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ABSTRACT

Fundus imaging has become an integral part of ophthalmology
practice. the image landscape extent can be small-angle or wide-
angle and most standard cameras provide small-angle viewing,
whereas a few specialized systems that provide wide-angle
viewing include Pomerantzeff equator plus camera, RetCam™,
Panoret™, Optos™, and manual montage or auto-montage on
standard cameras. Most of these use transpupillary illumination
techniques. Those that use the transcleral technique include
Pomerantzeff and Panoret™ systems.

None of these modalities can compare to the ultra-wide views of
up to 200° provided by the Optos 200Tx scanning laser
ophthalmoscope (Optos PLC, Dunfermline, United Kingdom). But
perhaps even more valuable than the wider range of field, its
Images are captured simultaneously.

The technology has unveiled new insights regarding the role of
peripheral pathology in retinal vascular, degenerative and
inflammatory diseases.

The use of UWFFA as a basis for improving treatment patterns by
identifying areas of nonperfusion as a means for better targeting
and applications of more precise laser therapy (targeted retinal
photocoagulation).
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used to focus on the aerial image. When the photograph is taken, a
movable mirror flips up, exposing the film or photodetector.
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Figure | Appearance of anomalously elevated optic disc is caused by buried 75
30 (white arrowhead), nonvisible drusen. Note the anomalous branching
pattern of some of the vessels.
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31 episodes of uveitis and the development of posterior synechiae.
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anterior chamber in front of the lens, which makes the view to the
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color image of the same patient depicting multiple chorioretinal
punched out lesions in a perivascular distribution. (c) Wide-field
angiography of the same patient. No evidence of active vasculitis.
Figure (@) Optos® color fundus image of a left eye in a patient with a| 101
32 chorioretinal scar from infection with toxoplasmosis gondii. Retinal
infiltrate is noted at the supranasal edge of the scar signifying
reactivation of the infection. Adjacent shunt vessel is apparent as well
as intraretinal hemorrhages, retinal edema, and acute optic disc
edema. (b) Picture of a wide-field fluorescein angiography of the
same patient in late frames that depicts minimal leakage of the lesion
and extensive vasculitis.
Figure Ultra wide field fluorescein angiogram of the left eye of a 47 yearold | 102
33 female with capillary closure and retinal neovascularization
secondary to lupus retinopathy.
Figure Ultra wide field imaging of the right eye of a 42 year old with CMV | 103
34 retinopathy.
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peripheral phlebitis (B) a magnified.
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36 old male with idiopathic intermediate uveitis and macula edema.
Figure Ultra wide field fluorescein angiogram of the right eye of a 30 year | 105
37 old with peripheral phlebitis and central changes of AMPPE.
Figure Patient 1, Fifty-seven year old woman with sarcoidosis. Ultra wide- | 107
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than in the conventional montage.
Figure (A)Conventional fundus photography with montage. (B) Optomap | 110
40 (Optos PLC, Dunfermline, Scotland) ultra-wide—field imaging of the
same patient.
Figure Fundus of the right eye at initial presentation. On the Optomap SLO | 111
41 picture, confluent, whitish lesions are seen in the retinal periphery.
These are especially well visualized nasally (one typical area marked
by arrow for follow-up). Some lashes obscure parts of the superior
and inferior picture but an overall clear picture is obtained despite
clinical media opacities.
Figure Conventional 30-degree fundus photograph at initial presentation. | 111
42 The affected retina is documented but the single picture obtained is

not suitable for follow-up.




Fundus after 2 weeks of 1.V. acyclovir therapy. The whitish lesions

Figure appear to be more dense and a clear regression in the nasal area can 112
43 be observed by direct comparison to Figure 9 (same area marked by
arrow).
Figure | Optos fluorescein angiogram of the right eye showing areas of | 117
44 hyperfluorescence in the temporal macula.
Figure Angiogram demonstrating persistent neovascularization (arrow) atthe | 120
45 border between perfused and non-perfused retina despite extensive
scatter photocoagulation.
Figure Angiogram demonstrating anterior nonperfusion (arrow) with | 120
46 persistent macular edema despite prior grid macular laser.
Figure Angiogram demonstrating late peripheral vascular leakage (arrow) | 121
47 adjacent to an area of nonperfusion.
Figure Ultra wide field angiography with standard montage views overlayed. | 124
48 A. Five-view photography used in the CVOS. B. Seven-view
photography used in the Early Treatment Diabetic Retinopathy Study
and with small pupils in the CVOS. This eye had an ISl of 53% and
angiographic leakage around the disk because of papillitis.
Figure | An example of our method for calculating the ISI. The total fundus | 125
49 area was encircled (solid line), and the area of nonperfusion was
delineated (dotted line). Ischemic index was the ratio of the area of
nonperfusion over the total fundus area. This eye had an ISI of 29%.
Figure (@) Color Optos® fundus image with hemorrhage in all four | 126
50 guadrants of the retina, venous dilation, and tortuosity as well as optic
disc edema corresponding to a central retinal vein occlusion of the
right eye. (The central bright circular reflection is artifact from the
machine). (b) Wide-field fluorescein angiography of the same patient.
The venous changes are more apparent. The areas of blockage
correspond to retinal hemorrhages. The entire retina can be visualized
for areas of nonperfusion or neovascularization.
Figure A 26-year-old man with SC disease. Color photograph of the right | 130
51 eye (A) shows an extensive area of infarcted elevated sea fan

neovascularization and dense sectoral photocoagulation temporally.
There is a sea fan neovascularization visible nasally around the 2-
o’clock position surrounded by a boxed outline. This area is
magnified in (B). Fluorescein angiogram (C) shows extensive areas
of peripheral nonperfusion and scattered leaky neovascularizations
not visible on color photograph and missed on the superimposed
seven-standard fields. A magnified view of the boxed area of the
nasal retina in (C) shows a leaking sea fan neovascularization and
capillary stumps and hairpin loops (D, arrows). The same area 5
months later has undergone vascular remodeling as seen by the
elongation of the capillary stumps into the nonperfused retina,
probably secondary to patency of the previously occluded vessel (E,
arrows). A magnified view of the right macula shows right angled
venules characteristic of sickle cell retinopathy but good perfusion (F,
arrows). The left eye of this patient underwent pars plana vitrectomy
for nonclearing vitreous hemorrhage. Color photograph (G) and
fluorescein angiogram (H) show severe ischemia and extensive laser
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photocoagulation. The superimposed seven-standard fields show
ischemic macula but still miss much of the periphery (H). A
magnified view of the left macula (1) shows capillary dropouts,
leakage, and irregular foveal avascular zone. There are only a few
vessels supplying the central macula.

Figure |A 13-year-old boy with SC disease. Color fundus photograph of the | 132

52 right eye (A) shows a temporal area of ischemic retina. A magnified
view of the boxed area in (A) shows a sea fan neovascularization (B).
Fluorescein angiogram shows a sea fan neovascularization and large
areas of peripheral nonperfusion, which is missed by the
superimposed seven-standard fields (C). The magnified view of the
boxed area in (C) highlights the sea fan neovascularization and
capillary stumps at the junction of perfused and nonperfused retina
(D). Peripheral ischemic retina is also visible in the color fundus
photograph of the left eye, especially temporally (E). Fluorescein
angiogram (an outline of seven-standard fields shaded brighter misses
the peripheral ischemia retina) (F) and the magnified view of the
boxed area in (F) show mostly Penman Type | vascularity
(arteriovenous anastomosis) (G).

Figure Wide-field fluorescein angiography, early frame of the right eye, 133

53 exhibiting the presence of multiple microaneurysmal dilations within
the perifoveal margin, it is also noticeable the presence of the same
vascular lesions at the midperiphery (temporal quadrant).

Figure |81 year old woman with 20/25 vision OD. Ultra wide field fundus | 137

54 photograph with a hemorrhagic, exudative lesion nasally (A). Early
(B) and late (C) Ultra wide field angiograms demonstrate multiple
points of leakage.

Figure | Left image: a chronic retinal detachment in the infratemporal | 138

55 qguadrant with macrocyst formation and small adjacent retinal
hemorrhages. (The central bright reflection above the optic nerve is
artifact). Right image: Wide-field fluorescein angiography of the
same patient that shows discrete points of peripheral
neovascularization adjacent to the retinal detachment and macrocyst.

Figure Left image: Color Optos® image of the left eye with operculated 139
retinal tear in the supranasal quadrant. Right image: Wide-field

56 fluorescein angiography of the same patient. Note the temporal area
of peripheral nonperfusion.
Figure A. Ultrawide angle image of bullous retinal detachment| 141
S7 obscuring the fovea in the right fundus.

B. Same eye one week later after scleral buckle revision. The
retina is completely flat and the buckle effect is easily seen.

C. Three months after the buckle revision, subtle changes appear
superior temporally (arrows) in the fundus that indicate
shallow subretinal fluid seen upon indirect ophthalmoscopy.

D. A reoperation included vitrectomy and laser retinopexy as
well as use of a gas bubble. The retina is seen to be flat and
the superior retina can be made out through the gas bubble.
Because of the extremely high depth of field, the gas bubble
and the ocular fundus are both in focus simultaneously.
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Figure A. Ultrawide angle imaging was repeated weeks after the bubble 142
58 resorbed and the retina is totally flat. Endolaser
photocoagulation scars are clearly seen 360 along the
buckle. The central haze over the macular region is secondary
to a worsening posterior subcapsular cataract.
B. Months later, cataract surgery with placement of intraocular
lens was performed. The laser scars along the retina have
expanded to become less discrete. The retina remains flat and
the central opacity seen in Figure 3A is now gone. Some
reflection artifacts are present.
Figure Fundus images of both eyes (A & B) nicely demonstrate the nearly | 144
59 symmetric, arc-shaped lesions that are superior to the macula in each
eye.
Figure Fluorescein angiogram of the right eye shows staining of the temporal | 144
60 aspect of the lesion where there is retinal pigment epithelial atrophy.
There is some hyperfluoresence of the associated subretinal fluid in
the same region.
Figure Ultrawide field Optos fundus photograph (left) and fluorescein | 146
61 angiogram (right) of same patient. The RPE adenoma is more clearly
visualized (in far temporal periphery) and its location relative to other
retinal structures is easily ascertained.
Figure a) Congenital hypertrophy of the retinal pigment epithelium that is | 147
62 darkly pigmented with a classic halo. b) Retinal pigment epithelial
hypertrophy with numerous lacunae filling the lesion, a thin
pigmented ring. and centrally radiating residual pigmented septa. c)
Grouped pigmentation spots or "bear tracks" seen 360 degrees in the
retina.
Figure | Optos P200 ultrawide-field fundus photograph of the left eye | 149
63 showing vascular tortuosity, hard macular exudates, and a large,
elevated inferior retinal angioma with surrounding exudates.
Figure | (A) Optos P200 fluorescein angiography displaying early and even | 149
64 filling of an inferior retinal angioma. (B) Late Optos P200 fluorescein
angiography displaying leakage around the angioma.
Figure | Optos P200 ultrawide-field fundus photograph of the left eye after | 150
65 treatment shows involution of inferior retinal angioma as well as
resolution of macular exudates.
Figure Ultrawide field Optos Panoramic 200MATM system photo (top) of | 151
66 the left eye shows two serous choroidal detachments: one shallow
choroidal extended from 1 o’clock to 4 o’clock and the other larger
choroidal from 6 o’clock to 8 o’clock in the peripheral fundus.
Conventional 30 degree fundus photograph of the same eye (bottom)
captures only a portion of the larger serous choroidal detachment.
Figure (a)Standard fundus photograph of the posterior pole with digital | 153
67 camera. No pathology is seen in this image. (b) Standard fundus
photograph of the posterior pole with digital camera of the same
patient in (a) that shows a choroidal lesion in the nasal periphery. (c)
Optos® color image of the same patient that shows the entire
choroidal lesion as well as the posterior pole.
Figure (a) trilateral retinoblastoma with a large suprasellar and hypothalamic | 154
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68 mass in a 2 months-old-baby girl shown on MRI. (b, c) RetCam®
images showing bilateral involvement with two tumors in each eye.
(d) resolution of the tumor to a small dense focus, with recovery of
fixation and visual function after systemic and intrathecal
chemotherapy. (e, f) All the retinal tumors responded to systemic
chemotherapy and focal laser.
Figure a) Intraoperative fundus photograph of superior and parapapillary | 155
69 retinoblastoma scars in a patient who previously received systemic
chemotherapy in addition to several sessions of focal treatment. In
both the scars, areas of suspected tumor activity were identified. (b)
Intravenous fluorescein angiogram demonstrated abnormal blood
vessels of the active parapapillary tumor, but absence of tumor
activity in the superior tumor, suggesting gliosis. (c) Fundus
photograph of the same eye 2 years after additional focal and
systemic chemotherapy, showing inactive scars. (d) Fluorescein
angiogram confirms the absence of activity.
Figure Composite RetCam image of stage 1(a) and stage 3(b) ROP 157
70
Figure | RetCam Il color photographs obtained during the examination under 160
71 anesthesia (EUA) show the yellow, submacular nodule and the
peripheral, telangiectatic vessels.
Figure RetCam Il flurescein angiography (FA) images obtained during the | 160
72 examination under anesthesia (EUA) clearly demonstrate the full

extent of peripheral telangiectasis, light bulb aneurysms, and regions
of ischemia.
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