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Introduction: Teleophthalmology uses technology to provide remote eye care 
services, tackling obstacles in accessing specialized care. Optical coherence 
tomography (OCT) represents a technical advancement, enabling high-
resolution ocular imaging. The aim of this study is to evaluate the diagnostic 
accuracy, feasibility, safety, and clinical utility of home monitoring OCT 
devices and remote OCT technology compared to standard in-office OCT in 
teleophthalmology settings across various eye conditions.

Materials and methods: A systematic literature search was conducted in 
PubMed, Cochrane Library, ScienceDirect and Google Scholar for studies on 
home-monitoring/remote OCT published from January 2004 to February 
2024. Studies utilizing home monitoring/remote OCT in teleophthalmology 
for patients with eye disorders and reporting on diagnostic accuracy, safety, 
disease monitoring (clinical utility) or treatment response were included and 
synthesized narratively.

Results: A total of 12 research studies involving 3,539 participants were 
incorporated in the analysis. The majority of home or remote OCT scans 
exhibited satisfactory diagnostic image quality. There was high agreement 
between home/remote and in-office OCT for detecting pathologies and 
measuring retinal thickness. Compared to in-person evaluations, home/remote 
OCT demonstrated excellent sensitivity and specificity, though some variability 
was seen across conditions and interpreters. Home OCT devices provided 
feasible and safe self-operation with high patient acceptability. Scan times were 
faster when conducted at home compared to those in the office.

Conclusion: Home/remote OCT devices can effectively provide diagnostic-
grade retinal imaging outside traditional settings. High diagnostic accuracy was 
demonstrated compared to in-office OCT. Feasibility and patient acceptability 
data support home OCT for remote monitoring.
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Introduction

Delivering ophthalmic services in the modern healthcare setting 
is faced with difficulties, such as the requirement for prompt 
diagnosis and treatment, accessibility issues to specialized care, and 
the rising incidence of eye disorders (1). The World Health 
Organization (2) reports that the aging population, the increase in 
chronic illnesses, and the unequal distribution of healthcare resources 
around the world have all made these problems worse. 
Teleophthalmology has surfaced as a viable solution to these 
problems, utilizing technology developments to offer remote eye care 
services (3).

According to Rathi et al. (4), teleophthalmology is a paradigm 
change in eye care that expands the availability of ophthalmic 
treatments by removing geographical restrictions. Innovative 
strategies are required to provide complete eye care for everyone due 
to the global burden of eye illnesses, including glaucoma, diabetic 
retinopathy, and age-related macular degeneration (AMD) (2). By 
enabling remote consultations, screenings, and diagnostics, 
teleophthalmology provides an answer and transforms the field of eye 
care (5). Particularly in impoverished and rural locations, it has the 
potential to increase patient outcomes, lower healthcare costs, and 
improve access to care (6).

Optical coherence tomography (OCT) represents the cutting edge 
of technical advancement in ophthalmology. Ocular structural cross-
sectional imaging at high resolution is made possible by OCT with the 
use of low-coherence interferometry (7). According to Chopra et al. 
(7), OCT is a useful tool for the diagnosis and treatment of a variety of 
ocular disorders due to its non-invasive nature, capacity to record 
intricate structural information, and real-time imaging capabilities. 
OCT has been widely utilized to diagnose and track anterior segment 
abnormalities, glaucoma, and retinal illnesses, offering important 
insights into the etiology and course of these conditions (8). 
Conventional OCT equipment, however, has its limits. They are not 
portable, only available in dedicated rooms within hospital eye clinics 
and centers, and frequently require pupil dilation, involving trained 
ophthalmic technicians for their operation which can be not convenient 
for patients (7). Furthermore, interpreting OCT scans can be difficult 
and time-consuming, necessitating image analysis experience (9).

In an effort to get beyond these restrictions, OCT technology has 
recently advanced. Notal Vision Home OCT (NVHO) and other home 
monitoring OCT devices allow patients to self-administer OCT scans 
and provide the results to their healthcare practitioners for remote 
monitoring (10). These gadgets have demonstrated potential in raising 
patient adherence and assisting in the early identification of illness 
progression (7). Additionally, developments in remote OCT technology 
have made it possible to obtain high-quality, real-time imaging from a 
distance. Because they do not require pupil dilation to obtain high-
resolution pictures, handheld, portable OCT devices like the Bioptigen 
Envisu C-Class are ideal for teleophthalmology applications (8). 
Furthermore, cloud-based platforms have been created to make it easier 
for OCT data to be securely transmitted, stored, and analyzed. This 
allows healthcare providers to collaborate and consult remotely (11).

OCT has a lot of potential for teleophthalmology, but the research 
that is now available shows a mixed picture with gaps, disagreements, 
and conflicting results (12). The field of teleophthalmology now has 
more options thanks to recent developments in remote and home 
monitoring OCT technology.

The most popular NVHO system utilizes a specially designed SD 
OCT device intended for home use, enabling patients to conduct self-
imaging with OCT technology regularly. This compact device is 
tailored for commercial application. Users can adjust the height of the 
device and choose which eye to scan. An innovative proprietary 
automatic feedback system assists in guiding head positioning and 
visual fixation by providing prompts for proper alignment and 
instructing users to focus on a blinking target during the 
scanning process.

Upon a user’s initial engagement with the device, it undergoes a 
one-time automatic calibration procedure that personalizes imaging 
in accordance with the individual’s refractive error and axial length. 
The NVHO scan consists of a horizontal raster comprising 88 B-scans 
across an area measuring 3 × 3 mm (10 × 10 degrees field of view), 
precisely centered on the point of fixation of the eye. Key specifications 
include a central wavelength of 830 nm, a scanning speed of 10,000 
A-scans per second, and each B-scan containing 500 A-scans. After 
completing each self-imaging session, data is automatically 
transmitted to the Notal Health Cloud through an integrated cellular 
modem. The raw data is then utilized to reconstruct cube scans, which 
are accessible for remote evaluation by physicians or other qualified 
healthcare professionals through a web-based viewer (10).

Another reported device—spOCT was specifically designed for 
handling by patients and not by health care professionals in order to 
allow automatic image acquisition in patients’ homes or in nursing 
homes. It was tested in the office conditions. The novel volume scan 
protocol was established to investigate extremely fast volume scanning 
capabilities, generating an optical specimen of a cube 3.8 × 3.8 mm 
with resolutions of 50 × 50 pixels, 100 × 100 pixels, or 150 × 150 pixels; 
a scan depth of 4.2 mm; and a depth resolution of 2,048 pixels (13).

The third model that has already been tested is SELFF-OCT 
creating an OCT volume scan of the central retina without the need 
for a beam scanner and other expensive components such as 
spectrometers or tunable light sources by using full-field technology. 
It uses an extended illumination of the retina by a 0.9 mW parallel 
beam from a superluminescent diode with a 840 nm wavelength and 
a 26 nm spectral bandwidth. It records a densely sampled volumetric 
retina scan of a lateral area of 4.5 × 1.4 mm axial resolution of 12 μm 
and a horizontal resolution of about 17 μm (14).

However, a thorough assessment of these technologies’ diagnostic 
precision, clinical use, safety and patient outcomes is still required. The 
primary objective of this study was to evaluate the diagnostic accuracy 
of home monitoring OCT devices and remote OCT technology 
compared to standard in-office OCT in teleophthalmology settings 
across various eye conditions. The secondary objectives were to 
evaluate the feasibility, safety, and clinical utility of using these remote 
and home-based OCT technologies for remote disease monitoring 
and management. It will fill up the gaps that now exist, offer a 
thorough grasp of the advantages and restrictions of using home/
remote OCT in teleophthalmic practices, and pinpoint the elements 
that contribute to the effective application of home monitoring/remote 
OCT in teleophthalmology (15). This review seeks to improve clinical 
decision-making, direct future research paths, and further the 
continuous advancement of tele ophthalmic practices by bringing 
together the available information. Additionally, it can help shape best 
practices and recommendations for the efficient application of home 
monitoring/remote OCT in teleophthalmology, guaranteeing that 
patients, wherever they may be in the world, will receive top-notch care.
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Research question

What is the diagnostic accuracy, feasibility, and clinical utility of 
home monitoring OCT devices and remote OCT technology 
compared to standard in-office OCT in teleophthalmology settings for 
the management of various eye diseases?

Materials and methods

The “Cochrane Community” criteria and recommendations for 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
were followed in the conduct of this investigation (16).

Literature search and study selection

A manual and electronic search of publications from various 
databases, such as, PubMed, ScienceDirect, Google Scholar and the 
Cochrane Library, published from January 2004 up to May 2024, was 
done. The search was restricted to human-only articles and studies 
published in English. The following search strategy was first used in 
PubMed before modified to be used in in the other databases: ((“Optical 
Coherence Tomography”[MeSH] OR “optical coherence 
tomography”[tiab(Title/Abstract tag)]) AND (“Telemedicine”[MeSH] 
OR “teleophthalmology”[tiab] OR “remote eye care”[tiab] OR “home 
OCT”[tiab] OR “self-imaging”[tiab])). Also thoroughly checked were 
the reference lists of the identified articles to find any additional relevant 
articles. All studies retrieved from the databases were exported to 
EndNote X9 software for screening. First duplicate studies were removed 
and before screening of the title and abstracts of the studies. Thereafter 
full-text review followed and studies that met the inclusion criteria were 
included in the review. The screening at all stages done independently 
by two authors and discrepancy were resolved through a third party.

Inclusion criteria

Only articles that had been published between January 1, 2004, and 
May 28, 2024, and written in English were included. The following 
requirements had to be met for the articles to be considered in this review:

	 1.	 Randomized controlled trials (RCTs). Also, cohort studies, 
case–control studies, and observational studies were included.

	 2.	 Studies utilizing home monitoring/remote optical coherence 
tomography (OCT) in teleophthalmology settings.

	 3.	 For studies to be  considered, they included patients (aged 
18 years and above) diagnosed with eye disorders conditions.

	 4.	 Studies reporting outcomes related to diagnostic accuracy 
(sensitivity, specificity), safety, and clinical utility.

Exclusion criteria

	 1.	 Reviews, editorials, study protocols, conference papers, 
commentaries on published articles, case studies, and studies 
with insufficient data.

	 2.	 Studies that did not have the relevant outcome measures.

	 3.	 Studies not involving home monitoring/ remote OCT in 
teleophthalmology settings or using other imaging techniques.

	 4.	 Outdated studies (published before 2004) and studies published 
in other languages.

Quality assessment

The papers that satisfied the eligibility criterion were assessed for 
methodological quality. The quality of the included studies was evaluated 
using the “CASP Checklist” recommended by the Cochrane Collaboration 
qualitative methodologies groups (17). The 10 questions that make up the 
CASP tool assessment analyze the rigor of the research process in addition 
to the validity and applicability of the key findings (18). For this system, 
no specific ranking system was developed. However, according to Butler 
et al. (18), the qualitative scores for each evaluated item might be “Yes” (1 
point), “Cannot tell” (0.5 points), or “No” (0 points). Consequently, a 
paper was categorized as “High” quality if “Yes” was indicated in at least 
two-thirds of the CASP sections; as “Moderate” quality if the score was 
between four and six “yeses”; and as “Low” quality if more than two-thirds 
of the responses were “No.” Two authors independently completed this 
and any discrepancies were resolved through a third party.

Data extraction

Data extraction came next after selection of the studies and 
appraisal of their quality. The following data was congregated using a 
standardized Microsoft Excel data collection form l: Author and year 
of publication, study design, research settings, sample size, participants 
feature (age and gender), type of OCT device, and study’s measurable 
outcome (s). These stages were independently completed by two 
authors and disagreement between the two authors were resolved 
through a third party. Two authors completed this task independently 
and any discrepancies were resolved through a third party.

Data synthesis

Due to the wide variations in methodology, different type of home 
monitoring/remote OCT devices, differences in measurements for the 
outcomes and insufficient data, a quantitative synthesis of the data was 
not feasible. The results from the studies were therefore analyzed using 
thematic and narrative analysis, as defined by Braun and Clarke (19). 
Thematic analysis has the advantage of enabling researchers to make 
interpretations based on recurrent themes in seemingly distinct studies 
and offer results that unswervingly support health practitioners (19).

Results

Search results

The literature search from the electronic data base resulted into a 
total of 3,842 items. There were 3,360 publications found by Google 
Scholar, 6 trials found by Cochrane, 297 articles found by PubMed, 
and 179 papers found by ScienceDirect. Nine hundred sixty-nine 
duplicates were discarded before the screening of titles and abstracts. 
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Title and abstract screening resulted in the exclusion of 2,832 articles. 
They either adhered to the research design specified in the exclusion 
criteria or failed to report on the home monitoring/ remote OCT in 
teleophthalmology settings. Only 12 of the remaining 41 articles fully 
complied with the inclusion criteria after being read in their entirety. 
The process selection of studies is presented in a flowchart in Figure 1.

Study characteristics

The main features of included studies are presented in Table 1. These 
studies were published between 2011 and 2022. The sample size of these 
studies ranged from 4 to 1,257 with a total of 3,539 participants. All these 
participants were adults of ages ranging from 35 years and above. The 
other characteristics of the included studies are summarized in Table 1.

Quality assessment

The articles included in the theme synthesis generally had 
Moderate methodological quality (mean quality = 6.25). Eight studies 

(66.7%) depicted a moderate quality in the overall score, while 4 
papers (33.3%) had a high-quality overall score. Different Scores were 
exhibited for Items 3 and 6. Item 3 concerns whether the search design 
was suitable in relative to its objectives, and 6 studies did not to meet 
this requirement. Item 6, which is concerned with the influences in 
the affiliation between study participants and researchers, was only 
excellently addressed by only two studies (20, 21). Table 2 provides 
more details on the quality appraisal of the included studies (see 
Table 3).

Analysis and consistent themes

The recurrent themes in all the included papers were found, 
evaluated, and analyzed using thematic analysis (19). The results 
of the included research articles were assessed in conjunction 
with the reports from the included studies. This was carried out 
to assess the feasibility, utility, safety, and diagnostic accuracy of 
employing remote OCT and home monitoring OCT in 
teleophthalmology. The most prevalent themes are presented 
as follows.

FIGURE 1

The process for selecting study according to PRISMA.
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Image quality

Data on the image quality of remote OCT and home-monitoring 
OCT in teleophthalmology were obtained from two studies (22, 23). 
Compared to fundus photography (95.5% fair-good quality, 92.1% 
useful images), the remote OCT device produced a higher percentage 

of fair-good quality images (97.2%) and usable images in screening 
glaucoma disease (94%) (22). Also, according to Anton et al. (22), 
there was a substantial rise in the frequency of low-quality photos as 
participant age increased (p < 0.0001). 97.6% of AMD patients’ 
at-home self-imaging attempts utilizing a home OCT device had 
acceptable quality for evaluation (23).

TABLE 1  Characteristics of the included studies.

Study ID Study design Study 
sample

Study 
settings

Sample 
features 
(age, 
gender)

Diseases 
detected

Intervention 
(type of OCT 
used)

Outcome 
measures

Anton et al. 

(22)

Population-based 

study 1,006 Spain/remote

Women and men; 

mean age of 

67 ± 7.8 years

Glaucoma

Portable SD-OCT 

(iVue)

Image quality, 

screening results

Liu et al. (11) Cohort study 1,257 China/remote

Men and women; 

mean age of 

64.2 years

Retinal diseases

OCT-AI (iScan)

Sensitivity and 

specificity

Maa et al. (24) Cohort study 256

United States/

remote

Men and women; 

mean age of 

60 years

Glaucoma or 

retinal diseases

TECS protocol with 

OCT (in-office)

Diagnostic 

accuracy, 

sensitivity, 

specificity

Kelly et al. 

(20) Cohort study 50

United Kingdom/

remote

Men and women 

aged 35 years and 

above

Macular diseases

Topcon 3D OCT-200 Specificity

Keenan et al. 

(23)

Observational 

longitudinal study 4 Israel/home

Men and women; 

mean age of 

73.8 years (69–

80 years)

Age-related 

macular 

degeneration Notal Vision Home 

OCT (NVHO)

Satisfactory quality, 

self-imaging 

completion

Maloca et al. 

(13) Prospective study 31

Switzerland/

office

Men and women; 

mean age of 

79.6 years (69–

92 years)

Age-related 

macular 

degeneration sparse OCT (spOCT, 

MIMO_02)

Feasibility and 

safety

von der 

Burchard et al. 

(14)

Prospective single-

arm diagnostic 

accuracy study 46 Ireland/office

Men and women; 

mean age of 

79 years (57–

92 years)

Age-related 

macular 

degeneration

Self-examination low-

cost full field OCT 

(SELFF-OCT)

Successful self-scan 

rate, sensitivity, 

specificity

Liu et al. (10)

Prospective 

observational study 15

United States/

home

Men and women; 

mean age of 73.4 

(57 to 81 years)

Age-related 

macular 

degeneration

Notal Vision Home 

OCT (NVHO)

Weekly self-scan 

rate, image quality, 

scan duration

Liu et al. (25)

Cross-sectional 

study 475 China/office

Men and women; 

mean age of 

58.3 years

Retinal diseases

Self-imaging OCT (a 

prototype device)

Feasibility and 

diagnostic accuracy

Nahen et al. 

(26) Cohort study 69

United States/

office

Men and women 

with mean age of 

79.5 years

Age-related 

macular 

degeneration

Notal Vision Home 

OCT (NVHO)

Diagnostic 

accuracy, safety and 

feasibility

Kim et al. (21)

Cross-sectional 

study 290 Israel/office

Men and women; 

mean age of 

78.8 years

Retinal diseases

Notal Vision Home 

OCT (NVHO)

Feasibility, safety, 

diagnostic accuracy

Blinder et al. 

(27)

Prospective 

observational study 40

United States/

home

Men and women; 

aged between 

69–83 years

Age-related 

macular 

degeneration

Notal Vision Home 

OCT (NVHO)

Feasibility, 

diagnostic 

accuracy, scan 

frequency and 

duration
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Diagnostic accuracy (sensitivity, specificity)

The research utilizing OCT-artificial intelligence (AI)-driven 
telemedicine systems implemented in primary care facilities 
demonstrated a sensitivity of 96.6% and a specificity of 98.8% for 
urgent case identification. Furthermore, it achieved a sensitivity of 
98.5% and a specificity of 96.2% when identifying both routine and 
urgent retinal disease cases. This pilot program, integrated with AI, 
significantly alleviated the burden on human consultations by 96.2% 
for a substantial volume of normal cases. The platform facilitated 
online medical recommendations for detected disease cases within an 
average timeframe of 21.4 h (11).

Collaboration between primary and secondary healthcare sectors 
regarding the implementation of retinal imaging technology, with 
e-referrals using OCT, was evaluated in the United Kingdom. In this 
context, community optometrists often serve as the primary source 
for referrals. Based on remote OCT scans, telemedicine consultations 
were successful in 96% of instances, yielding a workable diagnosis and 
treatment plan for retinal disease the following business day (20).

In a separate investigation, the sensitivity and specificity of the 
most prevalent eye conditions were assessed by comparing the 
Technology-Based Eye Care Services (TECS) Protocol conducted by 
a technician using OCT with traditional Face-To-Face (FTF) 
examinations. The study was conducted involving the veteran 
population in the United States, with a total of 256 patients recruited 
for the research. Specificity rates for cataracts, glaucoma, macular 
degeneration, and diabetic retinopathy ranged from 0.84 to 0.99 for 2 
evaluators. Over the course of the diagnostic categories, sensitivity 
estimates showed greater variability, ranging from 0.50 to 1.00 for one 
reader and 0.37 to 0.90 for the other reader (24). Diagnostic precision 

in the decision-making process for patients with neovascular 
age-related macular degeneration (AMD) was evaluated in a study 
conducted in Ireland by von der Burchard et al. (14). This research 
utilized a specially developed self-examination low-cost full-field 
optical coherence tomography (SELFF-OCT). The authors 
demonstrated that SELFF-OCT exhibited a sensitivity of 0.94 and 
specificity of 0.95 regarding therapy decisions for AMD, when 
compared to standard OCT.

Another cross-sectional study carried out in China assessed the 
accuracy and consistency of measuring central subfield thickness 
(CST) using self-imaging OCT among patients with retinal disorders. 
Liu et al. (25) reported that all 160 participants (100%) successfully 
completed the self-imaging process, yielding interpretable images 
from the self-imaging OCT devices. The authors noted a strong 
correlation between the NVHO scans and those obtained in-office, 
achieving a Pearson correlation coefficient of r  = 0.90 for 
measurements of CST. Other studies indicate that a significant 
proportion of high-quality scans can be achieved with home-use 
OCT. Most of these investigations focus on the NVHO application 
and have taken place in Israel and the United States. Keenan et al. 
(23) found that from 240 attempts at self-imaging, an impressive 
87.9% were completed successfully, with 97.6% of the resulting self-
scans meeting quality standards. Similarly, Nahen et al. (26) reported 
that all participants, encompassing 69 eyes (93%), successfully 
conducted self-imaging using the NVHO. Kim et al. (21) observed 
comparable outcomes; their research demonstrated successful 
imaging in 88% of the eyes among 264 out of 290 study participants 
utilizing the NVHO. Additionally, Blinder et al. (27) identified that 
out of 2,304 scans performed, 86.5% were suitable for 
fluid quantification.

TABLE 2  Quality Assessment results for the included studies.

Study Item 
1

Item 
2

Item 
3

Item 
4

Item 
5

Item 
6

Item 
7

Item 
8

Item 
9

Item 
10

Score Classification 
of quality

Anton et al. 

(22)
Y Y Y Y Y N Y Y Y Y

8
High

Liu et al. (11) Y Y N Y N N Y Y Y Y 7 High

Maa et al. (24) Y Y N N Y N Y Y N Y 6 Moderate

Kelly et al. (20) Y N Y Y Y Y Y N Y Y 8 High

Keenan et al. 

(23)
Y Y N Y N N Y N Y Y

6
Moderate

Maloca et al. 

(13)
Y N Y Y N N Y N Y Y

6
Moderate

von der 

Burchard et al. 

(14)

Y N N N Y N Y N Y N

4

Moderate

Liu et al. (10) N Y N Y N N Y Y N Y 5 Moderate

Liu et al. (25) Y N N N Y N Y Y N Y 5 Moderate

Nahen et al. 

(26)
Y N Y Y N N Y N Y Y

6
Moderate

Kim et al. (21) Y N Y Y Y Y Y N Y Y 8 High

Blinder et al. 

(27)
Y Y N Y N N Y N Y Y

6
Moderate

Y = Yes; N = No, Item 1 = Clear statement of aim, Item 2 = Appropriate qualitative methodology, Item 3 = Appropriate research design, Item 4 = Sampling, Item 5 = Data collection, Item 
6 = Researcher reflexivity, Item 7 = Ethical consideration, Item 8 = Appropriate data analysis, Item 9 = Clear statement of findings, Item10 = Research value.
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TABLE 3  Diagnostic accuracy and data collection techniques from the selected studies.

Paper Diagnostic accuracy Data collection

Anton et al. (22) Interobserver agreement outcomes were moderate to good with a kappa coefficient of 

0.37 and PABAK index of 0.58

Kappa and PABAK values between OCT and photographs were 0.52 and 0.82 for the 

first evaluation

Fair-good quality images and useful images was obtained with OCT [962 (97.2%) and 

946 (94%), respectively] compared with fundus photographs [945 (95.5%) and 927 

(92.1%), respectively]

The remote center where examination and data collection 

took place was located at a primary care center

Finally, the web-based telemedicine platform (DYSEO) 

automatically generated a report based on the signs 

identified and ratings performed by the evaluators

Liu et al. (11) Sensitivity of 96.6% (95% CI, 91.8–98.7%) and specificity of 98.8% (95% CI, 98.0–

99.3%) for detecting urgent cases

Sensitivity of 98.5% (95% CI, 96.5–99.4%) and specificity of 96.2% (95% CI, 94.6–

97.3%) for detecting both urgent and routine cases

OCT-AI-based telemedicine platform deployed at primary 

care stations. 2 ophthalmologists jointly graded the data set 

collected from this pilot application

Maa et al. (24) Reader 1: Sensitivity (95% CI) for glaucoma: 0.74 (0.61, 0.84), macular degeneration: 

0.50 (0.12, 0.88) and diabetic retinopathy: 0.75 (0.35, 0.97)

Specificity (95% CI) for glaucoma: 0.84 (0.77, 0.89), macular degeneration: 0.99 (0.97, 

1.00) and diabetic retinopathy:0.99 (0.97, 1.00)

Reader 2: Sensitivity (95% CI) for glaucoma: 0.37 (0.25, 0.49), for macular 

degeneration: 0.67 (0.22, 0.96) and diabetic retinopathy: 0.63 (0.24, 0.91)

Specificity (95% CI) for glaucoma: 0.82 (0.76, 0.88), for macular degeneration: 0.95 

(0.91, 0.97) and for diabetic retinopathy: 0.99 (0.97, 1.00)

In Technology-Based Eye Care Services (TECS) protocol 

patients’ data were loaded into a secure research database, 

REDCap. OCT images were interpreted by 2 readers. 

Readers were blinded to the patient’s data and to each other’s 

interpretations

After a 3 month wash out period, images were randomly 

selected for a second read. Readers, blinded to their initial 

read, repeated the same procedure, and re-documented their 

findings on REDCap case report forms

Kelly et al. (20) In all cases the community SD OCT image quality was considered by the 

ophthalmologist to be as good as, or better than, the SD OCT images captured by the 

hospital nursing staff. In two cases the community SD OCT image was superior to that 

captured in hospital clinic on initial attempt

Teleophthalmology consultation based on SD-OCT images 

acquired by the community optometrist and transmitted to 

hospital eye services

Keenan et al. (23) Of the 211 scans, the proportion for which the NOA grading agreed with the human 

grading was 94.7%. The equivalent values for IRF and SRF were 97.6 and 93.3%, 

respectively

Of the 93 scans with retinal fluid present, 93.5% were graded by the NOA as having 

fluid present

Of the 118 scans with no retinal fluid, 95.7% were graded by the NOA as having no 

fluid

The participants were asked to perform self-imaging using 

the device on each study eye daily for 1 month. The imaging 

data were uploaded automatically to the Notal Health Cloud

The duration of the self-imaging acquisition and the MSI 

were recorded

The home OCT scans underwent evaluation separately by 

the NOA and human expert graders

Maloca et al. (13) The difference in the CRT measurements obtained using the two devices was not 

statistically significant (paired t-test, two-sided, t 1/4 1.7198, df 1/4 57, p 1/4 0.091)

Intrareader reliability coefficient of 0.968 (lower bound of one-sided 95% CI: 0.935) and 

an interrater reliability coefficient of 0.958 (lower bound of one-sided 95% CI: 0.917)

The individual intrareader reliabilities for each rater with their lower bound of a one-

sided 95% CI were 0.973 (0.940), 0.947 (0.885), and 0.987 (0.971)

spOCT performed in office and the retinal thickness on the 

spOCT scans was measured manually by one grader using 

custom software written in MATLAB

The quantitative OCT analysis of the reference device was 

performed manually by a second, independent grader using 

the manufacturer’s built-in caliber software tool (Spectralis 

HRA)

von der Burchard 

et al. (14)

Sensitivity of 0.94 (95% CI 0.79 to 0.99) and a specificity of 0.95 (95% CI 0.82 to 0.99) SELFF-OCT measurements in clinical settings

The patient performed 2 entire measurement cycles (M1 and 

M2) without medical assistance

After finishing the SELFF-OCT measurements, all patients 

received a detailed scan by a reference SD-OCT (Heidelberg 

Spectralis HRA + OCT2)

Liu et al. (10) 88% imaging success rate

97% achieved satisfactory quality

The participants performed self-imaging at home on a daily 

basis for a period of 3 months

Liu et al. (25) Self-imaging OCT images had consistent CST with SD-OCT, with a mean difference of 

0.1 ± 7.7 μm for normal eyes, 4.9 ± 10.6 μm for macular oedema, −1.3 ± 9.5 μm for 

choroidal neovascularisation, 5.0 ± 7.8 μm for epiretinal membrane

Interdevice κ values ranged for detecting various retinal lesions ranged from 0.8 to 1.0

Mean (SD) difference of 2.0 (9.4) μm (95% LOA, −16.4 to 20.4 μm) in central subfield 

thickness (CST) measurements

All participants underwent OCT imaging with both the 

self-imaging OCT and the SD-OCT (Spectralis, Heidelberg 

Engineering) on the same day

The self-imaging was conducted in a separate examination 

room within the clinic to simulate a home environment

(Continued)
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Direct comparison of remote/home OCT 
with conventional OCT

As per Liu et al. (10), there was a 96% agreement on the presence 
or absence of fluid in the 6 × 6 mm OCT scans rated by retinal 
specialists in the office and the 3 × 3mm OCT scans graded at home 
using automated analysis software. Furthermore, Liu et  al. (10) 
discovered a strong correlation (r = 0.90) between CST measurements 
from in-office OCT scans and software-analyzed home OCT scans.

The findings of von der Burchard’s et al. (14) investigation in 2022 
showed that, although SELFF-OCT had a smaller field of view and a 
lower signal-to-noise ratio, it nonetheless revealed the same structures 
in individuals with AMD when compared to conventional office OCT.

Comparing telemedicine consultations based on remote OCT 
pictures to conventional in-person procedures, Kelly et  al. (20) 
discovered that the latter took longer to review referrals and deliver a 
working diagnosis.

The convectional OCT device and the small sample yielding 
sparse OCT (spOCT) produced similar cross-sectional OCT picture 
information; however, because the spOCT was intended for rapid 
acquisition rather than maximum resolution, the images seemed more 
pixelated and grainier (13). Additionally, compared to spOCT, the 
choroid and vitreous were easier to identify in convectional OCT. (13) 
This was one of the main differences observed between spOCT and 
the standard OCT.

Maa et  al. (24) reported that differences were seen in the 
diagnostic categories between the TECS-OCT protocol and FTF visits. 
The kappa statistics indicated a moderate to substantial agreement in 
these findings.

Strong correlation coefficients (0.948 to 0.999) were found for 
the selected cohort, with mean (SD) differences in CST between 
self-imaging OCT and standard OCT ranging from 0.1 μm to 
5.0 μm for various eye conditions (25). Furthermore, in a 
subsequent cohort, there was a significant and consistent 
correlation in the measures of CST (correlation coefficient = 0.998), 
with a mean (SD) difference in CST between the two devices of 
2.0 (9.4) μm (25).

Compared to the in-office commercial OCT, Nahen et al. (26) 
found that the positive percent agreement and negative percent 
agreement for detection of fluid, intraretinal fluid, and subretinal 
fluid in at least one of three consecutive NVHO images was 
97/95%, 96/94% and100/98%, respectively. In the study by Kim 
et  al. (21), 99% of the images from the NVHO were deemed 
gradable by the reading ophthalmologist compared to 99.8% by 
commercial OCT.

In comparing NVHO and with an in-office OCT, Blinder et al. 
(27) found that for 35 scan pairs detected as having fluid by in-office 
OCT, the NVHO detected fluid on 31 scans (89%) and for 14 scan 
pairs detected as having no fluid on in-office OCT, the NVHO did not 
detect fluid on 10 scans (71%).

TABLE 3  (Continued)

Paper Diagnostic accuracy Data collection

Nahen et al. (26) PPA and NPA of the detection of intraretinal and subretinal fluid by the two NVHO 

systems in comparison to the commercial OCT system was determined

The 95% confidence interval of PPA and NPA was derived using the binomial 

distribution

PPA and NPA for detection of fluid, intraretinal fluid, and subretinal fluid in NHVO 

images was 97/95%, 96/94% and 100/98%, respectively, when compared to commercial 

OCT systems.

The average total CV% for the entire data set was 12.4%, and the mean MSI for the four 

self-performed images was 3.5, 3.5, 3.6, and 3.5, respectively

In-office screening visits

Subjects completed one self-performed practice scan and 

then a session with up to four self-performed scans in order 

to provide data on repeatability

Kim et al. (21) PPA and NPA of the two NVHO systems’ detection of intraretinal and subretinal fluid

The 95% CI of the PPA and NPA were derived using the binomial distribution

For the NVHO 2.5 device, PPA and NPA for detecting the presence of any fluid (SRF 

and/or IRF), SRF, and IRF were 98%/96, 93%/96, and 91%/98%, respectively

This diagnostic accuracy had agreement rates (PPA and NPA and ORA) of 0.83–1.0 

across all VA levels

For the NVHO 3 device PPA/ NPA were 97%/95, 96%/94 and 100%/98%, respectively

Diagnostic accuracy had accuracy rates (average of PPA and NPA) of 0.71 to 0.94 across 

all VA levels

The overall mean CV% for that entire dataset was 12.4%, and the mean MSI for the four 

self-images were 3.5, 3.5, 3.6, and 3.5, respectively

Patients used either the NVHO 2.5 or NVHO 3 models in 

an ophthalmic clinic

Data was transferred to a laptop for image processing, 

mimicking transmission to the cloud as planned when 

installed at patient’s homes

Blinder et al. (27) The average MSI was 4.5 (range, 0.6–7); 99.3% had an MSI 2 (“good quality”)

NOA successfully quantified fluid on 86.5% of scans

Participants were performing self-imaging et home on both 

eyes daily for approximately 6 months

Home OCT image files were transmitted automatically to 

the NVMC for processing

In-office OCTs were uploaded to a central Reading Center

PABAK, prevalence-adjusted bias-adjusted kappa; CI, confidence interval; MSI, manufacturer signal quality index; PPA, positive percent agreement; NPA, negative percent agreement; CV, 
coefficient of variation; LOA, limits of agreement; SELFF-OCT, self-examination low-cost full-field OCT; OCT, optical coherence tomography; SD-OCT, spectral domain-OCT; spOCT, sparse 
OCT; NVHO, Notal Vision Home OCT; NOA, Notal OCT Analyzer.
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Feasibility and safety

According to Liu et al. (10), 97% of participants claimed that 
self-OCT scanning was simple and convenient. Overall, 
participants gave NVHO positive feedback in this study. Similarly, 
two other reports revealed that more than 95% of participants 
either agreed or strongly agreed that the NVHO was simple and 
comfortable (21, 26). Furthermore, Blinder et al. (27) reported 
that all subjects agreed that scanning using NVHO became 
easier overtime.

In a different study, Liu et al. (25) discovered that participants 
were largely happy with the self-imaging OCT, agreeing with 89% of 
the claims on its comfort and simplicity and 73% of them saying they 
would want to use it for further monitoring.

Maloca et al. (13) indicate that there were no safety issues with the 
small sample yielding sparse OCT acquisition (spOCT) and that 
patient discomfort was negligible.

Blinder et al. (27) reported that all subjects agreed that scanning 
using NVHO became easier overtime while two other studies reported 
that more than 95% of participants either agreed or strongly agreed 
that the NVHO was simple and comfortable (21, 26).

Scan duration/rate for home OCT

The self-OCT study lasted 91.3 ± 9.5 days on average, and 
throughout that period, each study eye attempted 86 scans on 
average (10).

According to Liu et al. (25), the self-imaging OCT had a mean 
(SD) scanning time of 66.7 ± 20.1 s per eye, which was much faster 
than the standard OCT’s 73.3 ± 32.5 s per eye.

Blinder et al. (27) reported that NVHO had a mean (standard 
deviation) of 6.3 (0.6) for weekly scanning frequency and 47 (17) 
seconds for scan duration per eye.

Discussion

This systematic review summarized the available data on the 
clinical usage, feasibility and diagnostic accuracy (sensitivity and 
specificity) of remote OCT technology and home monitoring OCT 
devices in teleophthalmology for a range of ocular disorders such as 
AMD, glaucoma, diabetic retinopathy etc. There were 12 studies with 
3,539 participants included in this review. The main conclusions were 
that home monitoring and remote OCT devices show good image 
quality, high diagnostic accuracy (sensitivity and specificity) when 
compared to OCT performed in an office, and adequate patient 
acceptability and safety.

The utilization of OCT devices for home and remote monitoring 
through telemedicine is still in its formative phase. Currently, there is 
a limited pool of data, accompanied by a relatively modest body of 
evidence; however, the advantages associated with these 
teleophthalmic approaches are becoming increasingly apparent. The 
existing research, albeit sparse, plays a crucial role in enhancing our 
understanding of the emerging fields of home monitoring utilizing 
OCT technology and teleophthalmology. Despite the limited resources 
available, this review underscores the significant promise within the 
swiftly advancing realm of telemedicine concerning OCT studies, 

particularly emphasizing its notable precision in disease screening, 
diagnosis, and ongoing monitoring.

Overall, the studies discovered that most of the time, both 
at-home and remote OCT devices generate pictures clear enough for 
monitoring and diagnosis. For instance, using a portable OCT device, 
Anton et al. reported 97.2% fair-good quality images; using a home 
OCT system (22), Keenan et al. (23) discovered 97.6% satisfactory 
image quality. The excellent quality makes it possible to evaluate 
retinal architecture and disease biomarkers with accuracy. This fits 
with recent studies that demonstrate home and remote OCT can 
produce pictures that are as good as those obtained from in-office 
OCT in terms of pathology detection (13, 14). While patient self-
operation may increase the likelihood of image artifacts, advancements 
in OCT technology and automated analysis assist guarantee 
diagnostic-grade images.

Several studies showed that for diagnosis and treatment decisions, 
home/remote OCT and traditional in-office OCT agreed quite well. 
Excellent correlation was found between in-office and at-home OCT 
in central subfield thickness measures (10, 25). In addition, there was 
a 96% agreement between the results of home OCT scans evaluated 
by AI software and clinician reading of in-office scans for fluid 
detection (10, 21, 26). Several studies indicated that home/remote 
OCT screening has excellent sensitivity and specificity when 
compared to in-person evaluation (11, 24). However, there was 
variability between conditions and interpreters. Overall, these results 
confirm that conducting OCT assessments remotely or at home can 
offer accurate diagnostic and monitoring prospects equivalent to those 
of traditional in-person appointments.

Evidence from the studies also showed that patient-operated 
home OCT devices demonstrated effective utility and safety alongside 
precise diagnostic results. Self-OCT scanning was easy, convenient, 
and comfortable for the majority of patients (10, 11, 21, 26, 27). The 
home-based OCT procedure was conducted efficiently and without 
any adverse reactions. The preference for home OCT over office-based 
OCT is enhanced due to quicker scan times facilitated by home 
equipment. The practicality of home OCT devices for remote 
monitoring is supported by patients’ favorable experiences and their 
ability to operate them correctly.

The findings of this study are consistent with earlier research 
showing the viability of OCT-based teleophthalmology. According to 
Rathi et al. (4), mobile OCT demonstrated a high diagnosis accuracy 
for main retinal disorders when used during screening camps. The 
current analysis adds to the mounting body of data that OCT 
technology, whether at home or remotely, can now produce imaging 
sufficient for reliable telediagnosis. The results also support earlier 
studies that shown the viability of OCT outside of the office.

All this is important in view of the aging population, which is 
associated with an increased incidence of glaucoma and AMD. The 
occurrence of AMD has increased at a rate 2.75 times higher than the 
projections established in 2011 (28). The implications of AMD extend 
beyond health, imposing significant financial burdens that encompass 
time, monetary expenses, and overall quality of life. Annually, the 
financial impact of AMD ranges between approximately $8,814 and 
$23,400, escalating to between $32,491 and $70,200 after 3 years of 
treatment (29).

The prompt commencement of treatment, alongside ongoing 
oversight by an ophthalmologist, is essential for safeguarding vision 
and minimizing the risk of significant visual impairment. The onset 

https://doi.org/10.3389/fmed.2024.1442758
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Dolar-Szczasny et al.� 10.3389/fmed.2024.1442758

Frontiers in Medicine 10 frontiersin.org

of blindness frequently leads to substantial social care expenses and a 
diminished quality of life.

In a standard ophthalmology practice, a range of diagnostic 
assessments is available to facilitate the identification of disease 
progression. These include OCT, comprehensive fundus 
examinations, Amsler grid testing, best-corrected visual acuity 
evaluations, and self-reported perceived changes in vision. Quality-
adjusted life years (QALYs) serve as a crucial metric for assessing 
the cost-effectiveness of these diagnostic procedures (30). 
Hernandez et al. (31) estimated the expected QALYs and costs of 5 
different index tests to evaluate which modality of detecting early 
conversion is the most cost effective. Results showed SD-OCT 
generated a higher QALY (5.830) followed by fundus assessment 
(5.787), Amsler grid (5.736), patients’ subjective vision (5.630), and 
visual acuity (5.600). Healthcare-associated costs were also lower 
compared to other forms of detection, with SD-OCT costing a 
yearly average of £19,406 per patient ($24,681 in 2024 USD). This 
is likely due to the high sensitivity of SD-OCT to detect nAMD, 
allowing for earlier initiation of treatment (31).

The findings of this analysis confirm that it is feasible to move 
some aspects of ophthalmic care to telemedicine platforms that use 
remote, or at-home OCT. Patients will benefit from better access and 
convenience as a result of the ability to precisely diagnose and monitor 
illnesses remotely. The results suggest that virtual visits and at-home 
OCT monitoring should be part of the treatment plans for long-term 
eye conditions such as diabetic retinopathy and glaucoma. More 
broadly, the results support the creation of comprehensive programs 
in teleophthalmology that completely integrate remote OCT 
technologies. Supporting coverage and reimbursement mechanisms 
can help encourage the use of teleophthalmology services by 
policymakers. It could be necessary to update guidelines to reflect 
approved applications of telemedicine and remote OCT.

Limitations of the study

The current study has several limitations, such as limited study 
sample sizes, a dearth of randomized controlled trials, differences in 
the study populations, and the OCT technology evaluated. Also, while 
no major safety issues were reported, there may be minimal risks 
associated with home OCT use that were not captured in the included 
studies. It is necessary to do more sizable prospective studies that 
directly compare in-office OCT with home/remote OCT using 
standardized measures. It is also necessary to conduct long-term 
investigations that use remote OCT monitoring to track clinical 
results. Future studies ought to assess how cost-effective it is to use 
remote or at-home OCT.

Conclusion

In conclusion, current data shows that both home/remote OCT 
devices can effectively deliver high-quality diagnostic imaging to assist 
precise diagnosis, remote clinical management, and disease 
monitoring. To further characterize the effects on clinical and patient-
reported outcomes over time, more extensive and rigorous 
comparative effectiveness studies are still required. In order to improve 
patient care and eye health outcomes, the results generally justify the 
use of remote OCT systems in full teleophthalmology programs.
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