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[Abstract] Objective To quantitatively evaluate retinal ischemia in 

different retinal regions of diabetic retinopathy (DR) patients in 

ultra-widefield fluorescein fundus angiography (UWFA) images 

applying the ischemic index (ISI), and to investigate its correlation 

with diabetic macular edema (DME).  

Methods A cross-sectional study was conducted. Seventy-nine 

eyes of 79 patients with DR were enrolled at the Renmin Hospital 

of Wuhan University from September 2017 to October 2020, 

including 44 males (44 eyes) and 35 females (35 eyes) aged 31–73 

years, with a mean age of 55.95±8.80 years. UWFA and 

spectral-domain optical coherence tomography were performed in 

all patients. Patients were assigned to the DME (37 eyes) or 

non-DME group (42 eyes) according to the presence or absence of 

DME in OCT images. The retina in middle-phase UWFA images 

was divided into posterior, mid peripheral and far peripheral 

regions using ImageJ software, and the ISI in each region was 

calculated. Central macular thickness (CMT) was automatically 

calculated using the built-in software of the OCT equipment. The 

correlation between the ISI and CMT was analyzed by Spearman’s 

rank correlation analysis.  

Results The ISI of the total, posterior, middle peripheral and far 

peripheral retina was 2.460 (0.603, 5.640), 2.670 (1.062, 9.574), 

1.382 (0.245, 4.378) and 0.000 (0.000, 1.262)%, respectively, with a 

statistically significant difference (χ2=65.307, P<0.001). There were 

statistically significant differences in the ISI between the total and 

far peripheral, the posterior and middle peripheral, the posterior 

and far peripheral and the middle peripheral and posterior retina 

(all P<0.01). The ISI of the total, posterior and middle peripheral 

retina in the DME group were significantly higher than those in the 

non-DME group (U=424.000, P=0.001; U=403.000, P<0.001; 

U=493.000, P=0.005, respectively), whereas there was no 

significant difference in the ISI of the far peripheral region between 

the two groups (U=609.000, P=0.061). There was not statistically 

significant correlation between the ISI and CMT in the total, 

posterior, middle peripheral or far peripheral retina in the DME 

group (rs=-0.134, rs=-0.018, rs=-0.152, rs=-0.163, respectively; all 

P>0.05).  

Conclusions The retinal non-perfusion area in DR eyes was 

mainly located in the posterior and mid-peripheral retina. The ISI 

of the posterior and mid-peripheral retina in DME eyes was 

significantly higher than that in eyes without DME. The ISI of each 

retinal region may not be associated with DME severity. 
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Diabetic retinopathy (DR) is a common microvascular abnormality 

in diabetes mellitus. Diabetic macular edema (DME) secondary to 

DR has become a significant factor for severe visual loss in DR 

patients 1. Fluorescein fundus angiography (FFA) is an important 

examination in DR diagnosis and treatment. However, traditional 

FFA can only cover a range of 30–50° in a single shot, which is  

insufficient when observing retinal vessels in the peripheral retina 2. 

Ultra-widefield fluorescein fundus angiography (UWFA) covers 

approximately 82% of the retina within a single imaging, which 

assists in observing the posterior pole of the fundus as well as the 

peripheral retina at the same time, increasing the opportunity to 

find peripheral retinopathy 3. Retinal ischemia is one of the 

important pathological changes in DR. With the progress of retinal 

hypoxia, decompensation of retinal capillaries contributes to 

pathological capillary occlusion, which is present as a 

non-perfusion zone in FFA images. On the basis of seven-field 

standard FFA imaging, most previous studies used the disc area to 

quantify the non-perfusion zone in DR eyes. On the basis of 

UWFA, the ischemic index (ISI) is defined as the percentage of 

non-perfusion area to total retinal area after manually depicting the 

retinal boundary and non-perfusion area on UWFA images 5. 

Studies have shown that the ISI can be used as a reliable indicator 

to assess retinal ischemia in retinal vascular diseases, including DR 

and retinal vein occlusion 4-7. However, the correlation between the 

ISI and DME is currently unclear. The current study aims to use 

the ISI to estimate retinal ischemia in different regions of DR eyes 

and investigate its relationship with DME. 

1 Methods 

1.1 Patients and materials 

This cross-sectional study included 79 eyes from 79 patients, with 

44 eyes from 44 males and 35 eyes from 35 females at the Renmin 

Hospital of Wuhan University from September 2017 to October 

2020. The mean age of the included patients was 55.95±8.80 (mean 

± standard deviation) years. There were 36 non-proliferative 

diabetic retinopathy eyes and 43 with proliferative diabetic 

retinopathy (PDR). All patients received best-corrected visual 

acuity testing, slit lamp examination, ultra-wide-field fundus 

photography, UWFA and spectral-domain optical coherence 

tomography (SD-OCT). The inclusion criterion was: Patients 

diagnosed as displaying DR based on the Guidelines for the clinical 

diagnosis and treatment of diabetic retinopathy in China (2014)8. 

Exclusion criteria were: (1) refractive interstitial opacity, vitreous 

hemorrhage etc. affect image quality; (2) patients with other retinal 

vascular diseases, including uveitis and retinal vein occlusion; (3) 

patients with macular lesions such as of the epiretinal membrane 

and macular hole; (4) patients have received treatments including 

photocoagulation, intravitreal injection of anti-vascular endothelial 

growth factor (VEGF) drugs and vitreoretinal surgery among 

others. On the basis of the Chinese guidelines for the diagnosis and 

treatment of diabetic retinopathy (2014), two experienced 

ophthalmologists classified the eyes into the DME (n=37) and 

non-DME groups (n=42) according to the retina within two disc 

areas from the center of the macular in the optical coherence 

tomography (OCT) image. There was no statistical difference in sex, 

age or DR stage between the two groups (all P>0.05) (Table 1). 

The study was approved by the Institutional Review Board of the 
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Renmin Hospital of Wuhan University (WDRY2019-K037) and 

conducted in accordance with the tenets of the Declaration of 

Helsinki. All patients knew the purpose of the study and signed the 

informed consent form. 
Table 1 Comparison of demographic characteristics between the two 

groups 

Groups N 
Sex*  

(male/female, n) 

Age#  

(x
_

±s, years) 

Stage* 

(NPDR/PDR, n) 

DME 37 23/14 57.89±8.59 14/23 
Non-DME 42 21/21 54.24±8.72 22/20 
χ2/t 
P 

 1.179 
0.278 

1.872 
0.065 

1.677 
0.195 

Note: (*: χ2 test, #: independent samples t-test) DME: diabetic macular edema; 

NPDR: non-proliferative diabetic retinopathy; PDR: proliferative diabetic 

retinopathy. N: total number; n: cases 

1.2 Methods 

1.2.1 UWFA examination and image processing The UWFA 

examination was performed by the same experienced 

ophthalmologist on the UK Optos 200TX imaging system. The 

pupils of the patients was dilated with compound tropicamide eye 

drops (Santan Pharmaceuticle (China) CO., Lid., Beijing) and the 

patients received a 3 ml 10% fluorescein sodium injection via the 

antecubital vein. The UWFA image obtained in the middle stage 

(45 s–2 min) was compressed into a high-quality JPEG format 

image for export and analysis. The boundaries of the retina and 

non-perfusion area were manually outlined on ImageJ 2.0.0 

software (National Institutes of Health, USA). The retina was 

divided into posterior pole, middle peripheral and far peripheral for 

data measurement and calculation by two senior ophthalmologists. 

 
Figure 1 Outlining of the non-perfusion area and partitioning of the retina 
in the UWFA image A: Manual delineation of the non-perfusion area in the 
UWFA image using ImageJ software. B: The retina was divided into the 
posterior pole, middle peripheral and far peripheral regions by the 
macula-centered concentric circles with a radius of 10 mm (blue circle) and 15 
mm (red circle). The non-perfusion area after binary image processing was used 
to calculate the ISI 

1.2.2 SD-OCT examination The examination of all patients was 

performed by an senior ophthalmologist, using the American 

Optovue RTVue OCT instrument with Retina Map mode. Scans 

were centered on the central macular fovea and a single scan 

included one horizontal scan and one vertical scan. The image 

quality was set as ≥ 8/10. The built-in software (version 

2017.1.0.151) of the OCT device automatically measured the 

central macular thickness (CMT) of the macular fovea. 

1.3 Statistics  

SPSS 23.0 statistical software was used for statistical analysis. The 

Shapiro-Wilk test was used to test the normality of the 

measurement data. Age of the patients in this study was normally 

distributed and was expressed as a 𝑥�±s . The remainder of the 

measurement data were non-normally distributed, represented by 

M (Q1, Q3). The difference in the ISI among retinal regions was 

compared with the Freidman's test, and the significance level was 

corrected by α'=0.05/6=0.008 by Bonferroni. The χ2 test was used 

to compare the distribution of eye numbers by sex and stage 

between the groups. The difference between the groups in the 

ocular ISI was compared by the Mann-Whitney U test. The 

Spearman’s rank correlation test was used to analyze the correlation 

between the ISI and CMT in the DME group. P<0.05 was 

considered to be statistically significant. 

2 Results 

2.1 Comparison of the ISI among different retinal regions  

Among all the included DR eyes, the total retina, posterior pole, 

middle peripheral and far peripheral ISIs were 2.460 (0.603, 5.640), 

2.670 (1.062, 9.574), 1.382 (0.245, 4.378) and 0.000 (0.000, 1.262)%, 

respectively (χ2=65.307, P<0.001). Among them, the difference of 

the ISIs between panretina vs. far peripheral retina, posterior pole vs. 

middle peripheral retina and posterior pole vs. far peripheral retina 

were all statistically significant (all P<0.001). No statistical 

significance was found in the ISIs between panretina vs. posterior 

pole or panretina vs. middle peripheral retina (P=0.082, P=1.000). 

2.2 Comparison of the ISI in different retinal regions between 

the two groups  

The ISIs in the panretina, posterior pole and middle peripheral 

retina in the DME group were significantly higher than those in the 

non-DME group (Z=424.000, P=0.001; Z=403.000, P<0.001; 

Z=493.000, P=0.005, respectively). The difference in the ISI in the 

far peripheral retina was not statistically significant between the two 

groups (Z=609.000, P=0.061) (Table 2). 
Table 2 Comparison of the ISI in different retinal regions between two 

groups (M[Q1,Q3], %) 

Groups n 
ISI in different regions 

Panretina Posterior pole Middle periphery Far periphery 

DME 37 4.262(1.315,8.860) 7.317(1.770,15.212) 2.533(0.611,6.667) 0.000(0.000,5.968) 

Non-DME 42 1.134(0.226,4.077) 1.676(0.339, 5.419) 0.819(0.030,3.053) 0.000(0.000,0.262) 

U  424.000 403.000 493.000 609.000 

P  0.001 <0.001 0.005 0.061 

Note: (Mann-Whitney U test) ISI: ischemic index; DME: diabetic macular edema 

2.3 Correlation between the ISI and CMT of different retinal 

regions in DME group 

The CMT in the DME group was 401.000 (293.000, 537.500) μm. 
There was no significant correlation between the ISI and CMT in 

the panretina, posterior pole, middle peripheral or far peripheral 

regions of retina in DME group (rs=-0.134, P=0.428; rs=-0.018, 

P=0.914; rs=-0.152, P=0.368; rs=-0.163, P=0.335, respectively) 

(Figure 2). 

 
Figure 2 Scatter plot of the correlations between ISI and CMT in different 
retinal regions in DME eyes (Spearman rank correlation analysis, n=37) A–D: 
There was no statistically significant correlation between ISI and CMT in the 
total, posterior, middle peripheral or far peripheral retina (rs=-0.134, P=0.428; 
rs=-0.018, P=0.914; rs=-0.152, P=0.368; rs=-0.163, P=0.335, respectively). ISI: 
ischemic index; CMT: central macular thickness 
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3 Discussion 

Retinal ischemia is one of the main pathological changes in DR, 

which is closely associated with complications such as retinal 

neovascularization and DME 7. Therefore, the quantitative study of 

the retinal non-perfusion area is essential. The ISI is a new 

indicator for the quantitative analysis of retinal ischemia in UWFA 

images, which is important in clinical DR diagnosis and treatment. 

However, the difference in the ISI between different retinal regions 

and their relationship with DME remains to be investigated. In the 

fovea, the cone density is extremely high and there is a rod-free 

zone whose diameter is 100–200 μm. The density of cones 
decreases sharply from the fovea to the far periphery, whereas the 

density of rods increases from the fovea outward, and attains its 

highest density at 3–5 mm from the fovea 10. Considering the 

distribution features of photoreceptors in the retina, we further 

divided the retina into three subregions and observed the 

distribution of retinal ischemia in these regions and its relationship 

with DME. 

Our study showed that there was a significant difference in the 

degree of retinal ischemia among the subregions. Compared with 

the peripheral retina, the ISI value was larger in the posterior pole 

and middle peripheral retina. We propose that photoreceptors 

consume more energy 11, thus the posterior pole or mid-periphery 

with a high photoreceptor density are more susceptible to ischemia. 

Additionally, more VEGF produced in the posterior pole and the 

mid-periphery exacerbates retinal ischemia. A previous study 

including 40 eyes from 29 DR patients showed that the ISI in the 

far peripheral region was higher than in other regions 12. This 

inconsistent result may be related to the racial differences in 

patients and the different proportion of PDR eyes. The distribution 

characteristics of the retinal ischemia in DR eyes still need to be 

confirmed by further studies with larger sample sizes. 

The structural injuries in retinal vascular endothelial cells and 

pericytes caused by hyperglycemic environments lead to retinal 

ischemia and blood-retinal barrier destruction 13. A variety of 

cellular molecules involved in DME and VEGF play an important 

role in the progression of DME. Retinal ischemia upregulates 

VEGF expression, leading to increased vascular permeability and 

the occurrence of DME 14-16. Wessel et al. 17 retrospectively 

analyzed 122 eyes in 70 DR treatment-naïve patients and found 

that ISI levels were positively correlated with the presence of DME. 

Patel et al. 18 came to a similar conclusion. In our study, ISIs of the 

panretina, posterior pole, mid-periphery and far periphery were 

significantly higher in the DME group compared with the 

non-DME group. Consistent with previous studies, the results 

demonstrated that there was a strong association between retinal 

ischemia and DME. Many recent UWFA studies found the 

presence of avascular areas in the far peripheral retina of some 

normal eyes 19-21, suggesting that nonperfusion areas in the far 

periphery could be physiological. Some studies have been 

conducted to investigate the boundaries of the normal ocular 

retinal vasculature and provided a reference for the physiological 

nonperfusion area 19-21. However, further studies are needed to 

determine the nonperfusion area in the far periphery of DR and 

determine its relationship with DME.  

In DR eyes, the occlusion of retinal capillaries leads to retinal 

ischemia and a nonperfusion area, and the secondary accumulation 

of VEGF triggers DME. Similar with previous studies 22, the 

results in our study showed that the ISIs in all subregions were not 

associated with the CMT in DME eyes, suggesting that DME 

severity may be associated with other pathological factors. A study 

performing UWFA examinations on 264 eyes with DR showed that 

peripheral vascular leakage could lead to DME 23. In addition, Fang 

et al. 24 showed that DME severity was positively correlated with 

the leakage of non-perfusion area with. Both these studies indicated 

that retinal vascular leakage may affect DME occurrence. On the 

basis of the definition of the ISI, Sim et al. 25 proposed the leakage 

index, which is the percentage of total vascular leakage pixels in the 

total number of retinal pixels on UWFA images. They found that 

in the eyes of untreated DR patients, the peripheral vascular 

leakage index was positively correlated with the ISI, with a 

correlation coefficient of 0.44, suggesting a potential association 

between leakage and ischemia. However, research on the leakage 

index of DR is relatively limited, and a large number of studies are 

still needed to further investigate its relationship with the ISI and 

DME. 

There were some limitations in the current study. First, it was a 

cross-sectional study at a single center with a limited sample size 

and did not analyze the prognostic value of the ISI on DME. 

Second, the peripheral distortion of the UWFA imaging system 

may have led to a calculation error of the ISI. Singer et al. 21 used 

the montage to correct the peripheral distortion of UWFA, and the 

results showed that the error between the corrected and 

uncorrected data was only 1%. The correction analysis could be 

used in further study to reduce the error. Third, a single UWFA 

image in the primary eye position may not fully expose the far 

peripheral retina, resulting in an error of the ISI calculation. Finally, 

because some eyes were excluded due to the opacity of the 

refractive media and other factors affecting image quality, there 

may have been a bias in the included PDR eyes. 

In conclusion, the retinal non-perfusion area of the DR eye was 

mostly located in the posterior pole and middle peripheral retina. 

The ISI of the DME eye was higher than that of the non-DME eye, 

and there was no clear correlation between the ISI and CMT in 

DME eyes. The correlation between the ISI and DME prognosis 

and that between the ISI and different types of DME needs to be 

investigated in further studies. 
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