Original Paper

Ophthalmic
Research

Ophthalmic Res 2015;54:118-123
DOI: 10.1159/000438793

Received: July 18, 2015
Accepted: July 19,2015
Published online: August 21, 2015

One-Year Progression of Diabetic Subclinical
Macular Edema in Eyes with Mild Nonproliferative
Diabetic Retinopathy: Location of the Increase in

Retinal Thickness

Amparo Navea Tejerina® Stela Vujosevic® Monica Varano Catherine Egan’

Sobha Sivaprasad9 Geeta Menon" Pascale Massin’ Frank D. Verbraak!

Henrik Lund-Andersen™ Jose P. Martinez™ Ignasi Jurgens® Erica Smets®
Caroline Coriat! Peter WiedemannP Vitor Agoas" Giuseppe Querques®

Frank G. Holz9 Sandrina Nunes® Dalila Alves®

Luisa Ribeiro®> Francesco Bandello®

Catarina Neves?®
José Cunha-Vaz®

Torcato Santos®
for EVICR.net

aFundacion para el Fomento de la Investigacion Sanitaria y Biomédica (FISABIO-Oftalmologia), Valencia, and Plnstitut
Catala de Retina (ICR), Barcelona, Spain; “Centre for Clinical Trials, Department of Ophthalmology, University of
Padua, Padua, 9G.B. Bietti Eye Foundation — IRCCS, Rome, and ¢Department of Ophthalmology, Scientific Institute

of San Raffaele, Vita-Salute San Raffaele University, Milan, Italy; fClinical Trials Unit, Moorfields Eye Hospital, NHS
Foundation Trust, and 9Laser and Retinal Research Unit, King’s Health Partners, London, and "Ophthalmology
Clinical Trials Unit, Frimley Park Hospital Foundation Trust, Frimley, UK; 'Department of Ophthalmology, Lariboisiére
Hospital, and ICentre d’Investigation Clinique, Centre National d’Ophtalmologie des Quinze-Vingts, Paris, and Centre
Hospitalier Intercommunal de Creteil, University Paris-Est Creteil, Creteil, France; 'Department of Ophthalmology,
Academic Medical Center, Amsterdam, and ™Rotterdam Eye Hospital, Rotterdam, The Netherlands; "Department

of Ophthalmology, Glostrup Hospital, Copenhagen University, Glostrup, Denmark; ° Antwerp University Hospital,
Department of Ophthalmology, Antwerp, Belgium; PUniversity Eye Hospital Leipzig, Leipzig, and 9Department

of Ophthalmology, University of Bonn, Bonn, Germany; "Instituto de Oftalmologia Dr. Gama Pinto, Lisbon, and
$Association for Innovation and Biomedical Research on Light and Image (AIBILI), Coimbra, Portugal

Key Words
Diabetic retinopathy - Diabetes - Optical coherence
tomography - Macular edema

Abstract

Purpose: To characterize the 1-year progression of retinal
thickness (RT) increase occurring in eyes with subclinical
macular edema in type 2 diabetes. Methods: Forty-eight
type 2 diabetic eyes/patients with mild nonproliferative dia-
betic retinopathy (NPDR; levels 20 and 35 in the Early Treat-

ment Diabetic Retinopathy Study) classified as presenting
subclinical macular edema at baseline completed the 1-year
follow-up period, from a sample of 194 followed in a
12-monthobservationaland prospectivestudy (ClinicalTrials.
gov identifier: NCT01145599). Automated segmentation of
the retinal layers in these eyes was performed, followed by
verification and correction by a human grader. Results: The
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highest increase in RT over the 1-year follow-up period for
the 48 eyes/patients with subclinical macular edema was
found in the inner nuclear layer (INL). Progression to clinical
macular edema was also associated with increased thicken-
ing of other retinal layers aside from the INL. The microvas-
cular disease activity shown by microaneurysm (MA) turn-
over =6 was associated with progression from subclinical to
clinical macular edema. Conclusions: Increases in RT occur-
ring over a period of 1 year in diabetic eyes with mild NPDR
and subclinical macular edema occur mainly in the INL. The
development of clinical macular edema appears to be asso-
ciated with increased thickening of other retinal layers and
microvascular disease activity. ©2015 S. Karger AG, Basel

Introduction

Diabetic retinopathy has been identified as the leading
cause of blindness in working-age adults [1]. The increase
in the prevalence of diabetes around the world has result-
ed in an increase in the number of cases of diabetic reti-
nopathy.

Diabetic retinal disease may lead to 2 sight-threatening
complications: diabetic macular edema (DME) and pro-
liferative diabetic retinopathy. It is, therefore, of major
importance to identify the earliest stages of diabetic reti-
nal disease and signs of progression, as well as the risk of
development of these sight-threatening complications.

It has been shown that the presence of subclinical
macular edema is a candidate biomarker for the develop-
ment of DME [2]. Here we report the results of a 1-year
follow-up study in a cohort of eyes with subclinical mac-
ular edema from a multicenter observational study which
included only eyes with mild nonproliferative diabetic
retinopathy (NPDR), using an automated segmentation
algorithm for spectral-domain optical coherence tomog-
raphy (SD-OCT).

Methods

Patients

This analysis was performed in the context of a prospective,
multicenter, observational study designed to follow eyes/patients
with mild NPDR [classified as 20 and 35 in the Early Treatment
Diabetic Retinopathy Study (ETDRS)]. The results of that study
and the procedures are described in the paper by Ribeiro et al. [3].

A total of 374 patients were recruited between September 2010
and June 2012 in 19 European clinical sites. Men and women with
diagnosed adult-onset type 2 diabetes, aged 35-82 years, with mild
NPDR (level 20 and 35 in the ETDRS classification), a best cor-
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rected visual acuity 275 letters (220/32), and refraction with a
spherical equivalent of less than +5 diopters were included in this
study. All patients gave written consent. The tenets of the Declara-
tion of Helsinki were followed and approval was obtained from
each institutional review board (ClinicalTrials.gov identifier:
NCT01145599).

Optical Coherence Tomography

Only the 194 patients who were examined with Cirrus SD-OCT
are reported here because of the availability of a normative data-
base and validated application of the automated segmentation al-
gorithm [4].

To identify eyes/patients with increased RT in the central sub-
field (subclinical macular edema and clinical macular edema), the
following reference values established by DRCR.net were used: for
subclinical macular edema [2, 5, 6], RT >260 and <290 um in
women and >275 and <305 pum in men (for Cirrus SD-OCT), and
for clinical macular edema (ClinicalTrials.gov identifier:
NCT01909791) [7], RT 2290 um in women and =305 um in men
(for Cirrus SD-OCT).

Automated segmentation of the retinal layers in eyes with sub-
clinical macular edema was performed [4], followed by verification
and correction by a human grader.

Retinal thickness (RT) for the central subfield was calculated
for each layer, allowing identification of changes occurring in the
different retinal layers from baseline to the 12-month visit.

Color Fundus Photography

Color fundus photographs were taken according to the ETDRS
protocol at the first and last visits. The 7-field photographs were
obtained at 30/35° for diabetic retinopathy classification according
to the ETDRS grading scale [8]. Additionally, 45/50° 2-field color
fundus images (macula) were taken at all visits for automated MA
analysis using an automated computer-aided diagnostic system
(RetmarkerDR; RetmarkerDR SA, Coimbra, Portugal) at the read-
ing center.

RetmarkerDR is a patented computer software certified as a CE
mark class ITa medical device. The software was trained and tested
prior to the CE medical device classification, and thus the algo-
rithm (including the classifier) was objective and reproducible and
was not modified or retrained to any individual data set.

The automated computer-aided diagnostic system consists of
software earmarking microaneurysms (MA); it includes a coregis-
tration algorithm that allows comparison within the same retinal
location between different visits for the same eye.

RetmarkerDR calculates for each eye/patient the number of
MA at each visit and the number of MA that appear and/or disap-
pear from one visit to the other, allowing calculation of the number
of MA appearing and/or disappearing per time interval (i.e. the
MA formation rate and the MA disappearance rate, respectively).
The MA turnover is computed as the sum of the MA formation
and MA disappearance rates [9-11].

Previous work from our group [9-12] showed good intergrad-
er agreement for the total number of MA earmarked and MA turn-
over for 3 independent human graders. RetmarkerDR shows good
intergrader agreement for the number of MA, the MA formation
rate, and MA turnover (when compared with a human grader, in-
traclass correlation coefficients were 0.857 and 0.806, respectively)
while showing no intragrader variability as opposed to human
graders, being, therefore, a reliable tool for MA assessment.
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Fig. 1. Cohort flow chart.

In this study, the MA formation rate and MA turnover were
computed for all of the eyes/patients at months 3, 6, and 12 (V3,
V6, and V12, respectively). Patients were thereafter classified
based on the presence of an MA formation rate 22 according to
Nunes et al. [12] and Haritoglou et al. [11] and based on the pres-
ence of an MA turnover >6 according to Nunes et al. [13]. These
cut-off values have been proposed as predictive of the progression
of diabetic retinopathy [11-13].

Data Analysis

Categorical variables are reported as numbers (%), and nu-
merical variables are reported as means + SD. The paired Student
t test or the nonparametric Wilcoxon test was used to compare
the average evolution of retinal layers thickness between visits.
The nonparametric Mann-Whitney test was used to assess dif-
ferences in retinal layers thickness between groups. The ¥?
test was used for categorical variables. To analyze associations
between ordinal and continuous variables, Spearman’s correla-
tion and the respective statistical significance were computed. A
receiver operating characteristic analysis was conducted for
the retinal layers to identify threshold values for progression.
Two outliers were detected in the MA formation rate and
MA turnover that were not considered in the analysis of these
parameters.

All statistical analyses were performed using STATA version
12.1 (StataCorp LP, College Station, Tex., USA), and p < 0.05 was
considered statistically significant.
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Results

Of the 194 eyes/patients (88 left eyes and 106 right
eyes) examined with Cirrus SD-OCT at the baseline visit,
62 were classified as having subclinical macular edema.
Semiautomated segmentation of the retinal layers on
OCT was performed in this subclinical macular edema
group. Due to processing errors of the segmentation tool,
5 eyes/patients classified as having subclinical macular
edema were not included in the final analysis. Nine pa-
tients did not complete the 1-year follow-up. Therefore,
a total of 48 eyes/patients (24.74%; 95% CI 18.67-30.81)
with an OCT diagnosis of subclinical macular edema, ac-
cording to DRCR.net standards [7], completed the 1-year
follow-up and were included in this analysis (fig. 1). Of
these 48 eyes/patients, 5 (10.42%) were classified as hav-
ing clinical macular edema at the final visit. The baseline
characteristics of these patients are presented in table 1.

Identification of Individual Retinal Layer Thickness

Changes

The highest increase, in the 12-month period, in the 48
diabetic eyes with subclinical macular edema was found

Tejerina et al.
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Table 1. Baseline characteristics of the patients with subclinical
macular edema that progressed and did not progress to clinical
macular edema at the final visit

Progression to
clinical macular
edema (n=15)

No progression to
clinical macular
edema (n = 43)

Gender, n (%)

Female 2 (40.00) 16 (37.21)

Male 3 (60.00) 27 (62.79)
ETDRS level, n (%)

20 1 (20.00) 14 (32.56)

35 4 (80.00) 29 (67.44)
Age, years 61.60+10.11 60.44+8.43
HbAlc, % 7.52+1.67 7.92%1.65
Systolic blood pressure,

mm Hg 137.60+23.37 135.30+17.67
Diastolic blood pressure,

mm Hg 70.40+10.14 77.1619.77
BMI 24.19+£291 29.00+3.81
Letters on best corrected

visual acuity, n 84.20+6.05 86.21+3.08
MA, n 4.80+3.90 3.30+5.66

Values are presented as means + SD unless otherwise stated.

in the inner nuclear layer (INL). However, only 58.33% of
the eyes/patients with subclinical macular edema at base-
line showed an increase in the central subfield RT at the
final visit (table 2).

For the 28 eyes/patients with subclinical macular ede-
ma at baseline that showed an increase in the central
subfield RT at the final visit, the only statistically sig-
nificant difference in central subfield RT between base-
line and the 12-month visit was found in the INL (p =
0.048).

For the 5 eyes/patients with subclinical macular edema
at baseline that progressed to clinical macular edema at
the final visit, the mean RT at baseline was 287.20 um
(95% CI275.51-298.89), which is slightly higher than that
of the other 43 eyes/patients (i.e. 281.35 um, 95% CI
278.24-284.45; p = 0.237). An association with progres-
sion to clinical macular edema in these 5 eyes/patients
was only found with the increased RT registered in the
outer nuclear layer (ONL) (p = 0.032; table 3).

A receiver operating characteristic analysis was con-
ducted for the 7 layers to identify threshold values for
progression. The only layer with a good discriminating
value was the ONL (area under the curve = 0.83); all of the
other layers showed an area under the curve <0.57. The
best predictive value in the ONL was 126.70 um, with
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100% sensitivity and 71.4% specificity. This value is near
the mean (+2 SD, i.e. 129.33 um) of the ONL thickness in
the healthy control group (mean + SD = 112.63 + 8.35).

The retinal layer thickness measured on Cirrus SD-
OCT in eyes/patients with subclinical macular edema
showed significant variations by gender (p = 0.003 for
the INL and p = 0.001 for the inner segment + outer seg-
ment), and the increases were higher for females
(37.50%).

MA Parameters

A higher MA formation rate and higher MA turnover
values were registered in the eyes that showed increases
in RT during the 1-year period. For the 28 eyes/patients
with subclinical macular edema at baseline that showed
an increase in central subfield RT at the final visit, the MA
formation rate and MA turnover at the 3-, 6-, and
12-month visits were higher, though these differences
were not statistically significant.

Using the cut-off value for MA turnover 26, a statisti-
cally significant difference was found for eyes/patients
with subclinical macular edema at baseline that pro-
gressed to clinical macular edema at the final visit (p =
0.021). An MA turnover >6 was present in 80.0% of eyes/
patients that showed progression and only in 28.2% of
eyes/patients that did not progress to clinical macular ede-
ma at the final visit.

Discussion

This study is a subanalysis of a 1-year, observational,
longitudinal study of 374 eyes/patients with type 2 diabe-
tes, mild NPDR (ETDRS levels 20 and 35), and good vi-
sual acuity examined atbaseline and at 3, 6,and 12 months
in 19 clinical sites across Europe. This subanalysis focus-
es on characterization of the progression of diabetic sub-
clinical macular edema during the period of 1 year.

Diabetic subclinical macular edema has been shown to
be a candidate biomarker for the risk of progression to
clinical DME and the need for treatment [2]. In this study,
an increase in RT over the 1-year period in eyes/patients
with subclinical macular edema at baseline occurred in
only 58.3% of eyes/patients, indicating that 1 year is a
short interval to predict progression to clinical macular
edema. In eyes/patients that showed an increase in overall
RT during the 1-year period, this increase in RT occurred
predominantly in the INL. However, for eyes/patients
that developed clinical macular edema at the end of the
1-year follow-up period, the greatest differences occurred
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Table 2. RT values in the central subfield obtained from the different segmented retinal layers of eyes/patients
with subclinical macular edema (n = 28) showing an RT increase during the 12-month period

Layers Baseline V12 Difference between
baseline and V12
RT, um increase over RT, pm increase over RT, um %
normative data?, % normative data?, %
RNFL 5.79£2.82  -17.43 6.00£3.49 -14.44 0.26+1.51 4.48
GCL+IPL  44.63+8.19 2.81 44.84+8.25 3.30 -0.38+3.44 -0.85
INL 23.61£3.42 35.78 24.92+2.89 43.33 1.07+2.38  4.53
OPL 28.70+4.55 30.79 28.92+5.53 31.82 -0.04+3.54 -0.15
ONL 120.01£10.89 6.55 121.05+10.84 7.48 1.52+4.78  1.27
IS + OS 44.47+4.15 -1.93 44.27+3.58 -2.37 -0.20£2.68 -0.45
RPE 24.80£2.22 -1.50 24.96+2.35 -0.88 0.16+3.14  0.63
Total RT 282.14+10.78 3.39 289.21+13.23 5.98 7.07+9.51  2.51

Values are presented as mean + SD unless otherwise stated. RNFL = Retinal nerve fiber layer; GCL = gan-
glion cell layer; IPL = inner plexiform layer; OPL = outer plexiform layer; IS = inner segment; OS = outer segment;
RPE = retinal pigment epithelium. * The healthy control group included 58 healthy eyes which were age matched
with the eyes/patients from this study.

Table 3. RT values in the central subfield obtained from the different segmented retinal layers of eyes/patients
that progressed and did not progress to clinical macular edema in the 12-month period

No change to clinical macular edema Change to clinical macular edema
(n=43) (n=5)
RT, ym increase over RT, ym increase over
normative data, % normative data, %
Baseline
RNFL 591+3.44 -15.74 6.36£1.57 -9.22
GCL +IPL 44.58+7.45 2.71 41.86+10.72 -3.58
INL 23.02+3.59 32.37 21.58+5.14 24.07
OPL 27.77+4.77 26.56 27.07+2.91 23.37
ONL 119.70+£10.41 6.28 130.00+3.84 15.42
IS+ 0OS 45.04+4.44 -0.67 45.98+1.82 1.42
RPE 25.12+2.12 -0.23 23.73+1.23 -5.76
Total RT 281.35+10.09 3.10 287.20+13.83 5.24
Vi2
RNFL 5.61+3.31 -20.02 6.9614.64 -0.70
GCL +IPL 44.32+8.04 2.11 46.52+6.48 7.16
INL 23.44+3.67 34.80 24.11+1.92 38.62
OPL 27.18+5.13 23.87 30.80+5.13 40.39
ONL 120.40£10.20 6.90 126.30+1.40 12.14
IS+ OS 44.96+4.34 -0.84 45.93%3.15 1.29
RPE 24.75+2.30 -1.70 24.89+3.44 -1.14
Total RT 281.37+11.31 3.10 308.40+8.99 13.01

Values are presented as mean + SD unless otherwise stated. RNFL = Retinal nerve fiber layer; GCL = gan-
glion cell layer; IPL = inner plexiform layer; OPL = outer plexiform layer; IS = inner segment; OS = outer segment;
RPE = retinal pigment epithelium.
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in the ONL, suggesting that the involvement of other ret-
inal layers is a step associated with conversion from sub-
clinical to clinical macular edema.

These observations show that in the early stages of de-
velopment of DME the increase in RT occurs predomi-
nantly in the INL, probably due to colocalization of the
deep retinal vascular net and extracellular accumulation
of fluid due to alteration of the blood-retinal barrier in
these retinal capillaries. A further increase in RT, resulting
in clinical macular edema, on the other hand, appears to
be also associated with an increase in RT in other retinal
layers. The development of clinical macular edema in dia-
betes may, therefore, be associated with structural damage
of the remaining retinal layers, allowing increased accu-
mulation of fluid in the retinal layers located next to the
INL, i.e. the inner plexiform layer, the outer plexiform lay-
er, and the ONL.

Colocalization of the INL with the deep vascular unit
suggests a vascular origin for edema fluid accumulation.
This interpretation is well supported by the increased mi-
crovascular disease activity identified in eyes that showed
anincrease in RT over the 1-year period of follow-up. The
MA parameters studied, i.e. the MA formation rate and
MA turnover, showed positive correlations with increas-
es in RT. Higher MA formation rates and MA turnover
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