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ABSTRACT

Introduction: This study aimed to evaluate
intraretinal microvascular abnormalities (IRMA)
in eyes with advanced nonproliferative diabetic
retinopathy (NPDR) using multimodal approach
in co-located areas focusing on central retina
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(up to 50°) and to look at possible correlations
between IRMA and other structural changes, like
ischemia and presence of microaneurysms.
Methods: The RICHARD study (NCT05112445)
included 60 eyes from 60 patients with type 2
diabetes with moderate-severe NPDR, dia-
betic retinopathy severity levels 43, 47, and 53
(DRSS). IRMA were defined as capillary tortuos-
ity covering a minimum circular area of 300 pm
(calculated to correspond to the Early Treatment
Diabetic Retinopathy Study standard photo 8A)
and were identified using multimodal imaging
with distinct fields of view (FoV): color fundus
photography (CFP) using a Topcon TRC-50DX
camera (Topcon Medical Systems, Japan), Optos
California ultra wide field fundus fluorescein
angiography (UWE-FFA) (Optos plc, UK), and
swept-source optical coherence tomography
angiography (SS-OCTA) (PLEX® Elite 9000,
ZEISS, USA). Different areas of the retina were
examined: central macula (up to 20°) and pos-
terior pole (between 20° and 50°).
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Results: Multimodal imaging was used to iden-
tify IRMA in co-located areas (FoV < 50°) includ-
ing UWEF-FFA, CFP, and SS-OCTA. In eyes with
DRSS levels 47 and 53, IRMA were identified in
both areas of the retina, while in eyes with DRSS
level 43, IRMA were detected only outside of
the central macula (FoV >20°). Our results show
that when evaluating the presence of IRMA
(FoV <50°), UWEF-FFA detected 203 IRMA, SS-
OCTA detected 133 IRMA, and CFP detected 104
IRMA. Our results also show that the presence of
IRMA was positively associated with presence of
microaneurysms.

Conclusions: ldentification of IRMA in eyes
with advanced NPDR is better achieved by
UWE-FFA than CFP and SS-OCTA. A statistically
significant correlation was found between the
presence of IRMA and the increase in number
of microaneurysms.

Trial Registration: ClinicalTrials.gov, identifier
NCT05112445.
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Key Summary Points

Why carry out this study?

Tortuous intraretinal vascular segments
known as intraretinal microvascular abnor-
malities (IRMA) are a known risk factor for
proliferative diabetic retinopathy develop-
ment with vision-threatening complications.

The purpose of this study is to identify and
compare IRMA in co-located areas focusing
on central retina (up to 50°) using different
imaging modalities in eyes with advanced
nonproliferative diabetic retinopathy.

We also investigate possible correlations
between IRMA and other structural changes,
namely ischemia and presence of microaneu-
rysms.

What was learned from the study?

Our study shows that increased number of
IRMA is associated with increased severity of
diabetic retinopathy.

Identification of IRMA in eyes with advanced
NPDR focusing on central retina (field of
view [FoV]<50°) was better achieved by ultra
wide field fundus fluorescein angiography
than swept-source optical coherence tomog-
raphy angiography and color fundus photog-
raphy.

Another relevant finding of our study is a sig-
nificant correlation between the presence of
IRMA and the increase in number of microa-
neurysms.

INTRODUCTION

Diabetes mellitus is a major public health prob-
lem worldwide causing significant morbidity
and mortality and having considerable socio-
economic implications. A 2021 report by the
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International Diabetes Federation estimated
that by 2045 there will be 783 million people
worldwide with diabetes [1]. Approximately
one-third of people with diabetes develop signs
of diabetic retinopathy (DR), with 10% devel-
oping vision-threatening complications [2-4].

In 1991, the Early Treatment of Diabetic
Retinopathy Study (ETDRS) used standardized
photographs, 8A and 8B, to define intraretinal
microvascular abnormalities (IRMA) as tortu-
ous intraretinal vascular segments located in
standard fields 3-7, varying in caliber from
barely visible to 31 pm per ETDRS. IRMA
appear in more severe stages of DR leading to
a higher risk of proliferative diabetic retinopa-
thy (PDR) development [5]. Therefore, the clas-
sification and detection of IRMA may provide
significant insights as clinical markers for the
progression of DR and the associated risk of
vision-threatening complications. Fluorescein
angiography (FA) is an invasive procedure but
it is still considered the standard diagnosis
of IRMA [6]. Multimodal imaging of IRMA is
expected to allow their characterization and
improved identification. Optos California
(Optos plc, Dunfermline, UK) ultra wide field
fundus fluorescein angiography (UWEF-FFA) is a
recent device that allows the performance of FA
in UWF images. This device allows improved
visualization of the peripheral retina com-
pared to the standard 7-field ETDRS (82% vs
30%) [7-10]. OCT-angiography (OCTA) is a
non-invasive method offering high-resolution
angiograms for evaluation of microvascu-
lar features and has been shown to be useful
in DR to detect IRMA with higher resolution
compared to conventional FA and color fundus
photography (CFP). It has been reported that
approximately 50% more IRMA are detected
with OCTA than with color fundus imaging
[11, 12].

The aim of this study is to evaluate IRMA
in eyes with advanced nonproliferative dia-
betic retinopathy (NPDR), diabetic retinopathy
severity levels 43, 47, and 53 (ETDRS-DRSS), to
identify and compare IRMA in co-located areas
focusing on central retina, up to 50°, using dif-
ferent imaging modalities, namely UWF-FFA
(invasive method) and CFP and OCTA (non-
invasive methods). We also look at possible

correlations between IRMA and other struc-
tural changes, namely ischemia and presence
of microaneurysms.

METHODS

Study Population

The RICHARD study (clinicaltrials.gov identi-
fier NCT05112445), a non-interventional pro-
spective cohort study, was approved by the
Association for Innovation and Biomedical
Research on Light and Image (AIBILI) Ethics
Committee (CE 240 RICHARD) in accordance
with the tenets of Declaration of Helsinki. The
participants provided their written informed
consent to participate in this study.

The participants were considered accord-
ing to specific inclusion and exclusion crite-
ria. Eligible patients met the following inclu-
sion criteria: (1) type 2 diabetes according to
World Health Organization, (2) patients over
18 years of age, (3) DRSS levels between 43 and
53 based on the ETDRS criteria complemented
with UWF-fundus photography (UWF-FP)
imaging, (4) refraction with an absolute spheri-
cal equivalent less than 5 diopters (positive or
negative) to minimize possible imaging distoz-
tions affecting the quality of the images, and
(5) able to provide informed consent. Exclu-
sion criteria were as follows: any retinal vas-
cular disease that may interfere with study
results (including clinically significant macu-
lar edema), glaucoma, age-related macular
degeneration, vitreomacular disease, any eye
surgery within a period of 6 months before
the baseline visit, previous laser treatment or
intravitreal injections, dilation of pupil<5 mm
and uncontrolled glycated hemoglobin A1C
level>12% (107.66 mmol/mol). Only one eye
per patient was included. The eye with more
severe DRSS grading was chosen. However,
when both eyes had the same DRSS level, the
eye with the higher ischemic index on UWE-
FFA was chosen.
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Subjects

This analysis included 60 patients, one eye per
patient, diagnosed with type 2 diabetes with
moderate to severe NPDR (DRSS levels 43, 47,
and 53).

Demographic and clinical information for all
participants including age, sex, diabetes dura-
tion, vital signs (height, weight, body mass
index, systolic and diastolic blood pressure, and
heart rate) and laboratory characteristics (gly-
cated hemoglobin, cholesterol, and triglycer-
ides) were recorded. All participants underwent
comprehensive ophthalmological examination,
including best corrected visual acuity (BCVA)
evaluation, slit-lamp bio-microscopy, indirect
ophthalmoscopy, intraocular pressure (IOP)
measurement, and fundus imaging.

Identification of IRMA

IRMA were defined in 1991 by ETDRS Research
Group as tortuous intraretinal vascular seg-
ments, varying in caliber from barely visible to
31 pm per ETDRS [5]. According to the ETDRS
severity scale, IRMA are present in more severe
stages of NPDR (ETDRS levels>43B). In this
analysis, IRMA were identified as capillary tor-
tuosities covering a minimum equivalent circu-
lar area of 300 pm calculated to correspond to
ETDRS standard photo 8A.

Multimodal imaging was performed to iden-
tify IRMA in co-located areas focusing on central
retina (up to 50°), including UWF-FFA (invasive
method) and CFP (field 2) and SS-OCTA (non-
invasive methods). Different zones of the retina
were examined: central macula (up to 20° of the
retina) and posterior pole (from 20° to 50°). We
also evaluated the presence of IRMA in areas
beyond 50° of the retina in UWEF-FFA (from 50°
to 130°). The identification of IRMA in different
modalities was performed by a single grader.

Diabetic Retinopathy Severity Scale

Diabetic retinopathy severity scale grading was
performed on the basis of the grading of standard
seven-field CFP images obtained with 35° field
of view using the Topcon TRC 50DX mydriatic

retinal camera (Topcon Medical Systems, Tokyo,
Japan), with a resolution of 3596 x 2448 pixels.
Adequate dilation of the pupil of at least 5 mm
was ensured using mydriasis (0.5% tropicamide
and 0.5% phenylephrine hydrochloride topi-
cal drops) to obtain good quality images. In
addition, we complemented the classification
with the UWE-FP images captured using Optos
California (Optos plc, Dunfermline, UK). This
device’s software automatically places a grid to
outline the seven ETDRS fields [13, 14]. Retinal
photographs for DRSS classification were evalu-
ated by two trained graders at the Coimbra Oph-
thalmology Reading Centre (CORC). In the case
of a discrepancy between the two retinal special-
ists, a senior grader provided adjudication. The
Gwet’s AC1 coefficient was 0.809 for DRSS clas-
sification between graders, indicating very good
agreement, with a 95% confidence interval rang-
ing from 0.719 to 0.899. The DRSS was classified
as moderate NPDR—DRSS level 43, moderately
severe NPDR—DRSS level 47, and severe NPDR
— DRSS level 53.

Ultra Wide Field Fundus Fluorescein
Angiography

Ultra wide field fundus fluorescein angiography
images were captured using the Optos Califor-
nia device (Optos plc, Dunfermline, UK). This
system is a confocal scanning laser ophthalmo-
scope with an ellipsoidal mirror able to capture
130° of the retinal fundus in a single image
without requiring bright illumination lighting
or a contact lens, and in some patients, pupil-
lary dilation. This device uses a blue argon laser
at 488 nm to excite sodium fluorescein and
captures a 4000 x 4000 pixel image through
a 500-nm barrier filter. This single scan takes
0.25 s to provide approximately 20-pixel resolu-
tion per degree [15, 16]. FA requires the intra-
venous injection of fluorescein dye. Patients
were injected with 1.5 ml of 100 mg/ml (20%)
sodium fluorescein and early phase images were
analyzed to calculate the percentage of total
ischemic index and to identify IRMA. Ischemic
index percentage is obtained by the total area of
retinal ischemia divided by total area of visible
retina [17].
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Swept-Source Optical Coherence
Tomography Angiography

All participants were imaged with PLEX® Elite
9000 (ZEISS, Dublin, CA, USA) SS-OCTA device
using the Angio 15 mm x 15 mm acquisition pro-
tocol. This SS-OCTA operates a tunable 1060-nm
laser to provide an axial resolution of 6.3 pm.
This acquisition protocol is able to scan 50°
of the retina and provides angiography slabs
images based on two repetitions of 834 B-scans
with 834 A-scans with an acquisition rate of
100,000 A-scans/s [18-20].

Acquired data from this device was processed
using the Macular Density v0.7.3.3 analysis pro-
tocol available on the Advanced Retina Imag-
ing Network Hub (https://arinetworkhub.com).
Acquisition data was processed to compute slab
images and numerical data for the foveal avascu-
lar zone (FAZ), skeletonized vessel density (SVD)
and perfusion density (PD) metrics at the super-
ficial and deep capillary plexi (SCP and DCP). PD
metrics and images are the result of the binariza-
tion of the enface angiography images and rep-
resent changes in vessel perfusion. A skeletoni-
zation of the binary images generates the SVD
metrics and images to represent the number of
individual capillaries that are carrying red blood
cells. Its decrease indicates capillary closure [21,
22].

SVD and PD were measured in the macular
area and posterior pole. Macular area, namely,
central subfield (CSF, 0.5 mm radius circle cen-
tered at the fovea), inner ring (InR, 0.5-1.5 mm
radius ring centered at the fovea), and outer
ring (OutR, 1.5-3.0 mm radius ring centered
at the fovea). In addition, the posterior pole
area, namely, extended ring 1 (Ext1, 3-4.5 mm
radius ring centered at the fovea), extended
ring 2 (Ext2, 4.5-6 mm radius ring centered at
the fovea), and extended ring 3 (Ext3, 6-7.5 mm
radius ring centered at the fovea).

Microaneurysm Detection

Microaneurysm (MA) identification was auto-
matically performed on CFP images (field
F2—50° of the retina) using the RetmarkerDR

software (Retmarker SA, Meteda Group, Rome,
Italy), computer-aided diagnostic software that
performs MA earmarking and identification of
macular red dot-like vascular lesions [23, 24].
RetmarkerDR has been used since 2011 and
RetmarkerDR Biomarker is currently certified as
a class IIA medical device in Europe. Retmark-
erDR software is highly conservative in order to
reduce variability.

Statistical Analysis

Statistical analyses of the data were performed
using STATA software, version 16.1 (StataCorp
LLC, College Station, Texas, USA). P values less
than 0.05 were considered statistically signifi-
cant different.

Distribution of data normality was assessed
using the Kolmogorov-Smirnov test. Percent-
ages were reported for categorical variables and
numerical variables are expressed as the mean
and standard deviation.

Spearman’s rank correlation was performed to
assess correlation between grading parameters.
The Spearman correlation coefficient (rho, p) was
defined on the basis of strength of correlation, as
very weak (0.00<p<0.20), weak (0.20<p<0.40),
moderate (0.40<p<0.60), strong (0.60<p<0.80),
or very strong (0.80<p<1.00).

RESULTS

Baseline Characteristics

The RICHARD study included 60 eyes from 60
patients with diabetes type 2 with advanced
NPDR (DRSS levels 43, 47, and 53). The mean
age of patients was 67.8+8.6 years (range
50-835 years) with 78% being male. At baseline,
12 eyes (20%) were classified as DRSS level 43—
moderate NPDR, 36 eyes (60%) classified as DRSS
level 47—moderately severe NPDR, and 12 eyes
(20%) classified as DRSS level 53—severe NPDR.
Demographic, clinical and ophthalmological
characteristics are described in Table 1.
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Table 1 Demographic, clinical, and ophthalmological characteristics of included patients

Variables Mean +SD or N (%)
Demographic and clinical characteristics
Number of patients 60
Number of eyes 60
Sex NV (%)
Male 47 (78%)
Female 13 (22%)
Age (years) 67.818.6
Duration of DR (years) 21.7+£7.1
Body mass index (kg/m?) 29.5+4.5
Diastolic blood pressure (mmHg) 735+7.1
Systolic blood pressure (mmHg) 139.3+11.7
Heart rate (bpm) 72.4+10.8
HbA1c (%) 75+1.1
Triglycerides (mg/dL) 141.6+64.3
Total cholesterol (mg/dL) 164.6+47.9
LDL cholesterol (mg/dL) 87.9+382
HDL cholesterol (mg/dL) 48.5+14.0
Ophthalmological characteristics
Moderate NPDR—DRSS level 43 12 (20%)
Moderately severe NPDR—DRSS level 47 36 (60%)
Severe NPDR—DRSS level 53 12 (20%)
Best corrected visual acuity (letters) 83.2+52
Intraocular pressure (mmHg) 16.9+3.5
Ischemic index (%) 3.6+4.1
Number of microaneurysms (N) 7.2+8.00

SD standard deviation, N number of patients, HbA1c glycated hemoglobin, LDL low-density lipoprotein, HDL high-den-
sity lipoprotein, NPDR nonproliferative diabetic retinopathy, DRSS Diabetic Retinopathy Severity Scale

Identification of IRMA Using Different

Imaging Modalities

Eye fundus imaging including UWE-FFA, CFP
(field 2) and SS-OCTA was used to identify IRMA
in 60 eyes in co-located areas, up to 50° of the

retina. These results are present in Table 2. In
DRSS levels 47 and 53, IRMA were identified in
both areas of the retina using the three imaging
modalities. In contrast, in DRSS level 43, IRMA
were detected only in areas outside the central
macula (field of view [FoV]>20°). Our results
show that, when analyzing the presence of IRMA
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Table 2 Identification of IRMA using different imaging modalities

Central macula up to 20° Posterior pole from 20°to 50°  Central macula and posterior

pole up to 50°
Eyes Tyua Ratio Eyes Tywa Ratio  Eyes Taua  Ratio
Tirmia / Tigma / Tigma /
eyes eyes eyes
CFP
DRSS43,N=12 0(0.0%) 0 0.0 6(50.0%) 7 12 6(50.0%) 7 12
DRSS47,N=36 9(25.0%) 14 1.6 23 (63.9%) 48 2.1 24(667%) 62 2.6
DRSSS3,N=12 4(33.3%) 6 1.5 8(66.7%) 29 3.6 8(66.7%) 35 44
Total, N = 60 13 (21.7%) 20 15 31(51.7%) 84 27 38(633%) 104 27
$S-OCTA
DRSS43,N=12 0(0.0%) 0 0.0 5(41.7%) 11 22 5(41.7%) 11 22
DRSS47,N=36 3(83%) 3 1.0 30 (83.3%) 91 3.0 30(833%) 94 3.1
DRSS53,N=12 3(250%) 4 13 11(917%) 24 22 11(91.7%) 28 2.5
Total, N = 60 6(10.0%) 7 12 46 (767%) 126 2.7 46(767%) 133 2.9
UWF-FFA
DRSS43,N=12 0(0.0%) 0 0.0 6(50.0%) 16 2.7 6(50.0%) 16 2.7
DRSS47,N=36 6(16.7%) 12 2.0 30 (83.3%) 100 33 31(86.1%) 112 3.6
DRSSS3,N=12 5(41.7%) 11 22 11(91.7%) 64 58 11(91.7%) 75 6.8
Total, N'= 60 11(18.3%) 23 2.1 47(783%) 180 3.8 48 (80.0%) 203 42

DRSS Diabetic Retinopathy Severity Scale, N number, JRMA intraretinal microvascular abnormalities, CFP color fundus
photography, SS-OCTA swept-source optical coherence tomography angiography, UWF FEA ultra wide field fundus fluores-
cein angiography, 7 total

in central retina (Fov<50°), UWEF-FFA detected
203 IRMA, while SS-OCTA detected 133 IRMA,
and CFP detected 104 IRMA. In the central mac-
ula (FoV<20°), UWF-FFA detected 23 IRMA in
11 eyes (ratio=2.1), SS-OCTA detected 7 IRMA
in 6 eyes (ratio=1.2), and CFP detected 20 IRMA
in 13 eyes (ratio=1.5). In the posterior pole
(20°<FoV <50°), UWE-FFA detected 180 IRMA
in 47 eyes (ratio=3.8), SS-OCTA detected 126
IRMA in 46 eyes (ratio=2.7), and CFP detected
only 84 IRMA in 31 eyes (ratio=2.7). We also
evaluated the presence of IRMA in areas beyond
50° of the retina in UWEF-FFA (50°<FoV <130°).
We identified 215 IRMA in 52 eyes (ratio=4.1).
Using SS-OCTA, we identified IRMA only in the
superficial capillary plexus.

Localization of IRMA by Retina Quadrants

Our results show that the presence of IRMA was
predominantly located outside of central macula
(FoV>20°). Topographically, IRMA were more
frequently identified in superior and temporal
retinal quadrants than in the others (FoV <20°).
In central retina (Fov<50°), IRMA were more
frequently identified in superior and inferior
retinal quadrants than nasal and temporal quad-
rants. These results are shown in Supplementary
Table S1.
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Fig.1 Identification of IRMA in the different modali-
ties (CFP, SS-OCTA, and UWF-FFA) with IRMA anno-
tations at the same location. UWF-FA is cropped at the
region of interest and images are shown with different mag-
nifications to compensate for different field of view. IRMA

Co-localization of IRMA: UWEF-FFA Versus
OCTA (FoV<50°)

The co-localization of IRMA between UWF-FFA
and SS-OCTA is illustrated in Fig. 1. When con-
sidering co-located areas, up 50° of the retina,
UWE-FFA detected 203 IRMA, while SS-OCTA
detected 133 IRMA. A total of 68 IRMA were
identified at the same location in both imaging
modalities (UWEF-FFA and SS-OCTA). This cor-
respond to 33% (n=68/203) for UWF-FFA and
51% (n=68/133) for SS-OCTA.

Association Between IRMA and Ischemic
Index

Our results show that there is a statistically sig-
nificant positive correlation between ischemic
index values and the presence of IRMA in all
retina quadrants. The ischemic index obtained
from UWEF-FFA was weakly correlated with the

intraretinal microvascular abnormalities, CFP color fundus
photography, UWF FFA ultra wide field fundus fluorescein
angiography, SS-OCTA swept-source optical coherence
tomography angiography

number of IRMA detected by CFP, UWEF-FFA,
or SS-OCTA. When considering only eyes with
DRSS levels 47 and 53, this correlation becomes
stronger (Table 3).

Association Between IRMA and OCTA

There is also a statistically significant positive
correlation between capillary nonperfusion
(i.e., decreasing SVD and PD) and the presence
of IRMA when examining SS-OCTA images, up
to 50° of the retina. Our results reach statistical
significance in the temporal quadrant (IRMA
with SVD for DCP: p=-0.335, p=0.014 and
IRMA with PD for DCP: p=-0.336, p=0.014).
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Table 3 Association between IRMA and ischemic index for the posterior pole (up to 50° of the retina)

IRMA identified by multimodal imaging  Ischemic index identified by UWF-FFA

Nasal Inferior Temporal Superior

p pvalue p pvalue p pvalue p p value
All
IRMA identified by CFP 0.280 0.032*  0.290 0.026* 0.281 0.031* 0.352 0.006*
IRMA identified by UWF-FFA 0260  0.047* 0.531 <0.001* 0386 0.003* 0.334 0.010*
IRMA identified by SS-OCTA 0.093 0486 0312 0.017* 0304 0.020* 0.372 0.004*
Only ETDRS-DRSS levels 47-53
IRMA identified by CFP 0.239 0.102 0.320 0.027* 0.322 0.026* 0.349 0.015*
IRMA identified by UWE-FFA 0.179 0.222 0.576  <0.001* 0.437 0.002* 0.329 0.022*
IRMA identified by SS-OCTA -0.018 0.903 0.294 0.045* 0.335 0.021* 0.381 0.008*

Spearman correlation coefficient (p) was as very weak (0.00 <p < 0.20), weak (0.20 <p < 0.40), moderate (0.40 <p < 0.60),
strong (0.60 < p < 0.80), or very strong (0.80 < p < 1.00)

IRMA intraretinal microvascular abnormalities, CFP color fundus photography, UWF FFA ultra wide field fundus fluores-
cein angiography, SS-OCTA swept-source optical coherence tomography angiography, DRSS Diabetic Retinopathy Severity

Scale

*Values represent statistically significant alterations with p < 0.05 using Spearman correlation

Association Between Ischemic Index and
SS-OCTA

Our results showed that retinal capillary
nonperfusion was identified in UWF-FFA
and SS-OCTA metrics. SVD and PD metrics
were weakly correlated with ischemic index
in total area of the retina (ExtR2 for DCP,
SVD: p=-0.274, p=0.049 and PD: p=-0.273,
p=0.050). When considering only eyes with
DRSS levels 47 and 53, the correlation became
stronger (ExtR2 for DCP, SVD: p=-0.403,
p=0.008 and PD: p=-0.401, p=0.009).

Association Between IRMA and
Microaneurysms

Our results also show that the presence of IRMA
was associated with presence of microaneurysms
(up to 50° of the retina). Number of IRMA iden-
tified by CFP and UWEF-FFA was weakly corre-
lated with number of microaneurysms identified
by CFP images counting with RetmarkerDR soft-
ware (central macula, CFP: p=0.256, p=0.048

and UWE-FFA: p=0.325, p=0.011). When con-
sidering the presence of IRMA identified by SS-
OCTA, the correlation became stronger (central
macula, p=0.496, p<0.001) (Table 4).

DISCUSSION

In this study, we examined the presence of IRMA
using multimodal imaging in advanced stages of
preproliferative diabetic retinopathy (DRSS lev-
els 43, 47, and 53). IRMA are defined as capillary
tortuosities covering a minimum circular area
of 300 ym (calculated to correspond to ETDRS
standard photo 8A), based on ETDRS fundus
photography [5].

Previous studies have indicated that IRMA
may be more readily detected with OCTA com-
pared to CFP [11, 12]. Our results showed,
indeed, a greater number of IRMA in SS-OCTA
than CFP. In addition, it has been reported that
the inter-agreement between OCTA and UWF-FP
to detect IRMA is moderate, and to improve the
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Table 4 Association between presence of IRMA and
number of MA

IRMA identified by multimodal MA identified with
imaging RetmarkerDR

p p value
Central macula up to 20°
IRMA identified by CFP 0.256 0.048*
IRMA identified by UWF FFA 0.325 0.011*
IRMA identified by SS-OCTA 0.496 <0.001*
Posterior pole from 20° to 50°
IRMA identified by CFP 0.069 0.599
IRMA identified by UWF FFA -0.009  0.948*

IRMA identified by SS-OCTA 0.272 0.036

Spearman correlation coefficient (p) was as very weak
(0.00<p<0.20), weak (0.20<p<0.40),
(0.40<p <0.60), strong (0.60<p <0.80), or very strong
(0.80 < p < 1.00)

IRMA intraretinal microvascular abnormalities, CFP color
fundus photography, UWF FFEA ultra wide field fundus
fluorescein angiography, SS-OCTA swept-source optical

moderate

coherence tomography angiography

*Values represent statistically significant alterations with
P <0.05 using Spearman correlation

concordance values it is important to combine
multimodal imaging devices [25]. Our study
confirmed these findings.

Our study also confirms that an increased
number of IRMA is associated with increased
severity of diabetic retinopathy. More specifi-
cally, IRMA are present in more advanced stages
of preproliferative diabetic retinopathy, DRSS
levels 47 and 53, as expected by ETDRS severity
classification.

Imaging of IRMA on FA and OCTA appears to
correspond to the collateral shunt vessels iden-
tified originally by Cogan and Kuwabara [26]
and Ashton [27], and shown to be associated
with capillary closure. It is of note, however,
that these studies were performed in postmor-
tem retina specimens, without the information
or identification of their degrees of retinopathy
severity.

It is noteworthy that in DRSS levels 47 and 53,
IRMA are identified in similar number with SS-
OCTA and UWF-FFA, when considering the cen-
tral retina (up to 50°). However, UWEF-FFA identi-
fies IRMA in the far periphery even in DRSS level
43. This finding needs to be examined further to
see how peripheral lesions are relevant to iden-
tify eyes at hight risk of progression.

Another relevant finding of our study is that
when using OCTA, IRMA were only identified
in the superficial capillary plexus. This observa-
tion, previously referred by other authors [28],
may help to explain the microvascular disease
progression in diabetic retinopathy. The micro-
vascular alterations appear to start in the SCP
with localized areas of capillary dropout pro-
gressing later with increased involvement of
the DCP and extending progressively from the
center to the periphery [10, 29]. This progres-
sive hypoperfusion of the DCP reaches maximal
values and may leave only the SCP responding
to the nutrition needs of the retina. It appears
that to compensate for the widespread and pro-
gressive capillary closure, there is, afterwards, an
angiogenic response through the formation of
enlarged shunt vessels, the precursors of IRMA,
which may be explained as an attempt at the
re-establishment of adequate levels of oxygen
availability. Indeed, the development of IRMA
appears to be associated with the hyperperfusion
stage of NPDR and may be the hallmark of this
angiogenic response to the progressive ischemia.

A relevant observation is that although the
quantification of IRMA and their degree of sever-
ity are notoriously difficult, our study shows
that the presence of microaneurysms and their
increase in numbers may be a reliable surrogate
for the presence of IRMA [30-32]. This study
also shows that there is good correspondence
between ischemic index values, OCTA hypoper-
fusion metrics, and presence of IRMA.

One of the major limitations of this study is
the small number of eyes (N=60 eyes) and the
unbalanced DR groups. Moreover, these patients
have relatively well controlled type 2 diabetes.
However, this last limitation, can be seen as an
advantage as it minimizes the influence of sys-
temic variables. We also evaluated the presence
of IRMA using swept-source OCTA. The sensitiv-
ity of OCTA can vary depending on the devices,
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technology, and algorithms used [33]. The iden-
tification of IRMA in peripheral areas was only
performed using UWE-FFA, which is a limitation
of the study.

CONCLUSIONS

IRMA appear to be good indicators of the reti-
nal hyperperfusion response to the progressive
hypoperfusion that characterizes the initial
stages of diabetic retinopathy [34]. This obser-
vation suggests a clear need to identify and char-
acterize the presence of IRMA in diabetic retina
to monitor the disease progression. In addition,
microaneurysm quantification appears to be a
useful surrogate for the presence and degree of
severity of IRMA.
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