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Introduction

Diabetic retinopathy is a frequent and blinding pathology. 
Optical Coherence Tomography Angiography (OCTA) could be a 
promising technique for detecting DR. The aim of our work was 
to study the interest of OCTA in the detection of microvascular 
anomalies in diabetics without DR. 

Patients and Methods

This was a prospective study of 49 patients (40 eyes) in 
Ophthalmology Department B at the Rabat Specialty Hospital. 
28 patients (24 eyes) were diabetic without diabetic retinopa-
thy (DRS) and 21 patients (16 eyes) were Non-Diabetic (ND).

The parameters studied were the size and remodeling of the 
Central Avascular Zone (CAZ), the presence of microaneurysms, 
non-perfusion zones, vascular tortuosity and vascular density in 
the superficial plexus. 

Results

The mean surface area of the CAZ was 0.38 ± 0.1 mm2 in the 
SRD group versus 0.28 ± 0.1 mm2 in the ND group (p=0.023).

The mean values for parafoveal and total vascular density 
were 18.77 ± 1.68mm-1 and 18.47 ± 2.94mm-1 respectively in 
the SRD group versus 20.20± 2.92mm-1 and 20.45 ± 3.36mm-1 
in the ND group (p= 0.082 and 0.011 respectively). ZAC remode-
ling and micro-aneurysms were significantly higher in the SRD 
D group (p<10-4) Vascular tortuosity was noted in 33.3% of SRD 
diabetics and in 18.75% of ND subjects (p=0.040), non-perfu-
sion zones were present in 83.3% of SRD diabetics and in 37.5% 
of ND subjects (p=0.013).

Figure 1: Measurement of the surface area of the ZAC of the 
superficial plexus on a 6 × 6 mm angiogram in a male.

Figure 2: Remodeling of the ZAC in a diabetic patient with rupture 
of the anastomotic arch (red arrow) on a 3x3 angiogram.



Discussion

At the end of this study, we concluded that OCTA can detect 
these microvascular anomalies at a sub-clinical stage by iden-
tifying qualitative changes in the retinal microcirculation, such 
as micro-aneurysms and remodelling of the ZAC.

Indeed, micro-aneurysms are the first clinically detectable 
signs of DR [1], representing indirect signs of retinal ischemia. 

In our series, they were present in 70.8% of SRD diabetics and 
absent in healthy subjects. Cao et al. found micro-aneurysms in 
11.3% of SRD diabetic eyes, but proposed to classify them as 
"preclinical DR [2], De Carlo et al. found micro-aneurysms in 8% 
of SRD diabetics [3], and in Vujosevic's series they were more 
frequent in both plexi for type 1 diabetics and only in the deep 
plexus for type 2 diabetics in the SRD diabetic group. In the se-
ries by Goudotet al, they were absent [4].

 As for remodelling of the ZAC, in 2011, using adaptive op-
tical scanning laser ophthalmoscopy, Tam et al. were able to 
show an alteration in the peri-foveal capillary network in type 2 
diabetic subjects without DR [5].

Over time, A-OCT has established itself in this field of re-
search, and several authors have been able to demonstrate 
more frequent remodeling of the ZAC in diabetic subjects wi-
thout DR than in normal subjects. 

Among these authors, De Carlo et al. defined ZAC remode-
ling as the presence of adjacent ZNPs, ZAC asymmetry or loss 
of normal perifoveal capillary spider-web architecture, and the 
frequency of these lesions in diabetic subjects without DR led 
them to conclude that these irregularities may be the first signs 
of DR [3].

Subsequently Vujosevic, Cao and Choi came to the same 
conclusion [2,6,7].

In our series remodeling of the ZAC a type of ZNPs, tortuosi-
ties, ruptures and irregularities of the capillary border was more 
frequent in SRD diabetic subjects than in normal subjects, with 
a statistically significant difference (P<10ˉ4).

We believe that remodeling would be a more valuable argu-
ment for microvascular modification than the calculation of ZAC 
area, as it is less subject to inter-individual variability.
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However, the area of capillary ischemia, vascular density, 
areas of non-perfusion and vascular tortuosity are not sensitive 
markers of early RD in our series. 

The mean ZAC area was larger in the SRD group without 
there being a statistically significant difference in our series.  
Cao, Mastropasqua and Nesper found no significant difference 
between the two groups in their studies and attributed this to 
the large inter-individual variability of ZAC area in healthy sub-
jects, and concluded that ZAC area is not a sensitive marker 
for defining early DR [2,8,9], in agreement with the studies by 
Simonett and Carnevali, who explained this by the characte-
ristics of the population studied, namely the young age of the 
patients, the type of diabetes (type1) and a lower incidence of 
associated pathologies such as hypertension and dyslipidemia 
than in the other studies [10,11].

Goudot et al. calculated a ZAC widening coefficient between 
the superficial and deep plexus in search of early microvascu-
lar anomalies, independently of inter-individual ZAC variability, 
and found no significant difference between the two groups [4]. 
Dimitrova, De Carlo and Li found a widening of the ZAC in the 
deep and superficial plexus, with a significant difference only 
in the superficial plexus; they explained this by the reduction 
in parafoveal vascular density [3,12,13]. Takase et al. found a 
widening of the ZAC in the deep plexus in SRD diabetics and 
concluded that damage to the macular microcirculation pre-
cedes the development of DR [14]. In more recent studies, Vu-
josevic, Alibhai and Kim have shown an enlargement of the ZAC 
in both plexi in SRD diabetics. 

With regard to vascular density, most studies have focused 
on both the deep and superficial plexus [15]. Alibhai, Goudot 
and Mastropasqua studied parafoveal vascular density in both 
plexi and found no significant difference between the two 
groups [4,8,16].

Simonett and Carnevali, in their studies of type 1 diabetes, 
showed a decrease in parafoveal capillary density in the deep 
plexus, but none in the superficial plexus, and concluded that 
this factor is an early sign of DR in type 1 diabetics, even pre-
ceding the widening and remodelling of the ZAC [10,11]. Stu-
dies by Dimitrova and Cao showed a significant decrease in 
perfoveal vascular density in both the deep and superficial 
plexus between the SRD diabetic group and the non-diabetic 
group [2,12]. In their study, Li et al. demonstrated a significant 
decrease in total and parafoveal capillary density in both plexi 
in type 2 diabetic subjects compared with healthy subjects [13].

In our study, we were unable to demonstrate a significant 
decrease in total and parafoveal capillary density in the super-
ficial plexus between the two groups. Previous studies using FA 
techniques have already demonstrated the presence of ZNPs in 
diabetic patients SRD Consequently, ZNPs are another micro-
vascular change that may precede any abnormality occurring 
in diabetic eyes and can now be easily assessed by OCTA. In our 
study, we found ZNPs in 83.3% of SRD diabetics and in 37.5% 
of ND subjects, with no statistically significant difference. Our 
results are therefore consistent with those of Goudot [4]. in the 
study by Nesper et al. ZNPs were found in both the superficial 
plexus and the choriocapillaris [9]. In contrast, Goudot et al. 
found no significant difference in the presence of ZNPs between 
SRD diabetics and controls [4]. Indeed, OCTA is unable to detect 
low flows of less than 0.3 m/s, so some of the ZNPs detected 
could correspond to areas of low blood flow and not to its com-
plete absence. 

Figure 3: Presence of micro-aneurysms in a diabetic patient on a 3 
× 3 mm angiogram.
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With regard to vascular tortuosity, several studies have 
shown that hyperglycemia is associated with vascular dilatation 
[17,18]. In our study, although our patients were not hyperten-
sive, venous tortuosity was found in 33.3% of SRD diabetics and 
18.75% of ND diabetics, with no statistically significant diffe-
rence between the two groups, which is in line with the series 
by Goudot, De Carlo and Lee [3,4,19].

In the same study, venous tortuosity was not associated with 
DR or DR severity [20]. Goudot, De Carlo and Lee concluded that 
vascular tortuosity represents a variety of the normal and can-
not be considered an early detection parameter for DR [3,4,19].

Nevertheless, these studies did not specify the presence or 
absence of hypertension in their series, which was not the case 
in Vujosevic's study, who, after adjusting Blood Pressure (BP) in 
both groups, concluded that vascular tortuosity was more fre-
quent in the diabetic SRD group [6].

Conclusion

OCTA was able to detect microvascular anomalies in subcli-
nical DR, notably qualitative changes in superficial retinal mi-
crocirculation.
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