
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iann20

Annals of Medicine

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/iann20

Evaluation of optical coherence tomography
angiography and pattern and flash
electroretinography in diabetes mellitus without
retinopathy

Burcu Polat Gültekin & Mualla Hamurcu

To cite this article: Burcu Polat Gültekin & Mualla Hamurcu (2024) Evaluation of
optical coherence tomography angiography and pattern and flash electroretinography
in diabetes mellitus without retinopathy, Annals of Medicine, 56:1, 2397573, DOI:
10.1080/07853890.2024.2397573

To link to this article:  https://doi.org/10.1080/07853890.2024.2397573

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 05 Sep 2024.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iann20
https://www.tandfonline.com/journals/iann20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07853890.2024.2397573
https://doi.org/10.1080/07853890.2024.2397573
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2024.2397573?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2024.2397573?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2024.2397573&domain=pdf&date_stamp=05 Sep 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2024.2397573&domain=pdf&date_stamp=05 Sep 2024


Research Article

Annals of Medicine
2024, VOL. 56, NO. 1, 2397573

Evaluation of optical coherence tomography angiography and pattern and 
flash electroretinography in diabetes mellitus without retinopathy

Burcu Polat Gültekina  and Mualla Hamurcub

aDepartment of Ophthalmology, Ankara Sehir Hastanesi, Cankaya, Turkey; bAnkara Bilkent City Hospital Ophthalmology Clinic, Ankara, 
Turkey

ABSTRACT
Purpose:  To evaluate the findings and the correlation of optical coherence tomography 
angiography and pattern and flash electroretinography in diabetes mellitus without retinopathy.
Methods:  Seventy-six eyes of 38 diabetic patients and age- and gender-matched control subjects 
were included in the study. The foveal avascular zone (FAZ), whole, foveal, parafoveal and 
perifoveal vascular densities of the superficial capillary plexus (SCP), deep capillary plexus (DCP) 
and choriocapillary plexus (CCP) layers were analyzed using optical coherence tomography 
angiography (OCTA). The amplitudes and implicit times of P50 and N95 waves of the pattern ERG 
(pERG) and the amplitudes and implicit times of the scotopic and photopic b-waves and oscillatory 
potentials (OP) of the flash ERG (fERG) tests were evaluated using the Metrovision brand monpack 
model device.
Results:  The mean age of the patients was 59.7 ± 7.9 [range 43–79] years. Eighteen (47%) of the 
patients were female and 20 (53%) were male. The mean duration of diabetes was 7.45 ± 6.2 
[range 1–20] years. No significant difference in FAZ area was found between study subjects and 
controls. Vascular density (VD) values of the superficial capillary plexus (SCP) layer were significantly 
lower (whole VD, 44.7 ± 3.3 vs. 46.6 ± 3.2%, p = 0.01, foveal VD 16.8 ± 6.4 vs. 24.9 ± 6.1%, p < 0.01, 
parafoveal VD 45.6 ± 4.5 vs. 47.1 ± 4.4%, p = 0.27 and perifoveal VD 45.5 ± 3.3 vs. 47.3 ± 3.1%, p = 0.01, 
respectively) in the diabetic group except the parafoveal area. VD measurements in deep and 
choriocapillary plexuses did not significantly differ between the groups (p > 0.05). ERG tests 
revealed significantly lower scotopic b-wave amplitudes (130.2 ± 39.3 µV vs.163.3 ± 47.8 µV, p < 0.01) 
and photopic b-wave amplitudes (83.2 ± 20.7 µV vs. 99.6 ± 29.4 µV, p < 0.01) in the diabetic patients. 
The implicit time of the photopic responses was significantly prolonged (28.9 ± 1.3 ms vs. 
27.8 ± 2.1 ms, p = 0.01) in the patients. Oscillatory potentials in all components consisting of O1 to 
O4 and the sum of the OP potentials were lower in the diabetic group than the control subjects 
(p < 0.001). The P50 and N95 amplitudes and implicit times were comparable between the groups 
(p > 0.05). Correlation analysis showed a positive correlation between N95 amplitudes in pERG and 
the superficial vessel densities in OCTA (r = 0.26, p = 0.04). A negative correlation was found 
between photopic implicit times in fERG and the choriocapillary vessel densities (r=-0.27, p = 0.03).
Conclusion:  OCTA revealed decreased superficial vascular densities with the onset of the 
metabolic process of diabetes mellitus. As a result of these structural changes, lower scotopic and 
photopic amplitudes, decreased OP amplitudes, and prolonged implicit times in flash ERG were 
obtained. 

Introduction

Diabetic retinopathy (DR) is the most common compli-
cation of diabetes mellitus and the leading cause of 
preventable blindness in the working population. DR 
can be diagnosed by the microaneurysms and retinal 
hemorrhages seen on ophthalmoscopy and color fun-
dus photography. Nonetheless, microvascular damage 

due to the reduction of retinal perfusion is known to 
begin before the findings are detected on clinical 
examination [1].

The increased clinical use of optical coherence 
tomography angiography (OCTA), which is a current 
noninvasive angiographic technique, has revealed 
important pathophysiological findings such as 
decreased superficial and deep parafoveal vascular 
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densities in diabetes mellitus without clinically appar-
ent retinopathy [2]. Additionally, an increase in FAZ 
area was detected in diabetic subjects compared to 
controls, suggesting subclinical macular ischemia [3].

Pattern and flash ERGs are both non-invasive and 
sensitive methods for detecting early pathological 
changes. Flash ERG assesses the electrophysiological 
response of the entire retina to a light stimulus. 
Oscillatory potentials (OPs) represent interactions of 
the inner retinal cells and amacrine cells, and are 
related to ischemic retinal conditions, proposing early 
functional changes before the appearance of vasculop-
athy [4,5]. Studies have shown prolongation of the 
implicit time or a reduction of the oscillatory potential 
amplitudes of the full-field ERGs, which demonstrate 
abnormal function of the inner retinal neurons, in dia-
betic patients with no clinically detectable retinopathy 
[6,7]. Pattern ERG is also an objective method showing 
both retinal neuron and optic nerve functions in dia-
betic patients [8]. Some studies have depicted signifi-
cantly reduced P50 and N95 amplitudes and delayed 
implicit times in diabetic patients with no retinopathy, 
indicating the impairment of macular cone cells and 
retinal ganglion cells [9,10].

Few studies have investigated the combined results 
of ERG and OCTA assessments in diabetic patients 
without clinically apparent diabetic retinopathy. 
Pandurangan et al. have reported a significant decrease 
in functional parameters measured by fERG, especially 
in the photopic negative response, while the OCTA 
findings were normal in diabetic patients without reti-
nopathy [11]. Zeng et  al. have described a decrease in 
vascular parameters in SCP and delayed implicit time 
with decreased amplitudes in ERG parameters in dia-
betes with no retinopathy [12].

In this study, we aimed to evaluate the findings of 
the optical coherence tomography angiography and 
pattern and flash electroretinography in diabetes mel-
litus without retinopathy.

Methods

A total of 38 diabetic patients without retinopathy and 
38 age- and gender-matched control subjects were 
enrolled in the study, which was approved by the 
Institutional Review Board of Ankara City Hospital and 
complied with the tenets of the Declaration of Helsinki. 
Written informed consent was obtained from the 
participants.

Patients who had been diagnosed with type 2 diabe-
tes mellitus for more than one year without any signs 
of diabetic retinopathy were analyzed. Examinations 
comprised the measurement of best-corrected visual 

acuity (BCVA), slit-lamp biomicroscopy, dilated fundos-
copy, optic coherence tomography angiography (OCTA) 
imaging, pattern and flash-ERG tests. All patients and 
control subjects had a BCVA of 20/20. Exclusion criteria 
included the presence of any retinal vascular disease, 
glaucoma, macular degeneration, optic neuritis, previ-
ous laser treatment and additional systemic or  
neurological diseases. High myopia in addition to other 
refractive errors more than 3 diopters were also 
excluded.

For OCTA images, the AngioVue OCTA (RTVue, 
Optovue, CA, USA) system was used in a 6 × 6 mm 
scanning area with 70,000 A-scans per second. The 
instrument uses a scanning light centered at 840 nm 
with a bandwidth of 45 nm and provides 5 µm axially 
tissue resolution [13]. The superficial, deep and cho-
riocapillary vascular layers were generated automati-
cally by the software. The superficial capillary plexus 
(SCP) layer was defined as a slab extending from 3 to 
15 microns from the inner limiting membrane. The 
deep capillary plexus (DCP) layer was defined as a 
slab extending from 15 to 70 microns below the 
inner limiting membrane and a slab extending from 
30 to 60 microns below the retinal pigment epithe-
lium was the reference for the choriocapillary plexus 
(CCP) layer. Low-quality images with a signal strength 
index < 50 were excluded. Vessel densities were mea-
sured as the ratio of the vessel pixels to the total 
number of pixels as a percentage. The foveal avascu-
lar zone (FAZ) was measured qualitatively after auto-
mated detection in mm2.

In accordance with the International Society for 
Clinical Electrophysiology of Vision (ISCEV) standards, 
the pattern (pERG) and flash ERG (fERG) tests were 
performed using the Metrovision brand monpack 
model device [14]. For pERG, corneal recording test 
electrodes were placed on the tested eyes. The refer-
ence and ground electrodes were placed in the outer 
canthus and the forehead. Stimulation was supplied 
from a television screen in the shape of a chessboard. 
For the fERG test, performed after pupillary dilation, 
dark-adapted (DA) ERG, light-adapted (LA) ERG, and LA 
flicker ERG were done. Hawlina–Konec loop electrodes 
were used. For dark adaptation, patients were kept in 
total darkness for 30 min. The DA ERGs included 
responses to flash strengths (in photopic units; phot) 
of 0.01, 1.0, 3 and 10 phot cd·s·m−2 (DA 0.01; DA 1.0; 
DA 3; DA 10). For light adaptation, patients were given 
15 min to adapt to the light. The LA ERGs were to a 
flash strength of 3 phot cd·s·m−2, superimposed on a 
light-adapting background (luminance 30 cd·m−2) as 
single flashes (LA 3 ERG) and at a frequency close to 
30 Hz (LA flicker 30 Hz ERG). Rod response b-wave 
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amplitudes (μV) and cone response b-wave amplitudes 
(μV), and flicker responses (μV) were compared [10].

Statistical analysis

Statistical analyses were performed with the SPSS 18.0 
software (SPSS, Inc. Chicago, IL, USA). Demographic 
data were presented as percentages and clinical data 
as means and standard deviations. The normality of 
the data was evaluated with the Shapiro-Wilk test. The 
Mann-Whitney U-test was used for the comparisons 
between groups. Spearman correlation coefficients 
were calculated to assess correlations between whole, 
foveal, perifoveal and parafoveal vessel densities and 
ERG parameters. p < 0.05 was considered statistically 
significant.

Results

A total of 38 (18 female, 20 male) patients and 38 (16 
female, 22 male) control subjects were enrolled. The 
mean age was 59.7 ± 7.9 [range 43–79] years and 
58.2 ± 6.4 [range 43–68] years in the diabetic and con-
trol groups, respectively. No difference was detected 
between the groups in terms of age and gender 
(p = 0.37, p = 0.64). The mean duration of diabetes mel-
litus was 7.45 ± 6.2 [range 1–20] years. The BCVA was 
20/20 in all patients in both groups. Slit-lamp biomi-
croscopy findings revealed no evidence of cataract or 
other anterior segment abnormality. Dilated fundos-
copy did not show any retinal vascular abnormality. 
The participants’ demographic information is listed in 
Table 1.

The FAZ area of the diabetic and control subjects 
was 0.282 ± 0.10 mm2 and 0.287 ± 0.11 mm2, respec-
tively. There was no significant difference between the 
groups (p = 0.14). Vascular density (VD) values of the 
superficial capillary plexus (SCP) layer except the para-
foveal area were significantly lower in the diabetic 
group than in the control subjects (p < 0.05). However, 
VD measurements in deep and choriocapillary plex-
uses did not significantly differ between the groups 
(p > 0.05) (Table 2).

In electrophysiological studies, the PERG test results 
revealed comparable amplitudes and implicit times of 

the P50 and N95 waves between the groups (p > 0.05). 
The FERG test showed significantly lower scotopic 
amplitudes with a mean value of 130.2 ± 39.3 µV and 
photopic amplitudes with a mean value of 83.2 ± 20.7 µV 
in the diabetic patients (p < 0.01). The mean implicit 
time of the rod responses was comparable between the 
groups (43.9 ± 3.1 ms vs. 43.4 ± 3.7 ms, p = 0.38). However, 
the mean implicit time of the cone responses was sta-
tistically significantly prolonged in these subjects 
(28.9 ± 1.3 ms vs. 27.8 ± 2.1 ms, p = 0.01). Oscillatory 
potentials of all components (O1–O4, 15.5 ± 5.2, 
33.4 ± 12.4, 33.4 ± 13.7, 27.4 ± 12.0 µV, respectively) and 
the sum of OP amplitudes (85.5 ± 36.5 µV) were signifi-
cantly lower than the control subjects (p < 0.001) in the 
diabetic group. However, implicit times of the OPs were 
comparable between the groups (Table 3; Figure 1).

Evaluating the correlation between the whole vessel 
densities in the capillary layers and ERG parameters 
revealed a positive correlation between the N95 ampli-
tudes and superficial vessel density (r = 0.26, p = 0.04). 
Moreover, the photopic implicit time values were nega-
tively correlated with the choriocapillary vessel densities 
(r= −0.27, p = 0.03). There was no correlation between 
the sum of OP amplitudes and vessel densities in the 
capillary layers. The correlations between electrophysio-
logical parameters including all OP components and 
foveal, parafoveal and perifoveal areas in SCP, DCP and 
CC layers showed no statistical significance between the 
diabetic and control groups (Table 4).

Discussion

Optical coherence tomography angiography (OCTA) 
has been widely investigated and several studies have 

Table 1. D emographic data of the study groups.
Characteristics Diabetic group Control group

N. of participants 38 38
Gender (female/male, %) 18/20 (47/53) 16/22 (42/58)
Mean age ± SD, years 59.7 ± 7.9 58.2 ± 6.4
Diabetes duration ± SD, 

years
7.45 ± 6.2 NA

N: number, SD: standard deviation, NA: not available.

Table 2. C omparison of optical coherence tomography angi-
ography parameters between the groups.
Parameters Diabetic group Control group p*

Foveal avascular 
zone (mm2)

0.282 ± 0.10 0.287 ± 0.11 0.14

SCP (VD, %)
  Whole 44.7 ± 3.3 46.6 ± 3.2 0.01*
 F oveal 16.8 ± 6.4 24.9 ± 6.1 <0.01*
  Parafoveal 45.6 ± 4.5 47.1 ± 4.4 0.27
  Perifoveal 45.5 ± 3.3 47.3 ± 3.1 0.01*
DCP (VD, %)
  Whole 44.0 ± 5.1 45.5 ± 4.9 0.52
 F oveal 33.8 ± 6.9 35.7 ± 6.8 0.09
  Parafoveal 50.6 ± 4.2 51.6 ± 4.6 0.96
  Perifoveal 45.7 ± 5.5 46.2 ± 5.6 0.56
CCP (VD, %)
  Whole 66.4 ± 7.1 67.8 ± 3.4 0.17
 F oveal 65.1 ± 8.6 60.9 ± 7.6 0.55
  Parafoveal 65.6 ± 6.4 66.4 ± 3.8 0.37
  Perifoveal 67.4 ± 6.7 68.6 ± 3.6 0.15

*p value of the Mann-Whitney U-test.
SCP: superficial capillary plexus, DCP: deep capillary plexus, CCP: chorio-
capillary plexus, VD: vascular density.
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revealed a decrease in vascular densities in diabetic 
subjects [2,15–17]. The findings of the current study 
have revealed lower SCP vessel densities. Endothelial 
cell damage and pericyte loss in the capillaries due to 
retinal ischemia may result in deterioration of the 
superficial vascular layers. Ong et  al. [16] have also 
described a downward trend in the SCP (46.38 ± 4.93% 
in the healthy group vs. 45.76 ± 4.77% in the diabetic 
group with no retinopathy) with increased severity  
of retinopathy. Zeng et  al. indicated significantly 
decreased parafoveal and perifoveal VDs in both 

superficial and deep capillary layers (49.97 ± 4.45 and 
48.12 ± 4.01% in the SCP, 52.70 ± 4.51 and 48.62 ± 6.39% 
in the DCP) in the diabetic group and a correlation 
between delayed implicit times in FERG and the para-
foveal VD decrease in the SCP [12].

Early studies of the cellular origins in pERG high-
lighted the P50 peak because of its similarity to the b 
response on the full-field electroretinogram. Mafei and 
Fiorentini demonstrated that the pERG amplitude was 
completely lost with the retrograde damage to the reti-
nal ganglion cells. Additional human and experimental 
studies have shown that pERG reflects ganglion cell 
function, but also has a contribution from the distal ret-
ina [18]. On the other hand, there are controversial data 
regarding the abnormalities and importance of pERG in 
diabetes. Deák et  al. have depicted significantly reduced 
P50 and N95 amplitudes (5.53 ± 2.54 µV) and delayed 
implicit times (55.81 ± 4.65 ms and 100.1 ± 8.36 ms) in 
diabetic patients with no retinopathy [10]. However, 
Park et  al. have reported nonsignificant abnormalities  
in pERG (9.77 ± 2.15 µV), photopic negative response 
(37.29 ± 11.25 µV) in fERG and post-illumination pupil 
response (0.37 ± 0.11 µV) in diabetic subjects who had 
no clinically apparent diabetic retinopathy [19]. Our 
results have also shown minimally reduced P50 and N95 
amplitudes and prolonged implicit times in the diabetic 
group, without statistical significance. Arden et  al. have 
emphasized that pERG is a sensitive indicator of macu-
lopathy in diabetes, and the mean pERG values of 
4.8 ± 9 µV(3.7–6.2) are reduced with the presence of fun-
doscopic and angiographic areas of capillary nonperfu-
sion despite the lack of any visual symptoms [20]. 
Another study has also indicated reduced pERG ampli-
tudes with a mean value of 0.40 µV compared to the 

Table 3. C omparison of electrophysiological test results 
between the groups.
Electrophysiological 
tests Diabetic group Control group p*

Pattern ERG
  P50 amplitude 4.69 ± 2.49 4.72 ± 3.25 

51.0 ± 1.3
0.95

 I mplicit time 52.5 ± 5.8 −5.30 ± 4.46 0.36
 N 95 amplitude −5.18 ± 3.03 88.6 ± 17.6 0.47
 I mplicit time 91.9 ± 16.4 0.24
Scotopic b-wave
  Amplitude 130.2 ± 39.3 163.3 ± 47.8 <0.01*
 I mplicit time 43.9 ± 3.1 43.4 ± 3.7 0.38
Photopic b-wave
  Amplitude 83.2 ± 20.7 99.6 ± 29.4 

27.8 ± 2.1
<0.01*

 I mplicit time 28.9 ± 1.3 0.01*
OP amplitudes
 O P1 amplitude 15.5 ± 5.2 21.2 ± 7.1 <0.001*
 O P1 implicit time 19.5 ± 1.5 19.3 ± 2.2 0.56
 O P2 amplitude 33.4 ± 12.4 49.6 ± 16.4 <0.001*
 O P2 implicit time 22.9 ± 1.7 22.6 ± 1.7 0.28
 O P3 amplitude 33.4 ± 13.7 50.8 ± 16.6 <0.001*
 O P3 implicit time 26.3 ± 3.1 25.8 ± 2.0 0.24
 O P4 amplitude 27.4 ± 12.0 45.7 ± 16.4 <0.001*
 O P4 implicit time 29.5 ± 3.1 28.7 ± 1.8 0.06
 S um of OP 

amplitudes
85.5 ± 36.5 139.6 ± 49.4 <0.001*

*p value of the Mann-Whitney U-test.
Amplitudes are in microvolts (µV) and implicit times are in milliseconds.

Figure 1.  Representative ERGs in the diabetic without retinopathy.
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controls in insulin-dependent diabetics with no clinical 
evidence of retinopathy [21]. Yet another study has 
demonstrated lower P50-N95 component amplitudes of 
pERG parameters with a mean value of 3.19 ± 1.60 µV in 
diabetic patients with no clinically evident retinopathy. 
This last study demonstrated significant alterations in 
pERG parameters associated with the degree of the DR 
severity in type 2 diabetes mellitus [22].

Considering the higher metabolic demand and ele-
vated oxidative stress of the diabetic retina, reduced 
b-wave amplitudes can be expected in the fERG. Kim 
et  al. have also described abnormal amplitudes and 
implicit times in the rod-derived ERG responses 
(149.62 ± 51.48 µV and 105.59 ± 10.44 ms) in the group 
without diabetic retinopathy, but the alteration in the 
cone-derived ERG responses was not significant. They 
pointed out a tendency for decreased values, in accor-
dance with DR severity, including the scotopic b-wave, 
combined b-wave, photopic b-wave, and oscillatory 
potentials [23]. Our results showed similarly reduced 
scotopic ERG amplitudes and prolonged implicit times 
in the diabetic group but the photopic response 
amplitudes and implicit times were also lower. 
Furthermore, a recent study emphasized a prolonga-
tion of the combined photoreceptor and bipolar cell 
responses in the scotopic ERG in the diabetes mellitus 
without retinopathy and nonproliferative diabetic reti-
nopathy groups [7].

Our study revealed significantly decreased OP val-
ues in terms of all the components and the sum OP 
values in the diabetic group. Similarly, Gualtieri et  al. 
tested 34 diabetic patients and reported that the inner 
retinal component data obtained from oscillatory 
potentials were more significantly affected than those 
from the outer retinal components and were associ-
ated with confounded color discrimination without ret-
inopathy. They indicated that abnormal responses 
were more prevalent in O1 OP, with a percentage of 

85% [6]. Luu et  al. also described decreased OP ampli-
tudes from OP1 to OP4 (15.42 ± 4.06, 25.12 ± 7.37, 
12.09 ± 5.32, 7.04 ± 3.08 µV) and a significantly lower 
implicit time of OP2 (25.64 ± 0.81 ms) in the group 
without diabetic retinopathy [24]. Coupland et  al. have 
also stated that the OP amplitudes (OP1:1.2 ± 1.20, 
OP2: 5.1 ± 1.45, OP3:3.1 ± 0.9, OP4:2.9 ± 0.99 µV) were 
found to be significantly diminished in diabetic 
patients with no evidence of diabetic retinopathy 
accompanying the normal pERG values (P-Q wave 
amplitude as 2.9 ± 1.9 µV vs. 3.2 ± 1.8 µV and Q-R wave 
amplitude as 6.8 ± 2.5 µV vs. 6.8 ± 2.0 µV). Therefore, the 
study reported that OP measures were more sensitive 
than pERG measures in identifying abnormal electro-
retinal function in diabetic patients with no photo-
graphic retinopathy [25].

The correlation analysis showed a positive correla-
tion between the N95 amplitudes in pERG and super-
ficial vessel densities in OCTA images and a negative 
correlation between the photopic implicit times in 
fERG and the choriocapillary vessel densities. Our find-
ings suggest that the decrease in superficial vascular 
density is associated with the pERG parameters, result-
ing in decreased N95 amplitudes in electrophysiologi-
cal studies. When the relationship between photoreceptor 
integrity and retinal perfusion is considered, it may 
also be hypothesized that the decrease in choroidal 
perfusion results in the deterioration of cone retinal 
functions. Therefore, the microvascular impairment could 
be promoting the retinal cell damage detected by 
electrophysiological studies.

According to the study of Kim et  al. a positive cor-
relation was identified between the scotopic and com-
bined b-wave amplitudes and vessel densities of the 
superficial plexus. The study also denoted a negative 
correlation between the implicit times and superficial 
VDs in the scotopic and combined response b-waves 
[23]. A recent study has also emphasized the correlation 

Table 4. S pearman’s correlation coefficients of functional and structural parameters in the diabetic and control groups.
Superficial VD Deep VD CCP VD

Parameters Diabetic control Diabetic control Diabetic control

Pattern ERG
  P50 amplitude −0.06, 0.61 0.48, 0.47 0.18, 0.17 −0.04, 0.70 −0.03, 0.83 0.08, 0.50
  Implicit time 0.10, 0.43 0.06, 0.61 0.09, 0.45 0.12, 0.28 0.12, 0.37 −0.16, 0.17
  N95 amplitude 0.26, 0.04* −0.09, 0.42 0.02, 0.88 0.07, 0.52 −0.03, 0.82 −0.07, 0.51
  Implicit time −0.23, 0.07 0.18, 0.11 −0.05, 0.72 −0.05, 0.68 −0.24, 0.06 −0.14, 0.21
Scotopic b-wave
  Amplitude 0.08, 0.51 0.06, 0.59 −0.05, 0.68 0.15, 0.20 0.11, 0.40 −0.28, 0.12
  Implicit time 0.12, 0.32 −0.14, 0.25 0.14, 0.26 0.08, 0.46 0.08, 0.52 −0.11, 0.35
Photopic b-wave
  Amplitude −0.179, 0.151 0.10, 0.39 −0.002, 0.98 0.15, 0.18 0.151, 0.225 −0.23, 0.06
  Implicit time −0.168, 0.179 −0.03, 0.81 −0.15, 0.23 0.09, 0.43 −0.27, 0.03* −0.07, 0.52
Sum of OP
  Amplitude 0.02, 0.89 0.17, 0.12 0.07, 0.52 0.11, 0.33 −0.04, 0.75 −0.04, 0.71

VD: vascular densities of the whole capillary plexus.
OP: Oscillatory potential, *Factors with statistically significance.
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of inner retinal function with vascular responses to 
flicker light. These results of retinal functional tests sug-
gest neuronal impairment in diabetic patients [9]. 
Ebihara et  al. emphasized that the OP amplitudes were 
significantly smaller with a decrease in the VDs of the 
SCP in diabetic eyes. They also found that the implicit 
times of the OP1–OP3 were significantly prolonged with 
a decrease in the VDs of the DCP [26]. In our study, 
despite the reduced OP amplitudes in diabetic patients 
without retinopathy, a significant association was not 
present between the OP values and vascular parame-
ters. In the light of these results, ERG provides sensitive 
information in identifying early changes preceding the 
clinical manifestations of diabetic retinopathy.

Our finding of a prolonged photopic implicit time 
with decreased choriocapillary vascular density could 
indicate that the cell functions are impaired due to the 
decrease of retinal perfusion prior to clinically appar-
ent vascular abnormalities. Deng et  al. also described 
that the choriocapillary flow density (1.99 ± 0.1 mm2) 
was decreased in patients with diabetes and correlated 
with ERG parameters [27]. These results may be useful 
in predicting the use of retinal neural functional tests 
to correlate their results with neurovascular function.

Limitations of this study include the small sample 
size and the lack of metabolic control in the diabetic 
patients. In addition, we evaluated newly diagnosed 
diabetic patients presenting to the clinic. The included 
patient group had a rather large span of diabetes 
duration, and the electrophysiological tests could have 
been affected differently.

In conclusion, vascular and structural changes 
detected by OCTA and ERG tests demonstrate that ret-
inal cell functions are affected in the early period with-
out any retinal finding in diabetic patients. Earlier 
recognition and identification of microvascular and 
neural changes are important in terms of determining 
the severity of the disease and preventing vision loss. 
Future studies promise to develop methods for the 
appropriate management for patients at risk for dia-
betic retinopathy.
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