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ABSTRACT.

Purpose: To describe the distribution of Type 2 DM retinal lesions and

determine whether it is symmetrical between the two eyes, is random or follows a

certain pattern.

Methods: Cross-sectional study of Type 2 DM patients who had been referred

for an outpatients’ ophthalmology visit for diabetic retinopathy screening in

primary health care. Retinal photographic images were taken using central

projection non-mydriatic retinography. The lesions under study were microa-

neurysms/haemorrhages, and hard and soft exudates. The lesions were placed

numerically along the x- and y-axes obtained, with the fovea as the origin.

Results: From among the 94 patients included in the study, 4770 lesions were

identified. The retinal lesions were not distributed randomly, but rather followed

a determined pattern. The left eye exhibited more microaneurysms/haemor-

rhages and hard exudates of a greater density in the central retina than was

found in the right eye. Furthermore, more cells containing lesions were found in

the upper temporal quadrants, (especially in the left eye), and tended to be more

central in the left eye than in the right, while the hard exudates were more central

than the microaneurysms/haemorrhages.

Conclusion: The distribution of DR lesions is neither homogeneous nor random

but rather follows a determined pattern for both microaneurysms/haemorrhages

and hard exudates. This distribution means that the areas of the retina most

vulnerable to metabolic alteration can be identified. The results may be useful for

automated DR detection algorithms and for determining the underlying vascular

and non-vascular physiopathological mechanisms that can explain these differ-

ences.
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Introduction

Worldwide Type 2 diabetes mellitus
(DM) is a highly prevalent illness and
exhibits an increasing tendency for the
near future (Zimmet et al. 2014). Dia-
betic retinopathy (DR) is a common
complication in Type 2 DM and is the
number one cause of blindness world-
wide (Lee et al. 2015). Likewise, mild
forms of DR are associated with car-
diovascular (CV) and kidney disease
risk (Liew et al. 2009; Mottl et al.
2012; Penno et al. 2012).

Metabolic controls and controls for
other risk factors such as hypertension,
reduce the risk of macro- and
microvascular complications, such as
DR, in Type 2 DM (Gaede et al. 2003).
Early detection of DR is important so
that suitable medication can be admin-
istered to stop its progression to serious
forms of retinopathy and to avoid
blindness. Microaneurysms are the tar-
get lesions in diabetic retinopathy
(ETDRS Report number 12, 1991).
The purpose of DR screening is the
early detection of microaneurysms and
haemorrhages. Thus, developing auto-
mated methods that can detect and
classify typical DR lesions and that can
analyse a large number of retino-
graphic images in a short period of
time is extremely interesting as this
would mean DR screening could be
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carried out with a very few resources.
Currently, the most commonly used
methods are based on improving lesion
identification (S�anchez et al. 2008,
2009; Sopharak et al. 2013; Navarro
et al. 2016; Srivastava et al. 2017),
classifying them based on class imbal-
ance (Dai et al. 2016; Wu et al. 2017)
and, more recently, applying deep
convolutional neural network (CNN)
technology (Ord�o~nez et al. 2017; Xu
et al. 2017).

The distribution of lesions typical in
Type 2 DM has been reported as not
being uniform in either animal or
human models, and the likelihood of
lesions appearing has been observed to
vary depending on the area in the
retina (Kern & Engerman 1995; Tang
et al. 2003; Silva et al. 2007, 2015). A
detailed description of these lesions
could be enormously helpful in formu-
lating hypotheses about the phys-
iopathological mechanisms of DR and
to optimize the readings of the images
obtained by both manual and auto-
mated retinography.

Patients and methods

Patients

Patients with Type 2 DM who had
been referred for diabetic retinopathy
screening in primary health care and
who met the inclusion criteria were
consecutively included. The patients
were examined during an ophthalmol-
ogy outpatient clinic visit. The inclu-
sion criteria were as follows: a clear
and interpretable retinography, well-
centred central retinographies for both
eyes, and no other type of lesion in the
retina that could be confused with
diabetic lesions such as photocoagula-
tion and photographic artefacts. The
presence of retinal alterations that
could give a margin of error (e.g.
chorioretinitis, artefact images, myeli-
nated fibres) was also a reason for
exclusion. All the patients were
informed about the study and gave
their consent. Approval for the study
was obtained from the Institutional
Review Board (IRB), and the research
described here adhered to the tenets of
the Declaration of Helsinki.

Methods

The retinographies were centred on the
macular area using a non-mydriatic

retinal camera (TOPCON TRC-
NW6S, Topcon Medical Systems,
Tokyo, Japan) at 45�, thus allowing
the entire central retina and the poste-
rior crown of the peripheral retina to
be visualized. The images were placed
in the same position on the screen of an
HP 1523 monitor with a 1024 9 768
resolution (Hewlett-Packard, Palo-
Alto, USA) PC. The images were
analysed to the maximum size allowed
by the screen, that is 55%. If necessary,
the zoom in the Microsoft Windows 8
Paint programme (Redmond, Wash-
ington, USA) was used to enlarge the
image screen. The lesions under study
were recorded and placed numerically
using the x- and y-axes obtained with
the fovea as the origin (Fig. 1). In the
case of hard exudates and microa-
neurysms, since they are very small,
they are always placed in a single cell.
A few microhaemorrhagic lesions may
affect more than one cell; in this case,
they were assigned to the cell that
contained the centre of the lesion. In
the case of soft exudates, only their
location in crowns was considered. The
geometric centre corresponds to the
fovea.

The retina examination was divided
into two procedures. First, a tangen-
tial, internal circumference was out-
lined on the surface of the optic disc
with the fovea at its centre. This
delimited surface area was considered
as the central retina. A tangential
circumference external to the optic disc
was added concentrically to the first,
along with two others with radiuses of
2/3 and 1/3 with respect to the radius of
the circumference delimiting the central
retina (Figure S1).

Second, the retinal surface area was
divided into squares. For this, a virtual
grid divided into squares of 54.857 side
pixels (of screen) was superimposed on
the central retinograph. Each cell had
coordinates defined on both axes. The
lesions were located in a determined
cell according to the coordinates. The
square cells were numbered symmetri-
cally from 1 to 41. The shaft axes of the
square that made up the grid with the
fovea as its centre were accepted as
cartesian axes. Figure 2 shows the
relationship of the cells with the central
circle and crowns.

Validation of the observer

One of the authors (EMG), who is an
ophthalmologist and pathologist,
checked all the retinographies to iden-
tify the lesions. The images were
anonymized. The reading order for
the intraobserver agreement was ran-
dom and differed between the first and
second reading. Interobserver agree-
ment was assessed by another expert
(JBP) as well as with the intraobserver.
The results obtained from the interob-
server and intraobserver agreement for
the soft and hard exudates and the
microaneurysms/haemorrhages in a
sample of 50 images shows a kappa
correlation coefficient of >0.9.

External validation of the sample

In a universal healthcare system, a
selection bias summary reduces but
does not totally eliminate this prospect,
so the external validity of the sample
was checked by comparing the charac-
teristics of the patients with other

Fig. 1. Location of lesions by ‘x’ and ‘y’ axis.

x-axis: 214 px. y-axis: 174 px. Cell n� 17.

Crown b.

Fig. 2. Relationship of the cells with the

central circle and crowns.
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primary healthcare cohorts from the
same region (see Results).

Identifying and locating lesions

Three types of lesions were identified
and located: microaneurysms/haemor-
rhages, and hard and soft exudates.
When each lesion was identified, its
coordinates (in pixels) were determined
and a hemiretina, quadrant, crown,
central circle and cell assigned to it.

Retinal areas occupied by lesions

The density (number of lesions per 100
pixeles2 for microaneurysms, haemor-
rhages and hard exudates and number
of lesions per 1000 pixeles2 for soft
exudates) of each type of lesion was
calculated from the hemiretina, quad-
rants and crowns. Cell occupation by
lesions was expressed through two
variables. First, the cells in each quad-
rant were ordered by the number of
each type of lesion they contained and
expressed as the five cells in each
quadrant containing the most lesions
of each type. Second, the cells occupied
by each type of lesion were identified,
using the maximum value of the cell in
the quadrant with the fewest lesions in
the retinography of the two eyes sepa-
rately as the cut-off point. This proce-
dure was used to identify the cells most
prone to presenting lesions across the
set of four quadrants.

Statistical analysis

The results were expressed as percent-
ages for the categorical variables and as
means (SD) and medians (IQR) for the
quantitative variables. The Kol-
mogorov test was applied to determine
the distribution of the variables. To
compare the qualitative and quantita-
tive variables, a t-test was used if the
distribution was symmetrical and a
Wilcoxon test if the distribution was
non-symmetrical, with a Bonferroni
correction in both cases. Using a reg-
ular grid spatial design, a logistic
regression model was specified to con-
trast the null hypothesis that the cells
defining the ‘white hole’ (the area of the
eye with no lesions) observed in the
eyes of all the individuals were distinct
to each of them. In other words, the
‘white hole’ appears randomly. The
responding variable was dichotomous,
taking the value 1 for cells 12, 13, 14,

18, 19, 20, 26, 27 and 34 in quadrants
III (right eye) and VI (left eye), and the
value 0 for the rest of the cells. Two
random effects were introduced into
the model, one which collected individ-
ual heterogeneity (i.e. the non-observed
factors specific to each cell that could
explain the presence of lesions in it),
and another that collected the spatial
dependency between cells (i.e. the like-
lihood that the occurrence of a lesion in
a cell could increase the probability of
a lesion occurring in neighbouring
cells).

It was assumed that the random
effect that collected heterogeneity was
distributed normally, identically and
independently. For the random effect
collected by the spatial dependence, a
Mat�ern structure was considered suit-
able (Lindgren et al. 2011).

This model was used to test the null
hypothesis that there is no difference
between quadrants III (right eye) and
VI (left eye). Using the same grid
design, a Poisson regression model
was then described to contrast the null
hypothesis that the lesions were dis-
tributed homogeneously among all the
cells and/or areas of the eye. In this
case, the response variable was the
number of lesions in each cell. As in
the logistic regression, a random effect
to collect individual heterogeneity and
other spatial dependence was intro-
duced.

Results

The sample size comprised 94 patients
with Type 2 DM (51% women), and
the mean age was 64.8 years (SD8.6).
Table 1 shows the other characteristics.

This sample was compared with data
from the two large cohorts in our
region. The first cohort (Rodriguez-
Poncelas et al. 2015) made up of
108,723 patients with Type2DM from
all over Catalonia, Spain referred for a
DR early detection retinography,
showed no differences regarding sex,
HbA1c or prevalence of hypertension.
This cohort was slightly younger (64.8
versus 66.9 years; p = 0.02) and
received less insulin treatment. The
other benchmark cohort (Romero-
Aroca et al. 2016) was from Tarrag-
ona, Catalonia, Spain and comprised
15 396 Type 2 DM patients who had
also been referred for a DR early
detection retinography. This cohort
showed no differences in age, sex,

HbA1c, prevalence of hypertension
and treatment with insulin with respect
to the cohort in this study.

From the retinographies taken, 4770
lesions were identified and located of
which 2785 were in the central retina,
1302 of these were in the right eye and
1483 were in the left eye. Hard exudates
were more common than microa-
neurysms/haemorrhages in the central
retinas, and both types of lesions were
more frequent in the left central retina.
There was a greater density of microa-
neurysms/haemorrhages and hard exu-
dates in the central retina of the left eye
(0.38 versus 0.32 lesions/100 pixels2;
p < 0.001). Furthermore, there was a
greater density of all lesion types in the
central retina than in the peripheral
retina of both eyes (Table S1).

There was a greater density of hard
exudates in the upper, rather than in
the lower, hemiretinas of both eyes.
However, this difference was not
observed for microaneurysms/haemor-
rhages or soft exudates. On comparing
the densities of the lesions in the upper
hemiretinas of both central retinas, all
were shown to have a greater density in
the upper left, rather than the upper
right, hemiretina. (Table S2).

There were greater densities of
microaneurysms/haemorrhages in the
temporal hemiretinas of both eyes than
in the nasal hemiretinas, and in the left
temporal hemiretina rather than in the
right. There was also a greater density
of soft exudates in the left temporal
hemiretina than in the nasal hemiretina
on the same side, with no observable

Table 1. Characteristics of participants with

Type 2 diabetes (n = 94).

Gender, women, n (%) 49 (51)

Age, years (SD) 64.8 (8.6)

Visual acuity (SD)

Right eye 0.80 (0.22)

Left eye 0.79 (0.19)

Intraocular pressure, mmHg (SD)

Right eye 17 (3.4)

Left eye 17 (3.6)

Hypertension, n, (%) 74 (79)

HbA1c, % (SD) 7.4 (1.7)

Dislipemia, n ((%) 89 (94.3)

Antihypertensive treatment,

n (%)

61 (65)

ACEI/ARB treatment,

n (%)

51 (54.2)

Hipolipemiant treatment,

n (%)

65 (69.1)

Antidiabetic treatment, n (%) 87 92.5)

Insulin treatment, n (%) 31 (33)
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differences between the two hemireti-
nas in the right eye.

There was a greater density of
microaneurysms/haemorrhages and
hard exudates in the central retina (c,
d, circular crowns) of both eyes, and
these lesions were more concentric (d
circular crown) and denser in the left
eye, especially in the case of the hard
exudates. The soft exudates were den-
ser and more concentric in the circular
crowns of the right eye (Table S3).

Figure 3 shows the five cells in each
quadrant with the most microa-
neurysms/haemorrhages and hard exu-
dates. It can be seen that, when
considering all the quadrants simultane-
ously and with a cut-off point corre-
sponding to the number of lesions in the
most occupied cell in the quadrant with
the fewest lesions (Fig. 4), all the cells
with the most microaneurysms/haemor-
rhages and hard exudates coincide with
the cells that present the most lesions in

each quadrant analysed separately. Fig-
ure 5 is a three-dimensional representa-
tionof the total number of lesions in each
cell. As before, it can be seen that there
are more lesions of all types (subject to
this study) in the temporal hemiretinas
and the upper hemiretinas, so it is in the
upper temporal quadrant, especially of
the left eye, where the cells that are
occupied by the most lesions are found.

Given the results from the adjusted
logistic regression model, which show

Fig. 3. Five cells in each quadrant with the highest number of retinopathy lesions: microaneurysms/haemorrhages (red) and hard exudates (green).
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that the distribution of the lesions and
the area without lesions are not ran-
dom, the null hypothesis that the

lesion-free oval area is down to chance
can be rejected. The cells with more
lesions than expected are shown in

Fig. 6. The highest number of cells
occupied with more DR lesions than
expected, can be seen to be in the upper

Fig. 4. Cells with the greatest presence of microaneurysm/haemorrhages (red) and hard exudates (green) in all quadrants. Figure 2 shows the cells in

each quadrant occupied by microaneurysms/microbleeds and hard exudates using the maximum value of the quadrant cell with the lowest number of

lesions as the cut-off point.
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temporal quadrants of both eyes, in
particular in the left eye. These results
have been obtained using an adjusted
Poisson regression model and are
expressed in percentages of occupation
of each cell above the expected per-
centages. The cells most expected to be

occupied that coincide with the highest
absolute number of lesions are num-
bers 30, 31, 36 and 37 in the upper
temporal quadrant (V) and cells 37 and
38 in the lower temporal quadrant (III)
of the left eye. In the right eye, cells 24,
37 and 38 in the upper temporal

quadrant and cell 30 in the lower
temporal quadrant are the ones most
expected to be occupied. (See Annex
S1).

Discussion

Our results show that central retina
lesions in patients with Type 2 DM are
not distributed randomly but rather
follow a fixed pattern. There are more
microaneurysms/haemorrhages and
hard exudates in the left eye than in
the right. When the density of the
lesions is analysed using 100 pixeles2,
the density of the microaneurysms/
haemorrhages and hard exudates is
observed as being greater in the left
central retina than in the right (0.38
versus 0.32 lesions/100 pixeles2;
p < 0.001). The lesions are located, to
a significant extent, in the temporal and
upper hemiretinas, with the upper tem-
poral quadrants containing the most
cells occupied by lesions, especially in
the left eye. Furthermore, the lesions
tend to be more central in the left eye
than in the right and the hard exudates
tend to be more central than the
microaneurysms/haemorrhages. The
lesion-free oval area, which appears in
the central retinas of both eyes, could
be related to embryonic fissure when
the retina is forming.

It was presumed that the cells with
the most lesions are those with a more
active histology in their formation, that
is the ones most vulnerable to the
metabolic disorder Type 2 DM. Thus,
it can be concluded that histological
components that respond differently to
this metabolic alteration are involved
in the two types of lesions. As expected,
the set of microaneurysms/haemor-
rhages follows a predominantly vascu-
lar configuration, which is illustrated
by the macroscopic aspect, regularity in
the distribution and scarcity in the
perifoveal area. The set of information
obtained from the behaviour of the
microaneurysms/haemorrhages as a
whole, however, allows us to go
beyond simply adjudicating this to the
vascular component to interpret more
subtle aspects of the configuration and
behaviour of this retinal vascular net-
work that would be difficult to obtain
by observation under a microscope.
For example, the difference in densities
between both central retinas, the dif-
ference between the nasal and temporal
hemiretinas, the differences between

Fig. 5. Distribution of lesions in the retinography of both eyes. (A) All lesions. (B)

Microaneurysms/haemorrhages. (C) Hard exudates. The figures show the distribution of the

lesions in the central retina quadrants. The results show that the distribution of lesions and lesion-

free zone (white hole) are not random (p < 0.005). In the model, two random effects were

introduced, one that included individual heterogeneity, that is those factors specific to each cell,

not observed that could explain the existence of lesions in the cell; another that collected the

(spatial) dependence between cells, that is the occurrence of an injury in a cell could increase the

probability of the occurrence of an injury in the neighbouring cells.
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the crowns in the right and left central
retinas and the different distribution of
cells with most lesions, all point to
there being inequalities in the distribu-
tion of blood vessels and differences in
both their physiological functions and
their response to this metabolic aggres-
sion and other risk factors, both
between the two retinas and within
each of them. In this sense, a recent
article (Ometto et al. 2017) shows that
the microaneurysms/microhaemor-
rhages located in the first perimacular
circle predict the progression of retinal
lesions. Our study shows that microa-
neurysms/microhaemorrhages appear
earlier in the temporal cells adjacent
to the macula (located in the first
perimacular crown) and suggest that
these cells are the most active in the

formation of these lesions. The distri-
bution of hard exudates follows a
pattern that does not correspond to
any specific histological structure, sug-
gesting that the histological component
of the retina involved in its formation
also varies depending on the area.
These histological differences are cur-
rently outside the scope of mere micro-
scopic observation. Given that the
retina belongs to the central nervous
system, these variations in histological
composition would be reflected in sub-
tle differences between the different
regions of the neural component of
the central nervous system involved in
vision. The early stages of DR are
accompanied by dilatation of the diam-
eter of the retinal vessels and reduced
autoregulation, demonstrating that

there are differences in the different
areas of the retina (Bek 2017). In this
regard, regional differences in the
diameter response to increased blood
pressure have been described, which
could partially explain the differences
in the formation and distribution of
lesions (Skov Jensen et al. 2011). A
study that measured overall oxygen
saturation found that this decreased
from the upper and lower nasal quad-
rant and from the lower temporal
quadrant to the upper temporal quad-
rant, which corresponds to the area
where there are most lesions, although
this decrease in O2 saturation was
found in healthy patients as well as in
those with Type 2 DM or DR
(Jørgensen & Bek 2017). A recent study
based on an animal model of diabetic
mice showed that low regulation of the
expression of connexin 43 induced cell
death and increased the permeability of
the vessels in the retina, which acted as
a promotor mechanism of RD (Tien
et al. 2014). The prior work of Tang
et al. (2003) showed that while there
are more microaneurysms in the tem-
poral hemiretina, no differences were
found in the thickness of the retinal
capillary basement membrane across
the retina. The only difference they
found between quadrants was in the
activity of a protease, caspase 1. They
also found a greater expression of nitric
oxide synthase (iNOS) in the temporal
hemiretina of patients with Type 2
DM. iNOS is involved in vascular
tone, angiogenesis and neural develop-
ment. These data point to DR lesions
not only responding to a vascular
mechanism, but to their having a neu-
rodegenerative component of the asso-
ciated retina. In other words, it seems
that DR is the expression of the
vulnerability of certain areas of the
retina to various vascular risk factors
that act on the level of the vascular and
metabolic autoregulation (iNOS, vessel
calibre, connexin 14) of the entire
retina.

There is a low density of lesions in
the area we have called the ‘external
retina’ (ER), but there are no apparent
distribution patterns, leading us to
believe that it is at the ‘central retina’
(CR) level where the distribution of the
tissues involved in the appearance of
diabetic lesions is well-organized and
that the rest of the retina studied in this
article (the ER) does not share the
same organizational characteristics.

Fig. 6. Cells in each quadrant with significantly more (brown) or fewer (blue) lesions than

expected (in percentage). Poisson regression model to contrast the null hypothesis that the lesions

were distributed homogeneously among all the cells and/or areas of the eye. The response variable

was the number of lesions in each cell. Logistic regression, a random effect to collect individual

heterogeneity and another spatial dependence (See Annex S1).
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The results of our study not only
show the differences in the distribution
of lesions in the retina and the densities
with histological and physiopathologi-
cal implications for future studies, but
they can also assist technological trans-
fer in detecting retina lesions typical of
DR. In recent years, convolutional
neural networks (CNNs) have been
shown to be a deep-learning method
that gives excellent results in terms of
sensitivity, specificity, agreement and
precision in detecting RD in general
(Gulshan et al. 2016; Gargeya & Leng
2017; Ting et al. 2017; Krause et al.
2018) and microaneurysms and haem-
orrhages in particular (Chudzik et al.
2018). However, CNNs have several
limitations that affect their practical
application. First, lesions in the initial
stages of RD are scarce and are found
in less than 1% of the total number of
pixels, which hinders their detection.
Furthermore, deep learning requires
larger image datasets for training and,
finally, the time needed to analyse the
retina is about one minute, which is
quite long for a screening technique
(Lam et al. 2018). Our results can be
useful for alerting expert systems about
which cells must be checked and in
which order when searching for lesions
typical of DR, thus reducing the false-
negative margins; in other words,
increasing the sensitivity of the algo-
rithms. Reducing the size of the retinal
area to explore would probably
decrease the time needed to analyse
each image. However, further studies
are required to assess these possibili-
ties.

Among the strengths of this study
are the high number of DR lesions
analysed, the use of a solid methodol-
ogy and readings by a single observer
who is an expert in retinal diseases and
a high inter- and intraobserver agree-
ment with another expert involved in
this study. This high agreement has
been previously described for patients
with hypertension (Enstr€om et al.
2000). This study has limitations that
should be considered. Not knowing the
laterality of the patient, that is if they
are right- or left-handed. The predom-
inance of determinate lesions in one eye
and in the adelphus could be related to
stereoscopic vision, which may induce
physiopathological changes of varying
intensity in different areas of the retina.
The limitations in our study include
that the severity scale could vary if we

use wide-field image techniques such as
Optovue, and the number of patients
with advanced DR can increase by
12%, despite the nine retinographies
being able to achieve retinal periphery
(Silva et al., 2007, 2015). However, the
objective of this work was to determine
the distribution of lesions in the central
retina by using standard retinography
as it is still the most accessible DR
screening technique. Although not an
objective of our study, peripheral reti-
nal lesions were assessed for clinical
effects.

In conclusion, the main finding of
our study is that the distribution of DR
lesions is neither homogeneous nor
random but follows a determined pat-
tern for microaneurysms/haemor-
rhages and hard exudates. This
distribution, (based on the sequence
of appearance of the lesions and the
expectation of the cells being occu-
pied), means we can identify the areas
of the retina that are most vulnerable
to metabolic alteration. The results
could contribute to opening new lines
of research to determine the vascular
physiopathological mechanisms that
explain these differences. Moreover,
the results may be useful for the auto-
mated DR detection algorithms, facil-
itating deep learning and shortening
retinal image analysis time.
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