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Wide-Field Retinal Imaging in
Adults and Children

Mustafa Deger Bilgec, Nazmiye Evol and Seyhan Topbas

Abstract

Wide-field retinal imaging has become an important standard of care imag-
ing modality in many retinal disorders both in adults and children. The recently
developed wide-field retinal imaging systems enable approximately 200° imaging
of retina. In this chapter, we would like to review the use of wide-field retinal imag-
ing in disorders such as retinal vascular diseases, uveal and retinal inflammatory
diseases, intraocular tumors, peripheral retinal pathologies, and retinal disorders
in children such as retinopathy of prematurity, familial exudative vitreoretinopa-
thy, and Coats' disease. Also, we would like to address the rapidly expanding role
of peripheral retinal imaging in treating systemic diseases. The use of wide-field
imaging technologies in screening, diagnosis, treatment, and documentation of
retinal pathologies and the new information provided by wide-field angiography
for retinal vascular diseases and macular problems will be discussed.

Keywords: retinal imaging, wide-field, ultra-wide-field, wide-angle, fluorescein
angiography, optomap, scanning laser ophthalmoscope

1. Introduction

Wide-field retinal imaging gives the opportunity to simultaneously visualize the
central and peripheral retina in a single session. Older wide-field retinal imaging
systems had significant downsides such as the requirement of a contact lens and a
clear ocular media [1]. Acquiring images from the far peripheral retina was difficult,
requiring a skilled technician and demanded difficult tasks from the patient such as
performing extreme gazes. Systems that utilized image montaging could only cap-
ture up to 75° of the retina and were disadvantaged due to frequent montage errors
[1-3]. New-generation devices were able to obtain up to 140° at one session [1-3].

The Optos Optomap Panoramic 200A imaging system (Optos® camera,Optos
PLC, Dunfermline, UK) revolutionized wide-field retinal imaging by increasing the
field of view to 200° [4]. This system implements a scanning laser ophthalmoscope
technology with an ellipsoid mirror and covers approximately 82% of the retina
in a single image by forming a virtual scanning head within the patient’s eye [1].
Compared with conventional digital imaging systems, ultra-wide-field fluorescein
angiography (UWFA) using the Optos system captures twice as much retinal area
[5]. Heidelberg (Heidelberg Engineering, Germany) introduced a noncontact lens
that attaches to the Heidelberg Spectralis and Retinal Angiography systems allowing
ultra-wide-field photography and angiography [6].

Endowed with high resolution and multimodal capabilities, ultra-wide-field
imaging is destined to become the standard-of-care in retinal imaging. These
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Confocal scanning laser ophthalmoscope(CSLO)-based systems Optos, Heidelberg

Optics-based systems RetCam, Panoret 1000

Contact lens-based systems Staurenghi, Rodenstock lens
Table 1.

Classification of wide-field devices according to their working principles.

devices have also found their place in research applications and have the potential to
be utilized in telemedicine [7]. Wide-angle imaging systems using different systems
are summarized in Table 1.

2. The history and evolution of retinal imaging

Hermann von Helmholtz was the founder of the first direct ophthalmoscope in
1851 [8]. The first available fundus camera, produced by Carl Zeiss in 1955, had a
20° field of vision. Development of fluorescein angiography (FA) in 1961 brought
another format to retinal imaging [9]. The first camera that was able to visualize
beyond the equator was developed by Oleg Pomerantzeff in 1977 and this device
could image 148° of the retinal area. A disadvantage of this modality was the
requirement of a contact lens and transscleral illumination [10]. In the meantime,
montage methods had been developed to image the peripheral retina such as the
75° views compiled for the ETDRS seven-standard fields [1, 3]. A further develop-
ment in the wide-field imaging systems was the introduction of RetCam (Clarity
Medical Systems, Inc., Pleasanton, CA, USA) by Bert Messie in 1997 which was
able to image up to 130°. This device which brought significant convenience in
pediatric retinal imaging was quickly popularized [9]. The main disadvantage
of this device is its optical method of illumination, necessitating a clear media.

In 2003, Medibell introduced the Panoret-1000 (Medibell Medical Vision
Technologies, Inc., Haifa, Israel), incorporating a non-mydriatic camera which
could image up to 100° of the retina. However, this technique was technically
demanding as it required technicians for image acquisition. In general, although it
was able to capture high-resolution images of the retina, it did not perform well in
dark pigmented fundus due to decreased transscleral illumination [9, 11]. A mile-
stone in wide-field retinal imaging systems was the development of Optos in 2005
(Optos® camera,Optos PLC, Dunfermline, UK) which, by utilizing an ellipsoidal
mirror, was capable of capturing up to 200° of the internal viewing angle of the
retina [4]. Both UWFA and fundus autofluorescence are available. Furthermore,
this UWFA system allowed better detection of peripheral capillary non-perfusion.
An indocyanine green (ICG) angiography upgrade was also recently made avail-
able [6, 9]. In 2005, Giovanni Staurenghi developed the handheld Staurenghi 230
SLO Retina Lens (Ocular Staurenghi 230 SLO Retina Lens; Ocular Instrument
Inc., Bellevue, WA, USA) which was later incorporated into a confocal scanning
laser ophthalmoscopy system by Heidelberg. Addition of this lens increased the
original field of view of Heidelberg Retinal Angiography (HRA) Spectralis system
from 100° to 150° of the retina [12].

In summary, apart from Optos, other notable systems for wide-field imaging
include the Pomerantzeff Camera/Equator-plus, Panoret-1000, the Staurenghi lens,
HRA Spectralis and RetCam 3 system [11-15]. Each of the former devices has its
specific inherent limitations such as the requirement of a contact lens, illumination
difficulties, low resolution, optical aberrations limiting angiographic view, inca-
pability to obtain ultra-wide-field retinal images, and absence of ultra-wide-field
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autofluorescence imaging. Although the montage method using standard fundus
photography is also able to obtain wide-angle images of the retina, the final
assembled image may not be synchronous as none of the images have been captured
simultaneously [16].

3. Advantages of modern digital wide-field imaging systems
* Enhanced resolution
* Faster image processing time
* Faster image acquisition
* Ease of image duplication and manipulation
* Possibility of image transmission via electronic route

* Better acquisition in eyes with hazy ocular media (such as cataract) than a tra-
ditional fundus camera

* Simultaneous imaging of central and peripheral retina [17].

4. Confocal scanning laser ophthalmoscopy imaging (CSLO) systems

CSLO systems use laser light to illuminate the retina, instead of bright flashes
of light. This reduces scatter of light in images acquired. Two different wavelengths
of laser are used (532 nm-green, 633 nm-red). Green laser provides more detailed
information about the superficial layers of the retina and the retinal vessels. Red
laser (633 nm) owing to a longer wavelength gives more detailed information about
deep retinal layers and choroid. Images can be evaluated separately or a composite
photo image is acquired [18].

5. Multimodal imaging with digital wide-field systems

A great advantage offered by many of the present WFI and UWFI systems is the
possibility of simultaneous acquisition of fundus fluorescein angiography (FA),
indocyanine angiography (ICGA), red-free photography, fundus photography,
fundus autofluorescence (FAF), including blue-light fundus autofluorescence
(BAF), infrared autofluorescence (IRAF) or green-light fundus autofluorescence
(GAF). The main features of commercially available WFI systems are summarized

in Table 2.

Platforms/devices  Type of Principle Field of view Available application
lens system
WFI Heidelberg Spectralis Non-contact SD-OCT with 55°(105°with ~ FFA, ICGA, FAF(BAF and
CSLO HRA2) IRAF)
Contact SD-OCT with 150° FFA,ICGA, FAF(BAF and
CSLO using IRAF)

Staurenghi Lens
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Platforms/devices  Typeof Principle Field of view Available application
lens system
RetCam 3 Contact Optical light 130° FFA, ICGA
source to obtain
high resolution
UWFI  Optos Non-contact CSLO-based 200 FFA,FAF (GAF,IRAF),ICGA

Table 2.
The main features of commercially available WFI systems.

6. Wide-field fundus autofluorescence (FAF) imaging

Autofluorescence is based on the excitation of fluorophores within the retina.
The main fluorophore is lipofuscin, found in the retinal pigment epithelial cells
[19]. For some diseases, autofluorescence provides valuable information in the
differential diagnosis. An ultra-wide-field scanning laser ophthalmoscope with FAF
capability was recently introduced. The importance of peripheral retinal evaluation
was highlighted in reports showing distinct peripheral FAF changes in diseases that
were previously assumed to be isolated to macula [20]. Wide-field FAF imaging

Figure 1.
Typical FAF appearance of multifocal central sevious choriovetinopathy. Hyperfluovescent aveas ave indicative
of chronic subvetinal fluid and secondary RPE changes.

Figure 2.
FAF shows a hyper-autofluorescent gravitational tract in chronic central serous chorioretinopathy.
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Figure 3.
FAF image of a patient with vetinitis pigmentosa showing annular hypo and hyper autofluorescent areas.

provides valuable information in pathologies such as AMD, posterior uveitis, and
choroidal melanoma [21]. Wide-field imaging also provides valuable clinical data in
central serous chorioretinopathy [22] (Figures 1-3).

7. Applications of wide-field imaging in clinical practice
7.1 Healthy eyes

In order to evaluate the pathological angiography findings in various diseases,
first of all, it is necessary to evaluate the normal retinal findings in wide-field
angiography.[23, 24] Perfused vascular border distance decreases after 60 years
of age in all quadrants [24]. Normal peripheral retinas infrequently show granular
background fluorescence [23]. Figure 4 shows wide-field images of healthy eyes.

7.2 Diabetic retinopathy

Vascular abnormalities in diabetic retinopathy, particularly non-perfusion,
occur in the peripheral retina; therefore, evaluation of the retinal periphery
is of vital importance [25]. With the advent of wide-field imaging systems in
recent years, it is possible to evaluate peripheral retina which cannot be visual-
ized by conventional imaging systems in diabetic patients. Peripheral avascular
areas, neovascularization, and vascular leakages are evaluated. UWFA was
found superior to simulated seven-standard field images in a previous study not
only in terms of the visualized total retinal area (3.2 times) but also in terms
of the total area of retinal non-perfusion (3.9 times), neovascularization (1.9
times), and panretinal photocoagulation (3.8 times) [26]. Moreover, this study
has demonstrated that the seven-standard field image technique has failed to
identify positive findings that were present in UWFA in 10% of the patients [26].
Detecting peripheral retinal ischemia is essential as studies have shown that
peripheral ischemia may precede diabetic macular edema [27, 28]. In patients
with retinal ischemia, macular edema was 3.75 times more than those without
ischemia [28]. Patients with diabetic retinopathy with large ischemic areas had
more treatment-resistant macular edema [27]. It is stated that ultra-wide-field
imaging may provide some additional data in the diagnosis because it contains
alarger area [29-32]. Figure 5 shows UWFA image of a diabetic patient with
marked peripheral ischemia.
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Figure 4.
Various wide-field images in different adults with healthy eyes. Composite color photo (a), pars plana view at
temporal gaze (white arrows) (b), normal FAF image (c), and normal FA image (d).

Figure 5.
UWEA image of a patient with diabetic retinopathy showing marked pevipheral ischemia, patches of
neovascularization at disc and elsewhere.

7.3 Retinal vascular occlusions
7.3.1 Branch retinal vein occlusions
Branch retinal vein occlusion (BRVO) is a significant cause of vision loss and is

the second most common retinal vascular disease after diabetic retinopathy. BRVO
can be categorized as ischemic or non-ischemic [33]. Wide-field FA can be used to
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identify vascular abnormalities, peripheral capillary non-perfusion, and neovascu-
larization [34, 35]. Capillary non-perfusion on wide-field angiography heralds the
development of macular edema in patients with BRVO [36]. Increased production
of VEGF has been proposed to cause macular edema by increasing capillary perme-
ability [36]. Figure 6 shows UWFA image of a patient with BRVO.

7.3.2 Central retinal vein occlusions

Central retinal vein occlusion (CRVO) is a relatively less frequent cause of vision
loss than BRVO. CRVO is classified into ischemic and non-ischemic types depend-
ing on the extent of retinal ischemia. As the detection of the extent of retinal
ischemia is crucial in prognostication, peripheral retinal imaging is of significant
value. Conventional FA systems may be limited in peripheral retinal assessment
compared to UWFA. As such, considering that ischemic CRVO is, by definition,
the presence of non-perfusion greater than 10 disc diameters, UWFA may be more
efficient than conventional FA in differentiating ischemic from non-ischemic
CRVOs [37]. Furthermore, wide-field FA allows detection of a greater area of
overall non-perfusion enabling earlier and targeted laser photocoagulation [37-39].
In view of these considerations, UWFA is anticipated to improve the management
of CRVO. Figure 7 shows a wide-field fundus photography and UWFA of a patient
with CRVO in the acute phase.

7.4 Choroidal lesions including tumors

Wide-field imaging systems ease the evaluation and follow-up of peripheral
temporal lesions [40]. SLO images can be distinguished as malignant or benign
lesions. Typically, malignant lesions appear dark with a red laser, but appear bright
with a green laser [41]. Wide-field fundus imaging may allow documentation
of growth of a choroidal tumor and associated serous retinal detachment [42].
Figures 8 and 9 show two different choroidal tumors imaged by ultra-wide-field
imaging system.

7.5 Retinal detachment
Wide-field imaging may be used to supplement fundus examination for character-

izing and documenting retinal detachments [7, 43]. Use of wide-field systems in the
diagnosis and evaluation of retinal detachments is, however, controversial. The gold

Figure 6.
UWEFA image of the inferior temporal vegion in a patient with BRVO showing a delineated area of peripheral
ischemia (arrow) and aveas of blocked fluorescence due to hemorvhage (arrow head).
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standard in diagnosing retinal detachment remains a dilated binocular indirect exami-
nation with scleral depression. Figure 10 shows a patient with retinal detachment.

7.6 Age-related macular degeneration (AMD)

Detection of peripheral autofluorescence is a potential area of research and
its significance is currently being investigated in different studies [44, 45]. Ina
previous study, peripheral FAF abnormalities were found to be 68.9% and several
distinct FAF patterns were identified: granular (46.2%), spotted (34.0%), and
nummular (18.1%). An abnormal FAF pattern was observed more frequently in
neovascular compared to non-neovascular AMD or normal eyes, but the clinical

Figure 7.

Wide-field fundus photograph and UWFA image of the left eye of a patient with CRVO illustrating
widespread retinal hemorvhage and disc staining. Peripherval ischemia in this patient may have been missed by
conventional FA due to limited field of view.

Figure 8.
A case of choroidal malignant melanoma, composite photograph (a), UWFA (b), ved laser (c), and green
laser/red-free (d) images.
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Figure 9.
Wide-field fundus photograph of a choroidal metastatic tumor with exudative vetinal detachment in a patient
with lung cancer.

Figure 10.
Macula-off retinal detachment with a hovse-shoe tear at 10 o’clock.

significance of these findings is, at present, uncertain [45]. Figure 11 shows various
peripheral FAF abnormalities in different AMD patients.

7.7 Pediatric retinal diseases

Wide-field imaging of retinopathy of prematurity (ROP) is usually performed
using RetCam technology. Optos test is performed more often in older children
to document the late sequelae of ROP. Even if it seems difficult, Optos imaging
of newborns with ROP can also be performed using the “flying baby” position
[46]. Wide-field imaging for telemedicine-based screening of ROP has recently
gained popularity [47]. RetCam can be used immediately after laser treatment to
identify untreated areas in ROP cases [48]. The RetCam technology is also useful
in the diagnosis and follow-up of retinoblastoma. UWF imaging with Optos has
been shown to be useful in the diagnosis of Coats’ disease. Wide-field imaging is
critical for the detection of areas of non-perfusion and telangiectasias, in addition
image-guided targeted panretinal photocoagulation to these areas [49, 50]. Familial
exudative vitreoretinopathy (FEVR) is a condition of abnormal vascularization of
the retinal periphery. UWFA has also been employed to conceptualize an updated
version of FEVR classification [51]. Figures 12-15 show images of pediatric patients
with different retinal diseases.



Novel Diagnostic Methods in Ophthalmology

Figure 11.

Various peripheral FAF abnormalities in different AMD patients. Hypo-autofluorescent lesions with hyper-
autofluorescent borders (a), nummular hypo-autofluorescent lesions (b), hyper-autofluorescent lesions (c), and
hypo-autofluorescent lesions (d) at peripheral vetina.

Figure 12.
Color fundus photograph reveals zone I1, stage 2 vetinopathy of prematurity with plus disease (from RetCam,).

7.8 Uveitis

UWFA is useful in evaluating disease severity, progression, and treatment
response in intermediate or posterior uveitis [52]. The UWFA showed a view of
capillary dropout and leakage in the peripheral retina. This was first demonstrated
in two case series of patients with retinal vasculitis imaged with UWFA [53, 54].

In a study about Behget retinal vasculitis, it was found that UWFA detected active
vasculitis not otherwise detectable in 84.8% of eyes [55]. Multimodal UWF imaging
will likely assume a more prominent role in the diagnosis and follow-up of patients
with retinal vasculitis and posterior uveitis [7]. Figures 16-18 show images of dif-
ferent uveitis patients in wide-field imaging.

10
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Figure 13.
A RetCam image of a retinoblastoma case showing a lavge retinal mass encompassing the retinal arcuates.

Figure 14.

Wide-field fundus photograph (left panel) of a patient with Coats’ disease showing macular circinate
exudates, telangiectatic vessels in the upper nasal vetina. UWFA image (right panel) of the same patient
showing telangiectatic vessels and peripheral non-perfusion.

Figure 15.
UWEFA image of the right (a) and left eye (b) of a patient with FEVR. Marked peripheral vetinal
non-perfusion and NVE (a) and severe macular dragging due to falciform vetinal fold (b) is noted.

7.9 Miscellaneous diseases
UWFA shows peripheral perfusion abnormalities not previously recognized in

myopic eyes. Retinal vasculature in the peripheral retina is significantly altered in
eyes with axial myopia. This may be associated to a mechanical stretching [56].

11
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Figure 16.

Diffuse vasculitic leakage and neovascularization at disc (NVD) in a case with Behget's disease (a) and diffuse
vasculitic leakage and macular edema in a patient with idiopathic retinal vasculitis (b).

Figure 17.

Wide-field fundus photograph and UWFA image of the left eye of a patient with Eales disease. Peripheral
ischemia in the nasal and temporal quadrants accompanied by collateral formation and NVD.

Figure 18.

Wide-field fundus photograph and UWFA images of the right eye showing mid-peripheral linear lesions
(Schlaegel lines) and secondary peripapillary CNV. This patient was diagnosed with multifocal chovoiditis.

12
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UWET has shown a significant association between Alzheimer’ disease and
peripheral hard drusen formation [57].

8. Limitations of wide-field imaging systems

The eyeball is a three-dimensional structure. Since a two-dimensional image is
obtained with a wide-field system, there are peripheral aberrations in the image.
Because of the ellipsoid mirror used, lesions in the retinal periphery appear larger,
with a slight distortion [58]. As this distortion and enlargement are variable in differ-
ent directions, capturing should be done at the same direction as possible [24]. The
Optomap system displays an area of 200° in the horizontal plane, while the vertical
plane displays an area of 170° [58]. Evaluation of the retinal periphery, especially in
the lower quadrant due to eyelashes, is difficult [1, 59]. Figure 19 shows an image
artifact caused by eyelashes.

Limitations of the Optos include laser artifacts, abnormal colors, and lack of
stereopsis [9]. Also, resolution of the macula area is lower than that of standard
fundus cameras [1]. Wide-angle retinal imaging with the use of a contact lens, such
as the Staurenghi lens, expanded the view to 150° but is technically more chal-
lenging and requires high patient cooperation [12]. HRA is an alternative to Optos
system in peripheral retinal imaging and each has its own advantages and disadvan-
tages. A recent study has demonstrated that UWFA with the Optos system is able
to capture a significantly wider total retinal area when compared to the Heidelberg
noncontact system particularly in the nasal and temporal quadrants [60]. Although
it was not found statistically significant, Heidelberg system was able to obtain a
wider area in the superior and inferior quadrants. In contrast, Optos showed more
peripheral distortion and greater variability in image quality, largely due to eyelash
artifacts [60].

Figure 19.
Limited view in the lower quadrant due to eyelash artifacts.

9. Future directions

The future goal in retinal imaging is to capture a high-resolution image of the
whole retina with the finest details. Devices that allow ultra-wide-field retinal
imaging may be miniaturized, thus enhancing portability. These systems may also
be integrated with smartphones, therefore facilitating telemedicine applications.

13
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A novel smartphone-based wide-field retinal camera capable of capturing high-
quality fundus images was previously described [61]. Nonphysician operators may
also be trained to acquire retinal images for remote evaluation [62].

Different diagnostic tools embedded in one device will offer more cost- and
time-efficient systems. A multimodal device combining conventional wide-field
fundus photography, OCT, FA, FAF, ICGA, adaptive optics, and OCT angiography
would be a step forward in retinal diagnostic testing. Incorporating a treatment
utility such as laser photocoagulation into a multimodal diagnostic tool would be
revolutionary in retina clinical practice.

10. Conclusion

The use of wide-field imaging systems for clinical applications and researches is
increasing. In the future, the role of these imaging systems in the diagnosis, follow-
up, and treatment of retinal diseases will continue to be demonstrated in compara-
tive studies.
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