes. 
The integration of advanced imaging techniques promises to refine diagnostic accuracy and therapeutic interventions, heralding a new era in 
the management of retinal diseases. Future research should focus on the widespread implementation of these technologies in clinical settings to 
maximize their potential benefits. 
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1. Introduction 
Optical coherence tomography (OCT) is a scanning 

technique that has transformed ophthalmology. OCT, as a 
non-invasive imaging modality, employs light and light 
interference to provide high-resolution, cross-sectional 
tomographic data of biological tissues, including the retina 
and choroid, at the micron scale. This technique was first 
presented in 1991 and has been swiftly integrated into 
surgical procedures in retinal care [1]. Diagnostic 
assessments for retinal and choroidal illnesses are often 
performed using OCT, involving neovascular age-related 
macular degeneration (AMD), central serous 
chorioretinopathy (CSCR), vascular retinal disorders, and 
other vitreoretinal disorders [2-5]. OCT biomarkers have 
been crucial in enhancing the comprehension and 
surveillance of chorioretinal disease status; these biomarkers 
encompass central macular thickness, subretinal/intraretinal 
fluid, neurosensory detachment height, subfoveal choroidal 
thickness, choroidal vessel diameter, and choroidal 
vascularity index [6-8]. Recently, efforts to enhance the 
design of early interventional clinical trials for non- 
neovascular AMD have identified several structural OCT 
biomarkers, including intraretinal hyperreflective foci, 
subretinal drusenoid deposits, drusen with hyporeflective 
cores, and high central drusen volume, as indicators of 

elevated risk for progression to advanced stages of AMD [9- 
12]. 

Time-domain optical coherence tomography (TD- 
OCT) was the first OCT technology presented to the field of 
clinical ophthalmology [13,14]. In comparison to existing 
systems, TD-OCT exhibited a comparatively sluggish 
scanning velocity of 400 axial scans (A-scans) per second. 
Accelerated advancements enabled enhanced axial 
resolution and scanning velocity to improve the assessment 
of the retina and choroid. For instance, spectral-domain (SD) 
OCT and swept-source (SS) OCT were developed 
subsequent to TD-OCT, with acquisition rates varying from 
27,000 A-scans per second to 100,000 A-scans per second. 
The axial resolution improved from around 10 μm with TD- 
OCT to 2 μm with both SD-OCT and SS-OCT [13]. 

Advancements in OCT imaging have enhanced the 
detection and diagnosis of retinal diseases, often resulting in 
early therapies and the preservation of vision. Optical 
coherence tomography (OCT) and optical coherence 
tomography angiography (OCTA) of the retina effectively 
visualize and measure the retinal structure and 
microvasculature [15-20]. Furthermore, improved 
penetration reveals features of the choroidal vasculature that 
were not observable with TD-OCT. Researchers have 
mapped the penetration locations of small posterior ciliary 
arteries, and in eyes with a thin choroid, particularly in cases 
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of extreme myopia, the scleral vessels, posterior episcleral 
tissue, along Tenon’s layer may also be identified [15]. Their 
uses extend beyond the realm of the retina. OCT and OCTA 
imaging have significantly transformed glaucoma as well as 
neuro-ophthalmology by facilitating the early detection of 
neurodegenerative illnesses, such as Alzheimer’s disease 
and perhaps preclinical Alzheimer’s [21-24]. Consequently, 
advancements in OCT technology have promise in several 
domains of ophthalmology and neurology for the earlier 
identification of illnesses, which may enhance the 
formulation of preliminary intervention clinical studies 
[25,26]. The extensive applicability and developing nature 
of OCTA innovation, including all OCTA developments is 
beyond the scope of this article. This study reviews 
advancements in OCT technology and procedures, spanning 
wide-field OCT, visible light OCT, adaptive optics OCT, 
polarization-sensitive OCT, high-resolution OCT, 
intraoperative OCT, and portable OCT [27-30]. The recent 
improvements in this imaging technique will enhance 
various vital elements of retinal treatment, including 
imaging acquisition speeds, field of view, mobility, access, 
and intraoperative control [31,32]. 
2. Recent Developments in OCT Innovation and 

Methodologies 
Numerous strategies assist in overcoming existing 

limitations of this therapeutically valuable imaging 
modality. We categorize these achievements into three 

groups: developing clinical applications, fundamental 
scientific and research developments, and recent 
technological innovations. As these advancements persist, 
these technologies are expected to become more prevalent 
and used in healthcare environments. 
3. Visible Light Optical Coherence Tomography (Vis- 

OCT) 
Visible light optical coherence tomography (vis-OCT) 

uses visible light for illumination instead of near-infrared 
(NIR) light to acquire pictures [33]. This approach enhances 
the resolution of retinal biological characteristics by using 
shorter illuminating wavelengths [33]. Zhang et al. recently 
documented the use of vis-OCT to measure subcellular 
reflectance components to the outermost ocular 
hyperreflective zones (Figure 1) [18]. Vis-OCT was first 
delineated by Povazay et al. [17]. This group used a sub-15 
fs Ti:sapphire laser as well as photonic crystal fibers to 
exhibit light emission inside the 535 nm to 700 nm area of 
the electromagnetic spectrum, enhancing axial resolution to 
less than 2 microns. This was accomplished with a reduced 
bandwidth relative to contemporary OCT lighting techniques 
like NIR. Although the majority of OCT devices now use 
light in the near-infrared spectrum due to its tissue 
penetration capabilities and lower cost, there is a growing 
interest in the application of vis-OCT [17]. The primary 
applications of vis-OCT are now in blood vessel oximetry 
and the imaging of healthy eyes [34,35]. 

 
Figure 1. Visible light optical coherence tomography (vis-OCT) imaging. Comparative analysis of vis-OCT. 

 

Vis-OCT devices primarily depend on 
supercontinuum lasers, which inherently produce relative 
intensity noise that limits their clinical use. Relative intensity 
noise may be mitigated by extending the camera's exposure 
period, which exposes patients to excessive light, thereby 
affecting their eye motions and impairing picture quality 
acquisition. Rubinoff et al. introduced a balanced-detection 
vis-OCT system using two spectrometers to mitigate relative 
intensity noise, which was evaluated in an artificial retina 
and in vivo in human subjects [36]. The study's results 
suggested less necessity of introducing patients to excessive 
light when using balanced detection. The study's findings are 
distinctive since their methodology exhibits greater degrees 
of perceived noise reduction compared to prior 
configurations. 

Speckle noise, often resulting from the dispersion 
of light waves, may adversely affect picture interpretation in 
vis-OCT. Multi-volume picture restoration and modification 
of B-scans were proposed to mitigate speckle noise [37,38]. 
The consequent enhancement in vis-OCT picture quality 
improved the visibility of neurons across all layers of the rat 
retina. It enables vis-OCT to compete with the functionalities 
of NIR AO-OCT. Specifically, vis-OCT can now see 
structures like the inner plexiform layer, retinal pigment 
epithelium, and Bruch’s membrane [39]. Vis-OCT is 
constrained by depth-dependent dispersion, which adversely 
affects picture quality. Zhang et al. established that water 
wavenumber standardization obviates supplementary 
resampling procedures and rectifies dispersion [40]. 
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4. Adaptive Optics in Optical Coherence Tomography 
Adaptive optics (AO) was first devised to mitigate 

dynamic wave-front aberrations in astronomical imaging 
[41]. It has subsequently been determined to measure and 
eradicate high-order monochromatic distortions from light 
traversing ocular tissues, including the cornea and lens. 
These aberrations result in suboptimal lateral resolution in 
ocular imaging, hence limiting the therapeutic uses of 

several ophthalmic imaging techniques [42,43]. Adaptive 
optics (AO) systems consist of a wavefront sensor, often a 
Shack-Hartmann wavefront sensor, which detects 
distortions; a wavefront corrector, usually a deformable 
mirror, that changes its configuration to mitigate aberrations; 
and a controller that integrates these components (Figure 2) 
[44,45]. 

 
Figure 2. Schematic of an adaptive optics system using a Shack–Hartmann wavefront sensor (SHWS) as well as a deformable 
mirror. SHWS employs a diminutive lenslet array to sample a wavefront; displacements caused by aberrations may actuate a 

corrector. 
The most significant aspect of AO in 

ophthalmology is its ability to image particular cells, 
including photoreceptors, in vivo [42,46,47]. AO achieves a 
lateral precision of 2 microns, representing a significant 
enhancement over the approximately 15-micron lateral 
precision of OCT [48]. Initially, adaptive optics (AO) was 
used with en-face imaging techniques to see individual rods 
and cones in two dimensions. When integrated with OCT, 
AO facilitates 3D scanning and the resolution of components 
like light receptors as well as the retinal pigment epithelium. 
Initiatives have been undertaken to enhance the field of view 
(FOV) of AO-OCT devices for imaging these cells, 
expanding the region from around 1 degree to 4 degrees by 
4 degrees [49]. 

Computational adaptive optics (CAO) mitigates 
aberrations by altering the phase of optical coherence 
tomography (OCT) data in the spectrum domain and has 
been extensively researched in recent years. Although 
picture quality is sometimes compromised with CAO, it was 
developed to minimize the need for expensive hardware by 
rectifying distortions post-data acquisition [50,51]. The 
predominant CAO modality now is interferometric artificial 
aperture microscopy (ISAM), a computerized imaging 
method that improves depth-independent resolution [52]. 
ISAM requires little patient movement to provide excellent 
imaging quality. A stretched-pulse mode-locked laser 
illumination was evaluated to enhance the A-scan rate and 
mitigate the detrimental effects of ocular motion [53]. 
Boppart et al. developed the first model of computational 
adaptive optics (CAO) in polarization-sensitive optical 
coherence tomography (PS-OCT), which rectifies low-order 
abnormalities in ex vivo human tissues [54]. Proposed 

advancements have been made to enhance CAO distortion 
correction skills and picture quality [55]. CAO may optimize 
picture-collecting processes and facilitate cost reductions in 
the clinic but at the expense of image quality. 

Sensorless Adaptive Optics (SAO) serves as an 
alternative to hardware-based Adaptive Optics Optical 
Coherence Tomography (AO-OCT), using the 
characteristics of pictures instead of a wavefront sensor to 
assess and rectify aberrations [56]. SAO optimization 
methods and approaches involve Zernike Mode Hill 
Climbing, stochastic parallel descent, and deep 
reinforcement learning, among others. SAO characteristics 
have been evaluated to a certain degree in CAO simulations 
as well [57-61]. Despite its introduction 15 years ago, AO- 
OCT is seldom used in ophthalmology hospitals owing to 
specific restrictions. Images obtained at high magnification 
are susceptible to blurred images and need continuous fixing 
[62]. This becomes progressively more challenging in eyes 
affected by AMD-related geographic atrophy and retinal 
dystrophies, such as cone dystrophy. Furthermore, 
inadequate mydriasis or the existence of any medium opacity 
substantially impacts picture quality [62]. Additional 
difficulties are to the exorbitant purchase cost, insufficient 
economic interest, the need for skilled personnel, and the 
necessity for substantial space to accommodate AO-OCT. 
Notwithstanding these constraints, researchers and clinicians 
may discern and expand the clinical applicability of AO-
OCT in age-related macular degeneration, diabetic 
retinopathy, hereditary retinal dystrophies, and additional 
fields such as glaucoma. 
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5. Polarization-Sensitive Optical Coherence 
Tomography (PS-OCT) 
Initially shown in 1992, PS-OCT operates by 

examining the polarization condition of backscattered light 
and quantifying refraction in the tissue specimen. Various 
tissues may alter the polarization status of the OCT light 
source [63]. Early PS-OCT methodologies relied on TD- 
OCT. Currently, PS is used in both SS-OCT and SD-OCT to 
visualize diverse ocular tissues, including the macula as well 
as peripheral retina [21,64,65]. A problem in the early 
detection of AMD is the identification of drusen; PS-OCT 
may segment the RPE and reveal drusen [66]. In several 
fiber-based PS-OCT configurations, the laser light is first 
polarized, after which the optical fiber is secured to maintain 
the polarization state. Subsequent alterations to the optical 
cable would impact the polarization state of the light source. 
A modified version of SS-based PS-OCT was evaluated, 
using a depolarizer as well as a polarizer to establish a model 
independent of input polarization, albeit this resulted in 
reduced sensitivity and significant loss of input light [67]. 
Another method reduces changes in the polarization state of 
the incoming light beam by employing a common-path 
interferometer alongside polarization-maintaining fibers to 
enhance the stability of the optical fiber [68]. 

PS-OCT adaptations including polarization-sensitive 
quantitative OCT (PS-QOCT). QOCT facilitates dispersion 
cancellation and determines the refraction coefficient of a 
medium, and when integrated with PS, enhances resolution 
relative to conventional techniques [69,70]. Sukharenko et 
al. recently shown the imaging and characterisation of a 
birefringent material with PS-QOCT, potentially applicable 
in the imaging of biological tissues [71]. 

PS-OCT has several prospective applications in both 
fundamental and medical ophthalmic research, especially in 
the automated division of retinal structures like the retinal 
pigment epithelium (RPE) [66]. Geographic atrophy, often 
seen in the dry variant of AMD, may be delineated using PS- 
OCT [21]. Fibrotic tissues, rich in collagen, exhibit 
significant birefringence, making them well-suited for 
imaging using PS-OCT. Schütze et al. showed that PS-OCT 
is effective for assessing RPE defects in choroidal 
neovascularization in eyes with neovascular AMD [72]. 
6. Home-Based Optical Coherence Tomography 

Due to the characteristics of certain retinal disorders, 
regular monitoring via clinic visits and OCT imaging is 
essential for effective care [31]. Such trips may often be 
onerous, particularly for the senior demographic [73]. Notal 
Vision Home OCT, a home-based SD-OCT device, 
facilitates daily self-imaging for individuals susceptible to 
deteriorating retinal conditions. Research assessing this at- 
home, self-imaging OCT technique has shown strong 
concordance in retinal biomarkers with in-clinic OCT scans 
[31,32]. Liu et al. conducted a prospective, longitudinal 
research including 15 subjects using this technology, 
revealing an average everyday self-imaging rate of eighty 
percent [73]. Regular, almost daily observation of retinal as 
well as choroidal disorders may facilitate accurate treatment 
strategies. Artificial intelligence has been integrated with the 
Notal OCT Scanner to automate the detection of intra- as 
well as subretinal fluid [31,74]. Although this technique will 
persist in testing and research before general 
implementation, the capacity for near-daily OCT scans at 
home may aid in preventing vision loss for many individuals 
in the future. 

7. Conclusions 
OCT technology is advancing to overcome specific 

constraints identified in the existing standards of treatment 
for choroidal and retinal illnesses. Moreover, these 
advancements will facilitate fundamental scientific study 
and enhance our comprehension of the pathogenesis of 
chorioretinal disorders. Technologies like ultrawide-field 
OCT demonstrate the ability to diagnose and monitor retinal 
disorders using peripheral OCT capabilities. This discovery 
enables examination down to the individual axon of human 
retinal ganglion cells, as shown by full-field OCT. The 
advancements in optical coherence tomography (OCT), 
particularly intraoperative OCT, provide an enhanced 
understanding of the surgical treatment of chorioretinal 
diseases. At-home OCT facilitates the deployment of this 
advanced technology to the residences of at-risk patients, 
heralding a new era in retinal surveillance. Future research 
aims for the broader use of developing, clinically verified 
OCT technologies. These technologies signify a bright future 
in enhancing the comprehension, diagnosis, monitoring, and 
treatment of retinal illnesses. 
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