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Introduction

Age-related macular degeneration (AMD) is the leading cause of 
blindness in the United States.1 Over the past 2 decades, the use 
of antivascular endothelial growth factor (anti-VEGF) agents 
coupled with optical coherence tomography (OCT) imaging has 
revolutionized the management of neovascular AMD (nAMD). 
What was once a blinding condition is now treatable and, as well-
documented in large clinical trials, patients with nAMD now 
typically maintain or improve their vision with timely anti-VEGF 
treatments.2–5

Unlike in the clinical trial setting, there is no standardized 
anti-VEGF administration schedule for the treatment of nAMD 
in typical real-world practice.6 A variety of administration sched-
ules have been used, such as monthly dosing intervals (fixed), 

treat-and-extend with subsequent maintenance, and as-needed 
treatment regimens, among others. Treat-and-extend protocols 
remain the most popular in the US as clinicians try to balance 
efficacy, treatment burden, and costs. Therapies for nAMD cur-
rently cost the US healthcare system approximately $4 billion per 
year.7

Despite the high cost, studies have found that the visual out-
comes for patients in the real world are significantly worse than 
those reported in clinical trials.8,9 This is often attributed to 
undertreatment because a significantly smaller number of injec-
tions are administered per patient in the real-world setting than 
in clinical trials. Although overtreatment also occurs, cases in 
which a treatment could have been avoided if physicians had 
access to more detailed information about disease dynamics are 
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Abstract
Purpose: To investigate how home optical coherence tomography (OCT) influences the clinical decision-making of retina 
specialists for the management of neovascular age-related macular degeneration (nAMD). Methods: In this retrospective 
imaging review, 15 retina specialists each evaluated 10 home OCT data segments from 29 eyes being treated for nAMD. 
Based on OCT data, indications were identified for when eyes should be treated, which antivascular endothelial growth 
factor should be used, and the specific retinal fluid and time thresholds for notification. Results: Withholding treatment was 
recommended in 64 (42.7%) of 150 data segments (95% CI, 34.7-50.6), whereas 100% of eyes received treatment on the 
last day of each data segment. Treatment was recommended in 86 cases (57.3%), with treatment occurring 7 or more days 
before the actual treatment was advised in 52 (60.5%) of 86 data segments. This earlier treatment would have prevented the 
accumulation of intraretinal fluid (IRF), subretinal fluid (SRF), and total retinal fluid for 69.1 nL, 162.2 nL, and 231.2 nL days. 
Retina specialists chose a different type of treatment agent in 35 (40%) of 86 cases. The following notification values were 
set: IRF, mean 9.8 ± 14.9 nL (median, 5; IQR, 5); SRF, mean 10.2 ± 16.1 nL (median, 5.5; IQR, 5); total retinal fluid, mean 
15.2 ± 24.0 nL (median, 10; IQR, 5). The time-based notification interval was set at a mean of 34.7 ± 21.9 days (median, 30; 
IQR, 2). Conclusions: Home OCT-based decision-making by retina specialists differed substantially from actual clinical care. 
Home OCT has the potential to facilitate personalized care in nAMD.
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harder to quantify. A patient’s disease state may allow for a 
reduction in treatment frequency that is missed as a result of 
fixed-interval dosing after implementation of an initial treat-
and-extend protocol. Analyses of patients on as-needed regi-
mens have shown that the ideal number of treatments can vary 
over the entire observation period, from monthly treatments to 
a single treatment.10

Ideally, patients would receive the minimum number of anti-
VEGF treatments necessary to control or eliminate disease 
activity. Avoiding unnecessary treatments minimizes the low 
but real risk of injections and reduces costs to the healthcare 
system. However, this would require a personalized treatment 
regimen based on each individual patient’s disease pattern, 
treatment response, medication durability, and appropriate regi-
men readjustments over time. At present, we are limited by the 
use of in-clinic eye examinations, visual acuity (VA) measure-
ments, and OCT snapshots of the macular anatomy taken at 
each visit, with clinicians making treatment decisions and infer-
ring interval changes weeks to months apart.

Recently, studies of a patient-operated spectral-domain OCT 
system, the Notal Vision Home OCT System (NVHO, Notal 
Vision Inc), showed excellent feasibility and performance of daily 
self-imaging at home.11,12 With support from a virtual monitoring 
center, patients self-acquire OCT images. Those images are sub-
sequently uploaded to a centralized database, and the scans are 
analyzed by a validated artificial intelligence–based software that 
automatically detects and quantifies the volume of intraretinal 
fluid (IRF) and subretinal fluid (SRF). The scans are also avail-
able for viewing and manipulation via a browser-based system.13 
Fluid quantification allows for detailed graphic and mathematic 
analyses of temporal retinal fluid volume trajectories to theoreti-
cally inform clinical decision-making.

The purpose of the current study was to retrospectively inves-
tigate how the use of home OCT data influences clinical decision-
making by retina specialists for the management of nAMD. We 
compared home OCT data–informed treatment decisions with 

actual care decisions that were made based solely on routine in-
clinic OCT scans. The variations in parameters and thresholds set 
by different retina specialists using remote monitoring via the in-
home OCT system were also compared.

Methods

This was a retrospective review of data collected during 2  
prospective observational clinical studies, the Home OCT 
Performance Study11 and the Diabetic Retinopathy Clinical 
Research (DRCR) Retina Network Protocol AK study. The 
Advarra Institutional Review Board approved the study, which 
was conducted in accordance with the tenets of the Declaration 
of Helsinki.

The details of the Home OCT Performance Study have been 
reported,11 and the design of the DRCR Retina Network Protocol 
AK study is similar. These studies recruited patients from 5 sites 
in Massachusetts, Missouri, Illinois, and Texas. Patients with a 
diagnosis of nAMD with a Snellen VA of 20/320 or better and 
undergoing active treatment (Home OCT Performance Study) or 
initiating treatment after a new diagnosis (Protocol AK) were 
included.

The NVHO device and a detailed user guide were delivered 
to each participant’s home. After setting up the device and 
viewing a tutorial video, participants were asked to perform 
daily self-imaging in each study eye for a predetermined period 
of time; that is, 3 months for the Home OCT Performance Study 
and 6 months for the DRCR Retina Network study. The cap-
tured scans were automatically uploaded by the device to a 
Notal Health cloud via a built-in cellular modem and then ana-
lyzed by a previously validated deep learning–based algorithm, 
the Notal OCT Analyzer.14,15

The results were available for remote review by a retina spe-
cialist through a password-protected, end-to-end encrypted web 
viewer. Fourteen of 40 eligible patients in Protocol AK started 
the scanning, with travel and inadequate cell reception being 
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the main reasons they eventually declined. All 29 patients from 
both studies who started the program completed the full follow-
up. The mean time reported for patients to scan was 42 seconds 
in the Performance Study and 47 seconds in Protocol AK. 
Patients showed high scanning adherence (5.7 scans/week in 
the Performance Study; 6.3 scans/week in Protocol AK). The 
home OCT data were not used to inform clinical decision-mak-
ing on the care of enrolled patients. All patients received stan-
dard-of-care treatment per the investigator’s discretion during 
the study period.

Fifteen fellowship-trained retina specialists with experience 
ranging between 1 year and 38 years of practice after their fel-
lowship used the Notal Home OCT Web Viewer and reviewed 
the home OCT data. The choice of retina specialist was made to 
account for diversity of experience. After selecting the study eye, 
retina specialists could review individual home OCT B-scans, 
volume scans, and Notal OCT Analyzer analytics, including reti-
nal fluid volume trajectory over time and the retinal fluid volume 
map. Scans from any 2 different dates could be compared.

To prepare home OCT data for review, the previously 
acquired data were edited into segments consisting of continu-
ous time periods during which the study eye received no treat-
ment until the last day of the data segment. In other words, the 
data segments were between 2 treatment dates or between the 
program start date and the first treatment date (Figure 1). The 
data segments included OCT volumes, fluid thickness maps, 
and IRF and SRF volume trajectories over this period. Data 
segments of less than 30 days or with fewer than 10 scans 
were excluded. All available segments from the data pool that 
met the criterion were included. The data segments were 
selected to best simulate physician decision-making with 
home OCT data, while working within the retrospective nature 
of the dataset. Segments were chosen such that no actual treat-
ments were present in the displayed segment because a treat-
ment would result in fluid volume change. Extending data 
segments to the date of treatment allowed for the selection of 

the longest possible segments without interference of actual 
care treatment decisions.

In addition to the home OCT data, retina specialists were 
also provided with the date of the study eye’s last treatment as 
well as the type of anti-VEGF agent used; however, they were 
masked to the fact that the patient received treatment on the last 
day of the data segment. Each retina specialist was presented 
with 10 home OCT data segments and asked to decide whether 
and at what timepoint they would have offered anti-VEGF 
treatment. One common data segment was presented to all 15 
retina specialists, while the other 9 segments were selected ran-
domly from all other eligible segments. If the retina specialist 
decided to offer treatment, he or she was asked to select the date 
and medication type for treatment. Given the restrictions of on-
label dosing, the treatment date had to be at least 28 days from 
the previous treatment.

The decisions made by the retina specialists after reviewing 
the home OCT data were compared with those made by the 
actual treating physicians. The mean and SD of the difference in 
treatment days between the home OCT–based decision and the 
regular treatment decision was calculated, including the number 
and proportion of cases in which the difference in treatment 
dates was 7 days or more. In addition, in cases in which the 
home OCT–based decision was to treat earlier than the actual 
treatment, the patient’s additional fluid burden (compared with 
the actual treatment schedule) was estimated as the area under 
the curve of the retinal fluid volume trajectory before the actual 
treatment. The area under the curve for the fluid volume trajec-
tory is measured in units of nL days.

The retina specialists were asked to select eye-specific retinal 
fluid volume thresholds that would prompt provider notifica-
tion. Fluid volumes were provided in units of nanoliters rather 
than from microns, which are commonly used with in-office 
OCT. For this part of the study, the retina specialists were pre-
sented with home OCT data from both eyes of a patient over a 
period of 30 days in the same previously mentioned web viewer. 

Figure 1. Home optical coherence tomography (OCT) web viewer interface for data review. An example of a home OCT data segment 
is shown. Day 0 is the day the patient received the last treatment. Day 43 is the day the patient received the next treatment. The retina 
specialists were asked to determine whether they would offer a treatment during this time period and if so, which day and what treatment. 
They were only allowed to offer a treatment at least 28 days from the previous one.
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Available metrics included OCT volumes, fluid thickness maps, 
and fluid volume trajectories. Additional clinical information 
was provided, including recent treatment dates. After reviewing 
this information, the retina specialists were asked to select the 
level of IRF, SRF, and total retinal fluid volumes beyond which 
a notification would be triggered. In addition to retinal fluid vol-
ume notifications, after a certain number of days had elapsed 
since a patient’s last data review, retina specialists received a 
time-based notification reminding them to review the data.

Each retina specialist reviewed data from 3 patients; 1 com-
mon patient was included for all retina specialists to review, and 
2 other patients were randomly selected from all available 
patients. The mean ± SD, median, IQR, and total range for all 
IRF, SRF, and total retinal fluid volume thresholds set by indi-
vidual retina specialists were analyzed for the common patient. 
The same outcomes were calculated for all patients reviewed by 
the same retina specialist.

Results

The study included 37 eyes of 29 patients with a history of nAMD 
study. The mean patient age was 74.4 ± 7.6 years. Of the patients, 
48.3% were women and 100% identified as non-Hispanic White.

A total of 60 segments of home OCT data were eligible for 
review by the retina specialists. On average, the segments lasted 
45 ± 10 days (range, 30-62).

Comparison of Home OCT Data–Informed and 
Actual Care Treatment Decisions

Fifteen retina specialists performed reviews of 10 data seg-
ments each from the pool of 60 available segments, resulting in 

a total of 150 reviews. The treatments for these reviews com-
prised aflibercept in 42% (63/150), ranibizumab in 30% 
(45/150), and bevacizumab in 28% (42/150). Different deci-
sions were made for the timing of treatment in 149 data seg-
ments (99.3%) compared with decisions made in the patients’ 
actual care. More specifically, retina specialists chose not to 
treat 64 patients (42.7%) (95% CI, 34.7-50.6) at all during the 
data segment period, whereas in actual practice all eyes were 
treated on the last day of the data segment (Figure 2). For the 
remaining data segments reviewed, retina specialists advised 
treatment sooner than the actual treatment in 85 (98.8%) of 86 
cases based on the at-home OCT data scans. For these seg-
ments, treatment was offered a mean of 10 ± 8.04 days (range, 
0-40) before the actual treatment visit. In 52 (60.5%) of 86 
cases, the advised treatment date preceded the actual treatment 
date by 7 days or more. Figure 3 shows the time difference 
between home OCT–guided treatment and the actual treatment 
in the cases in which the retina specialists decided to treat the 
patient earlier.

The retinal fluid burden was associated with the difference in 
treatment timing. The mean of the area under the curve between 
the home OCT–determined treatment date and the actual treat-
ment date for total retinal fluid, IRF, and SRF was 231.2 ± 355.1 
nL days, 69.1 ± 157.7 nL days, and 162.6 ± 344.3 nL days, 
respectively. A different anti-VEGF agent from the actual medi-
cation used was recommended in 35 (40%) of 86 cases based on 
home OCT review.

For the single data segment reviewed by all 15 retina spe-
cialists, 9 (60%) of 15 elected not to treat the patient during the 
data segment period. The 6 remaining retina specialists recom-
mended treatment at a mean of 13.3 ± 14.2 days before the 
actual treatment.

Figure 2. The number and percentage of times when a retina specialist decided not to treat the patient based on the home optical 
coherence tomography (OCT) data but the patient did receive treatment in actual care based on in-clinic OCT data alone.
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Retinal Fluid Notification Thresholds

On average, after home OCT data from both eyes of a patient 
were reviewed, the retina specialists set the total retinal fluid noti-
fication level at a mean of 15.2 ± 24.0 nL (median, 10 nL; IQR, 5; 
range, 1-160). The IRF notification level was set at a mean of 
9.8 ± 14.9 nL (median, 5; IQR, 5; range, 1-100). The SRF notifi-
cation level was set at a mean of 10.2 ± 16.1 nL (median, 5.5; 
IQR, 5; range, 1-100). The retina specialists set time-based notifi-
cations at a mean of 34.7 ± 21.9 days after the last review (median, 
30; IQR, 2; range, 1-180). Figure 4 shows the fluid notification 
levels set by each individual retina specialist.

For the 1 patient whose data were reviewed by all 15 retina 
specialists, the total retinal fluid notification level was set at a 
mean of 8.2 ± 4.3 nL (median, 8; IQR, 5; range, 1-20). The 
IRF notification level was set at a mean of 5.6 ± 3.1 nL 
(median, 5; IQR, 5.5; range, 1-10). The SRF notification level 
was set at a mean of 6.5 ± 3.3 nL (median, 5; IQR, 5.5; range, 
1-10). The retina specialists set time-based notifications at a 
mean of 34.8 ± 15.4 days after the last review (median, 30; 
IQR, 2; range, 28-90).

To determine notification thresholds, physicians reviewed 
an average of 42% of individual OCT volume scans for treat-
ment visit decisions and 39% of individual OCT volume scans.

Conclusions

Current treatment strategies for nAMD are fundamentally lim-
ited by the sparseness and accessibility of data, requiring retina 
specialists to optimize their treatment plans. In practice today, 
as-needed and treat-and-extend are the 2 most common dosing 

regimens.16 In a PRONTO-style, as-needed regimen, patients 
are evaluated in the office setting using OCT at a fixed interval, 
typically monthly, and treatment is provided only when retinal 
fluid is detected on OCT.17 In a treat-and-extend regimen, phy-
sicians treat patients at each visit but adjust treatment intervals 
based on the presence or absence of retinal fluid. Intervals are 
typically extended once fluid has resolved and shortened if 
fluid recurs or worsens.

A meta-analysis comparing these 2 treatment strategies16 
found 1.8 fewer treatments were administered under an as-
needed regimen; however, numerically better visual outcomes 
were achieved with treat-and-extend dosing. Because the visual 
outcome difference was not statistically significant, neither 
strategy was deemed superior.

Both strategies suffer from limited temporal information on 
disease dynamics. Reports of real-world visual outcomes are 
significantly worse than those seen in controlled clinical trial 
environments.8,9 Home OCT monitoring has the potential to 
overcome these limitations. Patient-acquired, near-daily home 
OCT monitoring can better inform clinicians of retinal fluid tra-
jectories and allow for a more individualized treatment plan. 
This theoretically avoids undertreatment by optimizing visual 
outcomes while avoiding overtreatment, thereby minimizing 
patient risk and cost to the healthcare system. Moreover, adjust-
ments to treatment intervals would be made continually, allow-
ing optimal control, not just initially but throughout the dynamic 
course of the disease.

This study found that clinical decisions made using daily 
home OCT data differed significantly from those made based 
on in-clinic OCT data. Retina specialists recommended delay-
ing treatment, relative to the actual real-world treatment date, in 

Figure 3. The time difference between home OCT–guided treatment and the actual treatment in cases in which retina specialists decided 
to treat the patient earlier, as shown by each individual retina specialist.
Abbreviations: LQ, lower quartile; OCT, optical coherence tomography; UQ, upper quartile.
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more than 40% of cases. For the 1 common patient that was 
reviewed by all 15 retina specialists, 60% of the specialists 
chose to delay treatment. This is probably driven by the use of 
a treat-and-extend regimen in which treatment decisions are 
made based on the timing of previous recurrences rather than 
on home OCT, which can provide insights into disease dynam-
ics immediately before the clinic visit. In addition, clinicians 
tend to cautiously extend intervals to avoid undertreatment, cre-
ating a tendency toward earlier treatment; however, some phy-
sicians elected earlier treatment dates. This is likely because of 
implementation of an as-needed regimen or the fluctuations in 
retinal fluid that are not evident on the date of routine in-clinic 
OCT imaging.

The diversity of experience of the retina specialist in the 
study makes the results more generalizable to the real world. 
Either way, our study found that there is a substantial mismatch 
between treatment timeline and fluctuations in retinal fluid. 
Both the patients’ vision and our healthcare system stand to 
benefit if treatments can be delivered in a more precise and per-
sonalized fashion.

Use of a home OCT-guided treatment paradigm may provide 
direct and indirect cost savings. Although a randomized con-
trolled trial is required to understand the exact impact on cost, 
based on the current study, we attempted to estimate the overall 
change in patient management costs while using home OCT 
monitoring. We assumed the future course of the disease and 

the treatment frequency are not influenced by an earlier treat-
ment or treatment withheld for estimation purposes. The cost of 
therapies for 150 reviewed segments was allocated using aver-
age market price for off-label drugs and Medicare-allowable 
rates for on-label drugs published from July to September 2023.

The costs for a single treatment with bevacizumab, ranibi-
zumab, aflibercept, and faricimab were $68, $1183, $1751, and 
$2225, respectively. The total drug cost for the 150 treatments 
administered was estimated to be $168 084, while the total drug 
cost using home OCT data was estimated to be $120 675, a reduc-
tion of 28%. In 2022, the expenditure for anti-VEGF treatments 
on direct Medicare beneficiaries was approximately $4.6 billion. 
If such saving rates are generalizable, the US healthcare system 
could save more than $1 billion annually.7 For this estimate to be 
accurate, such analysis assumes treatment distributions in the 
study dataset are representative and remain consistent.

Beyond the pharmaceutical costs, additional savings can be 
obtained based on a reduced need for procedures and diagnostic 
testing. Using mean values from the US Centers for Medicare 
& Medicaid Services fee schedule18 for the year 2023 for codes 
67028 and 92314, respectively, we estimated the injection pro-
cedure to cost $116.90 and the in-office OCT examination to 
cost $42.06. This equals a total cost of $158.96. Assuming an 
average of 6 treatment visits for nAMD per year, this amounts 
to additional costs of $953.76 related to in-office procedures 
per year per patient. As shown in this study, a 42.7% reduction 

Figure 4. The distribution of retinal fluid notification thresholds for volume of intraretinal fluid (IRF), subretinal fluid (SRF), and total retinal 
fluid (TRF) as determined by 15 retina specialists across 6 different eyes.
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would mean additional savings of $407.26 per year per patient. 
These estimates of costs and savings are conservative because 
they do not account for instances in which an additional evalu-
ation and management fee may be applicable. Any program 
providing home OCT–based monitoring will also bring addi-
tional costs. The net benefit to the system will be the projected 
savings subtracted by the costs incurred to provide such a moni-
toring service.

Our study found significant variabilities in practice pattern 
among the 15 retina specialists. For the common home OCT 
segment reviewed by all retina specialists, 9 opted to not treat 
while 6 recommended treatment an average 13 days before the 
actual treatment date. This amount of variability could reflect 
differences in the specialists’ years in practice, tolerance to 
fluid on OCT, and practice pattern. These variations further 
reflect that the use of fluid volume–imaging biomarkers has not 
yet been established as standard of care; however, retina spe-
cialists did have access to full OCT volumes.

In addition, practical considerations about patient preference 
regarding treatment frequency are not provided in this retro-
spective study and can also affect such decisions. On the other 
hand, there was relative uniformity in the fluid volume notifica-
tion thresholds. On average, a slightly higher threshold was 
used for SRF than for IRF. The availability of high-density 
home OCT volume scans with a resolution similar to in-office 
OCT may explain the observed consistency in threshold selec-
tion, showing that although the decision-making process for 
treatments can be complex and nuanced, participating retina 
specialists in general acted to optimize visual outcomes.

Our study has several limitations. First is its retrospective 
nature. Even though we detected substantial differences between 
home OCT–based decision-making and actual practice, the 
study was not designed to detect differences in visual outcomes 
or treatment-related costs. These would best be evaluated with a 
future prospective randomized controlled trial comparing a 
home OCT–based treatment protocol with a standardized treat-
and-extend regimen. A prospective study would also allow an 
analysis of outcomes in patients in whom home OCT data sug-
gested delaying care, which was not evaluable in the current 
study. In essence, the current study was biased toward earlier 
treatment compared with actual care because it was not possible 
to delay care beyond the date of actual treatment. In this manner, 
the study was more likely to find undertreatment (treating too 
late) than overtreatment (treating too early). Additional studies 
could further highlight the overall mismatch and help reduce 
overtreatment (thus reducing healthcare costs) and undertreat-
ment (improving clinical outcomes).

The current study does not account for practical challenges of 
coordinating practice staff, caregivers, and patients to respond to 
home OCT data insights. In addition, the relatively small num-
ber of physicians, patients, and eyes in this study limits the gen-
eralizability of the findings to all nAMD patients in the US. The 
study looked at physician decision-making; however, it did not 
explore the reasons for their specific decisions, including those 
for opting for treatment, treatment type, and setting threshold 
levels.

In addition, the retina specialists did not have a full patient his-
tory including treatment responses, which can influence the choice 
of treatments. Also, the decisions were made based solely on ana-
tomic data obtained from home OCT. Other parameters, such as 
changes in patients’ VA over time, can influence decision-making 
as well; however, these were not accounted for in this study, again 
limiting the generalizability of the findings. While choosing the 
treatment type after reviewing home OCT data, the physicians did 
not have limitations posed by payers in regard to the choice of 
drugs; thus, the difference in the types of treatment selected may 
not be exactly comparable with real-life treatment choices.

Last, our study is limited by its short duration. To evaluate 
how visual outcome can benefit from home OCT, a study of a 
longer duration is required.

We believe that frequent macular scans with home OCT may 
lead to less retinal, especially intraretinal, fluid reaccumulation 
without treatment over time, and as a result, potentially better 
long-term visual outcomes. Despite its limitations, this study pro-
vides an unprecedented understanding of how near-daily home 
OCT data influences physician decision-making in the manage-
ment of nAMD.
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