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ABSTRACT 

Background: The chronic hyperglycemia of diabetes leads to long-term 
damage, and deterioration of different organs, especially the eyes, 
kidneys, nerves, and blood vessels. The riskiest complication includes 

diabetic retinopathy and maculopathy.  
Aim of work: Assessment of macular perfusion in early subclinical 
diabetic retinopathy patients by using noninvasive technology Optical 
Coherence Tomography Angiography (OCTA), to prevent vision loss.  
Patient and methods: A prospective case series observational study 
includes 44 eyes for 33 candidates, 30 eyes for diabetic Patients and 14 
eyes for normal non-diabetic, Patients' Age group is 30 – 60 years old. 
Results: Regarding both groups diabetic and non-diabetic, patients with 

normal fundus picture, 46.2% had very mild to mild affection of macular 
perfusion (SVP-VD 50 ± 3.5%, DVP-VD 56 ± 3.0%) with FAZ 
perimeter range (1.3-1.5) mm, 53.8% did not have macular perfusion 
affection and none of the patients had moderate affection of macular 
perfusion. While patients whom fundus picture showing mild-NPDR, 
11.1% had very mild to mild affection of macular perfusion and 88.9% 
had moderate affection of macular perfusion (SVP –VD 45 ± 4.5%, 
DVP-VD 50 ± 4.0%) with FAZ perimeter range (1.7-2.8) mm, a 

significant difference between groups (P-value <.0001). 
Conclusion: Macular perfusion is markedly affected by diabetes 
duration despite of good clinical fundus picture. OCTA is very beneficial 
in investigating diabetic maculopathy and ischemia in early stages.  

Keywords: Macular Perfusion, Diabetic Retinopathy, Optical 
Coherence Tomography Angiography.……………………………………

INTRODUCTION 

About 347 million people worldwide suffering 
diabetes mellitus (DM), and these numbers predicted 
to be increased to 430 million patients by 2030 1. 

The Riskiest factor in diabetic retinopathy (DR) is 
Macular non-perfusion which is a critical feature that 
can lead to significant visual impairment. 
Microvascular dysfunction in DR causes 

hypoperfusion, retinal hypoxia and at the macula it 
threatens the tissue responsible for central visual 
acuity, diabetic patients with poor macular perfusion 
are often asymptomatic until the later stages when 
vision loss can be acute and severe. Additionally, 
advanced macular non-perfusion can limit the 
benefits of treatment. Therefore, identification and 
quantification of these microvascular changes in 

early stages can prevent deterioration of vision 2, 3, 4. 

Ophthalmologists have used different methods to 
observe the vasculature in the macular area including 
fundus photography, and fundus fluorescein 
angiography (FFA). But these methods are limited  

due to its invasive nature. Moreover, the monitoring 
of early and subtle changes in the macular capillary  

system in clinical settings has proven to be 
challenging. Thus, an effective, high resolution, and 
non-invasive method for monitoring macular 
perfusion would provide a precise and easy way to 
understand and observe early perfusion changes5, 6.  

Optical coherence tomography angiography (OCTA), 
a modality that utilizes motion contrast to generate 
perfusion maps. OCTA able to identify vascular 
changes in DR, imaged neovascularization, and 

quantified areas of macular ischemia. Their 
quantification of macular ischemia includes 
measuring the diameter of the foveal avascular zone, 
the total area of vessel non-perfusion, 
microaneurysms, venous beading, and 
neovascularization 7, 8. 

Moreover, OCTA novel imaging technique obtains 
high-resolution volumetric blood flow information 

and generates angiographic images in a matter of 
seconds. OCT angiograms are resampled with OCT 
B-scans from the same area, simultaneously allowing 
the assessment of structure and blood flow 9,10. 
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 PATIENT AND METHODS 

Patients: this is a prospective case series 
observational study includes 44 eyes for 33 
candidates, in which 30 eyes for diabetic Patients and 
14 eyes for normal non-diabetic, as a control group, 

Patients' Age is 30 – 60 years old. 

All the patients were subjected to medical history 
taking, Visual Acuity assessment, Intraocular 
pressure measurement, and slit-lamp biomicroscope 
examination. 

Ethical Statement: 

Permission was obtained from each patient before the 
study’s enrollment. The study’s protocol was 
supervised by an audit of the ophthalmology 

department, Faculty of Medicine, Al Azhar 
University. 

Study design: 

A prospective case series observational study was 
conducted on cases attending Ophthalmology 
Department of Al Azhar university hospital during 
the period from October 2018 to December 2019, 
who collected according to inclusion and exclusion 

criteria, examined and asked for permission, then 
photographed via OCT angiography device 
(TOPCON DRI OCT TRITON), this academic 
practice will evaluate macular perfusion in 6x6 mm 
area. To guide early optimal treatment in subclinical 
diabetic retinopathy patients guarding against the risk 
of potential vision loss. 

Patient's examination steps:  

Patient's history was taken, Visual Acuity; Examined 
aided using (Snellen acuity chart), Intraocular 
pressure; measured using (Goldman applanation 
tonometry), Slit lamp examination; full eye 
examination; Anterior segment: Cornea, Anterior 
chamber, Iris, Pupil, and Lens, Posterior segment: 
Vitreous, and Fundus ex. (macula, vessels, optic 
nerve) by (Bio-microscopy Slit-lamp fundus 

examination using Volk 90 D lens). Then the patient 
asked for permission and photographed via OCTA 
device (Figure 1). 

Methods: D-R-I OCT Triton Plus OCTA device 
(Topcon; Japan) (Figure 2). 

Fig.1: OCTA device. 

Fig. 2: D-R-I OCT Triton Plus OCTA device. 

Inclusion criteria: 

Controlled diabetes, Best Corrected Visual Acuity 
(BCVA):  6/18 or better, Fundus picture (FP): normal 

or mild non-proliferative diabetic retinopathy 
(NPDR) with healthy macula, and patient's medical 
history: hypertensive or non-hypertensive, smoker or 
none. 

Exclusion criteria: 

Uncontrolled diabetes, BCVA: less than 6/18, FP: 
PDR or unhealthy macula (edema, exudates, drusen, 
hemorrhage), and patient's medical history: on 

Anticoagulants or Vasodilators or Vasoconstrictors 
medications. 

Statistical analysis: 

Abstracted data were compiled and analyzed using SPSS 
version 21 (SPSS Inc., Chicago, IL). Continuous variables 
are presented as means (± standard deviation [SD]), and 
categorical variables are presented using relative 
frequency distributions and percentages. 

Continuous variables were compared using Student’s 
t-test or the Mann-Whitney test, Categorical data 
were analyzed using the chi-square test, Yates’ 
continuity correction, Fisher’s exact test, and/or 
unadjusted odds ratios (ORs) as appropriate, and The 
p-value was considered significant as the following: 
Probability (P-value) with Statistical significance 
established at p ≤ 0.05.  Fiures 3- 18 show the study 

findings. 

RESULTS 

Fig. 3: Mean age of included patients. 
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Fig. 4: Gender percentage in the included patients. 

Fig. 5:  Relation between Macular perfusion and 
Fundus picture. 

Fig. 6:  Relation between mean Diabetes duration 
and Fundus picture. 

Fig. 7:  Relation between mean Systolic Bp and 
Fundus picture. 

Fig. 8:  Relation between mean Diastolic Bp and 
Fundus picture. 

Fig. 9:  Relation between smoking and the Fundus 
picture. 

Figure 10:  Relation between mean Diabetes 
duration and Macular perfusion. 

 Fig. 11:  Relation between mean Systolic Bp and 
Macular perfusion.  
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Fig. 12:  Relation between mean Diastolic Bp and 
Macular perfusion.  

Fig. 13:  Relation between the percentage of 
smoking and Macular perfusion. 

Fig. 14: Comparison between both groups according 
to the Fundus picture. 

Fig. 15: Comparison between both groups according 
to Macular perfusion. 

Fig. 16: Comparison between both groups according 
to Superficial Vascular Plexus - vessel density (SVP-
VD). 

Fig. 17: Comparison between both groups according 
to Deep Vascular Plexus - vessel density (DVP-VD). 

Fig. 18: Comparison between both groups according 
to FAZ Perimeter.  

DISCUSSION 

This is a prospective case series observational study 
that included 30 eyes of 26 diabetic patients and 14 
eyes of 7 non-diabetic patients as a control group. In 
the diabetic group, the mean age was 46.7 (8.58), 
57.7% of included patients were males, and 
42.3%were females. In non - diabetic group, the 

mean age was 42.29 (5.12), 42.9% of included 
patients were males and 57.1% were females. 

This is similar to Durbin et al. 11 study which 
included 50 eyes from 26 patients with diabetes. In 
the distribution of sex among the diabetic group, 10 
were women and 16 were men. 
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In this study, the diabetic group 40 percent of the 
patients had normal fundus picture and 60 percent 
had mild-NPDR, while the nondiabetic healthy 
control group 100% had normal fundus pictures. 

 Regarding both groups diabetic and nondiabetic, 

patients who had a normal Fundus picture had a 
mean age 46.68 (7.02), 35.3% were males and 
64.7%were females, 46.2% had very mild to mild 
affection of macular perfusion (SVP-VD 50 ± 3.5%, 
DVP-VD 56 ± 3.0%) with FAZ perimeter range (1.3-
1.5) mm, 53.8% did not have the affection of macular 
perfusion and none of the patients had moderate 
affection of macular perfusion, 35.3% were a smoker 

and 64.7% were nonsmoker,  mean Systolic Bp was 
116.32 mmHg(13.42), mean Diastolic Bp was 75.79 
mmHg (9.02) and mean diabetes duration 
17.50(3.37). While in patients who had a mild-NPDR 
Fundus had a mean age 45.00(9.36), 75.0% were 
males and 25.0% were females, 11.1% had very mild 
to mild affection of macular perfusion and 88.9% had 
moderate affection of macular perfusion (SVP –VD 

45 ± 4.5%, DVP-VD 50 ± 4.0 %)  with FAZ 
perimeter range (1.7-2.8) mm, a significant 
difference between groups (P-value <.0001). 81.1% 
were smoker and 18.8% were nonsmoker, mean 
Systolic Bp was 141.11 mmHg (11.32), mean 
Diastolic Bp was 90.56 mmHg (9.38) and mean 
diabetes duration 19.83(3.40). There was a 
significant difference that was found between gender 

(P-value=0.022), smoking (P-value=0.008), Systolic 
Bp (P-value <.0001), Diastolic Bp (P-value <.0001) 
and fundus picture.  

In the present study, as regards the degree of macular 
perfusion; in the diabetic group, 46.7% were very 
mild to mildly affected and 53.3% were moderately 
affected. While Control healthy nondiabetic group 
100 % were not affected.    

Diabetic patients who had Very mild to mild 

affection of macular perfusion had a mean age 48.00 
(7.08), 41.7% were males and 58.3% were females, 
33.3% were a smoker and 66.7% were nonsmokers 
and mean Systolic Bp was 117.14 mmHg (15.41), 
mean Diastolic Bp was 76.43 mmHg (10.08) mean 
diabetes duration 18.00(3.37). While in diabetic 
patients who had moderate affection of macular 
perfusion had a mean age 45.56(9.80), 71.4% were 

males and 28.6% were females, 78.6 % were 
smokers and 21.4% were nonsmokers, mean Systolic 
Bp was 140.63 mmHg (11.81), mean Diastolic Bp 
was 90.00 mmHg (9.66) and mean diabetes duration 
19.69 (3.57). Control group, while macular perfusion 
Not affected, patients had a mean age 42.29 (5.12), 
42.9% were males and 57.1% were females, 57.1 % 
were a smoker and 42.9% were nonsmokers, mean 

Systolic Bp was 122.86 mmHg (16.04) and mean 
Diastolic Bp was 80.00 mmHg (11.55). There was a 
significant difference between both groups regarding 
Systolic Bp (P-value <.0001) and Diastolic Bp (P-
value = 0.003) while other variables showed no 
significant difference.  

Male sex is an independent risk factor for diabetic 
retinopathy. A large-scale study performed in the 

United States revealed that in diabetic patients over 
the age of 40 years, 38% ± 5.5% of men compared 
with 27.1% ± 4.7% of women had diabetic 

retinopathy (OR=2.07; 95% CI, 1.39-3.10).7 While 
the LALES study (Los Anglos Latino Eye Study) 
showed no statistically significant difference in the 
incidence of diabetic retinopathy between different 
sexes, their stepwise multivariate model 

demonstrated that men had a 50% higher risk of 
having any diabetic retinopathy when compared with 
females (OR=1.50; P=0.006) 12.

This is in agreement with Kawasaki et al. 13 meta-
analysis which included 73 studies, among which 19 
studies included type 1 diabetes patients and 56 
studies included type 2, diabetes patients. In type 1 
diabetes, compared with non-smokers, the risk of 

diabetic retinopathy significantly increased in 
smokers (risk ratio (RR) = 1.23, 95% CI 1.14, 
1.33, P < 0.001), and the risk of proliferative diabetic 
retinopathy also significantly increased in smokers 
(RR = 1.48, 95% CI 1.20, 1.81, P < 0.001). In type 2 
diabetes, compared with non-smokers, the risk of 
non-proliferative diabetic retinopathy significantly 
decreased in smokers (RR = 0.92, 95% CI 0.86, 

0.98, P = 0.02) and the risk of proliferative diabetic 
retinopathy also significantly decreased in smokers 
(RR = 0.68, 95% CI 0.61, 0.74, P < 0.001). 

In this study, in the diabetic group, the mean diabetes 
duration was 18.9 (3.52) with a range from 12 to 25 
years. Mean Best-corrected visual acuity (BCVA) 
was as follows: 10% had 6/6, 26.7% had 6/9, 30% 
had 6/12 and 33.3% had 6/18. In the non-diabetic 

group, mean Best-corrected visual acuity (BCVA) 
was as follows: 57.1% had 6/6 and 42.9% had 6/9. 
There was a significant difference between groups 
regarding BCVA (P-value <.001). 

An unmodifiable risk factor, prolonged duration of 
diabetes, has been consistently demonstrated to be a 
risk factor for diabetic retinopathy. Another study 
reported that patients with diabetic retinopathy had 
longer duration of diabetes, double than those 

without retinopathy (25 ± 10 vs 12 ± 8 years; 
P<0.001). This was corroborated by Zhang et al. 14 in 
a large-scale study which found that patients with 
diabetic retinopathy had a longer duration of diabetes 
(15.0 ± 1.6 years vs 7.3 ± 0.8 years; P<0.001). 

In this study, In the diabetic group, mean systolic 
blood pressure was 129.66 mmHg (17.9) with a 
range from 100 to 150, and diastolic blood pressure 

was83.66 mmHg (11.88) with a range from 70 to 100 
mmHg. 57.7% of the patients were smokers while 
42.3% were nonsmokers. In the non-diabetic group, 
mean systolic blood pressure was 122.86 mmHg 
(16.04) with a range from 110 to 150, and diastolic 
blood pressure was 80.00 mmHg (11.55) with a 
range from 70 to 100 mmHg. 57.1% of the patients 
were smokers while 42.9% were nonsmokers. There 

was no significant difference between groups 
regarding Systolic Bp (P-value = 0.458), Diastolic 
Bp (P-value = 0.506) and Smoking (P-value = 
0.979). 

Hypertension was consistently indicated to have a 
positive relation to the development of diabetic 
retinopathy. The LALES study (Los Anglos Latino 
Eye Study) found an OR of 1.26 (P=0.002) for every 

20 mm Hg increase in blood pressure. Furthermore, 
The Hoorn (town north Amsterdam, holland) study 
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estimated that patients with hypertension had more 
than double the risk of developing retinopathy after 
10 years when compared with diabetic patients with 
normal blood pressure. 15.

In the present study, as regard diabetic group mean 

systolic blood pressure was measured among grades 
of macular perfusion affection which was 125(16.4) 
±10 mmHg in very mildly affected to mildly affected 
patients and in moderately affected patients the mean 
was 140.6(11.8) mmHg with a significant difference 
between groups (P-value=0.001). While mean 
diastolic blood pressure was in 81.6(11.6) ±10 
mmHg in very mildly affected to mildly affected 

patients, and in moderately affected patients the 
mean was 90(9.6) mmHg with a significant 
difference between groups (P-value=0.001). In 
agreement with Pascual-Prieto 16 study in which there 
was a difference in macular perfusion between the 
hypertension groups. Analysis of macular perfusion 
showed significantly lower values in the mildly 
affected patients (p = 0.025). The control group had 

higher macular perfusion than the hypertensive 
groups. 

CONCLUSION 

Macular perfusion is affected by diabetes duration 
despite the clinical fundus picture. Early evaluation 
of perfusion is important in preventing prognosis of 
vision despite an uncomplaining patient, 
Hypertension control is important to factor in the 

prognosis of macular perfusion status, OCTA can be 
very beneficial in investigating diabetic patient who 
showed unexplained reduced best-corrected visual 
acuity, microvascular changes begin 1st at the level of 
Superficial vascular plexus (SVP) then Deep vascular 
plexus (DVP), Microvascular changes in deep 
vascular plexus (DVP) and capillary drop out areas in 
DVP associated with worsening BCVA significantly 
more than changes in superficial vascular plexus 

(SVP), and Gender is not a significant risk factor. 
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