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Purpose: To propose a new classification of diabetic cystoid macular edema (CME) based on
optical coherence tomography (OCT) findings and cover all new important findings.
Patients and methods: A retrospective study was carried out in the El-Minia Investigation
Eye Center between January 2012 and November 2012. It included 104 eyes of 86 patients,
aged between 50 and 71 years, all with type II diabetes mellitus of duration from 5 to 20 years.
All patients were diagnosed to have CME, as assessed by OCT, with measurement of the
vertical size of the largest macular cyst and maximum macular thickness, and the relation
between them.

Results: Patients were divided into four groups. Eyes with cysts less than 30% of macular
thickness were considered to have CME I (n = 4, 3.84%), while those between 30% and 60%
were considered to have CME II (n = 62, 59.62%). Eyes with cysts between 60% and 90% of
macular thickness were considered to have CME III (n = 36, 34.62%). CME IV was diagnosed
when the size of the cyst became more than 90% of the macular thickness, and this was encoun-
tered in two eyes (1.92%).

Conclusions: OCT is a useful technique for quantitative measurement and helps in better
anatomical characterization of CME, and this classification of diabetic CME may be of value
in classification of CME due to causes other than diabetes.

Keywords: optical coherence tomography, cystoid macular edema, diabetic retinopathy

Introduction

Diabetic retinopathy is the leading cause of blindness in working populations in
industrially developed countries. With the rising incidence of diabetes mellitus, this
ocular disease will be an ever greater worldwide health issue in the near future than
it is already today.'

Approximately 25% of people with diabetes have at least some form of diabetic
retinopathy, and the incidence increases with the duration of the diabetes. Diabetic
macular edema increases with the duration of diabetes, and the prevalence is 5% within
the first 5 years after diagnosis and 15% at 15 years.?

Diabetic macular edema (DME) is the main cause of visual loss in diabetic patients.
The term “macular edema” refers to the actual retinal thickening in the region of the
macula, secondary to a rupture of the inner hematoretinal barrier. The diagnosis of
macular edema is based on binocular slit-lamp biomicroscopy, leakage on fluorescein
angiography (FA), and recently on the qualitative and quantitative information on
retinal structure and thickness offered by optical coherence tomography (OCT).?
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With the advent of OCT, several investigators have classi-
fied DME on the basis of the retinal map and cross-sectional
appearance of the retina on OCT.* Spectral domain (SD) OCT
allows for better characterization of the retinal morphology.
The morphological patterns of DME on OCT are generally
classified into diffuse retinal thickening, cystoid macular
edema (CME), subretinal detachment, and vitreomacular
interface abnormalities.’

CME is a cause of severe visual loss that occurs in a
variety of pathologic conditions, such as age-related macular
degeneration, diabetic retinopathy, branch or central retinal
vein occlusion, epiretinal membrane or vitreomacular trac-
tion, and as a complication of intraocular surgery. CME is a
pathologic definition with two components: abnormal collec-
tion of extracellular fluid and cystoid-space formation.’

OCT, first described by Huang et al® in 1991, is an imaging
modality capable of providing high-resolution cross-sectional
images of the neurosensory retina. As OCT is noninvasive,
it was quickly adopted by clinicians for the assessment of
patients with CME. In part, because of the relative ease with
which they can detect CME, many clinicians now prefer OCT
over FA for its detection.’

OCT has gained increasing popularity as an objective tool
to measure retinal thickness and other aspects associated with
macular edema.'® Standard OCT assessment of DME has
been adopted in multicenter trials in patients with diabetic
retinopathy by the Diabetic Retinopathy Clinical Research
Network. An advantage of using OCT is its quantitative
assessment, rather than the qualitative evaluation performed
with photography or biomicroscopy.!!

A lot of information that is available now by OCT dem-
onstrates that diabetic CME is a complex entity rather than a
simple clinical definition. We therefore propose a new clas-
sification of diabetic cystoid macular edema based on OCT
findings to better cover all new important findings.

Patients and methods
The study was done retrospectively in the ElI-Minia Investiga-
tion Eye Center between January 2012 and November 2012.
The study included 104 eyes of 86 patients. The age of the
patients ranged between 50 and 71 years, and all had type II dia-
betes mellitus of duration from 5 and 20 years. All patients were
diagnosed to have CME, as assessed by OCT examination.
Patients with CME due to any cause other than diabetes
mellitus were excluded from the study, eg, pseudophakic,
vascular occlusion, any macular traction other than diabetic
causes, history of topical medications, or with history of
any intraocular surgery or trauma. Also, all patients who

had had previous laser photocoagulation were excluded

from the study.

All patients were subjected to:

e ophthalmic and medical history-taking

e slit-lamp examination of the anterior segment

e dilated fundus examination using slit-lamp biomicroscopy
with 78 D lens (Nidek Slit Lamp SL-450; Nidek, Co.,

Ltd., Japan)

e OCT examination using the Cirrus HD-OCT model 4000

(Zeiss, Jena, Germany) with the following technique:

o after appropriate pupillary dilatation using cyclopen-
tolate 1% eye drops, the patient was seated comfort-
ably on a chair in front of the device, in a dimly lit
room, asked to place their chin on the chin rest, and
to look at the center of the green target, and not at
the moving light inside the imaging aperture

o selecting scan type — after identifying a patient and
clicking acquire, the acquire screen appears; we used
two scan types for each eye:

» macular cube 512 x 128 — this generates a cube
of data through a 6 mm? grid by acquiring a series
of 128 horizontal scan lines, each composed of
512 A-scans, except for the central high-definition
vertical and horizontal scans, which are composed
of 1,024 A-scans; this scan helps in giving an idea
about the regions of maximum height, so they are
better assessed and scanned by the high-definition
S-line raster. Also, we can get a radial line printout
(six B-scan areas extracted at the meridians of 0°,
30°, 60°, 90°, 120°, and 150°; the B-scan is used
to produce a two-dimensional, cross-sectional view
of the eye and the orbit)

» high-definition five-line raster — this scan gives the
highest resolution of all the Cirrus scan types; it
scans through five parallel lines of equal length,
and each line is composed of 4,096 A-scans (in this
study, 6 mm line length vertically, horizontally and
obliquely oriented at 45° and 135°); it was selected
to evaluate the mean retinal thickness from the
innermost internal limiting membrane to the retinal
pigment epithelium at the fovea (radius 500 pwm);
the central fovea was defined as the location without
the inner retinal layers in the macular region.

Multiple scans were taken throughout the whole macular

area. Scans with the strongest signal strength were selected
(signal strength of more than 6/10). According to these scans,
we were able to measure certain dimensions and evaluate cer-
tain morphological changes and findings within the scans.
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We measured the vertical dimensions of the macular
cysts, and the maximum retinal thickness. We defined cys-
toid spaces on OCT B-scans as circular or ovoid intraretinal
hyporeflective spaces present at the same approximate trans-
verse location on two adjacent B-scans.

Any disruption of the external limiting membrane (ELM)
was searched for within the central 1 mm of the fovea. If the
ELM line appeared to be complete at the fovea in all scans,
we diagnosed it as an intact ELM. Any discontinuity or inter-
ruption of the ELM line in one scan or more was considered
a disrupted ELM layer.

We identified the integrity of the inner segment/outer seg-
ment (IS/OS) line beneath the fovea using the same criteria
described for the ELM line. If the line appeared to be com-
plete at the fovea in all scans, it was diagnosed as an intact
IS/OS line. If there was an incomplete IS/OS line in one scan
or more, it was considered a disrupted IS/OS layer.

The presence of hyper-reflective foci in the outer retinal
layers from the ELM to the retinal pigment epithelium within
the 1 mm scanned area centered on the fovea was given a
plus sign (+ was added if the patient had hyper-reflective foci,
as previously described). Other findings, looked for during
the scan analysis, included neurosensory detachment and
vitreoretinal traction.

We classified patients into four groups based on the ratio of
vertical size of the largest macular cyst in relation to the size
of maximum macular thickness, with the use of OCT. Patients
with cysts less than (30%) of macular thickness were considered
to have CME I, while those between 30% and 60% of macular
thickness were considered to have CME II. Patients with cysts
between 60% and 90% of macular thickness were considered
to have CME III. CME IV was diagnosed when the size of the
cyst became more than 90% of the macular thickness.

Each grade was then subdivided into (A, B, C, and D),
according to certain morphological findings, and other
associations:

e A — cysts without any disruption to the ELM or IS/OS
junction lines

e B —cysts with ELM disruption

e C —cysts with IS/OS disruption

e D -—cysts with disruption of both ELM and IS/OS junction
lines.

The study adhered to the tenets of the Declaration of

Quantitative data were presented as means and standard
deviation, while qualitative data were presented as frequency
distributions.

Results
The study was done retrospectively at the El-Minia Inves-
tigation Eye Center between January 2012 and November
2012. The study included 104 eyes of 86 patients. The
age of the patients ranged between 50 and 71 years (mean
age 61.2 £ 6.1 years), and all had type II diabetes mellitus
for between 5 and 20 years (range 12.1 £ 4 years). All
patients were diagnosed with CME, as assessed by OCT
examination.

We classified patients into four groups based on the ratio
of vertical size of the largest macular cyst in relation to the
size of maximum macular thickness measured using OCT.
Eyes with cysts less than 30% of macular thickness were
considered to have CME I, present in four cases (3.84%),
while those between 30% and 60% were considered to
have CME 11, present in 62 eyes (59.62%). Eyes with cysts
between 60% and 90% of macular thickness were considered
to have CME 111, present in 36 eyes (34.62%). CME IV was
diagnosed when the size of the cyst became more than 90%
of the macular thickness, and was encountered in two eyes
(1.92%) (Table 1).

Accordingly, statistical analysis of the cases revealed:

e CME I — four eyes (3.84%) had cysts less than 30%
of macular thickness; all had intact ELM, but with IS/
OS disruption (inner/outer photoreceptor segments
[CME I C)), as seen in Table 2;

e CME Il - 62 eyes (59.62%) had cysts between 30% and
60% of macular thickness; 18 eyes (17.3%) had intact
ELM and IS/OS junction lines (CME II A) (Figure 1),
14 eyes (13.46%) had IS/OS disruption (CME II C),
and four eyes (3.84%) had IS/OS disruption with hyper-
reflective foci (CME II C*); 12 eyes (11.52%) had
disruption in ELM and IS/OS junction lines (CME II
D), and 14 eyes (13.46%) had disruption in ELM and IS/
OS junction lines with hyper-reflective foci (CME II D*)
(Figure 2); no eyes were detected with ELM disruption
alone (CME II B), as seen in Table 3;

Table | Frequency of eyes in each grade of CME

Helsinki. Grade Number of eyes Percentage
CMEI 4 3.84%
St t t I n I . CME Il 62 59.62%
atistical analysis CME I 36 34.62%
The statistical program SPSS for Windows version 11 (IBM,  cMe v 2 1.92%
Armonk, NY, USA) was used for data entry and analysis.  Abbreviation: CME, cystoid macular edema.
Clinical Ophthalmology 2013:7 submit your manuscript 1733
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Table 2 Distribution of eyes with CME |

CMEI n %
3.84
A. Cysts less than 30%, without any disruption 0 0
of ELM or IS/OS
+ Hyper-reflective foci presence 0 0
B. Cysts with ELM disruption 0 0
+ Hyper-reflective foci presence 0 0
C. Cysts with IS/OS disruption 4 3.84
+ Hyper-reflective foci presence 0 0
D. Cysts with disruption of both ELM and IS/OS 0 0
junction lines
+ Hyper-reflective foci presence 0 0

Abbreviations: CME, cystoid macular edema; ELM, external limiting membrane; IS/
OS, inner segment/outer segment.

e CMEIII-36 eyes (34.62%) had cysts between 60% and
90% of macular thickness, six eyes (5.76%) had intact
ELM and IS/OS junction lines (CME III A), four eyes
(3.84%) had ELM disruption (CME III B), and four
eyes (3.84%) had IS/OS disruption (CME III C); six
eyes (5.76%) had disruption in ELM and IS/OS junc-
tion lines (CME III D) (Figure 3), and 16 eyes (15.38%)
had disruption in ELM and IS/OS junction lines with
hyper-reflective foci (CME III D*), as seen in Table 4;

e CME IV — impending rupture cysts or cysts >90% of
macular thickness were present in two eyes (1.92%)
with both ELM and IS/OS disruption (CME IV D)
(Figure 4).

Other associated findings including neurosensory
detachment and vitreoretinal traction (either by epiretinal
membranes or partially detached posterior hyaloid) were
present, as seen in Table 5.

Regarding CME I and CME 1V, no associated findings
were detected, as seen in Table 5. In eyes with CME 1I, 24
eyes (23%) had neurosensory detachment (Figure 2), eight

Figure | OCT scan showing CME Il A with intact ELM (red arrow) and IS/OS
junction line (white arrow), with shallow neurosensory detachment (yellow arrow).
Abbreviations: CME, cystoid macular edema; OCT, optical coherence tomography;
ELM, external limiting membrane; IS/OS, inner segment/outer segment.

Figure 2 OCT scan showing CME Il D* with disruption of ELM (red arrow) and IS/
OS junction line (white arrow). Hyper-reflective foci (yellow arrow) and partial PYD
without traction (white dotted arrow) are also shown.

Abbreviations: CME, cystoid macular edema; OCT, optical coherence tomography;
ELM, external limiting membrane; IS/OS, inner segment/outer segment; PVD,
posterior vitreous detachment.

eyes (7.68%) had epiretinal membranes with tangential
vitreoretinal traction, and four eyes (3.84%) had partially
detached posterior hyaloids without traction (Figure 3). In
CMEIIL, 18 eyes (17.3%) had neurosensory detachment, and
12 eyes (11.53%) had epiretinal membranes with tangential
vitreoretinal traction (Figure 3).

Discussion

DME is one of the main causes of visual impairment in
patients with diabetic retinopathy.> CME is a pathologic
definition with two components: abnormal collection of
extracellular fluid and cystoid-space formation.’

The common diagnostic tools for assessing macular
edema are stereo-ophthalmoscopy and FA. However, these
methods are subjective, and seem to be insensitive to small
changes in retinal thickness."

OCT provides detailed information about retinal micro-
structure, and measures retinal thickness with high preci-
sion and reproducibility. The recently introduced SD OCT
machines have numerous improvements that enhance our

Table 3 Distribution of eyes with CME Il

CME Il n %
62 59.62
A. Cysts between 30% and 60%, without any 18 17.3
disruption to the ELM or IS/OS junction lines
+ Hyper-reflective foci presence 0 0
B. Cysts with ELM disruption 0 0
+ Hyper-reflective foci presence 0 0
C. Cysts with IS/OS disruption 14 13.46
+ Hyper-reflective foci presence 4 3.84
D. Cysts with disruption of both ELM and IS/OS 12 11.52

junction lines
13.46

Abbreviation: CME, cystoid macular edema; ELM, external limiting membrane; IS/
OS, inner segment/outer segment.

+ Hyper-reflective foci presence 14
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Figure 3 OCT showing CME lll D with disruption of ELM (red arrow) and IS/OS
junction line (white arrow). ERM and areas of tangential vitreoretinal traction
(yellow arrows) are also shown.

Abbreviations: CME, cystoid macular edema; OCT, optical coherence tomography;
ELM, external limiting membrane; IS/OS, inner segment/outer segment; ERM,
epiretinal membrane.

ability to examine retinal microstructure and obtain more
reliable measurements. '

Any abnormal pooling of extracellular fluid may result
in displacement of the spatial relationships between retinal
neuronal components. Small amounts of fluid may lead to an
increase in overall retinal thickness, whereas larger amounts
may give rise to cell-free spaces, as seen in CME. On OCT
images, cystoid cavities appear as black non-reflective
spaces, surrounded by medium-to-low reflective septa.'

Ozdek et al found that 40% of CMEs detected on OCT
were not detected by biomicroscopy, and 63% were not
detected even on FA. OCT is thus a better diagnostic tool
to diagnose CME in patients with diabetic retinopathy than
biomicroscopy or FA."

Hee and coworkers demonstrated that the central macular
thickness measured by OCT correlates with visual acuity with
a sensitivity greater than that of slit-lamp biomicroscopy. In
addition, they commented that even in the absence of fluo-
rescein leakage, there could be increases in retinal thickness
and loss of visual acuity.'

Table 4 Distribution of eyes with CME Il

CME Il n %
36 34.62
A. Cysts between 60% and 90%, without any 6 5.76

disruption to the ELM or IS/OS junction lines

+ Hyper-reflective foci presence 0

& -#:.ﬂh'i},mwh‘rﬁ'&. <1 AN AR DAG - TNT

-~

Figure 4 OCT scan showing CME IV D. Large impending rupture cyst with
disruption of ELM (red arrow) and IS/OS junction line (white arrow).
Abbreviations: CME, cystoid macular edema; OCT, optical coherence tomography;
ELM, external limiting membrane; IS/OS, inner segment/outer segment.

Several studies have found a modest correlation between
OCT-measured retinal thickness and visual acuity. Central
retinal thickness has a more significant effect on visual
acuity than does age, fluorescein leakage, hemoglobin A,
perifoveal capillary blood-flow velocity, or severity of peri-
foveal capillary occlusion.'®!”

To our knowledge, there have been limited trials to classify
diabetic CME on an OCT basis. Panozzo et al classified CME
into mild, intermediate, and severe grades according to the size
of cysts.!® Also, Koleva-Georgieva and Sivkova subdivided
cystoid DME into mild, moderate, and severe according to the
size of cystoid spaces. Mild cystoid DME presents with small
cysts mainly in the outer retinal layers. The cystoid spaces in
eyes with intermediate and severe cystoid DME were mainly
located in the outer layers, predominantly in the fovea."

These previous studies emphasized the importance of
determining the size of the cysts, which determine to a large
extent the degree of visual acuity of these patients. Also, these
studies considered that large confluent cystoid cavities might
involve almost the entire thickness of the retina and give a
retinoschisis appearance.

In our study, we categorized these data more precisely
depending upon the relative vertical size of the largest cyst
in relation to the maximum thickness of the macula. We
assumed that fluid accumulation in cystoid spaces deter-
mines progression of macular edema along three stages of
the disease. At the fourth stage, disruption of cystic septa

0

B. Cysts with ELM disruption 4 3.84 Table 5 Associated findings with CME

+ Hyper-reflective foci presence 0 0 CME] CMED cME CMETV
C. Cysts with IS/OS disruption 4 3.84

+ Hyper-reflective foci presence 0 0 Neurosensory 0 24 (23%) 18 (17.3%) 0
D. Cysts with disruption of both ELM and 1S/OS 6 576 detachment

junction lines Epiretinal membrane 0 8(7.68%) 12 (11.52%) 0

+ Hyper-reflective foci presence 16 15.38 Partially detached 0 4(3.84%) 0 0
Abbreviations: CME, cystoid macular edema; ELM, external limiting membrane; posterior hyaIOId
IS/OS, inner segment/outer segment. Abbreviation: CME, cystoid macular edema.
Clinical Ophthalmology 2013:7 submit your manuscript 1735
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occurs, resulting in formation of a large confluent cyst of
more than 90% of the macular thickness.

OCT clearly delineates the ELM, which corresponds to
the adherens junctions between the Miiller cells and photo-
receptor cells and also prevents passage of macromolecules.
The IS/OS junction on OCT images might represent photo-
receptor function, which is light perception. These layers on
OCT images reportedly provide important information about
pathologies of the photoreceptors.?

OCT has been used to assess the status of the photore-
ceptor layer. A close relationship of this status with visual
function has been reported in various diseases, such as branch
retinal vein occlusion, central serous chorioretinopathy,
retinitis pigmentosa, and retinal detachment. Further, an
association has been detected between visual acuity and
abnormal OCT findings, such as those pertaining to the ELM
and the IS/OS junction.?!

Since the introduction of SD OCT, it has become pos-
sible to visualize accurately the outer retinal layers and
define the integrity of the photoreceptor IS/OS junction
and the ELM layer. The integrity of these layers has been
reported to correlate with retinal function, and discussion
in the literature is ongoing about its prognostic value.
Several authors have found out that visual acuity has a
positive correlation with the survival rate of ELM and IS/
08,2 and that the postoperative status of the photorecep-
tors is related to the final visual function after resolution of
normal retinal morphology following surgery for persistent
DME?! or epiretinal membrane.? The percentage disruption
of the photoreceptor IS/OS junction layer is a significant
predictor of visual acuity.** Analysis of the integrity of IS/
OS and ELM on SD OCT scans should be a part of CME
evaluation.

Because of the importance of the integrity of the ELM and
IS/OS layers as prognostic features of visual improvement
after treatment for DME, inclusion of these important data
was involved in our classification of diabetic CME. Presence
of disruption of either ELM or IS/OS alone or combined was
included in our subdivision of grades of CME.

One of the drawbacks of our study is that we could not
give a percentage to the integrity of the ELM and IS/OS layers
in our classification, as assumed by some authors. Assessing
the status of the IS/OS junction on OCT helps clinicians
more accurately predict the visual outcome of patients with
diabetic CME.

Fine lesions (hyper-reflective foci) have been newly
delineated on OCT images, and the presence of these hyper-
reflective foci in the outer retina is closely associated with a

disrupted ELM and IS/OS lines and decreased visual acuity
(VA) in DME 2

Small hyper-reflective foci have been identified in patients
with DME. These foci can be less than 30 mm in diameter and
cannot be identified on fundus biomicroscopy, FA, or infrared
imaging. They were characterized by the same amount of
hyper-reflectivity as the accumulated dots in an area of hard
exudates, thus they may represent tiny intraretinal protein
and/or lipid deposits acting as precursors of hard exudates.?

Hyper-reflective foci, which may be precursors of hard
exudates, were associated significantly with heterogeneity
or higher levels of reflectivity in cystoid spaces on the OCT
images. In other words, the foci were observed in the cystoid
spaces with severe disruption of the blood-retinal barrier
(BRB). Although the origin of the hyper-reflective foci
remains controversial, condensed proteins or lipids in the
cystoid spaces might deposit as hyper-reflective foci, result-
ing in emergence of hard exudates.?”” Another possibility is
that lipid-laden macrophages might take up the concentrated
proteins or lipids in the cystoid spaces. A severe break in the
vascular walls might allow macrophage migration into the
cystoid spaces, regardless of whether the BRB breakdown is
or is not induced by inflammatory cells.?® The accumulation
of hyper-reflective foci in the subretinal spaces indicates a
poor prognosis in DME.’

Inclusion of hyper-reflective foci in our classification of
diabetic CME adds beneficial and worthwhile information
reflecting the degree of BRB breakdown and its impact on
the definitive visual acuity of patients.

This study was limited by a small sample size and its
retrospective nature. The duration of edema for each patient
at the time of the SD OCT examination was variable. This
mixture of patients did provide a broad overview of the
spectrum of diabetic CME, and was more representative of
the variability of clinical presentation.

This classification of diabetic CME may be of value in the
classification of CME due to causes other than diabetes. OCT
is a useful technique for quantitative measurement and helps in
better anatomical characterization of CME, and is thereby more
relevant while planning management strategies, follow-up,
explaining prognosis and predicting visual outcome.
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