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Erkan Unsal Purpose: The aim of the study reported here was to assess choroidal thickness (CT) and central
Kadir Eltutar macular thickness (CMT) in patients with diabetic retinopathy.

Sibel Zir’ti|0§|u Materials and methods: A total of 151 eyes from 80 patients from the retina department
Nurhan Dinger of Istanbul Training and Research Hospital who had type 2 diabetes mellitus with diabetic

retinopathy were studied retrospectively in this cross-sectional research. Patients were divided
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into three groups: mild—moderate nonproliferative diabetic retinopathy without macular edema
(NPDR), mild-moderate nonproliferative diabetic retinopathy with macular edema (DME), and
Department of Ophthalmology,

Istanbul Education and Research

Hospital, Istanbul, Turkey a control group. Choroidal thickness was measured from the posterior edge of the retinal pig-

proliferative diabetic retinopathy (PDR). In addition, 40 eyes of 20 healthy individuals comprised

ment epithelium to the choroid/sclera junction at 500-um intervals up to 1,500 um temporal
and nasal to the fovea. The CMT measurement was obtained for each eye. Serum hemoglobin
A, (HbA ) levels were measured.

Results: The study included 191 eyes, comprising 151 eyes of 80 patients and 40 eyes of
20 healthy individuals. Of the 151 patient eyes, 61 had NPDR, 62 had PDR, and 28 eyes had
DME. There was no statistically significant difference in age between the groups (P>0.05). In
both the PDR and DME groups, the CT was statistically significantly decreased compared with
the control group (P<<0.001, P<<0.001 for the PDR and DME groups, respectively). The mean
CMT in the DME group was increased significantly compared with both the NPDR and PDR
groups (P<0.001, P<0.001, respectively). In all three groups, serum HbA _levels were found
to be increased significantly compared with the control group (P=0.000). We found a statisti-
cally weak—moderate negative correlation between central macular and foveal CT (=—289,
P=0.000). There was a statistically strong correlation between CMT and HbA | _levels (=0.577,
P=0.483) and a statistically weak—moderate negative correlation between the central CT and
HbA _ levels (r=—0.331, P<<0.001).

Conclusion: Diabetes changes the CT. CT was found to be significantly decreased in the
DME and PDR groups.
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Introduction
A healthy choroid is essential for retinal function. Until recently, the choroid could only

Correspondence: Erkan Unsal be evaluated by indocyanine green angiography, laser flowmetry, and ultrasonography.

Istanbul Training and Research Hospital, However, these techniques are only able to show us choroidal vessel abnormalities and
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Nafiz, Gurman Cd. PK 34098, Fatih. blood flow changes; they cannot show the three-dimensional anatomy of choroid layers
Istanbul, Turkey or the retinal pigment epithelium. Optical coherence tomography (OCT) is a noninva-
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sive imaging modality, which is used in acquiring high-resolution sections of retina.
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EDI software automatically captures a cross-sectional image
with the choroid close to the zero delay line to maximize
sensitivity on the outer limit of the choroid."?

Diabetic patients have many pathological changes in their
choroid. These changes are increased tortuosity and focal
vascular dilatation, micro aneurysms, and non-perfusion
areas. Recent studies have analyzed choroidal structure and
histopathological changes in diabetes using spectral-domain
OCT. The reason for inadequate choroidal imaging in the past
was that the beam passed inadequately through the retinal
pigment epithelium. Now, this enhanced software makes it
possible to capture an image that includes the sclera.!

In our study, our aim was to assess choroidal thickness
(CT) and central macular thickness (CMT) using OCT in
patients with nonproliferative diabetic retinopathy (NPDR),
proliferative diabetic retinopathy (PDR), and diabetic macu-
lar edema (DME). Diabetic retinopathy is the main cause of
vision loss worldwide.? PDR and DME are usually responsible
for this visual loss. In diabetic retinopathy, many histopatho-
logical disorders of choroidal circulation are seen.* This circu-
latory defect may be seen by indocyanine green angiography
as a filling defect or filling delay in choriocapillaries.

Materials and methods

Between January 1 and July 1, 2013, 151 eyes of 80 type 2
diabetic patients with a diagnosis of diabetic retinopathy in
our retina department were included in our retrospective
and cross-sectional study. The control group comprised
20 healthy individuals (40 eyes) of similar age to those in
the study groups, with normal visual acuity and no retinal
or choroidal pathology.

Diabetic patients were divided into three groups
according to the criteria of the Early Treatment Diabetic
Retinopathy Study:® the NPDR group comprised patients
with mild-moderate nonproliferative diabetic retinopathy
without macular edema (n=61); patients with mild-moderate
nonproliferative diabetic retinopathy with macular edema
comprised the DME group (n=28), and patients in the PDR
group had PDR (n=62). In our study, we included DME cases
that had no signs of PDR, retinal thickening with two disc
area or larger that included the center of the macula, and
CMT of >300 um as determined by OCT.

Informed consent was obtained from every patient and
the study was performed according to the Declaration of
Helsinki. Approval of the Clinical Trials Ethics Commitee
of Istanbul Training and Reserch Hospital was granted.

On each patient’s first visit, a detailed systemic and
ophthalmological medical history was taken, visual acuity

was measured using a Snellen chart, a slit-lamp examination
was performed, intraocular pressure was measured with
Goldmann applanation tonometry, and a dilated fundus
examination with a 90D lens was undertaken.

Patients in the PDR group were chosen from those with
a history of pan-retinal laser photocoagulation (PRP) with
no active neovascularization. The time between PRP and
CT measurement was ignored. The arterial blood pressure
of all patients was measured. Patients with systemic arte-
rial hypertension and unregulated arterial blood pressure
despite medication, corneal or vitreal opacity, hyperopia
of +3 diopters (D) or more, myopia of —6 D or more, age-
related macular degeneration, and/or having had any eye
surgery except for cataract were excluded.

OCT measurement of all patients was performed using
the same OCT device, an Optovue RTVue 100-2 (Optovue,
Fremont, CA, USA) by the same person with the chorioretinal
line mode (v 5.1) after pupillary mydriasis (>5 mm). Images
of low quality necessitated re-measurement. To determine
the reliability of the measurements, we included only mea-
surements that had a reliability index of 60 or higher, which
is specified by the manufacturer of the OCT device. Those
measurements were considered reliable. Any patient whose
measurement reliability index was under 60 was excluded
from the study.

A fovea-centered 3 mm horizontal line was used in our
choroidal evaluation. Measurement was performed per-
pendicularly from the outer part of the hyper-reflective line
(retinal pigment epithelial layer) to the line corresponding
to the choroidal-scleral junction, perpendicularly. Sub-foveal
CT (M) and CTs at temporal distances from the central fovea
of 500 um (T500), 1,000 um (T1000), 1,500 um (T1500),
and nasal distances of 500 um (N500), 1,000 um (N1000),
and 1,500 um (N1500) were measured. In addition, the CMT
measurement was obtained for each eye. Serum hemoglobin
A, (HbA ) levels were also measured.

Statistical evaluation

The CT and CMT of the control and patient groups were
compared with OCT measurements in seven different
localizations. Independent groups were compared using the
independent-samples #-test. Pearson’s correlation analysis
was used to compare CMT and foveal CT, CMT and HbA
levels.

All statistical analyses were done using IBM SPSS
Statistics (v 15.0, IBM Corporation, Chicago, IL, USA).
P-values of <0.05 were accepted as being statistically
significant.

submit your manuscript

638

Dove

Clinical Ophthalmology 2014:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Choroidal thickness in patients with diabetic retinopathy

Results

A total of 191 eyes of 100 individuals were included in
the study. Of these, 151 eyes were of 39 male (48.8%) and
41 female (51.2%) patients with type 2 diabetes mellitus, and
40 eyes were of nine female (45%) and eleven male (55%)
healthy individuals. A total of 61 eyes had NPDR, 62 had
PDR, and 28 had DME. The mean age of the patients was
60.5+8.2 years (Table 1).

Regarding CT, there was no statistically significant differ-
ence between the control group and NPDR group (P>0.05),
except in terms of T500 (P=0.022). In both the PDR and
DME groups, the CT was decreased statistically significantly
compared with the control group (P<<0.001, P<<0.001 for the
PDR and DME groups, respectively; Table 2). The mean CT
at each location was plotted (Figure 1).

Regarding CT, there was no statistically significant
difference between the NPDR and DME group in terms of
any measurement distance from the choroidal quadrants
(P>0.05), except for N500 (P=0.041). In addition, there was
no statistically significant difference between the PDR and
DME groups (P>0.05; Table 2). Representative images of
patients in the different groups are shown in Figure 2.

In all groups, the thickest choroid was in the sub-foveal
area. The CT decreased from the sub-foveal area to the
nasal and temporal choroid; in particular, the nasal CT was
thinner (Table 2).

The mean CMT was 168.819.5 standard deviation (SD)
in the control group, 253.0+48.2 SD in the NPDR group,
256.3+40.0 SD in the PDR group, and 371.4£86.7 SD in
the DME group (Figure 3). The mean CMT was increased
statistically significantly in patients from all three groups
compared with in those from the control group (P<<0.001).
The mean CMT in the DME group was increased significantly
compared with both the NPDR and PDR groups (P<<0.001,
P<0.001, respectively). Regarding CMT, there was no sta-
tistically significant difference between the NPDR and PDR
groups (P=0.76).

Table | Patient characteristics by group

Feature Control NPDR PDR DME
Total number of eyes 40 6l 62 28

Age, years (£SD) 59.848.1 60.1185 60.0+8.8 60.818.6
Eyes affected, n (right/left)  10/10 35/26 30/32 12/16
HbA, 4.810.2 82+1.0  9.5%l.1 9.0£1.0
AS (N/NS/P) 34/5/1 11/38/12  12/31/19  8/13/7

Abbreviations: AS, anterior segment; DME, mild-moderate nonproliferative
diabetic retinopathy with macular edema; HbA , hemoglobin A ; N, normal; NPDR,
mild-moderate nonproliferative diabetic retinopathy without macular edema; NS,
nuclear sclerosis; P, pseudophakia; PDR, proliferative diabetic retinopathy; SD,
standard deviation.

Hemoglobin A (HbA ) levels were 4.8+0.2 SD in the
control group, 8.241.0 SD in the NPDR group, 9.5+1.1 SD in
the PDR group, and 9.0+1.0 SD in the DME group (Figure 4).
In all three groups, serum HbA  levels were found to be
significantly increased compared with in the control group
(P<0.001).

We found a statistically weak—moderate negative cor-
relation between central macular and foveal CT (=-289,
P<0.001). There was a statistically strong correlation
between CMT and HbA  levels (r=0.577, P=0.483) and
there was a statistically weak—moderate negative correla-
tion between the central CT and HbA  levels (r=-0.331,
P<0.001).

Discussion

In this study, we aimed to compare the CT in patients
with NPDR, PDR, and DME. We found that CT decreases
as the disease progresses from mild—moderate NPDR to
PDR. This shows us the relation between the severity of
irregularities in plasma glucose levels and CT in diabetes
mellitus.

Regatieri et al compared NPDR, PDR, and DME patients
with healthy controls using a Cirrus™ HD-OCT (Carl Zeiss
Meditec, Dublin, CA, USA) and reported no significant dif-
ference between the NPDR and control groups, but that the
CT was decreased in the PDR and DME groups.’

In the study by Kim et al, CT was found to be signifi-
cantly increased as the disease progressed in severity from
moderate—severe NPDR to untreated PDR.® However, the
choroid of PDR patients who had had PRP treatment was
thinner than that of PDR patients who had not had any
laser therapy. The sub-foveal choroid in DME-group eyes
was significantly thicker than in non-DME eyes.® In our
study, we included PDR patients who had received PRP
treatment. In this group, we found the CT was decreased
significantly. However, in our study, the CT of patients
with diabetic macular edema was significantly thinner
than that of non-DME patients. This contradiction can be
explained by different patient profiles. In our study, all
patients had advanced retinopathy and had all been treated
by PRP therapy.

In a prospective study, Cho et al investigated 28 eyes
with severe NPDR or PDR, and found that the CT and
CMT increased significantly after three sessions of PRP.
CT and CMT were measured before PRP and 1 week after
three sessions of PRP with OCT.? The authors suggested
that the reason for this thickening is the shifting of blood
flow from the peripheral retina to the foveal area secondary
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Table 2 The choroidal thickness in healthy individuals and diabetic patient groups in seven different locations

Distance Mean choroidal thickness (um)

from fovea Control group NPDR group P-value PDR group P-value DME group P-value
Fovea 259.1£13.1 235.4184.5 0.082 203.8+47.6 <0.001 206.8+45.4 <0.001
T500 257.3£13.2 227.3180.2 0.022 207.4£51.4 <0.001 206.5+46.3 <0.001
T1000 249.5£10.3 228.3173.6 0.073 204.9+47.9 <0.001 204.0+44.9 <0.001
T1500 244.0£15.2 225.0+80.5 0.145 208.4+47.9 <0.001 203.7£51.2 <0.001
N500 253.4£13.3 231.7476.2 0.078 203.9+43.9 <0.001 200.0+£38.9 <0.001
N1000 245.9+13.1 226.1£77.8 0.114 205.0+43.3 <0.001 195.6+42.2 <0.001
N1500 230.2+14.4 219.3£69.5 0.331 201.7+44.1 <0.001 199.3+42.2 <0.001

Abbreviations: DME, mild-moderate nonproliferative diabetic retinopathy with macular edema; N500—1500, nasal distances from the central fovea of 500-1,500 um;
NPDR, mild-moderate nonproliferative diabetic retinopathy without macular edema; PDR, proliferative diabetic retinopathy; T500-T 1500, temporal distances from the

central fovea of 500-1,500 um.

to PRP. However, in our study, CT was decreased in the
PDR group. Patients in the PDR group had their laser
treatment completed 3 months before the study. Thus,
Cho et al probably found CT was increased because they
measured it 1 week after PRP treatment, increased blood
flow, vasodilation and consequently effusion in the retina
and choroid.

In our study, as in other studies, CT was thickest in the
sub-foveal area and got thinner towards the nasal or temporal
area.7,8,10,11

Spaide has reported that CT decreases with age.'? We
included patients of similar age, so the age factor was
eliminated.

In our study, CT in the PDR and DME groups was
significantly thinner than in the control group. Decreased
CT can indicate that treated PDR and DME patients may
have decreased choroidal blood flow. Earlier studies
with laser Doppler flowmetry in NPDR patients have

M Control H NPDR group

shown a reduction in choroidal blood flow and selec-
tive filling of the choriocapillaris during indocyanine
green angiography.>" So, decreased CT can be related
to hypoxia of the retinal tissue. It is unclear whether
underlying ischemia of the retina is primary or second-
ary to another process.

Nagaoka et al showed that NPDR patients with DME
have a reduction in choroidal circulation compared with
NPDR patients without DME. They presumed this decreased
circulation could be secondary to retinal hypoxia because
of the inadequate blood flow, and that this could cause the
macular edema.'

In our study, CT was found to decrease along with
progression of the retinopathy. However, in the DME
group, the decreased CT may be false due to inhibition
of the signal transduction and reflection from the chor-
oid secondary to increased ocular opacity as a result of
macular edema.
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Figure | Mean choroidal thicknesses in all study groups (1m).

Fovea N500 N1000 N1500

Notes: T500; 500 um temporal distance from central fovea. T1000; 1,000 um temporal distance. T1500; 1,500 um temporal distance. N500; 500 pm nasal distance. N1000;

1,000 pum nasal distance. N1500; 1,500 um nasal distance.

Abbreviations: DME, mild-moderate nonproliferative diabetic retinopathy with macular edema; NPDR, mild-moderate nonproliferative diabetic retinopathy without

macular edema; PDR, proliferative diabetic retinopathy.
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Figure 2 Representative images of (A) the eye of the control patient; (B) the eye of a patient with mild nonproliferative diabetic retinopathy; (C) a patient with moderate
nonproliferative diabetic retinopathy and diabetic macular edema; and (D) a patient with treated proliferative diabetic retinopathy — note that in this patient there is a
disruption in the photoreceptor inner/outer segment junction, probably because of the retinal ischemia.

T 400

2 300

E 200

© 100 '
DME PDR NPDR Control
group group  group group

Figure 3 Central macular thicknesses (CMTs) of patients (um).
Abbreviations: DME, mild-moderate nonproliferative diabetic retinopathy with
macular edema; NPDR, mild-moderate nonproliferative diabetic retinopathy
without macular edema; PDR, proliferative diabetic retinopathy.

This retrospective study has some limitations. Untreated
PDR patients were excluded from the study, so it is pos-
sible that our results might be affected by changing CT

measurements resulting from laser photocoagulation. Fur-
ther, in our study, the time between the PRP treatment and
when the CT measurements were taken was ignored. Axial
length, which was also not evaluated, affects CT values. In
future studies, the relationship between CT and choroidal
blood circulation in patients with diabetic retinopathy can
be analyzed by using spectral-domain OCT.

Spectral-domain OCT is a successful noninvasive device
with which to evaluate the choroid. Especially in diabetic
retinopathy, it can be a useful device to evaluate blood flow
changes in the choroid. To understand the role of the chor-
oid in diabetic retinopathy and its pathophysiology, more
prospective studies should be done.
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Figure 4 Mean HbA _values.

Abbreviations: DME, mild-moderate nonproliferative diabetic retinopathy with
macular edema; HbA , hemoglobin A ; NPDR, mild-moderate nonproliferative
diabetic retinopathy without macular edema; PDR, proliferative diabetic retinopathy.
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