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Abstract: Since its introduction, optical coherence tomography (OCT) has significantly progressed in
addressing its limitations. By integrating artificial intelligence and multimodal imaging, OCT
enhances both speed and image quality while reducing its size. OCT continues to advance, offering
new possibilities beyond the in-office setting, including intraoperative applications. This review will
explore the different types of home OCT and intraoperative OCT, as well as the uses of each device
and their future potential in ophthalmology.
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I. Introduction: OCT in Home and Intraoperative Settings

Optical Coherence Tomography (OCT) is a non-invasive imaging technology that utilizes light
waves to produce high-resolution, cross-sectional images of retinal layers and ocular structures. By
measuring the time delay and intensity of reflected light, OCT allows for precise in vivo assessment
of retinal morphology and pathology. Ophthalmic imaging has come a long way since a team of
researchers, led by Dr. James Fujimoto at the Massachusetts Institute of Technology (MIT) and
assisted by ophthalmologists Joel Schuman, M.D., David Huang, M.D. Ph.D. and Carmen Puliafito,
M.D., began exploring low-coherence interferometry to image biological tissues in the 1980s. Later,
in 1991, David Huang developed OCT in the Fujimoto lab, the first in vivo retinal images were
published in 1993 [1].

The evolution of OCT has been characterized by corresponding advancements in technology,
transitioning from Time-domain OCT (TD-OCT) to Fourier Domain OCT (FD-OCT) or spectral-
domain OCT (SD-OCT) and later to swept-source OCT (SS-OCT). Clinical utilization of OCT began
in 1997 with Time-Domain OCT and the release of OCT2000. The OCT2000 platform provided axial
resolutions of 10-15 um and could capture 400 A-scans per second. This technique detected
interference patterns created by light reflected from various tissue depths. A beam splitter divides
the incoming light into two parts: one part is sent to a reference mirror, which helps adjust for
different depths, and the other part is directed at the tissue being observed. The light that bounces
back from the tissue is then combined with the reference light and sent to a sensor, creating a single
image that shows the structure of the tissue [2,3]. However, the speed of this device was restricted by
the use of a moving reference mirror.

In the mid-2000s, SD-OCT revolutionized the field by using a stationary reference mirror and a
spectrometer to analyze the interference pattern of light [4]. SD-OCT builds on the principles of TD-
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OCT, enhancing them with a spectrometer. Instead of measuring time delays, it separates reflected
light into wavelengths using a diffractor. By combining these images, SD-OCT produces a high-
resolution image with excellent depth of information. This innovation increased acquisition speeds
to thousands of A-scans per second and improved axial resolution to 5-7 um [4], to produce more
detailed images and reduce motion artifacts.

One of the latest innovations, SS-OCT, utilizes a tunable wavelength light source in the form of a
laser that can change its color to scan the tissue of interest. A sensor then captures the reflected light
and converts it into images. This approach offers deeper tissue penetration and performs better in
cases where there is some media opacification [5]. The continual advancement of OCT technology
has allowed for the development of imaging that goes beyond static light detection.

OCT Angiography (OCT-A), introduced commercially in 2014, is one of the latest breakthroughs
in ophthalmic imaging. OCTA noninvasively detects red blood cell movement within retinal and
choroidal vessels using motion contrast imaging, generating detailed vascular maps without dye
injection. It is used to identify perfusion defects, detect microaneurysms, and assess
neovascularization [6].

OCT has become a mainstay in fast, non-invasive diagnoses of both anterior and posterior
segment pathology and has become instrumental in managing ophthalmic diseases and assisting in
surgical planning. SD-OCT enables the precise characterization of retinal diseases by providing
detailed cross-sectional imaging and allowing for the assessment of lesion size, reflectivity, and
location. SD-OCT has become the primary method of monitoring AMD, where drusen are identified
as RPE elevations and classified by composition and size into hard, cuticular, pseudodrusen, or soft
drusen [7]. Often associated with AMD, Pigment Epithelial Detachment (PED) can also be further
characterized on OCT as drusenoid, fibrovascular, or serous [7,8]. In late-stage non-neovascular
AMD, OCT is used in conjunction with fundus autofluorescence to quantify and evaluate the
progression of Geographic Atrophy (GA) [9,10].

Despite the vast clinical utility of OCT, practical limitations of the modality, such as its limited
accessibility, limited portability, technical skill required for acquisition, and the occasional need for
pupil dilation, have necessitated further innovation [11]. The development of home and remote OCT
devices has recently expanded access to diagnostic-grade retinal imaging outside traditional clinical
settings. These devices have demonstrated high diagnostic accuracy, comparable to in-office OCT,
making eye care more accessible and convenient. The implementation of intraoperative OCT has
likewise been an important area of innovation in the field of ophthalmic imaging. Intraoperative OCT
promises enhanced surgical decision-making and may ultimately result in improved surgical
outcomes. This review synthesizes the current landscape of applications of OCT outside traditional
clinical settings, namely at-home and intraoperative OCT.

II. Home OCT
A. Home OCT for Early Detection

Home-based OCT, a new portable technology, is an exciting frontier in the early detection and
monitoring of ocular pathology. Currently, home-based OCT devices facilitate adjustments during
office visits, alleviating the in-office time burden on patients. In a prospective observational study by
Liu et al. and a systematic review by Dolar-Szczesny et al., it was found that home OCT demonstrated
excellent sensitivity and specificity compared to in-person assessments [12,13].

Age-related Macular Degeneration (AMD) is a leading cause of irreversible vision loss in people
over 50 and is projected to rise significantly by 2030 [14-17].However, early detection often gets
delayed because the progression of this disease tends to be asymptomatic [18]. AMD is categorized
into early, intermediate, and late stage [19]. AMD can lead to blindness due to geographic atrophy,
neovascular AMD (nAMD), or a combination of both. The exudative form is more rapidly
progressing than the atrophic form, affecting 10% to 15% of patients but accounting for 90% of acute
blindness cases [20-22].
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The diagnosis of AMD involves various visual tests and multimodal imaging, which have
greatly improved in recent years. These advancements in imaging techniques have transformed the
field, enabling a more systematic method for detecting and classifying AMD in its early stages. One
of the most common and user-friendly tests is the Amsler grid. This simple tool featuring a grid
pattern is designed to identify scotomas or metamorphopsia and demonstrates reliability in detecting
visual distortions by measuring grid perception that may appear wavy, irregular, or distorted [23,24].
However, the Amsler grid has relatively low sensitivity for detecting dry to wet AMD conversion, as
well as poor compliance. In contrast to many ophthalmic tests, the Amsler grid relies more heavily
on subjective patient reporting and at-home use, while other tests provide objective measurements
or are performed in the office under supervision. These characteristics likely contribute to the grid’s
low sensitivity testing [25]. Many imaging devices, such as color fundus photography, OCT, infrared
reflectance (IR), fluorescein, and indocyanine green angiographies, fundus autofluorescence (FAF),
can provide objective, morphological changes in anatomical structures [26-29].

Pooled data analyses of three prospective population-based cohorts conducted by Joachim et al.
indicated that for unilateral AMD cases, the risk of developing AMD in the other eye within five
years is 19 -28% for any AMD cases and 27-68% for unilateral late AMD cases [30]. However,
understanding the various factors contributing to the progression of AMD remains incomplete.
Lifestyle choices, such as smoking, Body Mass Index (BMI), and diet significantly affect disease
progression [31,32]. Due to the progressive nature of AMD, researchers are diligently seeking reliable
biomarkers for AMD, such as drusen volume, pigment changes, and early signs of atrophy [33].
Among these, contrast sensitivity seems to be one of the most promising early indicators. The use of
Al has seemingly brought us closer to understanding the progression to late AMD and its severity
[34] and the transition from intermediate AMD to GA by cross-validating multiple images and
tracking the changes across different types of equipment [35].

Similarly, Diabetic Macular Edema (DME), a significant contributor to vision loss at any stage of
diabetic retinopathy, involves the accumulation of fluid in the macula due to a compromised blood-
retinal barrier [36]. DME often progresses silently, with significant damage occurring before
symptoms are noticed [37]. Advanced stages of DME may be present even in patients who are not
experiencing visual symptoms. Since DME is often asymptomatic in its early stages, early detection
through regular monitoring is essential to ensure early detection and more frequent monitoring,
possibly leading to improved long-term control. Screening diabetic patients for eye problems can be
difficult because it requires extensive exams, pupil dilation, advanced imaging, and timely referrals
to eye specialists [38,39]. For type 1 diabetes, even in patients without evidence of diabetic
retinopathy, screening should begin five years after diagnosis, while those with type 2 diabetes
should be screened promptly at diagnosis and annually thereafter. Early treatments are essential in
preserving the vision [40].

Retinal Vein Occlusion (RVO) is another leading cause of vision loss, alongside AMD and DME,
in individuals over 55 years old. Major risk factors include advancing age, cigarette smoking,
diabetes, and elevated diastolic blood pressure [41,42]. In diseases like AMD, DME, and RVO,
biomarkers identified through OCT, such as central retinal thickness, Intra Retinal Fluid (IRF),
Subretinal Fluid (SRF), and PED, serve as key indicators of disease activity [43,44], making OCT
important for the early detection and monitoring of disease.

Type of Home OCT Used, Resolution, and Image Quality

Currently, the only commercially available home-based OCT device is the ForeseeHome OCT
by Notal Vision. while others are still waiting for more reliable data before being approved and
released by the Food Drug Association (FDA) [45]. In this section, we will review those devices
currently approved or undergoing evaluation for FDA approval for at-home use.

1. The ForeseeHome Device

The ForeseeHome (Figure 1a) is the first FDA-approved home monitoring device, a home-based
imaging system that is used daily for 3 minutes per eye to monitor vision changes that may indicate
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the development of choroidal neovascularization (CNV). It employs a patented technology known
as preferential hyperacuity perimetry (PHP) to identify visual changes, such as metamorphopsia or
scotoma, that can signal recent-onset CNV resulting from age-related macular degeneration (AMD).
After establishing a baseline, it alerts the patient and physician to schedule necessary in-office
evaluations for early intervention if any changes are detected. The ForeseeHome device uses
“preferential looking”, which works by detecting changes in how a patient sees straight lines. When
a patient notices a bend or distortion in the line, the device can identify where the problem is and
how it has become. Research indicates that the device accurately identifies signs of neovascular AMD
over 80% of the time, significantly surpassing rudimentary methods such as the Amsler grid. A
randomized study by the AREDS2-HOME Research Group compared home monitoring plus
standard care with standard care alone in patients at high risk of developing CNV. The ForeseeHome
device was found to be effective, detecting CNV as progression to wet AMD earlier than standard
care. The HOME trial showed that 87% of patients using the device, maintained vision of 20/40 or
better, compared to 62% in the standard care group. In addition, the device issued a system alert for
52% of conversions before they occurred and could detect changes in vision at the same visual acuity,
even if the patient did not notice them. Their internet-based system also allows retina specialists to
track patient usage and ensure consistent monitoring. A study by Loewenstein et al. further
confirmed the device’s accuracy in detecting early-stage CNV and intermediate AMD [46—48].
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Fig. 1a: ForeseeHome OCT device Fig. 1b: Scanly device
Courtesy of Notal Vision company

2. The Notal Vision Home (NVHO) “SCANLY”

Scanly/ NVHO system is a remote imaging device designed for individual use outside of clinical
settings, utilizing a specialized Spectral-Domain Optical Coherence Tomography (SD-OCT) scanner
(Figure 1b). Integrated with the Notal OCT Analyzer (NOA), an artificial intelligence-based software,
it enables fully automated detection and quantification of retinal fluid, including IRF and SRF. The
system begins with a one-time automated calibration procedure that adjusts to the user’s specific
refractive error and axial length to ensure accurate imaging. The NVHO performs a scan using a
horizontal raster of 88 B-scans over a 3 x 3 mm area (10° x 10° field of view), centered on the eye’s
point of fixation. Following each self-imaging session, the data are automatically transmitted to the
Notal Health Cloud via an integrated cellular modem. From this raw data, cube scans are
reconstructed and made available for remote review by healthcare professionals through a web-
based viewer. The NOA also processes the scans to detect and quantify retinal fluid, generating
annotated B-scans that highlight fluid areas, en face maps of fluid thickness (separately for IRF and
SRF), and a ranked order of B-scans based on fluid area [49-51].
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3. Self-Examination Low-Cost Full Field OCT (SELFF OCT)

SELFF-OCT is a cost-effective full-field OCT technology priced under $1000. It is designed for
patient self-examination and has been shown to be independently operatable by patients, including
those over 50. The SELFF-OCT system utilizes a low-power light beam from a super luminescent
diode to illuminate the retina with a 0.9 mW parallel beam from a super luminescent diode at 840 nm
and 26 nm bandwidth, recording a volumetric retina scan of 4.5 x 1.4 mm with 12 um axial and
approximately 17 um resolution, while a Complementary Metal-Oxide Semiconductor (CMOS)
camera captures the reflected light. This light interferes with a reference beam to create patterns at
specific retinal depths, which are then processed into images. By adjusting the reference arm, the
entire retina can be scanned in under one second. The system first conducts a low-resolution
overview scan to locate the Retinal Pigment Epithelium (RPE), followed by detailed high-resolution
scans around the RPE, capturing a clear 3D view of the retina [50,52]. This device is intended to be
cheaper and more comfortable to use by the elderly by adjusting into three 3D-printed headrests that
allow for more stable and rigid head positioning. Compared to the first prototype, the optical setup
was optimized to minimize reflections and provide more consistent illumination of the retina.
Additionally, the system now corrects for defocus and astigmatism numerically during processing,
eliminating the need for manual dioptre adjustments [52].

4. Sparse OCT

Sparse OCT (spOCT) was developed by using a method called Compressed Sensing (CS) with
SD-OCT. This method allows for fewer data points to be collected while still creating accurate images.
Instead of needing a large amount of data for processing, spOCT uses just a small sample of
information, which makes the imaging process faster and more efficient [53,54]. A prototype sparse
OCT device such as MIMO_02 has been designed for potential use in home settings. Unlike
conventional commercial SD OCT systems, this device operates with a lower scanning density. It
captures images over an area of 3.8 x 3.8 mm with pixel resolutions ranging from 50 x 50 to 150 x 150,
and it achieves a depth resolution of 2048 pixels across a depth of 4.2 mm [51].

5. SmartOCT

SmartOCT (Figure 2) is the first system that uses a smartphone’s built-in features to generate
images of the retina. It is designed using a line-field OCT (LF-OCT) setup, which allows it to capture
2D cross-sectional images and enable single-shot B-scan imaging, making it simpler and faster. To
reduce distortion, this system uses smartphone lenses to direct the light into the smartphone sensor.
To prevent any movement and misalignment, the device is mounted securely to a 3D-printed holder

[55].
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Figure 2. SmartOCT optical schematic (a) with a representative color interferogram showing the 2D spectrum
from a mirror sample (top left inset). The blue box around the reference objective and mirror indicates that these
components translate together. (b) Photograph of the benchtop smartOCT system. Image from Malone et al.

SmartOCT: smartphone-integrated optical coherence tomography © 2023 Optica Publishing Group.

Table 1. Type of home-based OCT.

. FDA L Biggest
Device Name Commercialized | System Type Purpose o
Approved Publication
To detect Wet
ForeseeHome Preferential
AMD earlier | Chew EY et
OCT by Notal Yes Yes Hyperacuity
o ) notified al. 2014 [56]
Vision Perimetry (PHP) o
physician
Self-operated
SD OCT with Al
tele-connected
integrated with . . .
Scanly by Notal device for daily | Mathai et al.
o Yes No Notal OCT ) .
Vision imaging 20224,
Analyzer (NOA) )
between office
an Al analyzer o
visits
Compressed
sensing (CS) in |Elderly and cost
) ; Maloca et al.
Sparse OCT No No spectral domain | friendly self 2018
optical coherence OCT
tomography [54]
Reduce device
off-axis, full-field, Burchard et
SELFF OCT No No ) . complexity and
time-domain OCT al. 2022
cost
Real time OCT
line-field OCT imaging Malone JD,
SmartOCT No No
(LF-OCT) [55] integrated to |Hussain et al.
smartphone

B. Home OCT of Fluid Monitoring Changes

Device Variations for Fluid Monitoring

For both AMD and DME, early treatment with anti-vascular endothelial growth factor (anti-
VEGF) has been shown to effectively reverse the development of neovascularization and macular
edema [32,57,58]. Treatment typically involves an initial series of monthly injections, requiring an in-
office visit, with retreatment based on visual stability and OCT findings, making the OCT an
important monitoring method for both early identification and customized treatment [36,59].

While anti-VEGF therapy has been a cornerstone in treating neovascular AMD and DR, the
progressive nature of these diseases places a significant burden on both patients and the healthcare
system. Frequent office visits, multiple treatments, and additional testing contribute to this strain,
with high discontinuation rates of anti-VEGF therapy —up to 57% in the first year [60].

The advancement of OCT technologies like the Foresee Home AMD, NVHO/Scanly, and SELFF
OCT not only allows for early detection but also monitors fluid or biomarker changes to modify
treatment accordingly. The ForeseeHome AMD Monitoring Program is designed to help monitor the
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progression of AMD, helping to detect changes in vision, specifically the conversion from dry to wet
AMD.

Another device, Scanly, is designed for at-home use between clinic visits, and while it helps with
monitoring fluid changes, it undoubtedly does not replace in-office tests or imaging. However,
studies show that patients using the NVHO need fewer treatments and have longer intervals between
them. In a 2021 study by Liu et al., participants used the NVHO for daily self-imaging at home for 3
months. The images were analyzed by the NOA system, which accurately detected retinal fluid,
closely matching expert assessments. The NVHO's ability to identify the IRF was similar to standard
in-office OCT systems. While the device doesn’t guide treatment decisions, it is a helpful tool for
monitoring retinal changes between doctor visits [12,61,62].

Portable OCT Advancement

A major obstacle to OCT systems’ portability has been their size. In the past years, the OCT has
transitioned from bulky, stationary setups requiring significant space and desktop computers,
making them unsuitable for screening in remote areas, to a more portable system housed in a cart,
which currently represents the smallest design that includes all necessary components. Since 2022,
the National Aeronautics and Space Administrations (NASA) has developed a device called
miniOCT. This tool aims to improve understanding of the risks to astronauts’ eyes during long
spaceflights, especially Spaceflight Associated Neuro-ocular Syndrome (SANS). The International
Space Station plans to deploy it in 2027 [63]. Currently, several key approaches are being explored to
make OCT systems more compact, focusing on optimizing both imaging quality and device size.
These include handheld probes, home/self-OCT, and Photonic Integrated Circuit (PIC)-based OCT,
which can integrate complex components into a more compact design. Additionally, there is a
portable OCT system based on a Single-board Computer (SBC-OCT) that was manufactured using a
3D printing system with a Temperature-insensitive (TI) spectrometer. All hardware components,
excluding optical parts, were made with a 3D printer [64,65].

Another advancement in data processing and real-time imaging technology is the development
of portable boom-type ophthalmic UHR-OCT systems allowing OCT images to be taken while lying
down. The newer device, the ACT100, along with vertical-cavity Surface-emitting Lasers (VCSELSs),
enables faster imaging with an impressive acquisition speed of 350,000 scans per second.
Furthermore, its integration with OCT instruments reduces patient chair time and visit duration,
provides more efficient use of clinical space, and enhances the system’s performance [11,66-68].

As discussed above, another groundbreaking advancement in debulking OCT devices is the
integration of smartphones with OCT, such as smartOCT. Another similar device is the Ocular
CellScope, a retinal camera made up of a smartphone, a special housing with the necessary optics,
and a phone holder to align the camera properly [55,69].

Impact on Treatment Paradigms and Clinical Implications

Two common treatments for retinal conditions are Pro Re Nata (PRN), or “as needed”, where
patients are monitored at fixed intervals with OCT and treated only when retinal fluid is detected,
and Treat-and-extend (T&E), where treatment intervals are extended when fluid resolves and
shortened if it recurs or worsens [70,71].

A study by Heier et al. found that retina specialists often recommended delaying treatment
when using home OCT data compared to relying on standard in-clinic OCT [72]. This suggests that
home OCT data could provide a more real-time view of disease progression, leading clinicians to
appropriately postpone treatment in certain cases. Home OCT tends to lean more towards the PRN
model because it allows patients to monitor their condition more frequently and share the results
with their healthcare providers when there are indications of disease progression. Home OCT could
offer a clearer picture of the patient’s retinal condition in real time, potentially allowing for more
conservative management. This is supported by Holekamp et al., who highlighted that home OCT
can potentially lengthen treatment intervals for AMD, showing significantly reduced treatment
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burden while maintaining stable visual acuity [61]. Additionally, retinal fluid fluctuations may not
always be visible on the day of a scheduled in-clinic OCT scan. The pre-scheduled visits designed to
detect new cases of CNV lesions were not very effective, underscoring the limitations of relying
exclusively on in-clinic monitoring for tracking disease progression [22]. While home OCT provides
enhanced, real-time monitoring of fluids, it remains crucial to pair it with regular in-office
appointments for diagnosing other eye issues and guiding treatment plans.

Regulatory, Compliance and Responsibility

The OCT device stands at the forefront of clinical practice, but its bulkiness and the need for
expert operators have led to the need for more accessible home and portable OCT devices. While
these tools promise to enhance early detection and ongoing monitoring, they also bring with them a
host of challenges. As we embrace these advancements, we must navigate the complex regulatory
compliance and responsibility to ensure safe and effective use, including medicolegal aspects.

The Food and Drug Administration (FDA) oversees the approval of medical devices in the
United States. Home OCT systems must undergo the FDA’s regulatory framework, depending on
their intended use and the risk they pose. The FDA recently granted de novo marketing authorization
to Notal Vision's artificial intelligence (Al)-powered Scanly Home OCT device [73]. Several other
home-based OCT devices are still under investigation for wet AMD.

Advancements in Al and cloud storage simplify data access for patients and doctors. Home OCT
devices allow real-time imaging to detect retinal fluid and disease biomarkers. When fluid levels
change or early signs appear, the device sends alerts through a digital system. In the NVHO system,
for example, retina specialists set a fluid threshold for each patient. If the fluid exceeds that level, the
system alerts a monitoring center, which notifies the specialist [50]. The specialist also reviews the
patient’'s home OCT images monthly, allowing for early detection and timely adjustments to
treatment.

A key part of an ophthalmologist’s work includes the use of diagnostic tools and the evaluation
of imaging. This necessitates extensive data storage and, with advances in technology, more of this
data storage is moving onto the internet. Cloud-based systems have become responsible for ensuring
data encryption and protection from unauthorized access [74]. While healthcare providers may access
the data for diagnosis and treatment planning, the patient generally retains ownership of the data.
However, this shift to cloud-based health data raises important concerns about data ownership and
patient confidentiality. This is where informed consent and shared decision-making with patients is
needed, understanding how their data will be collected, stored, and shared with healthcare
providers. Patients may share their OCT images with healthcare providers through secure platforms
that adhere to the Health Insurance Portability and Accountability Act (HIPAA), ensuring that only
authorized physicians can access the data. For instance, with the Scanly device, physicians can review
data, set specific criteria such as volume thresholds, and receive notifications via a HIPAA-compliant
web portal [62].

Home OCT is designed for patients to use independently, minimizing the need for an operator.
Patients receive instructions either through video or direct guidance on how to properly operate the
device. The process requires the patient to position their head correctly and look through the device’s
eyepiece with minimal movement to capture high-quality images[51,52,75]. The study by Yu et al. in
2021 found the ability to use home OCT devices like ForeseeHome is promising, with a high success
rate in patients who can manage the setup and imaging process. However, factors such as age, visual
function, and specific conditions like geographic atrophy can impact the success rate [52,75,76]. While
many patients can successfully use the device, considerations need to be made for those with age-
related challenges or severe visual impairments.

In a traditional setting, trained technicians manage OCT imaging and doctors manage
interpretation. While most providers are open to engaging with telemedicine applications, some still
express significant hesitations regarding current telemedicine practices modalities [77].
Compounding on this issue, home-based OCT could potentially produce images that are unclear or
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incorrect, which could result in misdiagnosis or delayed treatments. Although telehealth skills can
be taught and assessed during medical education [78] to minimize the risk of mistakes by providers,
patients should continue to combine in-person and remote care for optimal treatment, ensuring open
communication with their physician.

Medicolegal Aspect

Although technology has been created to simplify workflow and already has a significant impact
on healthcare, it carries several risks, such as “hackers” potentially gaining access to the host system
and the insecure or incomplete deletion of health data [79]. The primary medico-legal concern
surrounding mobile screening and mobile monitoring is that electronic medical records systems are
largely unregulated in the US [80]. Research conducted by Fujitsu indicates that security is the
primary concern for cloud-based computing [81]. Hence, informed consent must be obtained from
patients regarding their data regulation. This should include a clear explanation of how the device
functions, potential risks, and how medical records will be stored, including the duration of storage
and who will have access. Data sharing protocols should be detailed, particularly since the
technology uses a cloud-based system. A data breach may significantly decrease client trust, which
could later affect compliance.

Pitfalls and Challenges

a. Patient and doctor experience and accessibility.

Current anti-VEGF treatment protocols place a significant burden on patients. The ongoing
development of home OCT aims to reduce the necessity for frequent clinic visits for follow-up
appointments, ultimately saving time, effort, and costs [72]. This convenience is particularly
beneficial for elderly patients or those with limited mobility or transportation limitations. Another
key factor contributing to patient satisfaction is the ease with which they can monitor their retinal
condition from home. Although taking images with conventional OCT requires patients to stay
seated for a period of time, it requires alignment [55] and a restricted level of movement. Thus, elderly
patients or those who struggle to maintain posture or change positions need more attention. Given
that mobile OCT aims to simplify screening and monitoring, it should also be applicable for the
elderly, as they are the most commonly affected age group by AMD and DR.

While many providers are optimistic about the rise of telemedicine, some still express doubt
towards the development [77]. Although there is no specific study measuring physician satisfaction
with this new technology, improved patient outcomes and the ability to monitor conditions more
closely to prevent vision loss may serve as indicators of physician satisfaction[22,48,61,75]. However,
challenges remain, such as the need for more training in data interpretation and remote monitoring.
Additionally, the quality of self-acquired images is crucial; poor-quality scans can complicate
diagnosis and hinder effective patient care. Adapting and improving OCT technology while ensuring
the quality of images and maintaining diagnostic accuracy is important and challenging.

Patient compliance is closely linked to both physician and patient satisfaction. Holekamp et al.
demonstrate a high level of patient compliance with the scanning regimen over the six-month period.
The mean weekly scan frequency remained consistent throughout the study [61]. No significant
change in scanning frequency was observed between the first and last months, which indicates strong
patient engagement and retention rate with the self-imaging process.

Remote retinal imaging showed an increase in diabetic retinopathy screenings [82]. The use of
home OCT and Al-based systems offers more opportunities to further decentralize screening, making
care more accessible to underserved populations in low- and middle-income countries. However,
global implementation faces challenges as well, especially in areas with limited healthcare
infrastructure. In Indonesia, for instance, less than 25% of individuals with Vision-threatening
Diabetic Retinopathy (VIDR) have received optimal treatment [83]. Due to the geographic
constraints of Indonesia, it becomes important to include general practitioners in ocular screening,
such as DR. However, beyond the deficiency in appropriate screening facilities and the knowledge
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and skills required, low compliance and socioeconomic issues are still problems that contribute to the
low screening numbers [84]. This is where the implementation of home-based OCT is being
questioned. While portable OCT could greatly benefit developing countries with limited access to
specialists and challenging geography, implementing home OCT still faces challenges, including the
need for self-examination, following instructions, and out-of-pocket costs. For home OCT to be
practical in these regions, its cost-effectiveness and ease of use must be carefully assessed.

b. Reimbursement issues

While remote retinal imaging has become more widely used, reimbursement remains
inconsistent, especially for specific imaging codes, and the gap in payments for these services is
growing [85,86]. While some device, such as the ForeseeHome device (Notal Vision), is covered by
Medicare and most private insurers, the reimbursement system for other home-based OCT devices
is still unclear [87]. Although the purpose of home and portable OCT devices is to reduce treatment
costs, several factors need to be considered, such as accessibility and availability, that potentially
increase costs.

c. Challenges in device resolution, image quality, and data accuracy

When it comes to miniaturization, making devices more compact, and enhancing their functions,
there are trade-offs in image quality that must be considered. For example, while sparse OCT offers
faster imaging, its quality is lower compared to high-resolution SDOCT, especially in terms of
smoothness and noise reduction [51]. SELFF OCT also showed higher background noise, but it still
defined retinal layers clearly in most cases, despite challenges like reflected and scattered light [52].
On the other hand, the NVHO 2.5 device produced high-quality images, with 99% of them deemed
usable by doctors, which is nearly identical to commercial OCT. This device was highly accurate in
detecting fluid in the eye, such as SRF and IRF, with very high agreement rates (98% for any fluid,
93% for SRF, and 91% for IRF). Moreover, its diagnostic accuracy remained consistent across different
levels of visual acuity, making it a reliable tool for home use [75].
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IIL. Intraoperative OCT in Vitreoretinal Surgery
A. Instrumentation and Background

Perhaps the most applied use of OCT outside the clinic, particularly over the past decade, has
been in the operating room with intraoperative OCT (iOCT). Traditional microscope viewing systems
in ophthalmic surgery restrict a surgeon’s view to an en face perspective, relying on surgeon depth-
of-field approximation and limiting any cross-sectional views. This long-standing shortcoming,
combined with rapidly improving OCT technology in the early 2000s, created opportunities for novel
intraoperative imaging solutions. The earliest reports of iOCT involved modifications of existing
tabletop OCT systems for use in supine patients [88,89]. Other early reports of intraoperative OCT
use involved modified tabletop systems for examination under anesthesia [90]. While modified
tabletop systems demonstrated the potential for integrating OCT into the operating room, their fixed
configuration and spatial limitations restricted access to the sterile surgical field, lacking practicality
and disrupting surgical workflow [91].

A significant leap in the progression of iOCT came with the introduction of portable OCT scan
heads in the late 2000s. The two most commonly described handheld systems in literature are the
Bioptigen SDOIS/Envisu (Bioptigen, Research Triangle Park, Morrisville, NC, USA) and the Optovue
IVue (Optovue, Fremont, CA, USA). Both handheld systems utilize SD-OCT. The Bioptigen SDOIS
has axial resolutions of less than 4um in tissue and an A-scan rate of up to 32,000 scans per second
[92]. The Optovue IVue has a depth resolution of 5um and a scan rate of 26,000 scans per second [93].
These handheld systems solved the problem of portability that was lacking in traditional tabletop
systems and were also modified for external and microscope-mounting to reduce motion artifacts
from freehand handheld capture [91]. The landmark PIONEER study conducted by Ehlers et al.
investigated the safety and utility of mounted handheld iOCT devices in anterior and posterior
segment surgeries [94]. Intraoperative imaging was obtained in 98% of the 531 total cases over the
first 24 months of the study. The study found that iOCT altered surgical decision-making in
approximately 48% of lamellar keratoplasty cases and 43% of membrane peeling procedures - with a
median capture time of 4.9 minutes per scan session [94]. This study demonstrated the feasibility and
utility of iOCT in ophthalmic surgery. However, shortcomings, including the need to pause surgery
for imaging, the need for ancillary technician support, and the lack of real-time feedback, necessitated
the integration of the OCT with the operating microscope [94].

To address these shortcomings, microscope-integrated OCT devices were developed. Unlike
handheld and microscope-mounted OCT systems, which function on a separate axis and focus
independently from the surgical microscope, microscope-integrated iOCT devices are directly
incorporated into the microscope. These systems coaxially with the microscope optical path, ensuring
minimal disruption to the surgeon’s workflow [95,96]. Three commercially available microscope-
integrated iOCT systems currently exist at the time of writing: the Zeiss RESCAN 700 (Carl Zeiss
Meditec, Oberkochen, Germany), Leica EnFocus Ultra-HD (Leica Microsystems, Leica, Wetzlar,
Germany), and the Haag-Streit microscope-integrated iOCT (Haag-Streit, Koeniz, Switzerland)
(Figure 3). In 2014, the RESCAN 700 became the first FDA-approved microscope-integrated iOCT
system approved for use in humans and is built into the Zeiss OPMI LUMERA 700 surgical
microscope. The RESCAN 700 is an SD-OCT-based system with a 27,000 A-scan/second scan rate,
with an axial resolution of 5.5um in tissue [97]. An advantage of the RESCAN 700 is the total
structural and ergonomic integration of OCT into the microscope, which avoids disturbing the
outline of the microscope compared to previous integrated iOCT attempts [91]. The system also
features foot-pedal controls, a head-up-display, and touchpad control of the OCT scanner [97]. The
Leica EnFocus was FDA-approved for use in humans in 2015 and is built into the Proveo 8 ophthalmic
microscope. It is also SD-OCT-based and features a scan speed of >36,000 A-scans/second with an
axial resolution of 4.0 um in tissue [98]. The EnFocus also supports touch-screen control, footswitch,
and heads-up display capability. The Haag-Streit iOCT system was FDA-cleared in 2015 and is
integrated into the HS Hi-R NEO 900A NIR microscope. It features an SD-OCT scan speed of 10,000
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A-scans/second and axial resolution of 5.0um [99]. The DISCOVER study, also conducted by Ehlers
et al., sought to investigate the feasibility and impact of these microscope-integrated iOCT systems,
including the RESCAN 700 and EnFocus, on surgical decision-making[91,100,101]. Of the 837 eyes
enrolled, 820 were successfully imaged with iOCT. Microscope-integrated iOCT altered surgical
decision-making in 43.4% of anterior segment cases and 29.2% of posterior segment cases. Along with
the reported changes in surgical decision-making, the results of the DISCOVER study also revealed
several areas of potential improvement in iOCT implementation. For one, metallic surgical
instrumentation was observed to cause significant shadowing, leading to suboptimal instrument
visualization during real-time imaging [95], highlighting the need for OCT-compatible
instrumentation. A subsequent study by Ehlers et al. described the potential of semitransparent
surgical instrumentation (i.e., picks, vitreoretinal forceps) during real-time OCT imaging with the
RESCAN 700 and EnFocus system [102]. This study noted improved shadowing in the
semitransparent instrumentation but illustrated the need for ongoing refinement of visualization
software and specific tools, especially those with complex geometry like vitreoretinal forceps [103].
Other notable areas of potential improvement gleaned from the DISCOVER study included
optimization of surgeon heads-up-display, automated OCT aiming, and improved software for
imaging analysis [95,101]. Implementation of SS-OCT in iOCT, while currently not in widespread
use, also offers promise for faster acquisition speeds, live volumetric visualization, automated OCT
tracking, and widefield OCT imaging [104-107].

While experimental integration of OCT into needle-based probes and into surgical instrumentation
itself has been described [108-110], most clinical studies investigating the benefit of iOCT in
ophthalmic surgery have utilized microscope-integrated OCT. There is a growing body of evidence
emphasizing the potential role for intraoperative OCT in image-guided surgery and the potential
effects on patient outcomes and surgical decision-making. The following sections cover a variety of
anterior and posterior segment conditions and the impact iOCT has on surgical decision-making and

outcomes.

Fig. 3: Commercially available intraoperative OCT solutions. Zeiss RESCAN 700 (left). Leica
EnFocus (middle). Haag-Streit iOCT (right).

Courtesy of Carl Zeiss Meditee, Leica Microsvstems, Haag-Streit

B. Anterior Segment OCT Use in the OR

Anterior Segment Optical Coherence Tomography (AS-OCT) is an advanced imaging modality
that provides high-resolution cross-sectional images of the anterior segment of the eye. The
application of intraoperative OCT (iOCT) in the operating room, whether handheld or microscope-
integrated (miOCT) has significantly enhanced intraoperative decision-making, allowing for precise
visualization of ocular structures, improved surgical outcomes, and better patient care. The benefits
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of AS-OCT use in the OR are shown particularly in corneal and ocular surface diseases, anterior
segment imaging, anterior chamber and angle surgery, and refractive surgery.

iOCT, and in particular miOCT plays a crucial role in managing corneal diseases and ocular
surface disorders by providing detailed structural imaging at the time of surgery. During corneal
transplantation procedures such as Penetrating Keratoplasty (PKP) [111] and Descemet’s Stripping
Automated Endothelial Keratoplasty (DSAEK) [112], iOCT allows for real-time assessment of graft-
host interface alignment, ensuring better graft positioning and adherence [113,114]. It also aids in
evaluating corneal thickness in keratoconus patients undergoing Corneal Cross-linking (CXL) [114]
and assists in monitoring epithelial remodeling after Phototherapeutic Keratectomy (PTK) [115]. In
ocular surface diseases, AS-OCT/iOCT helps in assessing conjunctival scarring [116], limbal stem cell
deficiency, and the effectiveness of amniotic membrane transplantation. It is also instrumental in dry
eye disease by measuring tear film thickness and assessing changes in meibomian gland dysfunction,
allowing for more tailored treatment approaches [117-119].

iOCT also provides visualization of the deeper anterior segment structures, allowing for
enhanced intraoperative precision. The imaging modality is particularly beneficial in cataract surgery
[120], where it helps in evaluating anterior chamber depth, lens thickness, and capsular integrity
before and during phacoemulsification. In Femtosecond Laser-assisted Cataract Surgery (FLACS)
[121], iOCT guides laser positioning for capsulotomy, corneal incisions, and lens fragmentation [122],
improving surgical accuracy and patient outcomes. Moreover, iOCT aids in detecting and managing
intraoperative complications such as posterior capsule rupture, zonular dehiscence, and corneal
wound integrity, allowing surgeons to make real-time adjustments [123]. SS-OCT is also valuable in
assessing intraocular lens (IOL) positioning post-implantation, reducing the risk of refractive
surprises and visual distortions [124].

Anterior chamber and angle surgery, particularly glaucoma procedures, also benefit from iOCT.
In Minimally Invasive Glaucoma Surgeries (MIGS) such as trabecular microbypass stents and
canaloplasty, AS-OCT provides high-resolution imaging of the iridocorneal angle, Schlemm’s canal,
and trabecular meshwork, ensuring accurate device placement and improved surgical outcomes
[125]. For traditional glaucoma surgeries like trabeculectomy and glaucoma drainage device
implantation, AS-OCT helps in assessing bleb morphology [126,127], scleral flap positioning [128],
and visualizing the aqueous outflow tract. This allows for early detection of complications such as
fibrosis [129], bleb leaks [129], and resulting hypotony [130], facilitating timely intervention and
optimizing long-term Intraocular Pressure (IOP) control.

AS-OCT also aids in managing anterior segment trauma cases [131], allowing for precise
evaluation of angle recession, iridodialysis, and cyclodialysis clefts. By providing real-time structural
assessment, it guides the decision-making process regarding surgical repair and long-term
management.

In refractive surgery, AS-OCT enhances preoperative assessment, intraoperative precision, and
postoperative monitoring. It is particularly valuable in laser vision correction procedures such as
LASIK, PRK, and SMILE, where it provides detailed corneal thickness mapping, epithelial profiling,
and flap interface evaluation. This helps in customizing treatment plans based on individual corneal
biomechanics, reducing the risk of postoperative complications such as ectasia and irregular
astigmatism [132]. During phakic IOL implantation, AS-OCT assists in measuring anterior chamber
depth and angle anatomy, ensuring proper lens sizing and positioning [133]. In refractive lens
exchange procedures, it aids in selecting the appropriate IOL power by providing precise biometric
data [132]. Intraoperative OCT has proven valuable for challenging lenticule extractions in SMILE,
by offering real-time imaging of the lenticule and clarifying its positioning relative to the anterior
stromal cap and underlying stromal bed. Utilizing iOCT has led to favorable anatomical and visual
results [134].

Postoperatively, AS-OCT is useful in detecting early signs of complications such as flap
displacement¥, epithelial ingrowth [135], and corneal haze [136]. For CXL procedures for
keratoconus, AS-OCT enables post-operative assessment of corneal stromal demarcation lines at two
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weeks, ensuring adequate riboflavin penetration and UV exposure [137]. Its non-contact nature
makes it ideal for serial monitoring without causing patient discomfort or disrupting the corneal
surface/tear film, leading to better long-term refractive stability and visual outcomes.

C. Posterior Segment OCT Use

Epiretinal membranes (ERMs) are fibrocellular proliferations that form on the inner surface of
the retina, often occurring idiopathically or following posterior vitreous detachment, retinal laser
procedures, surgery, or uveitis [138]. OCT is instrumental in diagnosing ERMs, typically revealing a
hyperreflective membrane on the retinal surface, accompanied by retinal thickening, surface
wrinkling, and sometimes cystoid spaces, which altogether help to assess the severity and guide
treatment decisions [138]. Visually significant ERMs are among the most common indications for
vitrectomy and are treated with membrane peeling, which relieves vitreoretinal traction. ERMs are
also among the best-characterized vitreoretinal diseases on OCT, which contributes to the high
frequency at which iOCT is indicated in membrane peeling procedures in reported clinical studies
[94]. Intraoperative OCT has demonstrated utility in nearly every step of membrane peeling surgery
from start to finish - from improved engagement of the posterior hyaloid to increased tissue
reflectivity with the use of indocyanine green and triamcinolone [139,140]. Furthermore, both the
previously mentioned PIONEER and DISCOVER studies revealed a discordance between surgeon
identification and iOCT identification of residual membranes in 13-22% of peel cases, and iOCT was
able to identify the extent of membranes that were unseen by the surgeon. In contrast, in 15-40% of
cases where the surgeon suspected a residual membrane, intraoperative OCT confirmed complete
removal, avoiding unnecessary surgical intervention [94,101].

In addition to optimizing surgical efficiency, iOCT may offer an alternative to dye and contrast-
based chromovitrectomy. Indocyanine green remains one of the most commonly used agents in
membrane peeling procedures, despite its reported retinal toxicity [141] and potential damage to the
optic nerve [142], RPE, and retinal nerve fibre layer [143]. With no reported differences in visual
outcomes, dye-free peeling has been achieved in around 40-60% of membrane peeling cases in
reported clinical studies by Falkner-Radler et al.. and Leisser et al. [144,145]. Overall, iOCT has
demonstrated utility in impacting surgical decision-making in membrane peel surgery.

Macular holes (MH) are full-thickness defects in the neurosensory retina at the macula, leading
to central vision loss. Pathogenesis often involves vitreoretinal interface abnormalities, where
anomalous posterior vitreous detachment exerts tractional forces, culminating in retinal tissue
disruption [146]. OCT has been instrumental in our understanding and characterization of the
formation of MHs, revealing a predictable sequence of events from initial posterior vitreomacular
traction to full-thickness macular hole formation [147]. Surgical intervention, primarily pars plana
vitrectomy with internal limiting membrane (ILM) peeling and gas tamponade, achieves anatomical
closure rates exceeding 90% [148]. As with epiretinal membrane peeling, iOCT has offered novel
insights into tissue alterations and tractional dynamics during ILM peeling in macular hole
surgery[149]. Using iOCT, Ehlers et al. identified several predictors for early macular hole closure,
most notably pre-incision minimal width [150]. Intraoperative changes in macular hole volume and
minimal width were also identified as predictors of early macular hole closure[150]. Another group
reported a novel intraoperative sign on iOCT, named the “hole-door sign,” which was associated
with a higher likelihood of achieving postoperative Type-1 macular hole closure, indicating
successful anatomical repair [151]. This sign is characterized by vertical pillars of tissue at the edges
of the macular hole, projecting into the vitreous cavity after ILM peeling. Intraoperative OCT-
confirmed MH closure may also offer a shorter face-down positioning time post-surgery [152]. These
studies serve as examples of how iOCT findings can serve as predictive markers for surgical success,
enhancing decision-making during MH surgery and guiding counseling for prognosis after surgery.

The risk of vitreous macular traction (VMT) progressing to a full-thickness macular hole (FTMH)
carries significant implications prognosis [153]. Traditional surgical treatment for VMT involves
vitrectomy, which may be combined with membrane peeling or other techniques [154]. The success
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of such surgeries relies on precise identification and treatment of the areas of traction. iOCT provides
real-time imaging in high-resolution, cross-sectional images of the macula and retina during surgery,
iOCT allows surgeons to directly observe the extent of traction, monitor surgical progress, and guide
intraoperative decisions with greater accuracy [155].

Rhegmatogenous retinal detachment (RRD) is characterized by the separation of the
neurosensory retina from the underlying RPE due to a full-thickness retinal break. The success rates
of primary surgical repair for RRD vary depending on the chosen technique and patient-specific
factors, but comparative studies have reported primary repair success rates from 84% to 94% [156].
The primary goal in the surgical repair of RRD - either through scleral buckling, PPV, or pneumatic
retinopexy - is to reattach the retina by closing all retinal breaks and alleviating vitreoretinal traction.
According to a post-hoc analysis of the DISCOVER study by Abraham et al., iOCT provided valuable
feedback in 36% of total RD cases, particularly in complex RD cases (50%), and altered decision
making in 12% of cases [155]. iOCT has also been used to characterize and visualize microstructural
changes during RRD repair surgery in several studies [157-159]. A case series conducted by Ehlers et
al. describes a series of novel iOCT findings during combined vitrectomy / scleral buckle for nine
eyes [159]. Specific reported findings include subfoveal hyporeflectivity followed by subretinal
hyporeflectivity and foveal thinning with MH formation, and finally, overt full-thickness MH [159].
Other studies identified residual subretinal fluid after PFO injection using iOCT but noted no
correlation between the fluid and functional or anatomical outcomes [157,158]. The proposed benefits
of iOCT in retinal detachment repair surgery are not as elucidated as in membrane peeling surgeries
but still seem to augment surgical decision-making in some capacity [155,160].

Intraoperative OCT also offers significant potential in enhancing the precision and safety of
subretinal therapeutic procedures. Of particular interest is the subretinal delivery of gene therapy of
inherited retinal conditions such as Leber’s Congenital Amaurosis and Retinitis Pigmentosa. Due to
the relatively impermeable nature of the ILM, the potential for off-target transduction, and to
facilitate direct delivery to the RPE and photoreceptors, subretinal injection is the preferred delivery
method for gene therapy '¥. By providing real-time, high-resolution cross-sectional imagery of
delicate subretinal anatomy, iOCT allows surgeons to visualize and monitor the creation and
expansion of the subretinal bleb—the localized retinal detachment where therapeutic agents are
delivered (Figure 4) [161-164]. Insights from the previously discussed PIONEER and DISCOVER
studies have also demonstrated iOCT-facilitated localization of subretinal injection of tPA in cases of
subretinal hemorrhage [165], iOCT-assisted chorioretinal biopsy [102], and iOCT-facilitated
identification and removal of retained perfluorocarbon liquid droplets in a case of persistent
subretinal PFO [166]. A recent case series by Valikodath et al. also utilized iOCT to obtain volumetric
measurements of injected subretinal tPA and found that volumetric iOCT measurements differed
from volumetric measurements from the actual syringe [167]. The authors suggest that this
discrepancy could be a result of leakage from the retinotomy into the vitreous or delivery outside the
eye from human error. These studies point to the conclusion that iOCT can facilitate objective and
more accurately reproducible measurements for subretinal therapeutic delivery.

In pediatric patients, retinal imaging is often challenging due to poor fixation, small pupil size,
and poor cooperation. In this regard, iOCT offers unique benefits in its capability to facilitate
examination under anesthesia, allowing for precise assessment of conditions such as retinopathy of
prematurity [168], retinoblastoma [169], pediatric trauma [170], and tractional pathologies [171]. An
emerging application of iOCT, intraoperative OCT angiography (iOCTA), has also demonstrated
particular utility in pediatric retinal disorders. In a report by Chen et al., two pediatric patients with
idiopathic vitreous hemorrhage and familial exudative vitreoretinopathy underwent examination
under anesthesia with microscope-integrated iOCTA. This report demonstrated increased
visualization and greater detail of vasculature on iOCTA compared with conventional fluorescein
angiography [172]. Additionally, a cross-sectional study of infants with persistent fetal vasculature
who underwent examination under anesthesia using iOCTA revealed characteristic but subtle
vascular and flow abnormalities that were less visible with fluorescein angiography [173]. It is
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evident that iOCT and iOCTA not only confer benefit in their ability to examine non-cooperative
patients but also in the improved characterization and monitoring of pediatric retinal vascular
disorders.

Subretinal fluid

Suprachoroidal fluid

Figure 4. Intraoperative microscope-integrated OCT (RESCAN 700) image of raised subretinal bleb not readily
detectable on microscope fundus view. Image by Gregori, et al. from Intraoperative Use of Microscope-

Integrated Optical Coherence Tomography for Subretinal Gene Therapy Delivery.

D. Challenges

The integration of OCT into the operating room requires consideration of financial and
regulatory challenges. High acquisition and maintenance costs limit accessibility, particularly in
resource-limited settings when cost-benefit analysis is yet to be determined [174]. In a post hoc
economic analysis of the ADVISE trial, the cost-effectiveness of the iOCT protocol of DMEK surgery
was evaluated and determined that there were no statistical differences in Quality Adjusted Life Year
(QALY) and no superiority in incremental cost-effectiveness ratio, though there was a marginal
difference in total costs per DMEK of €107 in favor of the iOCT protocol and a shorter mean net
surgical time of 4.9 min [175]. Long-term cost savings in the > 6-month post-operative period were
not evaluated in this analysis. The cost of intraoperative AS-OCT devices and reimbursement
limitations also pose barriers, as insurance providers such as Aetna [176] and Blue Cross Blue Shield
[177] of Massachusetts do not cover iOCT, citing that the benefits of intraoperative OCT are not
definitive. These factors may disincentivize institutions from investing in and implementing the use
of iOCT.

Regulatory considerations also play a role in the adoption of intraoperative OCT. The downward
trend in per-procedure reimbursement rates for OCT and the elimination of the CPT 92135 code are
variables that could impact future financial dynamics in OCT utilization [178]. In addition, the use of
real-time imaging during surgery requires adherence to evolving guidelines and safety protocols,
such as compliance with international standards IEC 60601-1 for medical electrical equipment safety
and ISO 13485 for quality management. In some regions, obtaining regulatory approval for
integrating OCT into surgical workflows may be a complex process, involving compliance with both
medical device regulations and data protection policies. The lack of standardized protocols across
institutions further complicates implementation. There is a need for universally accepted guidelines
for intraoperative OCT use, including criteria for image acquisition, interpretation, and decision-
making.
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Does Intraoperative OCT Change Decision-Making?

While AS-OCT provides highly detailed imaging and enhances surgical precision, the extent to
which it changes intraoperative decision-making remains a subject of discussion. Studies suggest that
while AS-OCT allows for real-time visualization of corneal, anterior chamber, and angle structures,
its impact on surgical outcomes depends on the surgeon’s experience and the complexity of the
procedure. Research has shown that intraoperative OCT may alter surgical decisions in the posterior
segment in approximately 29.2% (PIONEER study in 2014) to 43% (DISCOVER study in 2018) of
cases, and 26.2% in a smaller, pilot prospective case series conducted in 2022 at a tertiary institution
in Lahore, Pakistan [179]. However, cost-benefit analyses from the societal perspective yield less clear
results [175].

In corneal surgeries, intraoperative AS-OCT is beneficial in evaluating the graft-host interface in
lamellar keratoplasty and guiding corneal incisions. However, some experts argue that experienced
corneal surgeons can achieve similar outcomes without AS-OCT, using their clinical judgment and
traditional microscopy. This raises the question of whether intraoperative AS-OCT is essential or
merely an adjunctive tool that provides incremental benefits [180].

In anterior segment and glaucoma surgeries, AS-OCT facilitates precise device placement and
angle assessment. While this enhances safety and efficiency, there is limited evidence to suggest that
it significantly alters decision-making in most cases. Some surgeons may use intraoperative AS-OCT
selectively rather than routinely, incorporating it only when standard visualization techniques are
insufficient [120].

In refractive surgery, intraoperative AS-OCT assists in assessing corneal thickness and flap
integrity. However, the extent to which it improves refractive outcomes compared to preoperative
and postoperative imaging is still under investigation. Since many refractive surgeries already
employ advanced imaging techniques preoperatively, the necessity of intraoperative OCT remains
debatable [120].

In posterior segment surgery, iOCT has demonstrated a marked ability to impact decision-
making, particularly in membrane peel surgeries for macular holes and epiretinal membranes.
Likewise, its potential role in facilitating subretinal therapeutic delivery has also been demonstrated.
While the iOCT’s impact in such procedures as retinal detachment repair remains to be fully
elucidated, iOCT has already established itself as a watershed advancement in the management of
retinal disease.

IV. Conclusion and Future Directions

Unprecedented understanding of the precipitating events in ocular pathology, new
pharmaceuticals, and novel surgical techniques have driven demand for nontraditional OCT
technologies capable of providing not only high-definition imaging but also integrated Al-assisted
analyses.

The introduction of OCT for use outside the clinic has been welcomed by patients and clinicians.
Unlike the previous bulky and costly OCT devices, which had limited its availability to large medical
facilities and restricted access for many patients, today’s OCT devices are transforming ocular disease
management by placing imaging access in patients” hands. With an increasing demand for simplicity
and practicality, innovations such as home-based OCT now allow patients to monitor their eye health
from the comfort of their own homes. Elderly patients and those with chronic conditions, particularly
those with visual impairments, have already benefited from this innovative OCT technology. Patients
using home-based OCT have given largely positive feedback and reportedly appreciate the
convenience. Intraoperative OCT has proven useful for surgeons and has_changed surgical decisions
in a significant number of cases, helping surgeons identify issues such as residual membranes or
macular hole closure that may not be visible otherwise. In pediatric cases and other complex
surgeries, iOCT is improving surgical outcomes and pathology visualization and characterization.
For home-based OCT and intraoperative OCT to reach a wider population, the high upfront costs
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and reimbursement challenges must be addressed. Further research is necessary to understand how
best to address the problem of high cost so that this technology can transcend socioeconomic barriers
and benefit wider, more diverse populations.

Another challenge involves standardizing protocols for OCT at home and when used during
surgery. These protocols are important for ensuring the accuracy and consistency of results,
especially Al-facilitated reports. Patients and healthcare providers should know who bears
responsibility for misdiagnosis, including legal medical liability related to misinterpretation and
mismanagement of results. Moving forward, the best OCT protocols will be developed through
collaboration between patients, healthcare providers, healthcare institutions, manufacturers, and
regulators.

While home OCT is proven to help monitor the progression of disease, portable handheld OCT,
such as the Act100 device, may offer a more practical solution in remote areas. With professional
oversight, the Act100 device can be readily utilized in the primary care setting. This is particularly
advantageous for use in developing countries where there is limited healthcare infrastructure.
Further study with larger portable OCT sample sizes will be necessary to evaluate its screening
effectiveness in diverse large populations and to assess its cost in real-world applications.
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