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ABSTRACT

Many important abnormalities of the vitreous,
retina and choroid are predominantly located
in the peripheral retina. In some retinal diseases
with both central and peripheral manifesta-
tions, pathological structural or vascular chan-
ges can be apparent in the periphery before they
are detectable in the central retina. Conven-
tional optical coherence tomography (OCT)
and optical coherence tomography angiogra-
phy (OCT-A) imaging only cover the most pos-
terior 30° of the retina. Wide-field OCT (WEF-
OCT), though offering detailed cross-sectional
imaging of the peripheral retina, is not yet sys-
tematically used in clinical practice. This nar-
rative review provides a presentation of the
utilisation of WF-OCT and WF-OCT-A in the
diagnosis and monitoring of a variety of oph-
thalmological diseases and discusses the
advantages and limitations of the technology.
With the rapidly developing technology, mul-
tiple WF-OCT and WF-OCT-A devices are now
commercially available and enable the clinician
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to obtain scans within a field of view up to 200°.
As detailed in this review, several studies have
shown promising results in the application of
WE-OCT and WF-OCT-A in diseases of the
retina, choroid and vitreous, such as retinal vein
occlusion, diabetic retinopathy, ocular oncol-
ogy, paediatric ophthalmology, uveitis and
lesions of the vitreo-retinal interface. In con-
clusion, WF-OCT and WEF-OCT-A can reliably
produce high-quality, non-invasive images of
the vitreous, retinal, and choroidal structures
and vascularity covering the posterior pole as
well as the mid and far periphery. These meth-
ods can be a valuable part of a multimodal
imaging approach in the management of a
variety of ocular conditions. Future studies are
warranted to investigate the patient outcome
benefits of implementation of WF-OCT and WF-
OCT-A imaging in a real-life clinical setting.
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Key Summary Points

Many retinal pathologies have
predominantly peripheral lesions or affect
a larger area than covered by conventional
30° optical coherence tomography (OCT)
imaging.

Commercially available wide-field (WF)
OCT and optical coherence tomography
angiography (OCT-A) now have a field of
view up to 200°.

WEF-OCT and WE-OCT-A have been shown
useful in the clinical management of
many different retinal disease entities.

WEF-OCT enables clinicians to learn more
about peripheral pathology and has the
potential to improve patient outcomes.

INTRODUCTION

Optical coherence tomography (OCT) was first
introduced by Huang etal. in 1991 and since
then, the technology has revolutionised diag-
nostics in ophthalmology and improved the
understanding of both normal and pathologic
retinal features [1]. OCT is a non-invasive
imaging modality able to produce high-resolu-
tion cross-sectional and en face images of bio-
logical tissue and is particularly well suited for
imaging of the retinal layers. Conventional
OCT is standard equipment in ophthalmologi-
cal practice and is essential to the management
of diseases such as age-related macular degen-
eration (AMD), diabetic macular oedema (DME)
and glaucoma.

The technology has continually been refined
on multiple parameters and, in recent years, the
interest in utilising OCT for imaging of a wider
area of the retina has emerged. The field of view
(FOV) of conventional OCT equipment is gen-
erally limited to segments of the most posterior
30° of the retina, focusing primarily on the
macula and/or the optic nerve head. Until

recently, the far periphery of the retina was
unreachable by OCT, but this technical limita-
tion has been overcome by several new com-
mercially available devices with ultra-wide-field
capabilities.

Many important abnormalities of the vitre-
ous, retina and choroid are located in the retinal
periphery, identifiable on skilled peripheral
retinal examination with fundus ophthal-
moscopy or using ultra-wide-field (UWF) fundus
photography. Wide-field OCT (WEF-OCT),
though offering detailed cross-sectional imag-
ing of the periphery, is not yet systematically
used in clinical practice.

Many researchers have conducted promising
studies investigating the utility of WF-OCT and
WE-OCT angiography (WF-OCT-A) in the
peripheral retina. Implementation of the WF-
OCT and OCT-A imaging techniques in clinical
practice may further improve the detection of
peripheral pathologies and assist in the man-
agement and monitoring of diseases of the vit-
reous, retina and choroid. These novel imaging
modalities have the potential to fill the unmet
need of a detailed, cross-sectional imaging of
the peripheral retinal structures. Implementa-
tion of routine imaging of the retinal periphery
may improve clinical decision making and

ultimately improve visual outcomes for
patients.
OBJECTIVES

This review investigates the usage of wide-field
OCT and OCT-A in the diagnosis and monitor-
ing of a variety of ophthalmological diseases
and discusses the advantages and limitations of
the technology. It also presents examples of the
usage of WF-OCT and WE-OCT-A in non-oph-
thalmological medical specialties. Further, it
gives a brief overview of the currently available
wide-field OCT and OCT-A devices.

METHODS

Information sources: We searched databases
PubMed, Cochrane, Web of Science and Ovid
for publications on wide-field OCT and wide-
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field OCT-A on 3 October 2023. References were
reviewed and relevant publications were selec-
ted for the narrative structure of this review.
Only articles written in English were considered
eligible. We selected 37 published manuscripts
as our references. This narrative review is based
on previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Definitions

Definitions of WF-OCT/OCT-A and UWEF-OCT/
OCT-A vary significantly between research
groups and scientific papers. In 2019, the
International Widefield Imaging Study Group
presented their definitions of wide-field imag-
ing, classifying wide field as a field of view of
60°-100°, covering the mid-periphery of the
retina up to the posterior edge of the vortex
vein ampulla. Ultra-wide-field was defined as a
FOV of 110°-220°, imaging the far periphery of
the retina, from the anterior edge of the vortex
vein ampulla and beyond to ora serrata [2]. In
this review, we adhere to the above-mentioned
definitions, though we chose to include scan-
ning areas beyond the conventional 30°-50°
FOV in the wide-field category, as OCT (and
OCT-A in particular) have a more limited FOV
than other imaging modalities.

Wide-Field OCT

OCT is an imaging technique based on inter-
ferometry. The device measures the interference
spectrum of reflected light from biological tissue
and transforms it into information about the
depth and reflectivity of the tissue structures,
thereby obtaining detailed two- and three-di-
mensional scanning images of the retina.

Since its invention, OCT technology has
rapidly evolved, with better sensitivity,
increased scanning depth and higher resolu-
tion. With the advancement of imaging tech-
nology, it is now possible to obtain OCT images
of up to 200° [3]. The first and, to date, most
common method for wide-field imaging is the
montage method in which multiple scans are

combined in a mosaic to create one wide-field
image. This can be obtained either through a
steerable laser head or guided fixation of the
patient’s gaze in multiple directions [3]. Mon-
taging can be done automatically and has the
clear advantage of a larger FOV, but the method
is susceptible to motion and other image arte-
facts, which may require manual montage cor-
rection. Single-capture wide-field OCT is faster
and requires no montage but is susceptible to
peripheral image distortion due to the retinal
curvature, which impacts the image quality.
Progress in imaging devices and image process-
ing software continually improves on both
methods to produce excellent resolution wide-
field OCT and OCT-A scans. An example of a
wide-field OCT scan in degenerative senile
retinoschisis can be seen in Fig. 1 adapted from
Choudhry et al. [3].

Commercially available WF-OCT and WE-
OCT-A devices are presented in Table 1.

Wide-Field OCT Angiography

Optical coherence tomography angiography is a
functional extension of OCT utilising the
intrinsic motion within the layers of the retina
to directly visualise retinal blood flow. The
technology uses multiple sequential scans of
laser light reflectance from the surface of mov-
ing red blood cells within the retinal and chor-
oidal vessels to differentiate functional blood
vessels from the surrounding static tissue [4]. En
face OCT-A images of the retinal microvascula-
ture can be generated by automated (or manu-
ally adjusted) segmentation of the retinal layers
post-imaging, thus providing three-dimen-
sional information about the retinal vascular
structures.

Conventional OCT-A devices are limited to
scan sizes of 3 x 3 mm or 6 x 6 mm. Montag-
ing of these images can provide a wider field of
view. Montage protocols that combine multiple
smaller scans can preserve a high resolution
while still imaging a wider area of the retina [5].
However, image acquisition with montaging
can be difficult and time consuming in clinical
practice. WEF-swept-source-OCT-A (SS-OCT-A)
devices provide a larger field of view with less
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Fig. 1 UWF montage of typical degenerative senile
retinoschisis with outer retinal hole. Adapted from
Choudhry etal. [3]. A UWF colour image of typical

degenerative senile retinoschisis. The junction of non-

schitic and schitic retina is outlined by the white inset. B A
montaged UWF spectral domain (SD)-OCT cross-section
from nasal periphery, through the optic nerve and fovea, to
the schitic temporal periphery is registered by the green
arrow on the corresponding UWF colour image (A).
Schisis of the retina at the inner nuclear and outer
plexiform layers is seen posteriorly in the temporal macula
(B, white arrow) and proceeds all the way to the periphery,
with the degree of intraretinal splitting progressively
widening posteriorly (white arrowhead) to anteriorly (B,
black arrow). C Colour and D, F NIR-SLO images with
overlaid raster scans (yellow and green arrows) register the
position of additional peripheral SD-OCT cross-sections
(E, G). An inferotemporal portion of the retina (A, inset;
C, D, F, arrowheads) is also analysed by peripheral SD-
OCT, which reveals splitting along the inner nuclear and
outer plexiform layers (E, G, white asterisks) and highlights
the vitreous interface (G, black asterisk)

total scans while preserving capillary level res-
olution. The newer devices can capture single-
shot images of up to 15 x 15mm. With a
montage strategy that uses these larger base
scans, WF-OCT-A images capturing the retinal
periphery to the equator can be obtained [6].
WE-OCT-A scans can undergo additional image
processing, allowing for the quantitative
assessment of vascular parameters such as vessel

density (VD) and choroidal vascularity index
(CVI), which might also prove useful in the
peripheral retina [6].

Application in Ophthalmology

Retinal Vein Occlusion

Retinal vein occlusion (RVO) is a common
retinal vascular disorder and a relatively com-
mon cause of vision loss in otherwise healthy
adults. The monitoring and treatment of RVO
depends on the identification of associated
lesions such as neovascularisation (NV), macu-
lar oedema and retinal non-perfusion. WF-OCT-
A provides a detailed visualisation of structural
vascular alterations secondary to RVO and
ischaemic non-perfusion [7].

Dong et al. conducted a study of WF-OCT-A
detection of non-perfusion areas in 48 eyes with
branch (BRVO) and central retinal vein occlu-
sion (CRVO) [8]. Study participants underwent
indirect ophthalmoscopy, fluorescein angiogra-
phy (FA) and WF-OCT-A imaging with a
24 x 20mm scanning mode. Comparing the
detection rate of WF-OCT-A with that of FA, the
study reports a sensitivity and specificity of WF-
OCT-A in detecting non-perfusion areas in RVO
of 83.3% and 100%, respectively. In a cross-
sectional study of 43 eyes with RVO, Glacet-
Bernard et al. compared WF-OCT-A with UWF-
FA in the assessment of non-perfusion [9]. Using
the PLEX Elite, they obtained five 12 x 12 mm
OCT-A scans and compared the montage image
with the 200° FOV FA images. For the detection
of non-perfusion areas (in this study defined as
ischaemic index > 25% on FA), WF-OCT-A was
found to have a sensitivity of 100% and a
specificity of 64.9% [9]. Similar results were
achieved by Shiraki et al., who used a montage
protocol of five 12 x 12mm OCT-A scans to
characterise features of retinal non-perfusion in
BRVO and compare the findings with those of
wide-field FA [10]. They found a high correla-
tion between the non-perfusion areas detected
with WE-OCT-A and FA (* = 0.94, p < 0.0001).
The findings of these studies suggest that WEF-
OCT-A could potentially replace FA as the first
choice of assessing non-perfusion status in
RVO.
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Table 1 Currently available wide-field optical coherence tomography devices

Device Manufacturer Maximum  Resolution OCT-A SS Maximum A-scans per
field of available? or single-capture  second
view SD scan size

Spectralis Heidelberg 55° Axial 3.9 um Yes SD 165 mm OCT  85,000-125,000

OCT2 Lateral 5.7 um 45 X 9 mm
OCT-A
Envisu C2300 Leica 70° Axial < 4 um No SD 12 x 8§ mm 32,000
OCT Microsystems, Lateral 11 pm
(Handheld Wetzlar,
and mobile) Germany
Avanti RTVue  Optovue Inc, 40° Axial 5 pm Yes SD 12 mm OCT 70,000
XR Fremont, CA, Lateral 15 pm 8 X 8§ mm
Usa OCT-A
Xephilio OCT- Canon Lifecare ~ 103° Axial 8 pm Yes SS 23 x 20 mm 100,000
S1 Solutions Inc,, Lateral 30 pm OCT and
Japan OCT-A
PLEX Flite Carl Zeiss 70° Axial 6.3 um Yes SS 16 mm OCT 200,000
9000 Meditec, Lateral < 20 pm 6 X 6 mm
Dublin, CA, OCT‘A
USA
Optos Optos PLC, 200° Axial <7 pm No SS 23 mm 100,000
Silverstone Dunfermline, Lateral < 20 pm
UK
Optos Monaco Optos PLC, 200° Axial < 10 pm No SD 12 mm 70,000
Dunfermline, Lateral 20 um
UK
BMizar Toward Pi 120° Axial 3.8 um Yes SS 24 mm OCT 400,000
Medical Lateral 10 pm 24 x 20 mm
Technology, OCT-A
Beijing, China
NIDEK NIDEK Co. 55° Axial 3 pm Yes SD 165 x 12mm 85,000
Mirante Ltd,, Lateral OCT and
Gamagori, OCT-A
N/A
Japan

N/A information not available, OCT optical coherence tomography, OCT-A optical coherence tomography angiography, S

swept source, SD spectral domain

Kreminger et al. set out to examine the reti-
nal vascular changes in eyes with retinal non-
perfusion due to RVO using single-capture 65°

WEF-OCT-A images [11]. The study found pres-
ence of vascular alterations in all included eyes,
with tortuous vessels and capillary loss being
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the two most common, both found in 92.3% of
eyes. Using WF-SS-OCT-A with a montaged 100°
FOV, Zhang et al. showed the clinical usefulness
of WF-OCT-A in imaging BRVO and CRVO
patients [7]. When compared with FA, WF-OCT-
A images provided more detailed and clear
visualisations of the vascular features, such as
tortuous vessels and dilated vessels in mild
RVO. The scans also provided a detailed visual-
isation of other vascular abnormalities, such as
microaneurysms, intraretinal microvascular
abnormalities (IRMA) and NVs [7].

In summary, information about the extent of
vascular disruption, non-perfusion and alter-
ations in capillary flow are valuable character-
istics in the management and treatment of
RVO. WEF-OCT-A constitutes a practical and
non-invasive method to obtain detailed infor-
mation about microvascular structures and
function in the peripheral retina.

Diabetic Retinopathy

To date, the detection of vascular manifesta-
tions in diabetic retinopathy (DR) such as pro-
liferative disease and capillary non-perfusion is
largely based on WF-fluorescein angiography
and WF-colour fundus photography. The
advent of wide-field SS-OCT-A presents a sensi-
tive, less invasive and more efficient method to
image and characterise the retinal vascular
changes in DR [6].

Hirano et al. examined the feasibility of WE-
SS-OCT-A with extended field imaging for the
evaluation of the retinal vasculature in diabetic
retinopathy and compared it with fluorescein
angiography [12]. They found that WF-SS-OCT-
A detected non-perfusion areas and NVs with a
sensitivity of 96% and 79%, respectively, and
specificity of 100% and 96%, respectively. They
also found that the WF-SS-OCT-A method was
significantly more comfortable for the patients.

A prospective study by Zhu et al. compared
the detection rate of NVs in multiple OCT-A
scan protocols and found that a protocol with
12 x 12 mm? centred on the fovea and optic
disc provided the highest detection rate [13].
Russel et al. performed WEF-SS-OCT-A and UWEF-
FA on 20 eyes with treatment-naive proliferative
diabetic retinopathy (PDR) and compared the
detection and visualisation of NVs by the two

imaging modalities before and after panretinal
photocoagulation treatment (PRP) [14]. All
areas of NV detected by UWEF-FA were also
captured on the WF-OCT-A montage scans both
at baseline and the 3 month follow-up. Addi-
tionally, WF-OCT-A imaging provided a more
detailed visualisation of the vascular changes,
both in cases of regression and progression of
NVs. As OCT-A scanning provides simultaneous
corresponding OCT B-scans that can be used to
detect and monitor DME, Russel et al. propose
that WF-SS-OCTA may be the only imaging
modality needed in both diagnosis and follow-
up of PDR.

Capillary non-perfusion is one of the main
characteristics of diabetic retinopathy. WF-
OCT-A provides a detailed and quantifiable
visualisation of peripheral areas of non-perfu-
sion. Areas of non-perfusion disproportionately
affect the retinal periphery before reaching the
posterior pole and thus can serve as a warning
sign for early diabetic retinopathy [15]. Wang
et al. used WF-OCT-A with a 100° FOV to mea-
sure retinal non-perfusion [16]. They found that
the most peripheral sector of the widefield
image (50°-100°) showed a higher degree of
non-perfusion compared with the central reti-
nal areas and that this parameter was useful in
determining the DR severity (i.e. distinguishing
non-PDR from diabetes without retinopathy
and non-PDR from PDR). Furthermore, larger
areas of non-perfusion on WEF-OCT-A were
associated with more severe diabetic disease, as
graded by clinical examination and fundus
photography based on the Early Treatment
Diabetic Retinopathy Study (ETDRS) definitions
[16].

In summary, WF-OCT-A has been shown to
provide a highly reliable and practical method
for detection and monitoring of NVs and cap-
illary non-perfusion in diabetic retinopathy.

Ocular Oncology

Benign and malignant tumours can present
anywhere in the extension of the retina and
choroid, from the macula to ora serrata. Wide-
field fundus photography already plays an
important role for documentation and diagno-
sis in ocular oncology clinics. The addition of
WEF-OCT can contribute a cross-sectional view
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and three-dimensional (3D)-imaging of a sus-
pected malignant lesion and detailed charac-
terisation of its vascularisation.

Retinoblastomas occur in young children,
are often multifocal and can present anywhere
in the retina [17]. Soliman et al. investigated the
role of a handheld OCT device with wide-field
capabilities in guiding management decisions
during diagnosis, treatment and follow-up of
eyes affected by retinoblastoma [18]. The study
included 63 eyes that underwent a total of 339
OCT scanning sessions during the clinical
management of the disease. Each OCT session
was scored on multiple parameters according to
its impact on diagnosis, treatment decisions
and follow-up plan. Fifty-eight per cent of OCT
scans were deemed to have directed treatment
decisions, 16% had contributed to diagnoses
and 26% influenced the modification of follow-
up regimens. Overall, the handheld WF-OCT
device was found to significantly improve the
accuracy of the clinical evaluation of
retinoblastoma [18].

Tanimukai et al. report a case of a primary
vasoproliferative retinal tumour evaluated with
wide-field SS-OCT-A [19]. They obtained high-
resolution OCT-A images of the superficial lay-
ers of the peripherally located retinal tumour.
The images depicted distinctive vascular struc-
tures on the tumour surface pre-operatively,
very similar to indocyanine green angiography
(ICGA) images only more clearly demarcated.
Post-operatively, flow signals of the tumour
vessels disappeared in the OCT-A images, indi-
cating a successful transscleral cryopexy treat-
ment. The authors recommend wide-field OCT-
A for both examination and evaluation of
treatment effect for peripheral retinal tumours
as WF-OCT-A was shown to identify features
that are not readily apparent on clinical exam-
ination [19].

Using multimodal imaging including SS-
OCT and SS-OCT-A, Xuan et al. used the new
UWF Toward Pi BMizar device to examine the
morphologic features of choroidal osteomas in
23 eyes [20]. With a 120° FOV, they were able to
image the tumours and characterise their fea-
tures and associated NVs. On WF-OCT-A en face
images, the tumour boundaries could be clearly
demarcated, and in combination with the

corresponding B-scans, the anterior and poste-
rior surfaces of the tumour were delineated.
This detailed and easily reproducible tumour
delineation could prove very useful in moni-
toring tumour development and deciding a
course of treatment.

To date, the gold standard for evaluation of
choroidal and retinal tumours remains the
clinical examination [21]. With continued
technological improvement, WF-OCT has the
potential to play an important role in initial
documentation, surgical planning, determining
the relationship of the tumour to adjacent
structures, following the tumour size after
treatment and monitoring for recurrence.

Uveitis

The widest possible FOV is of great importance
in imaging of uveitis because the onset and
progression of disease often involves the mid
and far periphery [22]. Many uveitis entities
involve not only the retina and choriocapillaris
but also the deeper choroidal layers, making SS-
OCT technology a very valuable tool due to its
deeper tissue penetration [22].

Tian etal. evaluated retinal and choroidal
vascular changes in intermediate uveitis with
and without concomitant retinal vasculitis
using WEF-SS-OCT-A acquired by montage and
covering 80°-90° FOV [23]. The findings of WEF-
OCT-A were compared with central 3 x 3 mm
OCT-A scans. Interestingly, the quantitative
changes of the vascular density in the 3 x 3 mm
scan were not correlated to the degree of
peripheral non-perfusion found on WF-OCT-A.
This indicates that central retinal changes are
not necessarily indicative of the status of the
peripheral retina in uveitis patients and high-
lights the need for wide-field imaging in these
patients.

Posterior uveitis is a heterogeneous group of
diseases with inflammation of the choroid and/
or retina, which may result in severe vision loss
if not treated [24]. Tian et al. compared ICGA
with SS-WF-OCT-A for the evaluation of
patients with various types of posterior uveitis
(idiopathic posterior uveitis, birdshot choriore-
tinitis, Vogt-Koyanagi-Harada chorioretinitis,
ocular sarcoidosis) [25]. They used WF-OCT-A
with a 70°-90° FOV and UWF-ICGA with 150°
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FOV and recorded flow deficits on OCT-A and
presence of hypofluorescent lesions on ICGA. In
several cases, the lesion found by UWF-ICGA
was not detected by WF-OCT-A, but in the
majority of these cases, the lesion was located
outside the FOV of OCT-A - suggesting the need
for availability and clinical implementation of
UWEF-OCT-A devices. Further, the study found
that the mean lesion size was significantly larger
on ICGA than on WF-OCT-A.

Invernizzi etal. investigated the utility of
WEF-OCT imaging in differentiating causes of
infectious necrotising retinitis (NIR) [26]. WEF-
OCT scans of eyes suffering from active NIR due
to herpesvirus or toxoplasmosis were charac-
terised and compared. The study found a sig-
nificant correlation between WF-OCT features
such as hypo-reflectivity of the choroid and
disruption of choroidal architecture in a clini-
cally and microbiologically confirmed diagnosis
of NIR due to toxoplasmosis. Likewise,
intraretinal oedema was significantly associated
with NIR due to herpesvirus. Differential diag-
nosis of NIR can be challenging, and WF-OCT
may be a useful tool in identification of the
causative agent so specific treatment can be
promptly initiated.

In summary, WF-OCT and WF-OCT-A pro-
vide and can be a valuable part of a multimodal
imaging approach to uveitis, characterising and
quantifying the extent of uveitis lesions in the
retinal periphery.

Vitreo—-Retinal Interface

The cross-sectional nature of WF-OCT scans is
well suited for imaging of lesions in the vit-
reo-retinal interface but is rarely used in clinical
practice for lesion characterisation and surgical
planning, potentially contributing to an omis-
sion of vital anatomical features [27].

In a prospective case series of 125 eyes
referred for various retinal pathologies, Sodhi
etal. evaluated the feasibility of WEF-OCT
imaging of the retinal periphery [27]. Using the
Optos Silverstone SS-OCT, they acquired
6-23 mm line scans of retinal lesions within a
200° FOV, along with standard clinical exami-
nation. In 97.6% of examined eyes, the lesions
were successfully captured by UWF-OCT imag-
ing. Exclusively peripheral retinal lesions (most

frequently retinal tears, retinal holes and
retinoschisis), that would not be detected by
standard OCT devices with a 50° FOV, were
found in 69% of study eyes. The study found
peripheral OCT particularly useful in surgical
cases, where the UWF-OCT images confirmed
the diagnosis made by clinical examination and
were evaluated before deciding on surgical
intervention.

Ripa et al. compared the findings and diag-
nostic abilities of the Xephilio S1 WF-OCT with
WF and UWF colour fundus photography [28].
The study cohort included eyes with vitreous
abnormalities, peripheral retinal lesions, retinal
detachment and lesions of the choroid. WEF-
OCT was found to be a more reliable method
than UWF colour fundus photography (CFP) for
diagnosis of peripheral lesions, as 39% of
examined eyes presented significant peripheral
lesions on UWEF-OCT that were neither visible
with split lamp biomicroscopy nor UWEF-CFP.
Posterior vitreous detachments were detected
on WF-OCT that could not be visualised on
colour fundus photography. Further, WF-OCT
was found effective in revealing the location
and extent of retinal detachments and location
of retinal tears. In lesions in the peripheral
retina, WF-OCT detected lesions that was over-
looked on both UWF-CFP and standard OCT
[28].

Peripheral retinal lesions such as retinal
holes, retinoschisis and retinal tears, even if
they are treated or spontaneously scarred, have
a risk of progression to vision-threatening reti-
nal detachment. Thus, continuous monitoring
of structural characteristics over time, e.g.
change in the amount or distribution of sub-
retinal fluid, may inform clinical decision
making and facilitate early intervention in a
progressing lesion.

Paediatric Ophthalmology

Recently, advances in OCT equipment such as
handheld devices and more dynamically ori-
ented imaging systems have made it possible to
obtain OCT images in infants and young chil-
dren not able to cooperate to conventional
imaging methods. In imaging of the infant eye,
a short acquisition time and some resistance to
motion artefacts are crucial in obtaining an
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image of sufficient quality to aid in clinical
diagnosis and decision making. Many paediatric
retinal diseases have complicated vitreo-retinal
interface abnormalities and vascular malforma-
tions, often primarily in the periphery [29].
These are lesions for which WF-OCT and WE-
OCT-A imaging could prove very valuable and
contribute to the findings of a clinical exami-
nation with indirect ophthalmoscopy. How-
ever, until recently, practically feasible wide-
field OCT and OCT-A imaging for paediatric
patients was unavailable to the clinician [30].

Campbell et al. used a prototype hand-held
OCT device to obtain ultra-wide-field OCT
images in four neonates with retinopathy of
prematurity (ROP) [31]. Their imaging system
was able to obtain non-contact en face OCT
images and horizontal line scans with approxi-
mately 40° field of view and up to 100° field of
view using a contact lens-based approach. The
WE-OCT scans were able to show various
degrees of foveal development and choroidal
thickness and confirmed the clinical finding of
pre-retinal fibrotic membranes in areas of pre-
vious extra-retinal NV.

In a case series of paediatric patients aged
2 months to 16 years, Nguyen etal. demon-
strated the broad utility of WF-OCT and WEF-
OCT-A [29]. Their portable handheld SS-OCT
wide-field system had a modular lens system
providing a 105° FOV for structural OCT and
55° FOV for high-resolution OCT-A with con-
current OCT. Imaging of infants took place in
the operating room in general anaesthesia.
Diagnoses and lesions included ROP, tractional
retinal detachments secondary to ROP, rheg-
matogenous retinal detachment, chronic
exudative retinopathy, coats disease, x-linked
retinoschisis, chorioretinal scarring with retinal
traction secondary to non-accidental trauma,
persistent foetal vasculature and incontinenta
pigmenti with peripheral avascular retina and
NVs. For all these disease entities and lesions,
Nguyen etal. demonstrated successful hand-
held WF-OCT imaging and presented high-res-
olution scanning images. Additionally, they
obtained detailed 3D imaging of haeman-
gioblastomas and scans of retinoblastoma dur-
ing and after treatment, and a case of
retinoblastoma with vitreous seeding and

multifocal tumours. Intraocular tumours, both
benign and malignant, often occur outside of
the central retina and may be associated with
exudation, subretinal and intraretinal fluid, and
vitreoretinal traction. These are lesions for
which WF-OCT imaging is very well suited [29].

Continued improvements to the FOV of
portable and hand-held OCT and OCT-A devi-
ces will likely improve the detection of paedi-
atric retinal diseases with predominantly
peripheral pathology.

Application in Other Fields

Optical coherence tomography was developed
in the context of ophthalmology, in which it is
still by far most widely used [1]. However, due
to the fast acquisition time and near-micro-
scopic resolution of OCT, interest has emerged
in applying the technology for imaging in other
medical fields.

Skin Cancer

Dubois etal. used a prototype line-field OCT
device for real-time imaging of human skin
in vivo, including carcinomas and melanomas
[32]. Patients with suspicious skin lesions were
clinically assessed with dermascopy before OCT
imaging, where a series of about 20 B-scan
images were acquired for each lesion, allowing
cross-sectional visualisation of a lateral area of
max. 24mm and a penetration depth of
0.5 mm. After OCT imaging, the lesions were
surgically removed and histologically exam-
ined. In total, 105 lesions were imaged. OCT
images were found to correlate strongly with
conventional histopathological images, and the
method was found to be able to show most of
the histopathological elements that allowed for
lesion diagnosis [32]. The use of WE-OCT in
imaging skin lesions suspected of malignancy in
clinical practice could potentially improve the
diagnostic accuracy and reduce the number of
biopsies and unnecessary excision of benign
lesions.

Breast Cancer

Schmidt et al. investigated the utility of wide-
field OCT in intraoperative determination of
tissue margins in lumpectomy for breast cancer
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[33]. The study included 185 tissue samples of
50 women with invasive or in situ carcinoma.
Lumpectomy specimens and final excision
margins were imaged by WF-OCT immediately
prior to standard histological examination.
Multiple images were captured to cover a
10 x 10 cm tissue surface and evaluated for
positive/negative excision margins. Compared
with histological examination, WF-OCT imag-
ing was found to have an accuracy of 86% for
main lumpectomy specimen and 96.2% for
main specimen and additional re-excision
specimens. The authors propose WF-OCT as a
promising real-time adjunct intraoperative
imaging modality for excision margin assess-
ment, with the potential to lower re-excision
rates in lumpectomy [33].

DISCUSSION

The enhanced field of view offered by WE-OCT
and WEF-OCT-A has been shown to be a useful
and reliable method in recognition and moni-
toring of peripheral retinal pathology in a vari-
ety of ocular diseases, as outlined in this review.
The continued development and implementa-
tion of WF-OCT and WF-OCT-A devices is
contributing to a trend towards a more wide-
spread adoption of new imaging technology in
clinical practice. WF and UWF devices are no
longer exclusively research tools, and several
devices with a FOV beyond the conventional
30°-50° are now commercially available.

The use of WF-OCT and WF-OCT-A imaging
has not yet been widely integrated into clinical
practice, though it presents multiple advan-
tages. Most importantly, these novel imaging
modalities has the potential to inform clinical
decision making and improve patient out-
comes, as the OCT and OCT-A examination of
not only the posterior pole, but also the mid
and far periphery provides a more complete
clinical picture [27]. WF-OCT imaging may also
be advantageous in complicated patients with
unknown pathology or uncharacteristic symp-
toms, cases that rely on a high-resolution
examination of the retina with a wide FOV able
to discover marginal structural changes.

Wide-field OCT angiography allows for a
detailed visualisation and functional character-
isation of retinal vascular networks without the
need for intravenous access and contrast dye,
contributing to its convenience, speed and
safety over FA. The technique can be used to
image the retinal vessels without regard for
kidney disease, needle aversion or pregnancy, as
it is non-toxic and does not involve radiation.
Even though adverse effects from fluorescein
injection are very rare, the risk of nausea and
anaphylaxis is eliminated with OCT-A. Thus,
WE-OCT-A has the potential to replace the
more time-consuming fluorescein angiography
in imaging of vascular and microvascular
lesions in the peripheral retina.

As presented in this review, WF and UWF
OCT and OCT-A have been proven useful in
many different ocular diseases and settings.
However, the improvement in everyday clinical
management is difficult to quantify. This
depends on multiple factors, such as the specific
imaging protocol used in the clinic, the skill
level of the photographer, the training of the
doctor in analysing the images and the other
imaging modalities available in the clinic [27].
Clinicians must be trained to evaluate wide-
field scans and incorporate them into their
decision making. Future clinical studies will
need to explore the patient outcome benefits of
implementation of WF-OCT and WF-OCT-A in
a real-life setting.

For research purposes, the ability of WE-OCT
to acquire full-field cross-sectional images of the
retina can be very valuable, deepening our
structural understanding of retinal diseases and
potentially identifying novel connections
between peripheral and macular pathologies. As
of now, the most microscopic, cross-sectional
information on retinal peripheral anatomy
comes from post-mortem specimens, but these
do not permit dynamic comparison over time
or in vivo characterisation [3].

LIMITATIONS TO WF-OCT AND WF-
OCT-A

There are some important limitations to con-
sider in the use of WF-OCT and WF-OCT-A. A
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major limitation is the high cost of the devices,
restricting their availability and use in clinical
practice.

Producing wider FOV images while preserv-
ing high resolution entails a longer acquisition
time, even for single-capture images. If a mon-
tage protocol is implemented, the scan time is
increased due to multiple scan positions. Fur-
ther, the montage requires post-imaging pro-
cessing time and possibly manual correction
[34]. Using a steering-based technique, patients
are required to fixate their gaze on a peripheral
light source, which poses a challenge in patient
cooperation, especially to patients with limited
central vision due to maculopathy. This can
limit the quality of the acquired images and be
tiresome for the patients [3]. Another limitation
is optical distortion due to media opacities [34].

Because OCT-A technology requires repeated
scans in the same spatial position during data
collection to characterise the vasculature, the
technology is highly sensitive to motion arte-
facts from blinking, eye movement and loss of
fixation. This can prove challenging in imaging
of patients with poor central vision or non-
compliant patients [6]. Also, dry eyes and eyes
with severe DR has been found especially sus-
ceptible to motion artefacts [35]. Motion arte-
facts are more common at the periphery of the
retina. Movement during the scanning process
can cause misalignment and undocumented
areas in the B-scans, 3D-reconstructions and
OCT-A montage images, seen as dark horizontal
bands across the images [28]. Possible solutions
to this limitation such as eye-tracking systems
and blink-detection correction systems are
being developed to minimise motion artefacts
[36].

Segmentation errors are a frequent cause of
imaging artefacts in OCT-A, and they occur
more often in the presence of NVs [37]. Con-
versely, an accurate segmentation of the retinal
layers is crucial to the detection of NV through
en face OCT-A images [6]. Other factors com-
monly causing segmentation errors are presence
of intraretinal fluid and highly myopic eyes
[28]. Errors of the automated segmentation can
be corrected manually.

Despite these limitations, as the technology
advances and cost decreases, WF-OCT and WF-

OCT-A imaging will likely become an integral
part of the high-quality clinical management of
patients [28].

CONCLUSIONS

WE-OCT and WF-OCT-A can reliably produce
high-quality, non-invasive images of the vitreous,
retinal, and choroidal structures and vascularity
covering the posterior pole as well as the mid and
far periphery. Thus, these methods can be a
valuable part of a multimodal imaging approach
in the management of a variety of ocular condi-
tions. Continued advancement in hardware
technology and software processing will allow for
an even wider field of view, faster acquisition and
more accurate assessment of retinal and choroidal
diseases with peripheral manifestations.
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