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            Diabetic Retinopathy and Ultra-Wide-Field 
Fluorescein Angiography 

 Diabetic retinopathy (DR) is one of the diseases in which 
identifying pathology in the retinal periphery is of crucial 
importance. Posterior pole fl uorescein angiography has been 
integral to the management of DR, in which it can reveal 
microaneurysms, nonperfusion, macular edema, and neovas-
cularization. Because much of the abnormality in DR, espe-
cially nonperfusion, can occur in the mid periphery and 
periphery [ 1 ], ultra-wide-fi eld imaging may be particularly 
useful in the evaluation of this condition. In a previous report, 
Wessel et al. [ 2 ] by overlaying a 7-standard fi eld (7SF) tem-
plate on the ultra-wide-fi eld fl uorescein angiography 
(UWFA) found that UWFA showed 3.2 times the amount of 
retinal area, 3.9 times the amount of retinal nonperfusion, 1.9 
times the area of neovascularization, and 3.8 times the area 
of panretinal photocoagulation (PRP), compared with the 
simulated 7SF image. Another study showed that UWFA 
imaged signifi cantly more retinal area and revealed more 
ischemia than fl uorescein angiography using conventional 
digital acquisition systems [ 3 ]. It is not uncommon for DR 
patients with prior PRP to see on UWFA large fronds of neo-
vascularization and peripheral ischemic retina, only part of 
which had previous laser treatment. Frequently, most of this 

is located outside the 7SF. On the basis of UWFA, patients 
may further undergo targeted PRP to the untreated peripheral 
ischemic areas (Figs.  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  9 ,  10 ,  11 ,  12 ,  13 , 
 14 ,  15 ,  16 ,  17 , and  18 ). 

 A small but signifi cant proportion of patients (10 %) in 
the study by Wessel et al. [ 2 ] had normal 7SF fl uorescein 
angiography with positive fi ndings on UWFA, suggesting 
that UWFA may allow us to diagnose lesions previously 
missed by standard fl uorescein angiography. Because the 
study was a retrospective review of all patients who under-
went UWFA imaging, there may be a selection bias for 
patients more likely to exhibit peripheral abnormality, such 
that the true rate of missing abnormality with standard imag-
ing may be lower in practice. Nevertheless, the study high-
lighted that UWFA demonstrates more abnormality than 7SF 
imaging and that the added retina visualized with UWFA can 
signifi cantly change the qualitative assessment of the degree 
of retinopathy. The study suggested that UWFA expands our 
view of the periphery without signifi cantly compromising 
the imaging of central abnormality because only 5.4 % of 
patients with clinically signifi cant macular edema exhibited 
no macular edema on UWFA [ 2 ]. 

 Prior studies suggest that mid-peripheral nonperfusion, as 
noted on standard fl uorescein angiography, is associated 
with neovascularization [ 4 ]. More recently, Oliver and 
Schwartz [ 5 ] demonstrated that peripheral nonperfusion, 
which was present in 54 % of DR patients imaged by UWFA, 
was associated with increased risk of neovascularization, 
including neovascularization anterior to the equator and neo-
vascularization posterior to the equator. Peripheral nonperfu-
sion on UWFA was also associated with macular ischemia, 
although not macular edema. The group also noted a fi nding 
of late peripheral vascular leakage, which was associated 
both with peripheral nonperfusion and with neovasculariza-
tion, especially posterior neovascularization. UWFA has 
been shown to demonstrate peripheral nonperfusion better 
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  Fig. 1    ( a ) Mild nonproliferative DR. Wide-fi eld fundus color images of the right eye of a 55-year-old woman with controlled type 2 diabetes 
shows few microaneurysms in the posterior pole and nasal mid  periphery. ( b ) Mild nonproliferative DR. Wide-fi eld fundus color images of the left 
eye of the same patient shows few microaneurysms in the posterior pole       

  Fig. 2    Mild nonproliferative DR. Wide-fi eld fundus color images of 
the right eye of a 60-year-old man with a history of primary open-angle 
glaucoma in both eyes shows scattered microaneurysms around the 
optic disc and outside the vascular arcades       

than standard fl uorescein angiography [ 6 ], and this, as well 
as the fi nding of peripheral vascular leakage, correlated to 
visually signifi cant and treatable complications such as neo-
vascularization [ 5 ]. UWFA may be useful in identifying 
patients who have not yet developed neovascularization or 

macular edema but are at increased risk to do so, based on 
the presence of extensive peripheral nonperfusion or  vascular 
leakage. These patients may, in turn, warrant more frequent 
follow-up than might have been recommended using tradi-
tional fl uorescein angiography imaging modalities.
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  Fig. 3    ( a ) Moderate nonproliferative DR. A 56-year-old man with a history of DR and bevacizumab intravitreal injection for clinically signifi cant 
macular edema in his left eye. Wide-fi eld fundus color images of the left eye demonstrate several microaneurysms ( white arrow ). ( b ) Moderate 
nonproliferative DR. Wide-fi eld early fundus fl uorescein angiogram of the same eye demonstrates numerous microaneurysms and areas of capil-
lary drop-out nasally. ( c ) Moderate nonproliferative DR. Wide-fi eld late fundus fl uorescein angiogram of the same eye demonstrates numerous 
microaneurysms, diffuse extramacular leak, and areas of capillary drop-out ( white arrowhead )       

  Fig. 4    Severe nonproliferative DR. A 73-year-old woman has a history 
of DR for 20 years and numerous intravitreal injections for clinically 
signifi cant macular edema in her left eye. Wide-fi eld fundus fl uorescein 
angiogram of her left eye demonstrates areas of abnormal retinal pig-
ment epithelium and severe macular edema ( black arrow ) but no 
neovascularization       

  Fig. 5    Severe nonproliferative DR. A 38-year-old diabetic man with 
DR has slightly decreased vision in his left eye. Wide-fi eld fundus fl uo-
rescein angiogram of his left eye demonstrates macular edema and 
extensive areas of retinal nonperfusion ( white arrow head ) in all quad-
rants but no neovascularization       
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  Fig. 6    Severe nonproliferative DR. A 48-year-old diabetic man has a 
history of DR and decreased visual acuity in his right eye. Wide-fi eld 
fundus fl uorescein angiogram of his right eye demonstrates sheathing 
of blood vessels and extensive macular ischemia ( white arrow ) without 
neovascularization       
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  Fig. 7    ( a ) Bilateral DR. A 63-year-old diabetic man presented with DR 
in both eyes. Wide-fi eld fundus fl uorescein angiogram of the right eye 
demonstrates severe nonproliferative retinopathy with macular edema, 
capillary nonperfusion ( white arrowhead ), and numerous mid- 
peripheral and peripheral microaneurysms ( white arrow ) without neo-
vascularization. ( b ) Bilateral DR. Wide-fi eld fundus fl uorescein 
angiogram of the left eye of the same patient demonstrates proliferative 
retinopathy with some macular edema and neovascularization else-
where (NVE) ( white arrow )       

  Fig. 8    PDR. A 60-year-old man with PDR in his left eye. Wide-fi eld 
fundus fl uorescein angiogram of his left eye demonstrates macular 
edema, areas of capillary nonperfusion nasally, and NVE ( black arrow )       
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  Fig. 9    ( a ) PDR. A 47-year-old diabetic woman with chronic PDR in 
her right eye. Wide-fi eld fundus photography of her right eye demon-
strates fi brovascular membrane with fl orid neovascularization. Visual 
acuity is 20/30. ( b ) PDR. Wide-fi eld fundus fl uorescein angiogram of 
the same eye demonstrates severe neovascularization ( white arrow ) and 
peripheral retinal nonperfusion       
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  Fig. 10    ( a ) PDR. A 42-year-old diabetic woman with chronic PDR in her left eye. Wide-fi eld fundus photography of her left eye demonstrates 
fi brovascular membrane with fl orid neovascularization ( white arrow ). Visual acuity is 2/200. ( b ) PDR. Wide-fi eld fundus fl uorescein angiogram 
of the same eye demonstrates severe widespread neovascularization, an island of macular ischemia, and large areas of retinal nonperfusion       
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  Fig. 11    ( a ) PDR with fi brovascular membrane. A 42-year-old woman with decompensated diabetes and PDR in her right eye. Wide-fi eld fundus 
photography of her right eye demonstrates aggressive fi brovascular membrane and ischemic retinal vessels. ( b ) PDR with fi brovascular membrane. 
Wide-fi eld fundus fl uorescein angiogram of the same eye demonstrates severe neovascularization of the preretinal membrane, traction on retinal 
blood vessels, and extensive retinal ischemia       

  Fig. 12    Severe neovascularization with preretinal hemorrhage. A 
58-year-old man with PDR in his right eye. Wide-fi eld fundus fl uores-
cein angiogram demonstrates extensive neovascularization with layered 
preretinal hemorrhage ( black arrowhead )       

  Fig. 13    Aggressive PDR. A 29-year-old woman with type 1 diabetes 
mellitus aggressive form of retinopathy shows neovascularization of 
disc (NVD), extensive NVE, and macular leakage       
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  Fig. 14    Diabetic retinal hemorrhage. Wide-fi eld biomicroscopic image 
of an eye with PDR and preretinal hemorrhage ( white arrowhead ). The 
image taken with a slit-lamp wide-fi eld camera system is inverted       

  Fig. 15    PRP with conventional pattern laser. A 39-year-old man with a 
history of PDR after laser therapy. Wide-fi eld fundus fl uorescein angio-
gram of his right eye demonstrates photocoagulation spots with pattern 
laser       

  Fig. 16    PRP with navigated pattern laser. A 54-year-old man with 
PDR during photocoagulation with navigated laser delivery. 
Intraoperative view with wide-fi eld laser contact lens shows pattern 
photocoagulation with 100-ms pulse duration       
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  Fig. 17    ( a ) Persistent neovascularization. A 37-year-old man with 
PDR in both eyes. Wide-fi eld color fundus photography of his right eye 
demonstrates fi brovascular membrane with persistent neovasculariza-
tion in spite of previous full laser photocoagulation. ( b ) Persistent neo-
vascularization. Wide-fi eld fundus fl uorescein angiogram of the same 
eye demonstrates dye leakage from persistent new vessels and old laser 
photocoagulation spots       
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  Fig. 18    ( a ) Surgical management of traction retinal detachment. A 
38-year-old woman with type 1 diabetes mellitus and traction retinal 
detachment. Color fundus photography of her right eye demonstrates 
fi brovascular traction membrane with active neovascularization ( black 
arrow ). Visual acuity was 20/400. ( b ) Surgical management of traction 
retinal detachment. The same eye 1 year after pars plana vitrectomy, 
membrane peel, and gas tamponade shows a completely fl at retina with 
residual internal limiting membrane wrinkling ( white arrowhead ) con-
fi rmed by optical coherence tomography ( not shown ). Visual acuity 
improved to 20/50       
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                        Detection and Classifi cation of DR 

 Two studies have compared UWFA retinal imaging to dilated 
clinical funduscopic examination for the detection and clas-
sifi cation of DR. Neubauer and colleagues [ 7 ] assessed DR 
severity level using both mydriatic stereoscopic funduscopy 
and nonmydriatic 200° UWFA images. DR and diabetic 
macular edema (DME) severity levels were determined 
based on the International Classifi cation of Diabetic 
Retinopathy scale by 3 masked graders independently. In 
general, there was agreement between Optomap retinopathy 
grading and clinical assessment among the readers for the 
study. Sensitivity of 94 % and specifi city of 100 % were 
demonstrated for all graders to detect more than mild 
DR. Grading of DME demonstrated only fair agreement 
between UWFA images and clinical examination. 

 Wilson and colleagues [ 8 ] compared UWFA images with 
both slit-lamp biomicroscopy examination and single- and 
dual-fi eld mydriatic digital retinal photographs. Images were 
obtained and screened for “referable disease,” defi ned as any 
of the following: ≥4 blot hemorrhages in 1 hemifi eld or 
quadrant, abnormalities of venous caliber, intraretinal micro-
vascular abnormalities, retinal neovascularization, vitreous 
hemorrhage, or exudates or blot hemorrhage ≤1 disc diame-
ter (DD) from the fovea. In comparison with slit-lamp biomi-
croscopy as the reference standard, UWFA images achieved 
a sensitivity of 83.6 % compared with 82.9 % for digital pho-
tography in the ability to identify referable disease. 

 One study reported at the 2011 Association for Research 
in Vision and Ophthalmology meeting has compared non-
mydriatic UWFA retinal imaging with the Optos P200MA to 
clinical trial gold standard mydriatic Early Treatment of 
Diabetic Retinopathy Scale (ETDRS) protocol 7 standard 
fi eld stereoscopic photographs [ 9 ]. The sensitivity of non-
mydriatic UWFA images for detecting any DR and prolifera-
tive diabetic retinopathy (PDR) diagnosed on ETDRS photos 
were 99 and 73 %, respectively, with a specifi city of 100 and 
99 %, respectively. Despite the nonmydriatic acquisition of 
the UWFA images, the kappa values for agreement with 
ETDRS photos were similar to those reported between fi lm 
and mydriatic digital images compared in multicenter clini-
cal trials [ 10 ,  11 ]. There was excellent agreement between 
clinical-level DR severity grading on Optos 100° images and 
ETDRS photos as well as between grading of Optos images 
and results from clinical examination. Another study has 
demonstrated a substantial agreement for DME grading of 
Optos versus ETDRS images as well [ 12 ]. However, in this 
study, 9.3 % of 100° UWFA images were ungradable for 
level of DR severity.  

    UWFA-Guided Targeted PRP 

 UWFA may also directly guide the treatment of patients 
undergoing panretinal photocoagulation. The Diabetic 
Retinopathy Study (DRS) showed complications of PRP in 
that 10 % of patients suffer a decrease in vision after PRP 
and 5 % develop constriction of their visual fi eld. 
Complications further included macular edema, hemorrhage, 
choroidal detachment, angle-closure glaucoma, and decrease 
in color vision and contrast [ 13 ]. By targeting PRP directly 
to the areas of ischemia, rather than broadly throughout the 
retina, we may be able to spare healthy retinal tissue and 
reduce the side effects of PRP while directly treating those 
areas most likely contributing to the hypoxic drive. Original 
case series of UWFA-guided targeted PRP in PDR described 
successful regression of neovascularization and no adverse 
effects [ 6 ]. Subsequent studies have reported on safety and 
effi cacy of targeted PRP using a pattern laser delivery system 
[ 14 ,  15 ] and computer-assisted navigated laser delivery [ 16 ]. 

 DR remains one of the most evidence-guided diseases in 
the fi eld of retina. As such, it is important to note that semi-
nal studies in DR such as the DRS and the ETDRS were 
conducted before the advent of UWFA. This raises impor-
tant questions regarding how and when we can apply older 
studies toward the management of patients in an age in 
which we are able to visualize and image far more retinal 
abnormality than was previously possible. For example, 
PRP is generally not indicated for patients with retinopathy 
in the absence of neovascularization. However, our new-
found ability to visualize specifi c areas of peripheral non-
perfusion as well as to apply targeted PRP through UWFA 
may shift the scales regarding the risk-benefi t ratio of pro-
phylactic PRP prior to the development of neovasculariza-
tion or macular edema; this remains to be investigated. 
Moreover, as ischemia likely drives macular edema, tar-
geted PRP to areas of peripheral nonperfusion may also 
prove useful as an adjunctive therapy for macular edema; 
studies investigating this modality are currently under way. 
In general, studies comparing targeted PRP with true “pan-
retinal” photocoagulation are necessary.     
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