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were performed in 194 eyes/patients using Cirrus SD-
OCT and 166 eyes/patients using Spectralis SD-OCT. The 
DRCR.net classification of subclinical and clinical macular 
edema was used. A composite grading of macular edema is 
proposed in this study.  Results:  A total of 317 eyes/patients 
completed the study. SD-OCT identified clinical macular 
edema in 24 eyes/patients (6.7%) and subclinical macular 
edema in 104 eyes/patients (28.9%) at baseline. Increased 
thickness of the central subfield is the best predictor for the 
development of clinical macular edema, with 85.7% sensitiv-
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 Abstract 

  Purpose:  To characterize the relevance of macular thickness 
changes in the inner and outer rings in the progression of 
macular edema in eyes/patients with diabetes type 2.  Meth-

ods:  A total of 374 type 2 diabetic patients with mild nonpro-
liferative diabetic retinopathy (ETDRS levels 20–35) were in-
cluded in a 12-month prospective observational study to 
identify retinopathy progression. Retinal thickness analyses 

 Received: September 15, 2015 
 Accepted: September 16, 2015 
 Published online: November 6, 2015 

 José Cunha-Vaz 
 AIBILI 
 Azinhaga de Santa Comba, Celas 
 PT–3000-548 Coimbra (Portugal) 
 E-Mail cunhavaz   @   aibili.pt 

 © 2015 S. Karger AG, Basel
0030–3747/15/0551–0019$39.50/0 

 www.karger.com/ore 

 See EVICR.net Study Group at http://www.evicr.net/downloads/
file270_gb.pdf. 

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ita
 d

i P
ad

ov
a 

   
   

   
   

   
   

   
   

   
   

   
 

14
7.

16
2.

11
0.

99
 -

 8
/1

9/
20

16
 1

:4
6:

49
 P

M



 Vujosevic    et al.
 

 Ophthalmic Res 2016;55:19–25 
DOI: 10.1159/000441110

20

ity and 71.9% specificity (OR: 2.57, 95% CI: 0.82–7.99). How-
ever, the involvement of the inner and outer rings is a cumu-
lative predictor of progression to clinical macular edema 
(OR: 8.69, 95% CI: 2.85–26.52).  Conclusions:  A composite 
OCT grading of macular edema taking into account the reti-
nal thickness changes in the inner and outer macular rings 
offers a simple way to characterize macular edema, with 
added clinical value.  © 2015 S. Karger AG, Basel 

 Introduction 

 The assessment and treatment of macular edema re-
mains a major challenge in the prevention of visual im-
pairment due to diabetes mellitus  [1] .

  Because of varying definitions and classifications at-
tached to the words focal and diffuse diabetic macular ede-
ma (DME), the Diabetic Retinopathy Clinical Research 
Network (DRCR.net) has recommended that future clas-
sification systems of DME should be based on objective 
measurements obtained from OCT (optical coherence to-
mography) and include concepts such as the extent and 
location of macular thickening, whether the center of the 
macula is involved and the presence or absence of vitreous 
traction. Ideally, a classification system for DME would be 
relatively easy to apply in practice and research and would 
be reproducible and clinically meaningful (e.g. differenti-
ate the natural course, treatment response or both).

  Recognizing these issues and the need for a simple way 
to use the classification of DME, this paper proposes a 
classification of DME based on OCT – an objective, reli-
able noninvasive method. The classification proposed is 
applied to the data obtained in a 1-year observational 
study of eyes/patients with mild nonproliferative diabetic 
retinopathy (NPDR).

  Methods 

 Patients 
 This analysis was performed in the context of a prospective, 

multicenter observational study designed to follow eyes/patients 
with mild NPDR (20 and 35 of the Early Treatment Diabetic Reti-
nopathy Study, ETDRS, classification) for a period of 1 year. The 
study was an investigator-driven observational study sponsored by 
the European Vision Institute Clinical Research Network (EVICR.
net)  [2] . Results of this study and procedures have been previous-
ly described  [3–5] .

  A total of 374 patients were recruited between September 2010 
and June 2012 in 19 European clinical sites and followed over a 
1-year period. Men and women with diagnosed adult-onset type 2 

diabetes, aged 35–82 years, with mild NPDR (20 and 35 of ETDRS 
classification), best-corrected visual acuity  ≥ 75 letters ( ≥ 20/32) 
with no signs of vitreous traction (NVT) and refraction with spher-
ical equivalent less than ±5 dpt were included in the study  [3] . Only 
1 eye of each patient was included in the study. All patients gave 
written consent. The tenets of the Declaration of Helsinki were fol-
lowed and approval was obtained from each institutional review 
board (ClinicalTrials.gov Identifier: NCT01145599).

  Optical Coherence Tomography 
 SD-OCT was performed using Cirrus (Carl Zeiss Meditec Inc., 

Dublin, Calif., USA; n = 194), Spectralis (Heidelberg Engineering, 
Heidelberg, Germany; n = 166), Copernicus (OPTOPOL Technol-
ogy, Zawiercie, Poland; n = 4) or 3D OCT-1000 (Topcon Corpora-
tion, Tokyo, Japan; n = 10). Only the 194 eyes/patients that were 
examined with Cirrus SD-OCT and the 166 eyes/patients that were 
examined with Spectralis SD-OCT are reported because of the avail-
ability of normative data and the number of patients examined. The 
data from these instruments were analyzed independently.

  Retinal thickness (RT) measurements in the central subfield 
(central area with 1 mm in diameter) and the 4 areas of the inner 
and outer rings (within 1–3 and 3–6 mm, respectively) were col-
lected.

  To identify eyes/patients with increased RT in the central sub-
field (clinical and subclinical macular edema) and in the inner and 
outer rings, the reference values established by DRCR.net were 
used.

  For clinical macular edema (ClinicalTrials.gov Identifier: 
NCT01909791)  [6] :
  • RT ≥ 290 μm in women and  ≥ 305 μm in men for Cirrus SD-

OCT  
 • RT ≥ 305 μm in women and  ≥ 320 μm in men for Spectralis SD-

OCT 
 For subclinical macular edema  [7–9] :

  • RT >260 and <290 μm in women and >275 and <305 μm in men 
for Cirrus SD-OCT  

 • RT >275 and <305 μm in women and >290 and <320 μm in men 
for Spectralis SD-OCT 
 For the inner and outer rings (ClinicalTrials.gov Identifier: 

NCT01331005):
  • Normal RT, if there was no more than 1 area above the normal 

range (normal mean + 2 SD) and no area 15 μm above the nor-
mal range  

 • Increased RT, if there was at least 2 areas above the normal 
range and/or 1 area 15 μm above the normal range 
 The normal mean + 2 SD values for the inner and outer rings, 

for Cirrus SD-OCT and Spectralis SD-OCT, are presented in  ta-
ble 1 .

  Sample Size 
 This study is a post hoc analysis of a prospective, 1-year, obser-

vational longitudinal study of 374 eyes/patients with diabetes type 
2 mild NPDR (ETDRS levels 20 and 35). The sample size was de-
termined to characterize retinal disease progression in type 2 dia-
betic patients with early NPDR  [3] .

  Data Analysis 
 Categorical variables are summarized with frequencies and 

percentages and numerical variables with means and SD. The χ 2  
test was used for categorical variables.
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  Logistic regression analysis was performed to assess the asso-
ciation of progression to clinical macular edema with the devel-
oped score and to assess the involvement of the inner and outer 
rings as a cumulative predictor of progression to clinical macular 
edema, by estimating the odds ratios (OR). Logistic regression 
analysis was also performed to assess the association of progres-
sion to clinical macular edema with the macular edema volume 
and maximum RT adjusted for instrument, by estimating the OR.

  A receiver-operating characteristic (ROC) analysis was made 
for the developed score to identify threshold values for progression 
to clinical macular edema. Similarly, a ROC analysis was made for 
the maximum RT to identify threshold values for progression to 
clinical macular edema for each instrument. All statistical analyses 
were performed with STATA version 12.1 (StataCorp LP, College 
Station, Tex., USA), and p values  ≤ 0.05 were considered statisti-
cally significant results.

  Development of a Grading Score 
 Taking the DRCR.net classification of subclinical and clinical 

macular edema into account, grading scores were tested to evalu-

ate the relevance of RT changes in the 9 macular areas in the pro-
gression of macular edema.

  The score takes into consideration the areas of increased RT 
(central subfield and inner and outer rings), as well as the number 
of affected areas ( fig. 1 ). The developed grading score is presented 
in  table 2 .

  Results 

 From the 194 eyes/patients (88 left eyes and 106 right 
eyes) examined with Cirrus SD-OCT at the baseline visit, 
62 eyes/patients were classified as subclinical macular 
edema and 12 eyes/patients were classified as clinical 
macular edema. Twenty-five eyes/patients did not com-
plete the 1-year follow-up. Therefore, a total of 169 eyes/
patients (77 left eyes and 92 right eyes) were included in 
this analysis ( fig. 2 ). From the 166 eyes/patients (78 left 
eyes and 88 right eyes) examined with Spectralis SD-OCT 
at the baseline visit, 42 eyes/patients were classified as 
subclinical macular edema and 12 eyes/patients were 
classified as clinical macular edema. Eighteen patients did 
not complete the 1-year follow-up. Therefore, a total of 
148 eyes/patients (65 left eyes and 83 right eyes) were in-
cluded in this analysis ( fig. 2 ).

 Table 1.  Threshold values for the inner and outer rings (normal 
mean + 2 SD) for Cirrus and Spectralis SD-OCT

Inner ring, μm  Outer ring, μm

Cirrus1 Spectralis2 C irrus Spectralis

Nasal 348 366 313 331
Superior 345 363 294 312
Temporal 333 351 279 297
Inferior 342 360 286 304

 1 Information from Cirrus SD-OCT User Manual. 2 A scaling 
factor was used [3].
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  Fig. 1.  Central subfield A and quadrants of the inner ring B and 
outer ring C as represented in OCT displays. Values are considered 
for the classification if they show an RT value in A corresponding 
to subclinical macular edema as defined by DRCR.net and RT val-
ues in B and C that are above threshold (average normal + 2 SD) 
in 2 quadrants or only 1 quadrant with an RT value 15 μm above 
threshold (average normal + 2 SD). 

 Table 2.  Location scores

Score Location with increased RT

0 No increases in the central subfield, inner ring or outer ring
1 Increases in outer ring: 2 quadrants ≥normal mean + 2 SD or 1

quadrant ≥normal mean + 2 SD + 15 μm
2 Increases in outer ring: 3 or 4 quadrants ≥normal mean + 2 SD 
3 Increases in inner ring: 2 quadrants ≥normal mean + 2 SD or 1

quadrant ≥normal mean + 2 SD + 15 μm
4 Increases in inner ring: 3 or 4 quadrants ≥normal mean + 2 SD
5 Criteria for score 3 + score 2 or criteria for score 4 + score 1
6 Criteria for score 4 + score 2
7 Increase in central subfield: subclinical macular edema (DRCR.net)
8 Criteria for score 7 + score 1
9 Criteria for score 7 + score 2

10 Criteria for score 7 + score 3
11 Criteria for score 7 + score 4
12 Criteria for score 7 + score 5
13 Criteria for score 7 + score 6
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  The baseline characteristics of the patients enrolled in 
the study can be found in a previous publication of our 
group  [3] . No statistically significant differences were 
found at baseline between the eyes/patients included in 
the study and the 43 eyes/patients that dropped out of the 
study.

  Retinal Thickness 
 In the central subfield 24 eyes/patients (6.7%, corre-

sponding to 6.2%, 95% CI: 2.8–9.6, with the Cirrus and 
7.2%, 95% CI: 3.3–11.2, with the Spectralis) had an OCT 
diagnosis of clinical macular edema at baseline, according 
to the DRCR.net standards  [6] . Subclinical macular ede-
ma was identified in 104 eyes/patients (28.9%, corre-
sponding to 32.0%, 95% CI: 25.4–38.5, with the Cirrus 
and 25.3%, 95% CI: 18.7–31.9, with the Spectralis). Eyes/
patients classified as subclinical and clinical macular ede-
ma at baseline occurred in eyes/patients with ETDRS lev-
els of 20 and 35, respectively, in 8.3 and 25.9%.

  The eyes/patients that showed increases in RT were in 
general the same during the entire follow-up period; 
82.9% of the eyes with increased RT in the central subfield 

Subclinical ME
52 eyes/patients

Dropout
10 eyes/
patients

Clinical ME
11 eyes/patients

In analysis

Normal OCT
106 eyes/patients

Subclinical ME
62 eyes/patients

Clinical ME
12 eyes/patients

Included in the analysis
(Cirrus)

194 eyes/patients

Normal OCT
120 eyes/patients

Dropout
1 eye/
patient

Dropout
14 eyes/
patients

Included in the study
374 eyes/patients

Screening
446 patients

Subclinical ME
39 eyes/patients

Dropout
3 eyes/
patients

Clinical ME
11 eyes/patients

In analysis

Normal OCT
98 eyes/patients

Subclinical ME
42 eyes/patients

Clinical ME
12 eyes/patients

Included in the analysis
(Spectralis)

166 eyes/patients

Excluded from this analysis
performed other OCT

14 eyes/patients

Normal OCT
112 eyes/patients

Dropout
1 eye/
patient

Dropout
14 eyes/
patients

  Fig. 2.  Consort flowchart. ME = Macular edema. 

 Table 3.  Baseline scores of eyes/patients with normal OCT and 
subclinical macular edema that completed the study (Cirrus, n = 
158; Spectralis, n = 137)

Score at
baseline

Cirrus  Spectralis

n %  n %

0 95 60.1 80 58.4
1 6 3.8 11 8.0
2 2 1.3 4 2.9
3 0 0.0 1 0.7
4 1 0.6 0 0.0
5 1 0.6 1 0.7
6 1 0.6 1 0.7
7 33 20.9 22 16.1
8 6 3.8 9 6.6
9 1 0.6 0 0.0

10 4 2.6 2 1.5
11 2 1.3 1 0.7
12 5 3.2 2 1.5
13 1 0.6 3 2.2

Total 158 100 137 100
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at baseline had increased RT at month 12. An increase in 
RT occurred also in the inner ring (73.2%) and in the 
outer ring (72.8%).

  The data were analyzed using the grading score pre-
sented in  table 2 . For these analyses the eyes/patients with 
clinical macular edema at baseline were excluded. The 
score, at baseline, of eyes/patients with normal OCT and 
subclinical macular edema at baseline that completed the 
study are presented in  table 3 . For the 14 eyes/patients 
that progressed to clinical macular edema in the 12-month 
period, 2 (14.3%) eyes/patients had a score of 0; 5 (35.7%) 
eyes/patients had a score of 7; 3 (21.4%) eyes/patients had 
a score of 8, and 4 (28.6%) eyes/patients had scores of 10 
or higher.

  An ROC analysis was made for the composite grading 
to identify threshold values for progression to clinical 
macular edema. The score presents a good discriminating 
value (AUC = 0.81). The score threshold value that best 

predicted the progression to clinical macular edema was 
7 (eyes/patients with increased central subfield), with 
85.7% sensitivity and 71.9% specificity ( fig. 3 ). To con-
firm the association of progression to clinical macular 
edema with the proposed score, the OR were estimated. 
The evaluation revealed that the score presented a sig-
nificant association with progression to clinical macular 
edema (OR: 1.33, 95% CI: 1.16–1.52, p < 0.001).

  When considering scores higher than 7, eyes/patients 
with increased central subfield and increased outer and/
or inner rings, there was a statistically significant differ-
ence in the progression to clinical macular edema be-
tween eyes/patients with scores <8 and those with scores 
 ≥ 8. Similar results were found considering score 10, eyes/
patients with increased central subfield and at least in-
creased RT in the inner ring ( table 4 ).

  To assess the involvement of the inner and outer rings 
as a cumulative predictor of progression to clinical macu-
lar edema, the OR were estimated considering as predic-
tors central subfield increase only (score 7) and increased 
central subfield plus increased outer and/or inner rings 
(score >7). The evaluation revealed that a score >7 pre-
sented a higher association with progression to clinical 
macular edema (OR: 8.69, 95% CI: 2.85–26.52, p < 0.001) 
than a score of 7 (OR: 2.57, 95% CI: 0.82–7.99, p = 0.104).

  In summary, during the 1-year follow-up period of the 
study, progression to clinical macular edema occurred in 
14 eyes/patients, 14.3% of the eyes with scores <7, 35.7% 
of the eyes with a score of 7 (increased thickening only in 
central subfield) and 50% of the eyes with scores  ≥ 8, 
showing the relevance of changes in the inner and outer 
rings.

  Comparing the 2 subsets of data, score <7 and score 
 ≥ 7, the score change was statistically significantly differ-
ent. There was also a clear significant difference between 

0
10
20
30
40
50
60
70
80
90
100
%

0 1 2 3 4 5 6
Score

7 8 9 10 11 12 13

Sensitivity Specificity

  Fig. 3.  Score sensitivity and specificity. 

 Table 4.  Baseline scores of eyes/patients that progressed and did not progress to clinical macular edema

 Score at baseline

<7  ≥7 p value <8 ≥8 p value <10 ≥10 p value

No change to clinical
macular edema, n (%) 202 (71.9) 79 (28.1) <0.001* 252 (89.7) 29 (10.3) <0.001* 265 (94.3) 16 (5.7) 0.001*Change to clinical
macular edema, n (%) 2 (14.3) 12 (85.7) 7 (50) 7 (50) <0.001* 10 (71.4) 4 (28.6)

Total 204 (69.2) 91 (30.8) 259 (87.8) 36 (12.2) 275 (93.2) 20 (6.8)* p ≤ 0.05 statistically significant.
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the 2 subsets, score <8 and score  ≥ 8, i.e. considering also 
the increase in the outer and/or inner rings. No difference 
was found between the 2 subsets of data, score <10 and 
score  ≥ 10, i.e. considering also the increase in the outer 
and inner rings ( table 5 ).

  Macular Edema Composite Grading 
 The proposed composite grading should also include 

the highest absolute mean RT value of each of the 9 areas 
involved (central subfield, inner ring and outer ring) and 
an indication of the presence or absence of vitreous trac-
tion. In this study, eyes with vitreous traction were ex-
cluded. Because the value of volume of the increased areas 
is not immediately available to physicians in OCT ma-
chines, we looked at the data using the highest mean RT 
value registered in the central subfield or other areas, in-
dependently of its location. A multivariate analysis for the 
association of progression to clinical macular edema with 
the developed grading score and highest mean RT value 
controlled for age, gender and HbA 1C  revealed that both 
grading score and RT values presented independent sig-
nificant associations with progression to clinical macular 
edema, with score appearing to be the better predictor 
(OR: 1.20, 95% CI: 1.01–1.43, p = 0.036 and OR: 1.04, 95% 
CI: 1.00–1.09, p = 0.044, respectively).

  An ROC analysis was also made for the highest mean 
RT value registered to identify threshold values for the 
progression to clinical macular edema for Cirrus SD-
OCT and Spectralis SD-OCT. The highest mean RT value 
per area increased showed a good discriminating value 
(AUC = 0.82 for Cirrus SD-OCT and 0.81 for Spectralis 
SD-OCT). The best predictive value was 342 μm (with 
83.3% sensitivity and 82.9% specificity) for Cirrus SD-

OCT and 348 μm (with 87.5% sensitivity and 69.0% spec-
ificity) for Spectralis SD-OCT.

  We propose a composite grading for macular edema 
based on  figure 2  and  table 2 . The mean RT values for 
the different areas of the OCT grid are considered ab-
normal if they correspond to the RT values defined by 
the DRCR.net as subclinical macular edema for the cen-
tral subfield and if they are  ≥ 2 SD beyond the normative 
database for the device used in the inner and outer rings 
of the OCT macula grid. The grading includes four char-
acteristics: (1) the location of the edema (whether the 
central subfield is involved and which, if any, inner and 
outer rings are involved); (2) the amount of edema, rep-
resented by the highest absolute mean RT value regis-
tered in any of the subfields (central subfield or any 
quadrant of the inner and outer OCT rings); (3) the 
presence or absence of signs of vitreous traction, and (4) 
the identification of the OCT instrument with which the 
data were acquired. For example, an eye with increased 
RT in the central subfield and in two quadrants of inner 
ring, showing the highest mean RT value of 450 μm in 
one of the inner ring quadrants and NVT using Cirrus 
SD-OCT, would be identified as 10/450 μm/NVT/Cir-
rus SD-OCT. Another eye with increased RT only in the 
outer ring, involving three quadrants, showing the high-
est RT value of 480 μm in any one of the quadrants in-
volved and NVT with the examination performed in the 
Spectralis SD-OCT, would be graded as 2/480 μm/NVT/ 
Spectralis SD-OCT.

  Discussion 

 This study is a post hoc analysis of a prospective, 
1-year, observational longitudinal study of 374 eyes/pa-
tients with diabetes type 2 mild NPDR (ETDRS levels 20 
and 35) and good visual acuity, examined at baseline and 
at 3, 6 and 12 months, in 19 clinical sites across Europe. 
The analysis focused on the identification of the relevance 
of RT changes in the inner and outer rings of the OCT 
macular area to characterize progression to clinical mac-
ular edema.

  The study showed that increased RT in the central sub-
field is the best predictor for the development of clinical 
macular edema. However, the involvement of the inner 
and outer rings is also shown here to be a cumulative pre-
dictor of progression to clinical macular edema.

  A composite grading of macular edema based on OCT 
measurements registered in the central subfield and the 
inner and outer macular rings was developed and tested 

 Table 5.  Score change of eyes/patients with normal OCT and sub-
clinical macular edema in the 12-month period

Score at baseline  Eyes/patients, n (%)
incre ase no increase p value

<7 28 (13.7) 176 (86.3) 0.027*≥7 22 (24.2) 69 (75.8)
<8 38 (14.7) 221 (85.3) 0.005*≥8 12 (33.3) 24 (66.7)
<10 45 (16.4) 230 (83.6) 0.320≥10 5 (25) 15 (75)

Total 50 (16.9) 245 (83.1)* p ≤ 0.05 statistically significant.
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using the results of this study. The proposed composite 
grading takes into account the location of the edema, its 
extent and volume – parameters that were identified pre-
viously by an expert panel established to develop a clas-
sification of DME (led by Neil Bressler and including two 
of the authors of this document). More recently, a rela-
tively simple approach was also suggested by Dolz-Marco 
et al.  [10] .

  In the classification proposed here, the location of the 
edema is fundamental and is well identified by the in-
volvement of the central subfield and/or other quadrants 
of the inner or outer rings. Volume is well represented by 
the highest mean RT value registered in any one of the 
subfields with edema. The presence or absence of signs of 
vitreous traction must be also indicated. Finally, the in-
strument with which the data were acquired should also 
be clearly identified.

  A classification system for macular edema (once it is 
suspected from clinical examination or imaging of the 
retina) should be as simple and clear as possible, relative-
ly easy to apply in clinical care and research, objective and 
reproducible. OCT provides an objective and reproduc-
ible method to identify and quantify macular edema, pro-
viding the necessary information for an objective classifi-
cation.

  The data presented here show that scores of 7 and 
higher, associated with higher RT values, are at higher 
risk for the development of clinical macular edema, need-
ing medical intervention and indicating the need for clos-
er follow-up.

  The application of the proposed classification has been 
tested and validated in the present study. The potential 
drawbacks are directly associated with the OCT tech-
nique and instrumentation used and include fixation er-
rors, instrument differences and the recognition that 
OCT machines are not available universally. This classi-
fication system is proposed as a basis for future refine-
ment following its use in the ophthalmic community and 
research world.
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