CLINICAL STUDIES

Evaluation of Diabetic Macular Edema and its Types
in Relation to Retinal Ischemia and Central Macular
Thickness with Ultra-Widefield Fundus Angiography
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ABSTRACT

Purpose: We aimed to investigate the relationship between macular edema and its types, retinal ischemia, and central macular thickness
in patients with Diabetic Macular Edema(DME) using Ultra-Widefield Fundus Angiography (UWFA).

Material and Methods: In this prospective study, patients diagnosed with DME between January 2014 and November 2015 were
enrolled. A total of 68 eyes from 42 patients with DME were included in the study.. Central macular thickness(CMT) was measured
after detailed eye examination.. Total retinal and ischemic retinal areas were measured with UWFA, and the retinal ischemic index (RII)
was calculated. Eyes with DME were classified into diffuse and focal based on UWFA.

Results: Retinal ischemia was detected in 54 out of 68 eyes with DME (79.4%). Among the eyes with DME, 34 had diffiiz DME and
34 had focal DME. In the 34 eyes with diffuse DME, retinal ischemia was found in 31 (91.1%), while in the 34 eyes with focal DME,
retinal ischemia was detected in 23 (67.6%) eyes. Eyes with difftuse DME were found to have a 4.94 times higher risk of retinal ischemia
(p=0.036). Correlation analysis between RII and CMT did not reveal the relationship for both diffuse and focal ME (p>0.05).

Conclusion: Our study will contribute to the etiopathogenesis of DME, as retinal ischemia was found to be significantly higher in
diffuse type edema than in focal type, and there is no correlation between RII and CMT in both diffuse and focal type edema.
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INTRODUCTION The etiopathogenesis of DME has not been fully elucidat-

. . . . ) ed, but retinal ischemia is anticipated to be a significant
Diabetic retinopathy DR) is the most common retinal vas-

. D . isk f . It is hypothesi h 1 eff
cular disease.! Diabetic macular edema (DME) is one of risk factor. It is hypothesized that due to abnormal effects

the leading causes of visual impairment in patients with of proinflammatory cytokines released into the vitreous

DR.2 According to the Wisconsin Epidemiologic Study Of due to vascular dysfunction and retinal ischemia, retinal

Diabetic Retinopathy (WESDR), the incidence of DME
over 10 years was reported as 20.1% in type 1 diabetics,
13.9% in insulin-nonusing type 2 diabetics, and 25.4% in
insulin-using type 2 diabetics.’ Another study by WESDR
reported a 29% incidence of DME development in 25 years
in type 1 diabetics.*

vessel endothelium is damaged, leading to fluid leakage
into retinal layers and the formation of DME.>” The sever-
ity of DME may be influenced by excessive secretion of
Vascular Endothelial Growth Factor (VEGF), which is re-
leased in response to retinal ischemia, leading to increased

vascular permeability.®
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The Optos Optomap Panoramic 200A imaging system pro-
vides wide retinal imaging capability of up to approximate-
ly 200° with a single image.’ It utilizes scanning laser oph-
thalmoscope technology with an ellipsoid mirror to shape
the patient’s eye, enabling examination of approximately
82% of the retina in a single image.'® Ultra-Widefield Fun-
dus Angiography (UWFA) for Optos was first described by
Friberg and Forrester in 2004. In addition to capturing a
wide retinal area, reducing the need for patient cooperation
is also a significant advantage.!' Compared to traditional
imaging methods, the Optos system, when used for UWFA,
can capture images of twice the wide retina area.'? A study
involving diabetic patients showed that Optos UWFA de-
tected 3.9 times more retinal ischemic areas and 1.9 times
more neovascularization compared to the standard 7-field

fundus angiography method."

To the best of our knowledge, there is no prospective study
in the literature evaluating the relationship between types
of ME and RII and CMT using UWFA in DME. Our study
aims to investigate the relationship between retinal isch-
emia and both overall DME and separately, focal and dif-
fuse DME, as well as explore the relationship between RII
and CMT.

SUBJECTS AND METHODS
Between January 2014 and November 2015, a prospec-

tive examination was conducted on 68 eyes of 42 patients
diagnosed with DME who presented to the Ophthalmol-
ogy Clinic of Eskigehir Osmangazi University Faculty of
Medicine Hospital. Patients with advanced diabetic chang-
es detected in fundus examination and Optical Coherence
Tomography (OCT) (Cirrus HD-OCT 5000, Carl Zeiss
Meditec, Dublin, USA), independent of CMT, and with
edema in the macular region were included in the study.
Exclusion criteria were the presence of pathologies causing
ocular opacities such as corneal leukoma, opacity, cataract,
intravitreal hemorrhage, and other retinal diseases, history
of retinal laser photocoagulation, intravitreal injection, cat-
aract surgery, or intraocular surgery and treatment related
to retinal pathology, and known allergies to fundus fluores-

cein angiography (FFA).

CMT measurements of the eyes included in the study were
performed using OCT. To minimize patient non-compli-

ance during imaging and to enable imaging of as wide a

retinal area as possible, pharmacological pupillary dilation
with 1% tropicamide was performed before the procedure.
Patients were thoroughly questioned about kidney disease
and allergic reactions. After the placement of intravenous
catheter, 5 ml of 10% sodium fluorescein was administered
intravenously. Once the angiography mode of the Optos de-
vice was initiated, angiograms were automatically record-
ed at 3-second intervals. If the pathology was unilateral,
the images of both eyes were recorded, with a preference
for the more affected eye. In the case of bilateral pathology,
images were recorded as evenly as possible, starting with
the more severely affected eye. The procedure was termi-

nated after five minutes.

Images taken during the arteriovenous phase of angiogra-
phy were marked by two retina specialists using the “Op-
tosV2 Vantage Pro Review” program to measure ischemic
areas in pixels. Angiographically significant hypofluores-
cent areas were considered ischemic. Retinal hemorrhage
areas were considered ischemic if they were entirely with-
in the ischemic areas, half ischemic if they were in the
neighborhood of ischemic and non-ischemic retina, and
non-ischemic if surrounded by non-ischemic retina. Peri-
vascular leakage areas were not considered ischemic. The
total retinal areas of the evaluated angiographic images
were also marked and measured in pixels using the same

program (Figure 1).

Areas in the far retinal periphery that were sufficiently
unclear regarding the presence of ischemia, artifacts, and
eyelashes were not classified as ischemic or non-ischemic

and were not included in the total retinal area. The ratio of

Figure 1. Total retinal area and ischemic areas marked in
UWFA.
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the retinal ischemic area to the total retinal area, denoted as

RII, was recorded for each eye included in the study.

In eyes with DME, they were categorized internally as
right and left eyes and recorded as proliferative diabetic
retinopathy (PDR) and non-proliferative DR based on an-
giography results. Regarding ME, they were categorized
as diffuse and focal based on the type, presence of isch-
emia as ischemic or non-ischemic, and further grouped
based on ischemic index calculations into RII>%50 and
RII<%50, as well as based on CMT into CMT>300um and
CMT<300pm. The distinction between diffuse and focal
ME was made through UWFA assessment. Edema caused
by microaneurysms affecting only a small portion of the
macula was classified as focal ME, while edema affecting
a large portion of the macula without a detectable leakage
source was considered diffuse ME. After UWFA imaging,
all patients underwent necessary treatment and follow-up
protocols based on their indication status. All obtained data
were entered into the Microsoft Office 2013 Excel pro-
gram. Statistical analyses were performed using the SPSS
biostatistics program, including Chi-Square test, Two Pro-
portions test, Independent Samples T-test, Mann-Whitney
U, Kruskal-Wallis H.

RESULTS
A total of 68 eyes from 42 patients with DME, including

24 males and 18 females, were included in the study. The
average age of the patients was 58.02 + 8.39 years, and the
mean duration of diabetes mellitus (DM) was 12.88 + 6.00
years. The general characteristics of the patients are shown
in Table 1.

The best-corrected visual acuity in logMAR, CMT mea-
sured by OCT, and RII determined by UWFA

are presented in Table 2.

Correlations between visual acuity (in logMAR) and both
RII and CMT were examined in patients with DME. There
was no significant relationship between visual acuity and
RII (r=0.05, p=0.67). However, a significant relationship
was found between visual acuity and CMT, with an in-
crease in CMT associated with an increase in logMAR val-
ue (r=0.279, p=0.021), indicating a significant decrease in

visual acuity as CMT increased Table 2.

Retinal ischemia was detected in 54 out of 68 eyes with
DME (79.4%). The presence of retinal ischemia, RII, and
CMT in eyes with and without PDR is compared in Table 3.

Table 1. General characteristics of the patients included in the study.
Mean +£ S. D.¥ (Min — Max)
Age 58,02 + 8,39 (41 —81)
Diabetes Duration (Years) 12,88 £ 6,00 (1 —25)
n(%)
No 15(%35,7)
Insuline Usage
Yes 27(%64,3)
<5 4(%9,5)
. . >5<10 4(%9,5)
Diabetes Duration (Years)
>10 <20 23(%54,8)
>20 11(%26,2)
. . . . . No 37(%54,4)
Proliferative Diabetic Retinopathy
Yes 31(%45,6)
¥ Mean + S.D.: Mean + Standard Deviation

Table 2. Averages of visual acuity, CMT, and RII of the patients included in the study.

Mean = S. D.* (Min — Max)
Visual Acuity (logMAR) 0,40 + 0,25 (0,00 — 1,30)
CMT (pm) 367,09 + 112,89 (200,00 — 720,00)
Ischemic Index (RII) 0,22 + 0,25 (0,00 — 0,85)

¥ Mean + S.D.: Mean =+ Standard Deviation




J Ret Vit 2026; 35: 116-123

Yasar et al. 119

Table 3. Evaluation of eyes with and without PDR based on the presence of ischemia, RII, and CMT.

PDR Present No PDR
(n=31) (n=37) p
) Absent 1(%3,2) 13(%35,1)
Ischemia 0,003*
Present 30(%96,8) 24(%64,9)
RII 0,40 + 0,24 0,08 + 0,13
Mean = S. D.*(Min — Max) (0,00 — 0,85) (0,00 — 0,59) 0,0001#
CMT (pm) 358,07 + 118,01 372,92 + 111,54
Mean + S. D. ¥ (Min — Max) (213,00 — 720,00) (200,00 — 640,00) 0,409

¥ Mean + S.D.: Mean + Standard Deviation
*Continuity Correction (Yate’s) Chi-Square Test
#Mann-Whitney U Test

According to the results, retinal ischemia and RII were sig-
nificantly higher in eyes with PDR (p=0.003 and p<0.001,
respectively), while no significant difference was observed
in CMT (p>0.05).

Regarding the types of macular edema, 34 eyes (50%) had
diffuse ME, and 34 eyes (50%) had focal ME among the
68 eyes with DME. In the 34 eyes with diffuse ME, reti-
nal ischemia was detected in 31 (91.1%), while in the 34
eyes with focal ME, retinal ischemia was detected in 23
(67.6%). According to these results, eyes with diffuse ME
had a 4.94 times higher risk of retinal ischemia compared
to eyes with focal ME (95% CI (1.23-19.76)) (p=0.036).
Additionally, regardless of the type of edema, when com-
paring the right and left eyes for retinal ischemia, it was
observed that retinal ischemia was present in 87.5% of the
right eyes and 72.2% of the left eyes, with no significant
difference between the eyes (p=0.21).

The average RII of the 68 eyes with DME was 0.22 £+ 0.25
um, and the average CMT was 367.09 + 112.89 um. Com-
parisons of RII and CMT between eyes with diffuse and
focal ME are shown in Table 4.

Regarding RII, eyes with diffuse ME had a significantly
higher RII compared to eyes with focal ME (p=0.001).
However, there was no significant difference in CMT be-
tween eyes with diffuse and focal ME (p=0.574). When
eyes were grouped based on RII values above and below
0.50, 10 eyes had RII above 0.50, and 58 eyes had RII be-
low 0.50. Among the eyes with RII above 0.50, 70% had
diffuse ME, and 30% had focal ME.

The 68 eyes with DME were grouped based on CMT into
those with CMT >300 pm and those with CMT <300 pum.
When examining the presence of retinal ischemia in eyes
with CMT >300um, it was found that the likelihood of reti-

Table 4. Comparison of RII and CMT between diffuse and focal groups.

Diffuse(n=34) Focal(n=34) P
Mean£S.D.* Mean+S.D.*
RII 0,32 + 0,25 0,13+0,21 0,001*
CMT(pm) 374,85 £ 124,18 359,32 +£ 101,63 0,574

¥ Mean + S.D.: Mean + Standard Deviation
*Independent Samples T-Test
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nal ischemia was 1.16 times higher, although no statistical-

ly significant difference was observed (p>0.05).

The correlation analysis between RII and CMT in eyes
with DME is shown in Figure 2.

The analysis did not reveal a significant relationship be-
tween RII and CMT (1r=-0.032; p=0.796).

Correlation analyses between RII and CMT in eyes with

diffuse and focal ME are shown in Figure 3a-b.

No significant relationship was found between RII and
CMT in eyes with diffuse ME (r=-0.030; p=0.868). Sim-
ilarly, no significant relationship was found between RII
and CMT in eyes with focal ME (r=-0.083; p=0.640).

DISCUSSION
UWFA, compared to classic 7 standard field fundus angi-

ography, has become a crucial imaging method for DR due
to its ability to capture a larger area of the retina in many
retinal diseases."> It has been increasingly utilized in recent
years, particularly for the detection of peripheral retinal
ischemia, vascular leakage, neovascularization, and in the
calculation of the RIL!#18

In a study conducted by Kimble and colleagues in 2005,
examining 35 eyes of 20 diabetic patients, peripheral reti-
nal ischemia was detected in 84% of patients with DME."
Another study by Wessel and colleagues in 2012, involv-
ing 122 eyes of 70 diabetic patients, found a significantly

Ischemic Index

Central Macular Thickness

Figure 3.
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Figure 2. Relationship between RII and CMT in eyes with
DME.

higher incidence of peripheral retinal ischemia in eyes with
DME .?°In a retrospective screening study using ultra-wide-
field fluorescein angiography with DME patients who re-
ceived treatment, Patel and colleagues reported a signifi-
cant relationship between larger areas of retinal ischemia,
increased severity of DR, a higher frequency of macular
photocoagulation treatment, and the presence of resistant
DME compared to eyes without retinal ischemia.'s In our
study, regardless of the type of edema, peripheral retinal
ischemia was detected in 79.4% of eyes with DME. Simi-

larly, in eyes with diffuse ME, retinal ischemia was found
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in 91.1%, whereas in eyes with focal ME, it was found in
67.6%. According to our findings, eyes with diffuse ME
had a 4.94 times higher risk of retinal ischemia compared
to eyes with focal ME ( p=0.036). The RII was 0.32 + 0.25
in eyes with diffuse ME and 0.13 + 0.21 in eyes with fo-
cal ME, and the difference was statistically significant
(p=0.001). Upon reviewing the literature, no study was
found that separately examined the correlation between
CMT and RII in both diffuse and focal types of ME.

The retinal ischemia that we observed to be higher in eyes
with diffuse ME can be explained by different mechanisms.
In retinal tissue, the transport distance or feeding distance
of passive diffusion is around 45 microns. In the macular
area, this distance can be between 60-100 microns in some
places, making oxygenation highly sensitive to delicate
balances. Therefore, the slightest imbalance can lead to hy-
poxia, initiating the production of inflammatory mediators,
especially VEGF in the inner nuclear layer, in the macular
region and its surroundings.” Under the influence of these
mediators, the vascular endothelium is adversely affected,
leading to fluid leakage into the retinal layers. Relaxation
in the tight connections of capillary endothelium can also
be significant due to increased levels of VEGF.® Fluid in
the retinal layers deepens cellular hypoxia and continues
the release of inflammatory mediators, creating a vicious
cycle. As a result, changes in blood biochemistry accelerate
vascular wall changes due to pericyte loss, leading to the
formation of microaneurysms and increased capillary wall
leakage.’ Based on this information, it can be stated that in
focal ME resulting from leaks from microaneurysms to sur-
rounding tissues, a small retinal area is affected, or nearby
tissues compensate for the retinal cell hypoxia and isch-
emia. In the case of diffuse retinal capillary involvement,
independent of microaneurysm formation, in diffuse ME, it
can be predicted that a more extensive and deeper area of
retinal tissue is affected, leading to the secretion of more in-
flammatory mediators and thus effective widespread retinal
ischemia. The difference between the eyes with diffuse and
focal types of DMO obtained in our study can be explained
in this manner.

In a study conducted by Oliver and colleagues in 2010, ex-
amining 246 eyes of 143 diabetic patients, DME was de-
tected in 150 eyes, and a significant relationship between

the presence of peripheral retinal ischemia and an increase

in DME was not found.'® Similarly, in a study by Sim and
colleagues involving 47 eyes of 47 diabetic patients, no
significant relationship was found between peripheral ret-
inal ischemia and DME." Fan and colleagues conducted a
prospective study with UWFA and extra-peripheral imag-
ing correction, examining 47 eyes of 47 diabetic patients.
In this study, they thoroughly investigated the relationship
between the severity of DME, ischemic area, and ischemic
index based on retinal zones. The results showed a signifi-
cant relationship in the mid-peripheral region but not in the
posterior pole and far periphery. When looking at the entire

retina, no significant relationship was reported.!

In our study, when examining the direction and coefficient
of the relationship between the RII in UWFA and the CMT
measured using OCT in 68 eyes with diffuse or focal dia-
betic ME, no significant relationship was found (r=-0.032;
p=0.796). Similarly, when examining the relationship be-
tween RII in UWFA and CMT measured using OCT in 34
eyes with only diffuse ME and 34 eyes with only focal ME,
no significant relationship was found (r=-0.030; p=0.868,
r=-0.083; p=0.640, respectively). Upon reviewing the lit-
erature, no study was found that separately examined the
correlation between CMT and the RII in both diffuse and
focal types of ME.

The diverse range of parameters affecting CMT may have
prevented us from obtaining statistically significant results.
Especially in eyes with diffuse ME, leakage outside the
vessels can increase up to 12 times depending on the ex-
tent of capillary involvement. In contrast, the capacity of
the retinal pigment epithelium, which removes fluids in the
central macula where venules are absent, can increase up
to 2 times. Additionally, elevated blood glucose facilitates
the exit of sodium and macromolecules outside the ves-
sels, contributing to the accumulation of fluid outside the
vessels.”? Based on this information, it can be anticipated
that non-ischemic factors affecting CMT exist, and since
these factors vary from person to person, the level of CMT
may not correlate with the severity of retinal ischemia. The
same mechanisms could also explain the lack of correlation
between CMT and the RII. The discordance in correlation
between RII and CMT obtained by evaluating diffuse ME,
focal ME, and both groups together in our study can be

explained in this way.
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Among the limitations of our study, it can be mentioned
that the relatively low number of patients is one factor. Ad-
ditionally, another limitation is that the retina was not di-
vided into quadrants in the calculation of the RII. Finally, it
can be noted that axial length measurement with distortion

correction was not applied to reduce peripheral distortions.

CONCLUSION

The study revealed high retinal ischemia and ischemic in-
dex in eyes with DME. Additionally, in eyes with diffuse
ME, a significantly higher level of retinal ischemia was
observed compared to eyes with focal ME. There was no
correlation between CMT and the RII in eyes with DME,
and this correlation remained unchanged in both diffuse
and focal types of ME. As far as we know, there is no study
investigating the relationship between CMT and RII with
the detection of retinal ischemia and RII in different types
of DME using UWFA. Our study, in this aspect, will con-

tribute to the literature.
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