Clinical Ophthalmology Dovepress

Taylor & Francis Group

METHOD

Standardized Ultra-Widefield Swept-Source OCT
Imaging: A Reproducible Protocol for Peripheral
Retinal Assessment

Shivesh H Shah"z’*, Ying Zhu"z’*, Cade Bennett"z, Jack Tracy"z, loanna Ploumi "2,

Kailynn M Barton 2 Selin Gumustop 12 Kayla Nodecker"z, Sarah Wagner"z, Chong Chen 12
Xinyi Ding"z, Marta Stevanovicz, Ines Lains '_3, John B Miller 1-3

'Harvard Retinal Imaging Lab, Massachusetts Eye and Ear, Boston, MA, USA; 2Department of Ophthalmology, Harvard Medical School, Boston, MA,
USA,; 3Retina Service, Massachusetts Eye and Ear, Department of Ophthalmology, Harvard Medical School, Boston, MA, USA

*These authors contributed equally to this work

Correspondence: John B Miller; Retina Service, Massachusetts Eye and Ear Infirmary, Department of Ophthalmology, Harvard Medical School, 243
Charles St, Boston, MA, 02114 1, USA, Tel +1 (617) 573-3750, Fax +1 (617) 573-3698, Email john_miller@meei.harvard.edu

Background: The utilization of ultra-widefield (UWF) photography and, more recently, UWF-OCT has increased greatly in retina
clinic. The most widely available UWF-OCT uses navigated swept-source OCT (SS-OCT), which lacks a standardized protocol,
consequently limiting comparisons across patient visits or larger population-based studies. We present a structured imaging protocol to
address this limitation.

Technique: A universal template standardizes the number, type, and anatomical positioning of seven scans per patient, including three
21 mm line scans and four UWF volume scans. Scans are automatically positioned per protocol and ultimately stitched into
a composite image, which is optimized for longitudinal and inter-patient comparisons.

Discussion: This protocol enhances efficiency and ensures reproducible assessment of peripheral retinal findings. It may be adapted
for other UWF systems and is currently being evaluated for clinical applications.

Keywords: standardized protocol, peripheral retina, ultrawidefield optical coherence tomography, age-related macular degeneration,
diabetic retinopathy

Introduction

Optical coherence tomography (OCT) has transformed the diagnosis and treatment of retinal diseases.' The development
of swept source OCT (SS-OCT) has further advanced this field, enabling high-resolution visualization of the peripheral
retina through ultra-widefield SS-OCT (UWF SS-OCT).>* Although UWF SS-OCT is being increasingly utilized in
clinical settings, variability in fixation, anatomical differences, and the absence of a standardized reference limit its
reproducibility.” These factors hinder consistent comparisons across visits and complicate larger population-based
studies. To address this gap, we propose a standardized protocol using a commercially available UWF SS-OCT device
(Silverstone, Optos plc, Dunfermline, UK) to achieve consistent assessment of the peripheral retina. This protocol
uniquely defines consistent fixation targets and scan positioning, reducing acquisition variability and providing
a reproducible framework that may potentially be adopted across clinics and studies for longitudinal and population-
level analysis.

Technique
Silverstone SS-OCT is an UWF imaging system that combines a 200° single-capture scanning laser ophthalmoscopy
(UWF-SLO) fundus photograph with 1050 nm swept-source OCT. This technology allows for precise peripheral
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Figure | Schematic diagram of the proposed Silverstone ultra-widefield swept-source optical coherence tomography (UWF SS-OCT) imaging protocol. Three 21 mm line
scans (light blue) are positioned (a) just above the superior arcade venule, (b) at the fovea, and (c) just below the inferior arcade venule. Four 12x12 mm UWF volume scans
(dark blue) are positioned as follows: (d) the superior cube scan, with its bottom edge 7 mm above the foveal line and centered horizontally on the fovea; (e) the temporal
cube scan, with its central scan positioned in line with the temporal edge of the foveal line scan; (f) the inferior cube scan, with its top edge 7 mm below the foveal line and
centered horizontally on the fovea; and (g) the nasal cube scan, with its central scan positioned in line with the nasal edge of the foveal line scan. Orange lines indicate the
7 mm distances marking the placement of the superior and inferior scans relative to the foveal line scan.

assessment using navigated line or volume scans mapped to UWF-SLO images. We propose a standardized protocol that
uses a combination of both navigated line and volume scans based on foveal and vascular arcade landmarks to create
a template that can be used for longitudinal and inter-patient comparisons.

In this protocol, a universal template is designed as a reference to standardize the number, types, and anatomical
locations of all scans used for each patient (Figure 1). A color fundus photograph (CFP) with central fixation is first
captured to guide the placement of subsequent OCT scans. A total of seven OCT scans per eye are acquired, consisting of
three 21 mm line scans and four 12x12 mm UWF volume scans. Acquisition of these scans takes approximately
10 minutes per eye. Line scans are centered on the fovea, just above the superior arcade venule, and just below the
inferior arcade venule. All four volume (cube) scans are positioned relative to the foveal line scan as follows: superior
and inferior scans are positioned with their bottom and top edges 7 mm above and below the foveal line respectively, and
both are centered horizontally on the fovea. Temporal and nasal scans are aligned with the temporal and nasal edges of
the foveal line scan respectively. All OCT scans are positioned automatically per template specifications, with minor
manual adjustments allowed to ensure alignment with anatomical landmarks. This standardized protocol ensures
reproducible peripheral retinal assessment.

CFP and OCT scans are then automatically stitched together into a high-resolution composite UWF representation of
the retina with both the en face view and cross-sectional OCT data. After being reviewed for clarity, alignment, and
quality, data can be stored on OptosAdvance as DICOM (Digital Imaging and Communications in Medicine) files.

Discussion

A growing body of evidence suggests that detecting peripheral retinal pathology may play a critical role in the early
diagnosis and management of chronic retinal diseases and inherited retinal dystrophies.®® Although UWF OCT has
emerged as a valuable tool for visualizing the peripheral retina, a standardized protocol for UWF SS-OCT has not yet
been established.>*° The absence of a predefined, reproducible protocol may limit broader clinical adoption and research
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comparability of UWF SS-OCT, particularly in cases where precise longitudinal comparisons of peripheral findings are
key to disease monitoring.>'°

Here, we propose a standardized imaging protocol for Silverstone UWF SS-OCT to improve consistency in peripheral
retinal assessment with UWF SS-OCT. Just as the ETDRS (Early Treatment Diabetic Retinopathy Study) macular grid
standardizes macular measurements, our protocol provides a structured framework for reproducible UWF SS-OCT
imaging of the peripheral retina. Similar frameworks have been effectively applied in the assessment of peripheral
lesions associated with age-related macular degeneration (AMD) using geometric distortion-corrected UWF imaging."
We demonstrate implementation of this protocol in peripheral visualization of eyes with wet AMD (Figure 2) and severe
nonproliferative diabetic retinopathy (Figure 3).

Our protocol is intended to address challenges related to scan reproducibility, ensuring accurate comparisons across
longitudinal visits or larger population-based studies by enabling precise scan location replication. A standardized
acquisition approach may improve confidence that interval differences in peripheral findings reflect true change rather
than variability in scan location or fixation. This is particularly relevant in diabetic retinopathy, retinal vein occlusion,
retinal vasculitis, and inherited retinal dystrophies, where peripheral findings may prompt closer follow-up or additional
ultra-widefield angiography. Standardized peripheral UWF SS-OCT acquisition may therefore support more consistent
longitudinal documentation. Additionally, by incorporating preset scan configurations, our approach may improve
feasibility of clinical implementation via reduced imaging time and improved workflow efficiency. This method may
also be adapted to other UWF-OCT systems without standardized protocols. One limitation of this study is that volume-
scan placement was standardized by a fixed linear distance (7 mm) rather than angular eccentricity. Therefore, differences
in axial length, especially in highly myopic or hyperopic eyes, may lead to variable true retinal eccentricity across
subjects. In addition, this protocol was designed to prioritize peripheral assessment and therefore included only a single

foveal line scan rather than a dedicated high-definition macular raster or macular volume scan. While comprehensive

Figure 2 Silverstone SS-OCT of a patient with wet age-related macular degeneration (AMD). The main image illustrates the locations of the seven scans acquired for this
eye, including three 21 mm line scans and four 12%12 mm ultra-widefield volume scans. (A) Cross-sectional OCT image from the 21 mm foveal line scan showing focal
pigment epithelial detachment (PED). (B) Cross-sectional OCT image from the inferior volume scan, highlighting the presence of peripheral drusen (circled).
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Figure 3 Silverstone SS-OCT of a patient with severe non-proliferative diabetic retinopathy (NPDR). The main image illustrates the locations of the seven scans acquired for
this eye, including three 21 mm line scans and four 12x12 mm ultra-widefield volume scans. (A) Cross-sectional OCT image from the nasal volume scan, demonstrating
hyperreflective foci and intraretinal cystoid spaces. (B) Cross-sectional OCT image from the 21 mm line scan at the inferior arcade.

macular characterization may be limited within this acquisition framework, incorporating macular volume scans in future
iterations would enable a more complete assessment.

As ultra-widefield technologies continue to expand the field of view while maintaining high resolution, standardized
acquisition will remain essential for consistent detection and comparison of peripheral abnormalities. Standardization is
increasingly important as peripheral imaging is used to derive quantitative biomarkers; SS-OCTA metrics have been
associated with diabetic retinopathy progression, suggesting that similar reproducibility requirements may apply to UWF SS-
OCT-based peripheral assessment.'> More broadly, protocol standardization may reduce operator-dependent variability and
facilitate uniform interpretation across institutions. For instance, multi-center trials using standardized OCT grading have
achieved intraclass correlations of 0.99 for thickness measurements with no grading drift over time.'* To support these future
applications, this protocol is now being applied as a standardized baseline framework, with prospective longitudinal data
collection underway to evaluate repeatability, feasibility, and downstream clinical utility across visits and operators.

Conclusion

In conclusion, we propose a standardized imaging protocol for Silverstone UWF SS-OCT that defines consistent fixation
targets and scan positioning to improve reproducibility of peripheral retinal assessment. By using a universal template with
preset line and volume scans that can be replicated across visits, this approach is intended to minimize acquisition variability
and support more accurate longitudinal and inter-patient comparisons. Although scan placement is currently standardized by
linear distance and macular imaging is limited within this framework, future iterations incorporating macular volume scans
and ongoing prospective evaluation will further refine repeatability, feasibility, and downstream clinical utility.

Abbreviations

CFP, color fundus photograph; DICOM, Digital Imaging and Communications in Medicine; ETDRS, Early Treatment
Diabetic Retinopathy Study; OCT, optical coherence tomography; SLO, scanning laser ophthalmoscopy; SS-OCT, swept-
source OCT; UWF, ultra-widefield.
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