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Abstract
● AIM: To compare the assessment outcomes of the 
characteristics of mild to moderate non-proliferative diabetic 
retinopathy (NPDR) established by fundus photography and 
fundus fluorescein angiography (FFA).
● METHODS: The fundus photos and FFA results of 260 
patients with diabetes mellitus were reviewed. Diabetic 
retinopathy (DR) severity was graded based on the international 
classification standard. The microaneurysms, hemorrhages, 
and intraretinal microvascular abnormalities (IRMA) in FFA 
images of patients with mild to moderate NPDR were 
observed. The differences between the fundus photos and 
the FFA results were summarized, analyzed, and compared.
● RESULTS: The counting of intraretinal hemorrhages 
identified by FFA revealed that only 9 eyes (1.9%) had more 
than 20 intraretinal hemorrhages in all four quadrants; 15 
eyes (3.1%) had more than 20 intraretinal hemorrhages 
in three quadrants; 26 eyes (5.4%) had over 20 intraretinal 
hemorrhages in two quadrants; and 37 eyes (7.7%) had 
more than 20 intraretinal hemorrhages in only one quadrant. 
Furthermore, the number of IRMAs appeared ≥4 in 17 eyes, 
3 in 35 eyes, 2 in 69 eyes, and 1 in 93 eyes.
● CONCLUSION: FFA has higher detection accuracy of 
retinal angiopathy than fundus photography. FFA grading 
results are helpful for timely detection and proper treatment 
of lesions easily missed by fundus photography. 
● KEYWORDS: diabetic retinopathy; fundus fluorescein 
angiography; grading criteria
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INTRODUCTION

D iabetes mellitus (DM) is a disease affecting millions of 
people globally[1]. Approximately 463 million adults 

are living with diabetes[2], with projections that this number 
will rise to 700 million by 2045[3-5]. China is believed to have 
the highest total number of people with DM[6-8]. Diabetic 
retinopathy (DR) is the most severe complication of diabetes 
and the leading cause of vision loss in adults of productive 
age[9-11]. Approximately one in every three people with diabetes 
has DR[12].
In China, fundus fluorescein angiography (FFA) results have 
often been used to grade DR[13-14], even in early DR patients[15]. 
However, the international DR staging standard based on 
fundus photography formulated in 2003 has been widely 
recognized and used in clinical diagnosis and treatment[16], 
but the lesions detection rates of the two approaches are 
different. Using FFA, we established that mild or moderate 
non-proliferative diabetic retinopathy (NPDR) eyes had 
more severe retinopathy and even more than 20 intraretinal 
hemorrhages in each of the 4 quadrants and intraretinal 
microvascular anomalies (IRMAs). This was attributed to the 
use of contrast agents in the FFA examination[17]. However, a 
consistent DR classification standard is lacking, although it 
has been commonly utilized as a grading method. Hence, the 
examination of photographs by different medical specialists 
results in different grades obtained for the same image, 
causing confusion to patients. Therefore, a consistent and 
accurate grading method closer to FFA evaluation should be 
developed, rather than employing grading standard based on 
fundus photography outcomes. In this study, we conducted 
a retrospective evaluation to compare the grading criteria of 
early DR using FFA and fundus photography results.
SUBJECTS AND METHODS
Ethical Approval  The study was approved by the Ethics 
Committee of the First Affiliated Hospital of Harbin Medical 
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University (Harbin, China). Informed written consent was 
obtained from the participants.
Study Design and Participants  DM patients selected 
from the 685 patients who had undergone FFA and fundus 
photography at the First Affiliated Hospital of Harbin Medical 
University between May 2018 and December 2019 were 
included in this investigation. 
Patients whose fundus photography diagnostic results showed 
mild or moderate NPDR were included. The following 
exclusion criteria were applied: 1) Other eye diseases unrelated 
to diabetes (including hypertensive retinopathy, retinal 
arteriovenous obstruction, age-related macular degeneration, 
glaucoma, uveitis, etc.); 2) Any other causes, such as dense 
cataract and corneal opacity, leading to poor image quality 
(invisible optic disc and vessels); 3) Patients with a previous 
ophthalmological intervention procedure, such as laser 
photocoagulation, vitrectomy, and anti-vascular endothelial 
growth factor injection.
The demographic information, including age, gender, blood 
pressure, duration of diabetes, and ophthalmological medical 
histories of the remaining patients, was obtained from the 
hospital’s medical records. 
Images  Digital nonmydriatic fundus camera (FundusVue 
v2.0.0.3, Crystalvue Medical Corporation, Taoyuan, Taiwan, 
China) was used to take digital images of each eye. The DR 
disease severity level was graded based on observations on 
dilated ophthalmoscopy by two ophthalmologists according 
to the International Clinical Diabetic Retinopathy Disease 
Severity Scales (Table 1)[16]. If the grading given by the two 
ophthalmologists differed, consensus was achieved during 
a meeting of both ophthalmologists and a retinal specialist 
(Dong L). 
FFA images were obtained using a Heidelberg retinal 
angiography device (Heidelberg Engineering, Heidelberg, 
Germany). Ten 55° FFA images were taken from both eyes 
of each patient in the early, middle, and late stages after 
fluorescein injection administration. The ten fields were 
centered on the macula, optic disc, superior peripheral retina, 
superior temporal peripheral retina, temporal peripheral retina, 

inferior temporal peripheral retina, inferior peripheral retina, 
inferior nasal peripheral retina, nasal, and superior nasal 
peripheral retina. Then, the images were partitioned to better 
localize the retinopathy. Each FFA image was partitioned 
as illustrated in Figure 1. The numbers of microaneurysms, 
hemorrhages, and IRMA in each region were counted. 
Customized large and small microaneurysm and hemorrhage 
methods are presented in Figure 2.
Research Indicators  1) Observation of the location and 
number of hemorrhages; 2) Observation of the location 
and number of IRMAs; 3) Observation of the location of 
early DR lesions; 4) Assessment of the relationships among 
microaneurysms, hemorrhages, small vessel dilatation, and 
capillary nonperfusion.
Statistical Analysis  All statistical analyses were performed 
using the SPSS Statistical software (v25, IBM, Armonk, NY, 
USA) whereas graphs were generated using the Graph Prism 
7 software (v7.02, GraphPad, La Jolla, CA, USA). Continuous 
variables conforming to a normal distribution were expressed 
as means and standard deviation values. Other continuous 
variables that were not normally distributed were expressed 

Table 1 Diabetic retinopathy disease severity scale

Proposed disease severity level Findings observable by dilated ophthalmoscopy
No apparent retinopathy No abnormalities
Mild non-proliferative diabetic retinopathy Microaneurysms only
Moderate non-proliferative diabetic retinopathy More than just microaneurysms but less than severe non-proliferative diabetic retinopathy
Severe non-proliferative diabetic retinopathy Any of the following:

more than 20 intraretinal hemorrhages in each of 4 quadrants;
definite venous beading in 2 quadrants;
Prominent intraretinal microvascular abnormalities in 1
quadrant and no signs of proliferative retinopathy

Proliferative diabetic retinopathy One or more of the following: neovascularization, vitreous/preretinal hemorrhage

Figure 1 FFA partitioning criteria  Area a indicates the fovea. It is 
a circle with a radius of 3PD. Area b is a ring further divided into four 
areas: b1, b2, b3, and b4, whereas area c is the area outside area b. 
It is further divided into c1, c2, c3, and c4, which correspond to the 
upper, temporal, lower, and nasal sides, respectively.

FFA grading criteria for DR
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as medians values (25%-75%). Categorical variables were 
expressed as frequencies and percentages. Quantitative variables 
were selected using spearman’s rank correlation analysis. 
P-values less than 0.001 indicated significant inter-group 
differences. 
RESULTS
Baseline Clinical Characteristics of the Study Participants  
Among the 685 DM patients, only 260 patients (480 eyes) with 
mild or moderate NPDR were included in the study. These 
260 patients included 149 males (289 eyes) and 111 females 
(191 eyes). Based on the fundus photography images, 156 
eyes (32.5%) were graded as mild NPDR, whereas 324 eyes 
(67.5%) were graded as moderate NPDR. The average age for 
mild NPDR patients was 56.8±6.9y, whereas it was 59.3±7.8y 
for moderate NPDR patients. In addition, the duration of 
diabetes was 3.8±2.2y for mild NPDR patients and 4.1±2.7y 
for moderate NPDR patients. The demographic and clinical 
characteristics of the participants are summarized and listed in 
Table 2.
Observation of Hemorrhage Location and Number  Large 
hemorrhages were easily distinguished and quantified by both 
fundus photography and FFA. However, small needle-like 
hemorrhages were distributed in clusters and thus could not 
be distinguished or accurately quantified by FFA (Figure 3). 
Counting of the needle-like hemorrhages identified by FFA 
revealed that 9 eyes (1.9%) had more than 20 hemorrhages 
in all the four quadrants, 15 eyes (3.1%) had more than 20 

hemorrhages in three quadrants, 26 eyes (5.4%) had more 
than 20 hemorrhages in two quadrants, and 37 eyes (7.7%) 
had more than 20 hemorrhages in only one quadrant. There 
were less than 20 hemorrhages in 198 eyes (41.2%) and no 
obvious hemorrhages were detected in 195 eyes (40.6%). This 
number was not consistent with the classification of fundus 
photography, as no more than 20 intraretinal hemorrhages 
should have been in each of the 4 quadrants in mild or 
moderate NPDR.
Observation of the Location and Number of IRMAs  
Among the 324 moderate NPDR eyes observed using FFA, 
214 eyes (66.1%) had 483 sites of IRMA, which were not 
detected by fundus photography (Figure 4). IRMAs occurred 

Figure 2 The definition of large and small microaneurysms/hemorrhages  A-D: The definition of large and small microaneurysms: 1/2 
of the diameter of the optic disc retinal artery was measured using the FFA measurement software, which was considered as a standard in the 
comparison with the maximum diameter of the microaneurysm. The large microaneurysm had a greater diameter than the standard (yellow 
arrows, B). The small microaneurysm had a smaller diameter than the standard (red arrows, D). E-H: The definition of large and small 
hemorrhages: The diameter of the optic disc retinal vein was measured using the FFA measurement software, which was applied as a standard 
for comparison with the maximum diameter of the hemorrhage. The large hemorrhage had a greater diameter than the standard (yellow arrows, 
F). The small hemorrhage had a smaller diameter than the standard (red arrows, H).

Table 2 Patient demographic and clinical characteristics

Parameters Mild NPDR Moderate NPDR
No. of eyes 156 (32.5%) 324 (67.5%)
Eyes of male/female 94/62 195/129
Age, y 56.8±6.9 59.3±7.8
Mean arterial pressure, mm Hg 104.38±11.10 107.41±12.23
DM duration, y 3.8±2.2 4.1±2.7
VA, logMAR 0.25±0.18 0.33±0.24
IOP, mm Hg 18.25±4.07 19.03±7.15

NPDR: Non-proliferative diabetic retinopathy; IOP: Intraocular 
pressure; DM: Diabetes mellitus; VA: Visual acuity. Data are 
expressed as mean±standard deviation or n (%). All patients with 
systemic hypertension were on antihypertensive medication.
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mostly in b4 (29.6%), b1 (24.7%), b3 (16.1%), c4 (11.7%), 
c1 (7.4%), and c3 (5.7%). The other regions had only 4.9% of 
IRMAs. Furthermore, there were more than 4 IRMAs in 17 
eyes, 3 IRMAs in 35 eyes, 2 IRMAs in 69 eyes, and 1 IRMA 
in 93 eyes.
Statistical analysis of the location of early retinal lesions 
(including microaneurysms, hemorrhages, intraretinal 
hemorrhages) revealed that the lesions were concentrated 
mainly in b4 (27.2%), a (20.78%), and b1 (20.4%) areas. 
The areas corresponded to the nasal surface of the optic disc, 
the macular area, and the vicinity of the superior temporal 
vascular arch, respectively (Figure 5A). The peripheral retina 
(c area) had relatively fewer lesions during early DR (mild 
or moderate). The microaneurysms often developed around 
the small arteries (Figure 5B). Moreover, both small vessel 
dilatation and occlusion were significantly correlated with the 
number of microaneurysms in these areas (P≤0.001; Table 3).
DISCUSSION
Herein, we summarized and analyzed the common lesion 

types, prevalence locations, and lesion characteristics of 
early DR using FFA images. It is noteworthy that in mild to 
moderate NPDR eyes, FFA found IRMA and more than 20 
intraretinal hemorrhages in each of the 4 quadrants that were 
ignored by fundus photos. These findings showed that the 
grading standard of fundus photography was not appropriate 
for use in FFA grading.
In DR patients, retinal hemorrhage is the edema caused by 
the destruction of vascular endothelial function and the slight 
leakage of the plasma[18]. Retinal hemorrhage is induced by 
blood cell outflow[19]. The presence of retinal hemorrhage 

Table 3 Correlation between small-vessel dilatation, small-vessel 
occlusion and the number of microaneurysms

Area
Small-vessel occlusion Small-vessel dilatation

rs P rs P
a 0.481 0.001 0.476 0.001
b1 0.613 <0.001 0.656 <0.001
c4 0.651 <0.001 0.551 <0.001

Figure 3 Hemorrhages on FFA and fundus photographs  The green arrows show hemorrhages, which could not be distinguished in fundus 
photographs. The green asterisks show microaneurysms, which may be distinguished as hemorrhages in fundus photographs.

FFA grading criteria for DR
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points reflects the presence of dysfunctional retinal vascular 
endothelium. It is also an early symptom of DR. The size 
and quantity of the hemorrhages may vary greatly depending 
on the means used for examination[20]. However, it is 
easier to detect higher numbers and smaller hemorrhages 
by FFA examination[21]. Needle-tip-like hemorrhages can 
also be captured by FFA. They are difficult to identify by 
fundus photography. In this investigation, it was difficult to 
distinguish between microaneurysms and small hemorrhages 
in fundus photography images. This could have potentially 

led to discrepancy. Moderate NPDR patients had numerous 
intraretinal hemorrhages. Some of them had even more than 20 
intraretinal hemorrhages in all the four quadrants, which was 
diagnosed as severe NPDR by the DR staging criteria. Other 
manifestations such as vasodilation and no-perfusion area were 
mild. Angiographic features were most significantly related to 
the overall DR severity, including the differentiation between 
severe non-proliferative and proliferative disease. Ehlers 
et al[22] found that the panretinal leakage index, panretinal 
ischemic index, and microaneurysm count in ultra-widefield 

Figure 4 IRMAs on FFA and fundus photographs  The green arrows show IRMAs on the FFA images and the corresponding area of fundus 
photographs.

Figure 5 Location of early retinal lesions in DR patients  A: The location of early retinal lesions in DR patients; B: Distribution of 
microaneurysms in the macular area (a), the area near the superior temporal vascular arch (b1), and optic disc nasal side (b4).
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were associated with DR severity. Moreover, they used the 
angiography grading results to guide DR treatment, whereas 
the treatment of severe NPDR was completely different from 
that of moderate NPDR[23].
The use of contrast agents further revealed the occurrence of 
IRMA in 66.1% of the mild or moderate NPDR eyes. IRMA 
is induced by the further development of microvascular 
dilatation or occlusion in early DR lesions[24-25]. In areas of 
vascular occlusion, the capillary bed becomes cell-free, and 
the blood vessels in adjacent cell-free areas dilate irregularly, 
causing arteriovenous shunts. This is an indication for IRMA: 
the arterial blood flows directly into the veins without passing 
through the capillary beds[26-27]. Here, we found that this 
condition was not significantly associated with the number 
of early DR lesions of microaneurysms and hemorrhage. 
Nonetheless, it led to the further development of DR lesions. 
Although many IRMAs involving multiple quadrants were 
identified by FFA, the low-degree lesions were formed. Hence, 
IRMA needs a new grading standard in FFA, especially 
because IRMAs could not be identified by fundus photography.
As can be observed in Figure 5B, microaneurysms were 
present mostly around the small arteries. Microaneurysms 
appeared first, followed by small arterioles that progressed into 
arteriolar dilatations and leakage of the vascular walls[28-29]. Our 
results were consistent with those of previous studies reporting 
that microaneurysms were induced by chronic ischemia and 
the destruction of pericytes or endothelial cells[30-31]. 
Our study has several of the limitations of retrospective studies. 
It was single-center, with a very small sample size. We did not 
have the follow-up data for the prognosis of patients. However, 
this was an exploratory study. We believe that these data 
provide valuable information to support the of independent DR 
grading standards in FFA. Further longitudinal studies with a 
larger sample size are needed to confirm our results. 
In conclusion, we performed extensive comparisons between 
the characteristics of patients with early DR obtained by using 
FFA and fundus photography classification. FFA identified 
more lesions than fundus photography. However, some aspects 
of FFA such as IRMAs require a new definition standard. 
Therefore, this study proposes that different inspection 
methods should have different DR classification standards 
that are effective and accurate. This would further improve the 
diagnosis and treatment of early DR in DM patients.
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