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Abstract

Purpose: This work aims to evaluate the clinical utility and feasibility of a novel scanning laser ophthalmoscope-based navigated
ultra-widefield swept-source optical coherence tomography (UWF SS-OCT) imaging system. Methods: A retrospective, single-
center, consecutive case series evaluated patients between September 2019 and October 2020 with UWF SS-OCT (modified
Optos P200TxE, Optos PLC) as part of routine retinal care. The logistics of image acquisition, interpretability of images captured,
nature of the peripheral abnormality, and clinical utility in management decisions were recorded. Results: Eighty-two eyes from
72 patients were included. Patients were aged 59.4 + 17.1 years (range, 8-87 years). During imaging, 4.4 series of images were
obtained in 4.1 minutes, with 86.4% of the image series deemed to be diagnostic of the peripheral pathology on blinded image
review. The most common pathologic findings were chorioretinal scars (18 eyes). In 31 (38%) eyes, these images were meaningful
in supporting clinical decision-making with definitive findings. Diagnoses imaged included retinal detachment combined with
retinoschisis, retinal hole with overlying vitreous traction and subretinal fluid, vitreous inflammation overlying a peripheral scar,
Coats disease, and peripheral retinal traction in sickle cell retinopathy. Conclusions: Navigated UWF SS-OCT imaging was
clinically practical and provided high-quality characterization of peripheral retinal lesions for all eyes. Images directly contributed
to management plans, including laser, injection or surgical treatment, for a clinically meaningful set of patients (38%). Future
studies are needed to further assess the value of this imaging modality and its role in diagnosing, monitoring, and treating
peripheral lesions.
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Introduction whereas UWF-OCT is used to image up to 200° of retina out to
the periphery.*> There has been significant research and inter-
est in the use of UWF devices to describe pathologic findings
and guide therapy for diabetic retinopathy, sickle retinopathy,
retinoschisis, and retinal detachment, among many other dis-
eases.®”

A recurring theme in retina practice, as illustrated by the
examples of macular OCT and UWF, has been the implemen-
tation of new imaging technologies leading to novel discovery,
classification, and thus paradigm shifts in practice patterns.

Optical coherence tomography (OCT) was introduced in 1996
and has become the standard of care for various macular con-
ditions, such as preretinal membranes, macular edema, choroi-
dal neovascularization, and many others.! OCT has also served
a critical research role to better characterize retinal disease
pathophysiology, advancing the understanding and manage-
ment of these entities.? Since its development, macular OCT
scans have become an indispensable component of routine reti-
nal practice.

Conventional OCT devices, however, are limited to imaging
a relatively narrow posterior field. Many important vitreoret- ' Department of Ophthalmology, Retina Service, Weill Cornell Medical
inal abnormalities encountered in routine vitreoretinal care are ~ College, New York, NY, USA
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With novel imaging one gains the ability to visualize new
anatomic details in both normal and abnormal eyes, spurring
discoveries and clinical progress. Recently, there has been
increased emphasis on the application of OCT to the retinal
periphery through the use of novel lenses, angling devices, or
combinations of viewing systems. Although these approaches
have increased peripheral views, they have not necessarily cap-
tured far peripheral images classified as UWF.>*!1%-11

One of these combinations has included merging a scanning
laser ophthalmoscope (SLO) fundus photograph using the Optos
P200TxE (Optos PLC) imaging system with spectral domain
(SD)-OCT (Heidelberg Engineering Co).> Other studies have
used modifications or preexisting SD-OCT devices to allow
further peripheral access (Cirrus, Carl Zeiss, and Heidelberg
Engineering Co)’ or have used time-domain OCT (Stratus 3,
Carl Zeiss) with color fundus photographs of the periphery.* All
these combinations produced good peripheral OCT images, but
the clinical feasibility of routinely obtaining these images is
questionable. The techniques require adequate dilation, clear
media, high patient cooperation, sometimes imaging on 2 differ-
ent machines, and a skilled photographic technician to angle the
devices to obtain these peripheral images.

Recently, another device that combines UWF-SLO with
a navigable swept-source (SS) OCT (Optos Silverstone, Optos
PLC) has become commercially available. This device pro-
duces an initial high-resolution SLO fundus image up to 200°
and then uses navigated SS-OCT line or volume scans of the far
retinal periphery as mapped by UWF-SLO images. As with
prior imaging modalities, over the coming years the implica-
tions of this new device for defining and monitoring peripheral
retinal disease will become clearer. We sought to characterize
the early implementation of UWF SS-OCT in routine clinical
practice. The goals of the present study were to (1) describe the
cohort of patients who underwent UWF SS-OCT imaging as
part of routine clinical practice (ie, what anatomic features
providers were seeking to image); (2) assess the logistics of
image acquisition and image interpretability in these patients;
and (3) determine which indications for imaging offered
insightful clinical information about the specific abnormality
at hand, either by changing follow-up duration or helping to
guide clinical or surgical decision-making.

Methods

This was a retrospective, consecutive case series of patients
who visited the retina service at Weill Cornell Department of
Ophthalmology (New York, New York) between September
2019 and October 2020.

Patient Cohort and Data Collection

All patients who underwent UWF SS-OCT imaging in our depart-
ment were included in the study. Eighty-two eyes from 72 patients
underwent UWF-navigated SS-OCT of peripheral retinal find-
ings at Weill Cornell Medicine Department of Ophthalmology.
The device used was a modified Optos P200TXE (Optos PLC)

Table 1. Peripheral Retinal Abnormalities Imaged With Ultra-
Widefield Swept-Source Optical Coherence Tomography in Routine
Clinical Practice at a Tertiary Center.

Guided Received

Peripheral abnormality Eyes management (%)* treatment (%)°
Chorioretinal scar 18 0 0
Retinoschisis 13 8 (62) I (8)
Drusen 13 0 0
Retinal hole/tear 9 5 (56) 3 (30)
Retinal detachment 3 3 (100) 2 (66)
Sickle cell retinopathy with | 1 (100) I (100)

focal TRD
Coats disease | 0 0
Hemorrhage 4 2 (50) 2 (50)
Retinoschisis with retinal 4 4 (100) 3 (75)

detachment
Lattice 4 2 (50) 0
Nevus 3 3 (100) 0
White without pressure 3 0 0
Reticular degeneration 2 0 0
CMV retinitis 2 2 (100) I (50)
Torpedo maculopathy | 0 0
RP, bone spicules | 0 0
Total 82 31 (38) 13 (16)

Abbreviations: CMV, cytomegalovirus; RP, retinitis pigmentosa; TRD, traction
retinal detachment.

?Eyes for which the imaging helped guide or support a diagnosis, planned
follow-up period, or a decision for treatment.

PPatients who ultimately received intervention (including laser, injection, or
surgery) in part based on or supported by imaging findings.

Table 2. Mean Values of Image Acquisition and Interpretability
Parameters.

Image series obtained per session
Interpretable series per session
Diagnostic series per session 3.8 (86.4%)

Image acquisition time, min 4.1 (range, 1-12)
Patients with serial examinations 4

Average time between examinations, d 229.5 (range, 28-434)

4.4 (range, 1-12)
4.0 (90.9%)

with navigated SS-OCT capabilities (similar to the commercially
available Optos Silverstone). Discretion to perform testing was
made by the physician based on findings from either primary
UWF-SLO imaging (performed with either the Optos California
P200DTx or modified Optos P200TxE, Optos PLC) or indirect
dilated fundus examination. Demographic information was
recorded for all patients, as well as ocular history, diagnoses,
treatment, and interpretation of UWF SS-OCT imaging. A note
was made in the patient’s record whether imaging findings
helped guide management decisions for that visit.

Image Acquisition and Processing

All patients were dilated prior to images being obtained as part
of routine practice of the vitreoretinal specialists at our center.
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Figure 1. (A) Scanning laser ophthalmoscope image demonstrating inferior retinoschisis with large cavity, outer retinal break, and associated
retinal detachment. No inner retinal break was identified on examination. (B) Shallow retinoschisis, located temporally and correlating with the
orange raster marker in (A), was noted on ultra-widefield swept-source optical coherence tomography. (C) A more bullous retinoschisis cavity
was clearly demonstrated to correlate with the yellow raster marker in (A). (D) An outer retinal break with rolled margins was captured with
the blue raster marker in (A), with (E) subretinal fluid nasal and just posterior (green raster marker in [A]) to the retinoschisis cavity. The patient

has been observed without progression for 6 months.

On installation of the imaging device, photographers received
instructions from the manufacturer as to how to navigate and
capture images, but no distinct skill acquisition was needed
beyond the initial device training and familiarity with using
the Optos UWF imaging systems. A single provider (attending,
fellow, or resident) and photographer interaction took place in
which the relevant lesion was indicated to the photographer on
a prior UWF-SLO image. The provider was not necessarily
present for the duration of image acquisition (but sometimes
was out of interest in the device).

The modified Optos P200TXE captured SLO fundus images
up to 200° of the retina, and the ophthalmic photographer then
used this image to navigate a 2-dimensional line marked on top
of the required peripheral abnormality that was captured with
SS-OCT. Both steps were performed while the patient was
seated on the same device. Targets for SS-OCT could be
refined and further identified and illustrated to the photogra-
pher by the practitioner on the UWF-SLO images if there were
concerns about the correct lesion being captured. Both

individual line raster scans and volume series were obtained
in all patients. Images were evaluated for their interpretability.
Just as with routine UWF images, the UWF SS-OCT images
were digitally transferred to the imaging server accessible for
review with patients.

In a blinded fashion, reviewers (K.D.K. and M.A.M.)
evaluated all images from a UWF SS-OCT session for (1)
number of imaging series (both series of line rasters and
volume series) acquired for each patient (“image series
obtained”); (2) number of series that captured interpretable
retinal tissue with adequate signal strength for evaluation
and no significant mirror inversions (“interpretable series”);
and (3) number of series that captured the lesion in question
and were diagnostic of the peripheral retinal lesion
(“diagnostic series”). The duration of UWF SS-OCT image
acquisition in minutes was also recorded based on the time
between the first and last images’ time stamps. Given the
nature of this retrospective, descriptive case series, statisti-
cal analysis was not performed.
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Figure 2. (A) Ultra-widefield swept-source optical coherence
tomography (UWF SS-OCT) images used to confirm the presence of
asymptomatic retinoschisis. (B) Occasionally, subretinal fluid cuffs
adjacent to an area of retinoschisis can be diagnosed and monitored
with serial UWF SS-OCT images. Patients in both (A) and (B) were
asymptomatic. (C) The appearance was distinct from subretinal fluid
(arrow) in combined retinoschisis and retinal detachment in a symp-
tomatic patient with acute peripheral vision loss. (D) Degenerative
retinal cyst in an area of chronically detached retina can sometimes
clinically be mistaken for retinoschisis; however, it can definitively be
identified with UWF SS-OCT.

Results

UWF-navigated SS-OCT images were obtained on 82 eyes of
72 patients. The average age was 59.4 + 17.1 years with
a range from 8 to 87 years. All UWF SS-OCT images to be
included in this series were captured with sufficient quality
and resolution, as deemed by the evaluating physician. The
most common abnormalities imaged were chorioretinal scars.
Other abnormalities that were imaged included retinoschisis,
peripheral drusen, retinal detachments, retinal holes, lattice
degeneration, and choroidal nevi (Table 1). Some eyes had
more than 1 peripheral finding imaged. For the purposes of
analysis, the results demonstrate the primary abnormality
imaged for a given eye.

Patients had on average 4.4 OCT series obtained per imag-
ing session, including both individual rasters and volume cubes
(Table 2). Of this total, an average of 4.0 series (90.9%) dem-
onstrated images that had substantial signal strength to be inter-
pretable and were without substantial artifact. On average 3.8
series (86.4%) captured the peripheral retinal lesion of interest
in sufficient quality to inform the diagnosis by a masked
reviewer. Based on the elapsed time between the first and last

images captured, image acquisition took approximately 4.1
minutes. Four patients had serial examinations with UWF
SS-OCT; on average 229.5 days elapsed between
examinations.

A review of the medical records and acquired images
showed that in 31 of the 82 eyes (38%), the UWF SS-
OCT images were deemed clinically significant and sup-
ported decision-making regarding follow-up time, became
the standard to monitor the peripheral findings over time,
or helped confirm the decision for intervention (laser, injec-
tion, or surgery). One condition monitored in this fashion
was retinoschisis with associated retinal detachment, laser
barricade, chronic subretinal fluid, or demarcation lines. In
these cases, UWF-OCT images helped to establish a baseline
of the fluid level to compare on subsequent visits. Other
cases included nevi with overlying drusen, minimal eleva-
tion, and absence of subretinal fluid, which could also be
measured accurately and serially imaged to ensure stability.
In the cases of these nevi, review of prior ultrasound mea-
surements noted the choroidal lesions to be “flat” without
significant discernable thickness, whereas slight thickening
was measurable on UWF-OCT.

In 13 of 82 eyes (16%) imaging helped definitively confirm
the decision to proceed with treatment, including laser, injec-
tions, or surgery. These most commonly included retinal breaks
with vitreous traction, with or without subretinal fluid, which
were treated with laser barricade. One eye included sickle cell
retinopathy with a small, localized traction retinal detachment
that underwent laser barricade, as well as panretinal photo-
coagulation. Two of these cases included retinoschisis with
adjacent retinal detachment that, after confirmation with UWF
SS-OCT, were taken to the operating room and treated with
pars plana vitrectomy and a scleral buckle.

Conclusions

The present study demonstrated the clinical utility and feasi-
bility of UWF SS-OCT in routine clinical practice at an aca-
demic retinal practice. The UWF SS-OCT images were readily
interpretable and often held bearing on medical decision-making,
often supporting or confirming clinical assessments. UWF SS-
OCT has the potential to fundamentally change retinal practice
by redefining commonly encountered peripheral retinal abnor-
malities with definitive assessments, adding a new means of
disease-monitoring that can ultimately minimize the subjectiv-
ity of indirect ophthalmoscopy. However, it is a new imaging
modality that has not been previously assessed regarding spe-
cific diseases in clinical practice. All images obtained by the
ophthalmic photographers were interpretable by the treating
physician. Most images obtained during the examinations
(86.4%) were interpretable and diagnostic of the peripheral
retinal lesions. Furthermore, 38% of the images helped guide
follow-up plans or confirm management decisions with defin-
itive objective evidence. To our knowledge, this is one of the
first studies to delineate these clinical features of this novel
imaging device.
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Figure 3. (A) A scanning laser ophthalmoscope image demonstrating inferior lattice and retinal holes. The orange line shows the location of the
(B) ultra-widefield swept-source optical coherence tomography raster through an atrophic hole, which confirmed the hole had subretinal fluid
and vitreous traction (orange arrow). The blue line in (A) shows the area of (C) an ultra-widefield swept-source optical coherence tomography
through a temporal retinal hole, which also confirmed vitreous traction with associated subretinal fluid. The decision to perform prophylactic
laser barrier retinopexy was made based on the clinical appearance of holes with fluid in a patient with symptoms and was supported by the
findings that confirmed vitreous traction on the holes’ margins on imaging.

Figure 4. (A) A scanning laser ophthalmoscope image with inferotemporal retinal breaks. The red line shows the location of (B) an ultra-
widefield swept-source optical coherence tomography raster through the superior tear, which had vitreous traction (red arrow). The yellow
line in (A) shows the location of (C) an ultra-widefield swept-source optical coherence tomography raster through an inferior retinal break that
had a flat retina without flap, subretinal fluid, or vitreous traction. Imaging supported the clinical decision for treatment of the symptomatic
retinal break with persistent vitreous traction. In this case the second break was also treated at the same time because laser was already being
performed and the patient was acutely symptomatic.
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Our study demonstrated specific areas where UWF SS-OCT
imaging provided insight that directly affected management
decisions. One obvious area was in differentiating retinoschisis

Figure 5. (A) A scanning laser ophthalmoscope image showing an old,
scarred down, pigmented retinal hole with an optical coherence

tomography scan through the blue line. (B) An ultra-widefield swept-
source optical coherence tomography scan demonstrating a flat reti-
nal hole with no traction and scarred down edges (arrows). Supported
by the imaging findings, the patient was observed without intervention.

from retinal detachment, or monitoring retinal detachment asso-
ciated with retinoschisis. Prior UWF studies have used tools like
autofluorescence to aid in differentiating retinal detachment
from retinoschisis.'*'* However, UWF SS-OCT appears to
provide the most definitive evidence of splitting vs detachment
by more directly observing intrinsic retinal layers and subse-
quent retinoschisis cavities on cross-section (Figure 1). Like-
wise, sometimes on clinical examination degenerative
intraretinal cystic changes overlying retinal detachment can
mimic the appearance of retinoschisis, which can also readily
be assessed with cross-sectional visualization from OCT (Fig-
ure 2). Previously, these have been described as macrocysts
when they become apparent enough to be visualized on ophthal-
moscopy or ultrasonography; however, there is likely a spectrum
of degenerative cystic changes yet to be elucidated with OCT
that exists in overlying chronic retinal detachments.'>"!”

Another area where UWF SS-OCT proved to be clinically
useful was in assessing the presence of subretinal fluid and
vitreous traction on retinal breaks, particularly in the setting of
lattice degeneration (Figures 3-5). While the overall incidence of
atrophic hole and lattice-associated retinal detachment is low,
these lesions are present in a disproportionate number of patients
with rhegmatogenous retinal detachment.'®?° As such, one ave-
nue for future research would be to determine which patients
with atrophic holes and lattice are at higher risk for developing
rhegmatogenous detachments. UWF SS-OCT appeared to
clearly demonstrate which lesions exhibited active traction as
opposed to scarred margins of the break, in the present study
informing physicians’ decisions in the present study as to
whether to apply prophylactic laser barrier retinopexy.

One patient (Figure 4) had laser applied around both new
symptomatic breaks, 1 with and 1 without traction on UWF SS-
OCT, given the absence of longitudinal studies on such lesions.
An interesting variant of the peripheral vitreous traction lesion
is that of a peripheral traction retinal detachment in the setting

Figure 6. (A) Color image of retinal periphery demonstrating an active cytomegalovirus lesion. (B) Ultra-widefield swept-source optical
coherence tomography of lesion, with preretinal hyperreflective foci suggestive of disease activity. (C) Ultra-widefield swept-source optical
coherence tomography and (D) color images of a different patient with an old, inactive cytomegalovirus lesion that had no preretinal

hyperreflective foci, suggesting absence of activity.
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of peripheral neovascularization. One patient with sickle cell
retinopathy in our cohort demonstrated a small peripheral trac-
tion detachment that aided the clinical decision to barricade

Figure 7. Ultra-widefield swept-source optical coherence tomography
images of various peripheral retinoschisis and cystoid degeneration found
in asymptomatic patients.

around the neovascular frond and area of traction rather than
just ablate the peripheral ischemic tissue. Previous studies have
attempted to describe some of these peripheral lesions using
SD-OCT and time-domain OCT but not with UWF imaging
systems nor in a longitudinal fashion.?! Further natural history
studies with UWF SS-OCT are certainly warranted to better
understand the prognosticative implications of our findings.

UWF SS-OCT was also used to assess activity of areas of
cytomegalovirus (CMV) retinitis by looking for overlying vit-
reous inflammatory cells or new areas of retinitis adjacent to
retinal scars (Figure 6). A prior study has assessed the OCT
findings of the choroid, retina, and vitreous with CMV retinitis,
but the authors noted that these scans were limited to the pos-
terior pole despite many CMV lesions having been present in
the retinal periphery.”? As with many of the other aforemen-
tioned entities, UWF imaging, specifically autofluorescence,
can also play a role in monitoring and tracking changes that
may be complementary to the ability of OCT to demonstrate
subtle overlying inflammatory or intrinsic changes in the reti-
nal anatomy.?*"** It is reasonable to expect that UWF SS-OCT
may also prove of value in other peripheral inflammatory dis-
eases; however, those were not imaged in the present study.

UWF SS-OCT also demonstrated incidental findings of
shallow retinoschisis vs degenerative cystoid degeneration in
many of the patients imaged (Figure 7). Often these patients
were being imaged for other indications, or in some cases the
physicians suspected these mild changes based on a clinical
examination or review of color images. Future studies will need
to better characterize the incidence of these changes in a normal
population and their clinical significance.

Finally, one other area of use was in screening melanotic cho-
roidal lesions (nevi) for signs indicative of melanoma (Figure 8).
Recent recommendations have stressed the importance of imag-
ing in determining choroidal melanoma from nevus, in addition to
or in replacement of other traditional markers.**” UWF SS-OCT
(in conjunction with other imaging modalities such as UWF auto-
fluorescence) offers the means to determine the presence of over-
lying drusen or subretinal fluid. Alternatively, it may provide

Figure 8. (A) A color image demonstrating a peripheral choroidal nevus with overlying drusen. (B) Ultra-widefield swept-source optical
coherence tomography of a peripheral choroidal nevus with minimal thickness, overlying drusen, and no subretinal fluid.
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a sensitive means for measuring lesion thickness, as the nevi in
our cohort were all noted to be flat on ultrasonography but had
some discernable thickness on UWF-OCT. However, it is worth
noting that these peripheral thickness measurements have not yet
been validated for reliability or repeatability.

There are several limitations to the present study. First, this is
a retrospective review of cases from routine clinical practice, and
it was not designed to study specific patient cohorts. As such,
there are limitations to the conclusions that can be ascertained
about specific disease entities and their appearance on UWF SS-
OCT. Our sample size is relatively small compared with the
overall volume of a retina practice, which may reflect the time
required for additional testing or the lack of incorporation into
routine practice patterns. Most of the patients were collected
from tertiary referral retinal practices, which could lead to ascer-
tainment bias regarding the nature and frequency of the peri-
pheral abnormalities included in this study. There is currently no
normative baseline study that delineates findings with this tech-
nology, and as such the findings in this study could reflect either
underestimation or overestimation of “normal” findings.

Furthermore, although this was a consecutive case series, we did
not keep track of patients who had examination findings in areas
that were judged by the examiner to be inaccessible by the imaging
device. These would likely be superior or inferior lesion locations
where the UWF device is more limited because of lid artifacts.
While no specific case was recalled by the study providers, there
is likely inclusion bias that conditions captured on UWF-SLO were
more likely to be included and thus more likely to have interpret-
able images obtained. Certainly additional studies with larger
cohorts and longer follow-up times will be necessary to more
accurately delineate findings in specific diseases with UWF SS-
OCT. Only 4 patients in our cohort had serial examinations, and
there was a wide range of interval periods from 28 to 434 days.

While the time of image acquisition was objectively brief,
we measured this based on the time stamps in the image review
software between first and last images for each patient.
This metric does not include the time that would have been
required to position the patient at the device or to generate the
UWF-SLO map to begin targeted UWF SS-OCT. As such,
actual image acquisition time would be longer than reported
in this study. Furthermore, in our practice the physician (who
could be the resident, fellow, or attending) did not necessarily
need to be present during image acquisition; however, a physi-
cian did need to directly indicate to the photographer the target
lesion of interest on an UWF-SLO image. Even this type of
interaction may not be practical in nonacademic clinical prac-
tices. It is worth noting that for some patients (a minority
during the early use of the device, but the exact number was
not tracked), a physician was present during the image acqui-
sition, which would likely contribute to a higher interpretability
and yield compared with a photographer alone.

In summary, there was a wide spectrum of peripheral findings
readily imaged with UWF SS-OCT that yielded clinically rele-
vant images that supported and confirmed management deci-
sions. In the present study we sought to (1) describe the cohort
of patients who underwent UWF SS-OCT imaging as part of

routine clinical practice (ie, what anatomic features providers
were seeking to image); (2) assess the logistics of image acqui-
sition and image interpretability in these patients; and (3) deter-
mine which indications for imaging offered insightful clinical
information about the specific abnormality at hand, either by
changing follow-up duration or helping to confirm clinical or
surgical decision-making. Our study demonstrated the utility and
feasibility of UWF SS-OCT in real-world practice. Images were
successfully acquired in all patients and contributed to clinical
management and decision-making in 38% of patients. There was
a particularly meaningful role for UWF SS-OCT in the clinical
management of retinoschisis and retinal breaks.

The study has a number of strengths, including the use of 1
instrument to obtain the UWF SS-OCT images, conservation of
image acquisition protocol, and the yield of high-quality interpret-
able images in all patients. Further studies are needed to monitor
peripheral retinal abnormalities, in particular to delineate inciden-
tal subclinical findings from those with prognostic implications.
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