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Purpose: To evaluate macular vasculature in diabetic retinopathy (DR) with optical coher-

ence tomography angiography (OCTA) and to correlate vessel density (VD) with retinal

sensitivity (RS) as a way to assess structural and functional findings in DR.

Design: Prospective observational cross-sectional study.

Methods: Diabetic patients with DR but no clinically significant diabetic macular edema

(DME) and healthy subjects were included in this study. All of them underwent comprehen-

sive ophthalmic examination, best corrected visual acuity (BCVA), OCTA with RS-3000

Advance AngioScan (Nidek, Gamagori, Japan) and microperimetry with MP-3 (Nidek,

Gamagori, Japan). Retinal vascular density measured by OCT angiography in 9 areas was

correlated with RS in the same 9 areas by Spearman correlation.

Results: In this study, 50 subjects were enrolled: 25 eyes of diabetic patients with DR and 25

eyes of non-diabetic subjects. Diabetic patients mean age was 51.88±13.62 years; non-

diabetic subjects were 43.48±13.42 years. The BCVA was 20/25 in the diabetic group and

20/20 in the non-diabetic group. Mean RS was decreased in the DR group (27.68±2.71 dB)

compared to the non-diabetic group (31.68±1.46 dB) (p<0.05) and in the 9 studied areas

(p<0.05). Mean VD was decreased in the DR group compared to non-diabetics (p<0.05) and

in 7 of the 9 areas (except temporal superior and inferior squares) (p<0.05). Correlations by

areas between VD and RS were assessed, we found moderate correlation in the area temporal

to the fovea (r=0.501, p=0.01) in the DR group but not in the non-diabetic subjects. There

were no other statistical significant correlations with this pattern.

Conclusion: DR without DME results in a retinal VD decreased that might be the cause of

a reduction of RS in one of the studied areas. Microangiopathic changes are correlated with

microperimetry sensitivity drop in the temporal to the fovea grid but not in the other

studied grids.
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Introduction
Diabetic retinopathy (DR) is a diabetic microvascular complication that affects

macular capillaries and the perifoveal anastomotic arcades.1

New technologies for diagnostic purposes can help us to a better understanding

of DR evolution and prognosis for visual function. Currently, optical coherence

tomography angiography (OCTA) allows us to assess retinal plexuses, separate

them and quantify the vessel density (VD) in each of them.2 OCTA can detect the

characteristics of the deep capillary plexus, visualizing separately, which means an
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advantage over fluorescein angiography, since there are

studies that relate the damage in this structure to the first

signs of DR,3,4 and with the DR progression.5–8

Macular ischemia in advanced stages determines a

poor visual prognosis,9 however, in the large spectrum of

DR severity, the relationship between the diffuse damage

of the different vascular plexuses and their functional

repercussion in visual acuity (VA) and retinal sensitivity

(RS) is still unknown. Microperimetry allows an accurate

topographic correlation between anatomical lesions in the

fundus and corresponding visual function impairment.10

This perimetry with funduscopic control defines the RS

according to the different thresholds of light that a subject

is able to detect at each point of the retina. Microperimetry

shows a positive correlation with retinography and auto-

fluorescence in DR,11 and with OCT in diabetic

maculopathy.12,13

The aim of our study is to evaluate the VD in patients

with DR without macular edema compared to healthy

controls and furthermore, to study if there is a relationship

with microperimetry.

Materials And Methods
A Prospective Cross-Sectional Study Was Conducted

Between April 2018 And June 2018. The study protocol

was approved by Institutional review board of University

Hospital Our Lady of Candelaria and follows the tenets of

the Declaration of Helsinki. Written informed consent was

obtained from all subjects.

Inclusion criteria were subjects with DR without DME,

with best corrected visual acuity (BCVA) of 0.2 or better

in Snellen eye chart, age over 18 years old, spherical

equivalent less than five diopters, no significant media

opacities or other pathology that could interfere in RS.

Exclusion criteria were macular laser in the past, treatment

with antiangiogenic intravitreal therapies in the previous 3

months or dexamethasone implant in the previous 6

months. Normal control eyes were obtained from contral-

ateral eyes of unilateral eye diseases, from patient compa-

nions and from health care providers.

All subjects underwent comprehensive ophthalmic

examination including BCVA, and anterior and posterior

slit-lamp biomicroscopy. DR severity was graded using

indirect ophthalmoscopy examination and retinography.

In case of doubt, DR severity and proliferative diabetic

retinopathy was confirmed using fluorescence angiography

as per physician discretion.

OCTA was obtained by Nidek RS-3000 Advance 2

AngioScan (Nidek, Gamagori, Japan) using a custom

4.5 mm×4.5 mm acquisition protocol centered in fovea.

VD data were collected by areas from the Navis 1.8 soft-

ware and they correspond to the percentage of the surface

that is occupied with vessel and capillaries per area.

Microperimetry was performed in all eyes in mesopic

conditions after 5 mins of dark adaptation with the MP-3

(Nidek, Gamagori, Japan). Diabetic patients were exam-

ined after tropicamide eye drops instillation, while the

healthy subjects’ pupils were bigger than 2.5 mm or they

received mydriatic agents.

We designed a protocol of 13 stimulus points to test RS in

the 4.5 mm×4.5 mm square centered in the fovea (Figure 1).

Our self-designed grid checked in one-point-per-area RS for

nine areas and four extra points were added to evaluate the

central area deeply (Figure 2). We used a red circle of 1° as

fixation target, the backgroundwas 31.4 apostilbs luminance,

the stimulus size was equivalent to Goldmann III test spot

and a 4–2 double staircase strategy.

Finally, we correlate VD automatically provided by soft-

ware in a 9-grid-chart of the superficial and deep plexus

(Figure 3) with RS studied in the same nine macular sectors.

Statistical Analysis
Statistical analyses were performed using SPSS, version

22.0 (IBM, Chicago, USA). An alpha error of 5% was

chosen. Continuous variables were plotted using t-student

Figure 1 Real example of microperimetry performed for the study in a right eye.

Microperimetric results of the right eye of a healthy subject. Retinal sensitivity is

represented on the studied point in green color by a number and express in decibels.
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test in case of normal distribution and otherwise using the

nonparametric Mann–Whitney U-test.

For correlation of VD and RS between both groups

Spearman correlation test was used.

Results
Fifty eyes (25 eyes of 25 DR patients without diabetic

macular edema (DME) and 25 eyes of 25 subjects) were

enrolled in this study. Mean age was 51.88±13.62 years in

Figure 2 Customized 13-points-grid for microperimetry for right and left eyes. Diagram showing the location of each studied point in the microperimetric exam. The

microperimetry covers the 4.5×4.5 mm of the central macula. Note that in each area of the macula the grid is named equally to the same grid in the other eye in order to

analyze them as the same topographic area.

Abbreviation: RS, retinal sensitivity.

Figure 3 Nine-sectors-grid for vessel density measured by OCT-A for right and left eyes. Diagram showing the location of each studied sector in the OCT-A. The exam

covers the 4.5×4.5 mm of the central macula. Note that in each area of the macula the grid is named equally to the same grid in the other eye in order to analyze them as the

same topographic area. Also, correlation between OCT-A and microperimetry are calculated following this grid.

Abbreviation: S, sector.
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the diabetic group and 43.48±13.42 years in the control

group (p=0.39). Gender distribution was irregular in both

groups: 15 males (60%) of diabetic group and 11 males

(44%) of the control group.

DR was proliferative DR in 13 patients (52%) and non-

proliferative in 12 patients (48%), of this group: 3 patients

(12%) suffered from mild DR and 9 (36%) from moder-

ate DR.

Mean Snellen BCVA was 20/25 in diabetic group and

20/20 in the control group, with statistical significant dif-

ferences between both groups. Patient demographics and

clinical characteristics of patients of both groups are

shown in Table 1.

Mean VD in the 4.5 mm×4.5 mm central area for

superficial plexus was 17.45 ±2.94% in the DR group

and 23.31±3.0% in the healthy controls (p<0.05). Mean

VD for the deep plexus was 13.45 ± 2.63% in the DR

group and 20.30± 2.4% in the healthy controls (p<0.05).

Both plexuses were studied in smaller sectors of

1.5 mm×1.5 mm (Figure 3) and we found statistical sig-

nificant differences between both groups in 7 of the 9

studied areas (with the exception of temporal-superior (S

1) and temporal-inferior (S 7) areas). In Table 2 are shown

VD per areas for the superficial plexus and in Table 3 for

the deep plexus.

Mean RS was 27.68± 2.71 dB in the diabetic group and

31.68±1.46 dB in the control group. Highly significant

differences in mean RS were seen in global area and

across all the 9 studied areas (p<0.05) (Table 4).

Correlation between VD and RS in each of the nine

areas were calculated for the two plexuses. A moderate

correlation in the temporal to fovea area (S 4) (r=0.501,

p=0.01) was found in the diabetic group in the deep

plexus, but not in the controls. The remaining correlations

presented no statistical significant differences.

Discussion
The present study analyzes the VD in the superficial and deep

plexuses in healthy subjects and diabetic patients and corre-

lates the capillary drop-out due to diabetic microangiopathy

with a decrease in RS measured by microperimetry.

The main interest of our study is that we have related

microperimetry with OCTA, something that had not been

done before this moment to our knowledge. This correla-

tion examines from the topographic point of view the

microvascular damage in the macula of diabetic patients

and the repercussion in the function of each area.

There are a small number of publications about micro-

perimetry in DR without macular edema,14 because micro-

perimetry is not a clinical practice test in many countries.

However, other macular disorders had been widely studied

with microperimetry, for example: age-related macular

degeneration,15–20 retinal dystrophies,21–23 myopia24–26

and DME.12,13

Likewise, there is a rising number of publications

about OCTA and DR,27 however, nowadays the applica-

tion of this new technology in clinical practice has still not

been settled down. Through the application of image

Table 1 Patients Demographics And Clinical Characteristics Of Diabetic Patients With Diabetic Retinopathy And Non-Diabetic Controls

Clinical Characteristics Diabetics With DR Non-Diabetic Controls p-Values

N, eyes 25 25

Age, years, mean (SD)a 51.88 (13.62) 43.48 (13.42) 0.039

Sex, n, female/male 15/10 11/14

BCVA, Snellen, mean (SD)b 0.8 (0.21) 0.98 (0.05) <0.001

Eye, n, right/left 14/11 13/12

Diabetic macular edema No –

Diabetic retinopathy severity

● Mild, n (%) 3 (12%) –

● Moderate, n (%) 9 (36%) –

● Proliferative, n (%) 13 (52%) –

Notes: aDiabetic group is older than control subjects (Mann–Whitney U-test). bBCVA is better in control group than diabetic group (Mann–Whitney U-test).
Abbreviations: DR, diabetic retinopathy; N, sample size; n, sample size; BCVA, best corrected visual acuity.
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processing and analysis software, OCTA allows us to

compare data of the main changes in the macula of dia-

betics. Recent publications report values of normality of

vessels densities in the macula and quantitative parameters

of the foveal avascular zone (FAZ) in healthy patients

compared with diabetics.28–32 However, the values

Table 2 Vessel Density In Superficial Capillary Plexus In The 9-Areas-Grid In Diabetic Retinopathy And Controls

Grid Mean VD Superficial Plexus Diabetic Group (SD) Mean VD Superficial Plexus Control Group (SD) P-Value

S 1 19.84 (3.82) 20.12 (4.20) 0.807

S 2 21.28 (3.18) 24.16 (3.98) 0.004*

S 3 23.36 (3.12) 26.88 (5.22) <0.001*

S 4 20.48 (3.92) 23.64 (4.89) 0.007*

S 5 14.96 (4.03) 19.12 (4.03) 0.002*

S 6 20.60 (6.02) 26.12 (3.63) <0.001*

S 7 19.24 (3.99) 19.92 (5.05) 0.600

S 8 20.20 (5.38) 23.20 (4.49) 0.009*

S 9 22.76 (4.93) 26.68 (3.22) <0.001*

Notes: Mean vessel density values in superficial plexus are shown in the two groups. Note that statistical significant differences are seen in nasal and central areas but not in S 1 and

S 7 (temporal-superior and temporal-inferior areas). * Statistical significant differences (p<0.05).

Abbreviations: VD, vessel density; S, sector.

Table 3 Mean Vessel Density In Deep Capillary Plexus In The 9-Areas-Grid In Diabetic Retinopathy Group And Healthy Control Group

Grid Mean VD Deep Plexus Diabetic Group (SD) Mean VD Deep Plexus Control Group (SD) P-Value

S 1 15.24 (4.37) 16.76 (3.84) 0.198

S 2 14.92 (5.04) 19.44 (3.45) 0.001*

S 3 13.52 (6.38) 18.20 (4.38) 0.004*

S 4 16.76 (4.61) 20.00 (3.34) 0.007*

S 5 7.72 (3.81) 13.28 (3.82) <0.001*

S 6 14.76 (6.30) 22.64 (3.63) <0.001*

S 7 13.72 (4.47) 14.24 (5.58) 0.718

S 8 13.16 (5.62) 16.76 (4.64) 0.017*

S 9 11.32 (4.85) 15.80 (4.89) 0.002*

Notes: Mean vessel density values in deep plexus are shown in the two groups. Statistical significant differences are remarkable in the nasal and central areas but not in S 1

and S 7 (temporal-superior and temporal-inferior sectors). * Statistical significant differences (p<0.05).

Abbreviations: VD, vessel density; D, deep plexus sector.

Table 4 Mean Retinal Sensitivity In Each Point Of The 13-Points-Grid In Diabetic Retinopathy Group And Control Group

Point Mean RS Diabetic Group (SD) Mean RS Control Group (SD) P-Value

1 26.08 (5.92) 30.92 (2.72) <0.001

2 28.36 (2.61) 32.00 (1.44) <0.001

3 28.08 (2.31) 31.56 (2.10) <0.001

4 27.76 (6.29) 32.72 (1.84) <0.001

5 23.80 (6.58) 30.80 (2.77) <0.001

6 29.96 (1.81) 32.48 (1.66) <0.001

7 28.88 (1.90) 31.64 (1.82) <0.001

8 28.56 (3.27) 31.44 (2.12) <0.001

9 28.32 (3.20) 31.88 (1.76) <0.001

10 26.96 (5.21) 31.88 (1.86) <0.001

11 28.48 (2.96) 31.84 (2.23) <0.001

12 27.04 (5.77) 31.76 (1.96) <0.001

13 28.72 (4.50) 31.04 (4.48) <0.001

Notes: In this table mean retinal sensitivity is represented for the DR patients and for control subjects. All the studied points prove statistical significant differences (p<0.05)

between the two groups.
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provided by this new technology depend on the equipment

and even the test protocol used.32

DR produces a decrease in capillary vascular mesh in

superficial and deep plexuses, which is greater as the severity

of DR increases,33–35 and is earlier and more pronounced

in the deep plexus than in the superficial one.5,8,27 Similarly,

in our report, the mean VD in both plexuses is reduced in

patients with DR versus controls. The relationship with the

severity of DR has not been analyzed since we do not have a

homogeneous distribution of the disease in each of the cate-

gories of the DR classification, for instance, 52% of our

sample were diagnosed of proliferative DR.

This study provides a topographic point of view of

OCTA of the macula, since the new software of our device

gives us the global densities and densities divided into

nine areas (in a grid of 3×3 cells and in the nine areas of

the Early Treatment Diabetic Retinopathy Study diagram).

In this way, it provides knowledge about the most affected

region of the macula in DR. In our study, we collected data

from the grid of 3×3 cells on the protocol of

4.5 mm×4.5 mm. Our data indicate that the loss of capil-

laries in DR is more pronounced in the nasal and central

sectors than in the temporal sectors.

In the past, perifoveal capillary arcade morphology and

flow speed were studied with fluorescein angiography,

fluorescein videoangiography36 and digital fluorescein

angiograms.1 Specifically, in the diabetic eye, it can be

found an increase in the area of the FAZ and the inter-

capillary areas in the perifoveal region.1,34,36 For research

purpose, the authors cited below calculated areas using

computer tools and thus they obtained quantitative data.

However, we have not found a topographic VD analysis,

despite that previous reports highlight that the presence of

papillomacular ischemia was particularly associated with

VA reduction.34

To focus on the correlation between OCTA and micro-

perimetry, we find a statistically significant difference

between healthy subjects and diabetic patients in 7 of the

9 areas of both the superficial and deep plexuses and also

in all the points of RS studied. However, the correlation

between these two tests is weak in 8 of the 9 sectors and

only in one sector (temporal to the fovea, S 4) presents a

moderate correlation force (r=0.501, p <0.05).

In our study, we measure the functional impairment by

microperimetry using a “fast-test”, we explore only one point

per sector, as it has already been done previously.37 In this

way, we have decreased the test duration but we have sub-

tracted power to detect small scotomas by microperimetry.

This may be the reason why our study finds a correlation

strength between the two tests lower than we expected and

that we only find a medium correlation in one of the nine

sectors. Another possible factor that reduces the power of the

study is the sample size; however, the fact that most patients

with RD have advanced severity degrees of DR may have

compensated for this limitation.

In other studies, microperimetry for diabetic maculopathy

examination is done with pre-established patterns that study

the 20° of central vision.38–40 In contrast, we decided to

customize a grid that was superimposable to the OCTA

cube of 4.5 mm on each side. We obtained that the mean

RS and the RS in each of the 13 studied points was lower in

the group of diabetics even though they did not present

macular edema.

In clinical practice, VA is used to determine functional

damage due to DME; however, this test can be gross and

inadequate. Microperimetry is able to detect a decrease in

RS in diabetic patients with retinopathy and without macu-

lar edema,41 and even without DR.42,43 Likewise, it is able

to detect significant differences in RS between a group of

pre-diabetics and a group of healthy subjects but is not

clear the exact pathophysiological mechanism.44

Frequently, a decreased function (measured by RS or VA)

is associated with macular edema.45,46 But there are other

disorders that may reduce RS such as, for example, the

disruption of the photoreceptor layer in diabetic maculopathy

that can be detected with autofluorescence, showing a good

correlation with MP in these areas.47,48 A recent study with

OCTA indicates that the lack of perfusion of retinal capil-

laries, particularly those of the deep plexus, is associated with

disruption of the photoreceptor inner segment/outer segment

layer.49 Therefore, we can conclude that these injuries are

related between themselves.

In our protocol, we excluded patients previously trea-

ted with macular laser since argon laser decreases RS,37,50

and probably it also modifies VD, although studies about

this topic have not been found. Patients with proliferative

DR, who had been treated with panretinal photocoagula-

tion in the past, are accepted in the study as this laser does

not modify macular perfusion in treated patients.51

In summary, in patients with type 2 diabetes with DR

without DME, retinal sensitivities and vessel densities are

decreased compared to healthy subjects, proving a statistical

significant correlation between microperimetry and OCTA of

medium-strength in temporal to the fovea (S 4) area and no

statistical significant and weak correlation in the other eight

areas. Recent studies find that RS and VD are decreasing
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according to the severity of RD,33,34,43 so before this study, our

hypothesis was that there was a strong correlation between

both variables, however the sample size, currently available

technology, or microperimetric grid have not been enough

powerful to make it evident. Further studies with larger sample

sizes are needed to confirm our hypothesis.
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