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ABSTRACT

AIM: To evaluate the central (macular) choroidal thickness in
diabetic patients with type (II) diabetes mellitus (DM) using
enhanced depth imaging optical coherence tomography (EDI-OCT).
METHODS: A prospective clinical interventional study included
100 eyes of 100 subjects divided into two groups: Group (A)
included 50 eyes of 50 diabetic patients with type (II) DM and Group
(B) included 50 eyes of 50 age-matched normal healthy controls with
no gender or laterality specification. The central choroidal thickness
(CCT) was measured from the posterior edge of RPE to the choroid-
scleral junction at 1500 um intervals up to 3000 um from the fovea
using EDI-OCT in 11 quadrants and regions.

RESULTS: Mean age in group (A) was 42 + 7 years (range, 26-
50 years), and 39 + 9 years (range, 25-50 years) in group (B). Mean
duration of DM was 7.96 + 3.9 years in group (A). Subfoveal CCT
was 291 £ 42 pum in group (A), (275.31 £ 31 pm for no apparent
retinopathy (No DR), 298 + 42 pm for non-proliferative diabetic
retinopathy (NPDR), 309 + 58 um for proliferative diabetic
retinopathy (PDR), 277 £ 29 um for diabetic macular edema (DME)
absent and 306 + 47 um for DME present) while it was 284 + 54 um
in group (B). There was a statistically significant positive correlation
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between CCT and DM duration (p < 0.05).

CONCLUSION: Choroidal thickness was found to be correlated
with the stage of diabetic retinopathy (DR). Progressive thickening
of the choroid with the progression of DR and/or the development
of DME may reflect the concurrent progression of diabetic
choroidopathy.
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INTRODUCTION

Diabetic retinopathy (DR) is due to breakdown of retinal vasculature

" Doppler flowmetry stud-

integrity and hemodynamic abnormalities
ies indicated that choroidal blood flow may decrease in early stages
of DR, and decrease further in presence of macular edema'.

Clinical and histopathologic findings suggest that vascular changes
affect the diabetic choroids™. Diabetic retinopathy may cause atrophy
of the choriocapillaris endothelium as evidenced by histologic stud-
ies™. The choroid, especially the choriocapillaris, provides oxygen
and nutrients to the outer retina maintaining the highly metabolically
active photoreceptors”™. Since there is no retinal vasculature in the
fovea, impairment of the choriocapillaris may cause severe functional
damage to the retinal tissue in the fovea. Therefore, in vivo evalua-
tion of the structural changes in the choroid might be very insightful
to determine the pathogenesis macular changes in diabetics. There are
few clinical studies on choroidal angiopathy in DM this is because of
the difficulty of imaging the choroid in vivo'®. Spectral-domain opti-

cal coherence tomography (SD-OCT) technology improves the scan
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resolution; it shows bands corresponding to the retinal anatomical
layers and allows seeing small details of photoreceptor layer. Recent-
ly, a new approach to improve depth imaging by OCT, termed En-
hanced Depth Imaging (EDI), has been shown to be able to reliably
image the full-thickness of the choroid. In this fashion, EDI-OCT
may represent a useful approach to investigate, in vivo, the choroidal
changes in diabetic eyes with or without diabetic retinopathy'”.

Using EDI-OCT, we evaluated the choroidal thickness within the
maculae of the eyes of type (II) DM patients.

PATIENTS AND METHODS

This is a prospective clinical interventional study carried out at
Embaba Ophthalmic Hospital, Giza, Egypt and the Department of
Ophthalmology, Menoufia University, Egypt between August 2014
and August 2015. This study was approved by the clinical research
committee of Menoufia University and followed the tenets of the
Declaration of Helsinki. The study included 100 eyes of 100 subjects
divided into two groups: Group (A) included 50 eyes of 50 diabetic
patients with type (II) DM and Group (B) included 50 eyes of 50
age-matched healthy controls with no gender or laterality specifica-
tion. The participants were recruited from the general ophthalmic
clinic; only one eye from each was designated for analysis. Exclusion
criteria included participants with medical problems causing diminu-
tion of vision other than DM, uncontrolled hypertension, glaucoma,
hyperopia of > +3 diopters, myopia of > -6 D, any macular pathology
other than DR, intraocular surgery (except for cataract) and treatment
for DR in form of laser or intravitreal injection.

The participants underwent medical history taking including DM
duration, visual acuity assessment, intraocular pressure measurement
using Goldmann applanation tonometer, slit lamp examination and
fundoscopy. Diabetic retinopathy was graded according to the Ameri-
can academy of ophthalmology (AAO) into: No apparent retinopathy
(No DR), non-proliferative diabetic retinopathy (NPDR), prolifera-
tive diabetic retinopathy (PDR), Diabetic Macular Edema (DME)
absent and present.

Choroidal images were performed in the EDI mode of the Spec-
tralis SD-OCT device (Heidelberg Engineering, Dossenheim, Ger-
many, software version 5.6.3.0) that has an acquisition rate of 40,000
A-scans per second. It uses a dual-beam SD-OCT and a confocal
scanning laser ophthalmoscope (cSLO) that uses a scanning laser
diode with a wavelength of 870 nm and an infrared reference image
simultaneously to provide images of ocular structures. It incorporates
a real-time eye tracking system. The EDI-OCT scans were captured
by a single operator (AA) using the Spectralis EDI mode, a preset
software-driven algorithm that places the RPE near the zero-delay
line while producing an upright enhanced choroidal image.

The OCT star was used that encounters six consecutive scans in
equally spaced angular orientations (30°) in a radial spoke pattern,
each centered at the fovea (Figure 1).

The EDI-OCT scans were viewed and measured manually using a
special caliper ruler incorporated in the Spectralis software from the
outer border of the hyper-reflective line corresponding to the RPE-
Bruch’s complex to the hyporeflective line or margin corresponding
to the chorio-scleral Interface. First the sub-foveal CCT (F) was mea-
sured then manual segmentation at 1500 um intervals up to 3000 pm
in each side of the 6 scans. Two circles centered on the fovea were
developed; the smaller with 1500 um radius and the larger with 3000
um radius. Both, with 2 diagonal lines centered on the fovea, were
divided into 9 regions nearly corresponding to the 9 ETDRS regions
of the retinal thickness map. (Figures 2, 3 and 4).

Statistical Analysis

Statistical analysis was performed on the IBM SPSS (Statistical
Package for Social Sciences) software, version 21.0. The Independent
t-test data analysis was employed to test for difference in numerical
variables between the two groups, and Chi Square test was used for
non-numerical variables. Data were expressed as Mean + Standard
Deviation. Pearson’s correlation was used for correlating both age
and duration of DM with CCT. A 95% confidence interval and a 5%
level of significance were adopted; therefore, the results with a P
value < 0.05 were considered significant.

RESULTS

Patients’ Data (Table 1)

This study included 100 eyes of 100 subjects divided into two groups
with no gender or laterality specification. Group (A) included 50 eyes
of 50 diabetic patients with type (II) DM aged from 20 to 50 years
old with DM duration of 7.96 + 3.9 (1-15) years and were subcatego-
rized into: 22 females (44%) and 28 males (56%); 21 right eyes (42%)
and 29 left eyes (58%); 16 eyes (32%) with No DR, 28 eyes (56%)
with NPDR and 6 eyes (12%) with PDR; 26 eyes (52%) with DME

Figure 1 Optical coherence tomography Star, 6 sections, 30°.

Figure 2 Choroidal measurement segmentation on EDI-OCT.
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present and 24 eyes (48%) with DME absent. Group (B) included 50
eyes of 50 age-matched normal healthy controls that were subcatego-
rized into: 20 females (40%) and 30 males (60%); 19 right eyes (38%)
and 31 left eyes (62%).

Choroidal Thickness by EDI-OCT (Table 2)

The choroidal thickness was measured in 11 quadrants and regions.
The subfoveal CCT was found to be 291 + 42 um (range, 225-401
pum) in group (A) and 283 + 54um (range, 166-368 um) in group (B).
There was statistically non-significant difference in the CCT (P > 0.05)
in all quadrants and regions studied except for the inner nasal (IN)
quadrant that showed statistically significant increase in CCT (P =
0.043).

When correlating the CCT with the stage of DR in both groups it
showed that (Table 3):

(1) Statistically non-significant difference in CCT between no DR,
NPDR and PDR compared to healthy controls (P > 0.05).

(2) Statistically non-significant difference in CCT in group (A)
with DME present, F =306 + 47 um (280-401 um), was found com-
pared to group (B), F = 284 + 54 pm (166-368 pum), in all quadrants
and regions studied (P > 0.05) except for the nasal (Inner; IN and
outer; ON) and outer temporal (OT) there were statistically signifi-
cant increase (P < 0.05, IN = 0.04, ON = 0.26).

(3) Statistically non-significant difference of CCT in group (A)
with DME absent, F =277 =29 um (225-326 um), was found com-
pared to group (B), F =284 £ 54 um (166-368 pum), in all quadrants
and regions studied (P > 0.05) except for the 3 mm radius fovea cen-
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Figure 3 Representative scans for choroidal thickness (CCT) segmentation and measurement; case from group (B). A: Scan (1) from 6.00 to 12.00 O’clock,

tered circle there was statistically significant decrease in DME absent
group (P =0.04).

When correlating the choroidal thickness in different regions of
the studied groups in relation to gender it showed that (Table 4)
There was an overall non-significant increase in CCT in group (A)
in relation to female gender in all quadrants measured compared to
group (B) (P > 0.05), and there was an overall non-significant de-
crease in CCT in group (A) in relation to male gender in all quadrants
measured compared to group (B) (P > 0.05) except for the nasal
quadrants (IN, P =0.27 & ON, P = (0.54) in diabetic males that were
thicker, but also with no statistical significance.

When correlating the choroidal thickness in different regions of
the studied groups in relation to laterality it showed that (Table 5)
There was statistically non-significant increase in CCT in group (A)
in relation to right eye side studied as compared to group (B) (P >

Group (A) Group (B) P-value
Age (Mean = SD) 42+7 39+9 0.16*
Gender
Males 28(56%) 30(60%) 0.84+
Females 22(44%) 20(40%) :
Laterality
Right 21(42%) 19(38%) 083+
Left 29(58%) 31(62%) :

Group (A) diabetics, Group (B) non diabetics, *T-test, + Chi square test.

B: Scan (2) from 7.00 to 1.00 O’clock, C: Scan (2) from 8.00 to 2.00 O’clock, D: Scan (2) from 9.00 to 3.00 O’clock, E: Scan (2) from 10.00 to 4.00 O’clock and F:
Scan (2) from 11.00 to 5.00 O’clock; manual segmentation was performed to measure CCT at 1500 pm intervals up to 3000 pm away from the fovea in each

side of the 6 scans centered on the fovea.
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0.05) except for the inner inferior (II, P = 0.92), the outer inferior (O,
P =0.78), the outer nasal (ON, P = 0.82), the outer superior (OS, P =
0.65), the inner temporal (IT, P = 0.98) and the central 3mm (P = 0.71)
quadrants that were thinner in diabetics, but also with no statistical sig-
nificance, while there was an overall non-significant increase in CCT
in group (A) in relation to left eye side studied as compared to group (B)
(P> 0.05) except for the outer superior (OS) quadrant that was thinner
in diabetics but also with no statistical significance (P = 0.41).

When arranging choroidal thickness in ascending order in differ-
ent quadrants it showed that (Table 6)

Central choroidal thickness was noted to be thinnest nasally, increas-
ing in thickness from the inferior to the temporal to the superior
quadrants being thickest subfoveally, this pattern was observed in
both groups; (A) and (B).

When correlating age and duration of DM with choroidal thick-
ness in different regions it showed that (Table 7)

Statistically significant positive correlation in all regions and quad-
rants studied (increase in CCT with increase of diabetic duration) (P
<0.05).

On correlating the age of group (A) with CCT in different quad-
rants it showed statistically significant positive correlation (increase
in CCT with increase of age) (P < 0.05) in all regions and quadrants
studied except for the Outer Superior (OS) quadrant that showed
statistically non-significant positive correlation (P = 0.61). On corre-
lating the age of group (B) with CCT in different quadrants it showed
statistically significant inverse correlation (decrease in CCT with
increase of age) (P < 0.05) in all regions and quadrants.

egion Group Mean Std. Deviation  |P-value

B 283.58 54.08

F .39*
A 291.92 #1.93
B 258.98 67.17

Av II 43*
A 266.95 #1.58
B 243.65 51.78

IAv IN .04*
A 262.87 H1.64
B 238.02 5217

Av OI Vel
A 241.52 #9.38
B 253.52 H8.89

Av OS .32*
A 244.45 #2.29
B 260.71 19.87

Av IS .29*
A 269.58 B1.53
B 236.19 H4.49

Av OT 45*
A 243.61 53.26
B 266.56 53.62

Av IT .70*
A 270.37 #5.48
B 213.85 51.51

|Av ON .53*
A 220.15 50.00
B 262.70 51.22

IAv 1.5mm 46*
A 269.33 B7.26
B 240.86 #6.09

IAv 3mm .88*
A 239.47 #3.23

F: SubFoveal, II: Inner Inferior, IN: Inner Nasal, OI: Outer Inferior,
OS: Outer Superior, IS: Inner Superior, OT: Outer Temporal, IT: Inner
Temporal, ON: Outer Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3mm:
3mm Fovea centered circle. *T-test.

Figure 4 Representative scans for choroidal thickness (CCT) segmentation and measurement; case from group (A). A: Scan (1) from 6.00 to 12.00 O’clock,
B: Scan (2) from 7.00 to 1.00 O’clock, C: Scan (2) from 8.00 to 2.00 O’clock, D: Scan (2) from 9.00 to 3.00 O’clock, E: Scan (2) from 10.00 to 4.00 O’clock and F:
Scan (2) from 11.00 to 5.00 O’clock; manual segmentation was performed to measure CCT at 1500 pm intervals up to 3000 pm away from the fovea in each

side of the 6 scans centered on the fovea.
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. P Value of group A versus B Right eye Left eye
Region Region
INODR NPDR |[PDR IDME absent [DME present Group [Mean  |P-value Group |[Mean IP-value
F 0.56* 0.23* 0.28* 0.08* 0.57* A 288.43 A 294.45
[F 43* .60*
IAv 1T 0.41* 0.21* 0.29* 0.06* 0.41* B 277.26 B 287.45
Av IN 0.88* 0.02* 0.07* 0.004* 0.90* A 254.68 A 275.84
Av II .92* .27*
IAv OI 0.11* 0.37*% 0.13* 0.06* 0.08* B 256.16 B 260.71
IAv OS 0.38* 0.31* 0.73* 0.97* 0.08* A 264.49 A 261.70
IAv IN .22% .12%
Av IS 0.71* 0.45* 0.27% 0.18* 0.84* B 247.81 B 241.11
Av OT 0.19* 0.28* 0.03* 0.02* 0.21* A 234.19 A 246.84
|Av OI .78* .56*
Av IT 0.21* 0.31* 0.38* 0.12* 0.22* B 237.72 B 238.22
IAv ON 0.23* 0.18* 0.25* 0.03* 0.19* A 239.41 A 248.10
Av OS .65% 41*
Av 1.5mm  0.45% 0.27% 0.27% 0.08* 0.43* B 245.63 B 258.37
IAv 3mm 0.11* 0.72* 0.27* 0.14* 0.04* A [261.38 A 275.51
- IAv IS .82% .23*
NODR: no apparent retinopathy, N: healthy controls, F: SubFoveal, II: B [258.46 B 262.10
Inner Inferior, IN: Inner Nasal, OI: Outer Inferior, OS: Outer Superior, A h41.76 A h44.94
IS: Inner Superior, OT: Outer Temporal, IT: Inner Temporal, ON: Outer Av OT .70% .52%
Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3 mm: 3 mm Fovea centered B 23618 B 236.19
circle. *T-test. A R67.40 A 272.52
Av IT .98* .60*
B 267.89 B 265.74
A 228.56 A 214.07
IAv ON .82% 41%
B 231.90 B 202.79
Female Male A 264.02 A 273.17
Region Group Av 1.5mm .85* .43*
Mean IP-value Mean |P-value B 261.52 B 263.42
B 275.60 288.90 A 237.72 A 240.73
IF .14* .78% IAv 3mm .71% .94%
A 300.05 285.54 B 242.59 B 239.80
B 251.78 . [263.78 " F: SubFoveal, II: Inner Inferior, IN: Inner Nasal, OI: Outer Inferior,
v Il A p71.00 25 D63.77 .00 OS: Outer Superior, IS: Inner Superior, OT: Outer Temporal, IT: Inner
Temporal, ON: Outer Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3 mm:
Av IN B 237.16 08* p47.98 7% 3 mm Fovea centered circle. *T-test.
A 265.36 260.92
B 234.80 240.18
A [243.33 240.11
|Ascending Order (Group B (Healthy Controls) Group A (Diabetics)
B 242.63 260.79
IAv OS .82% 11* 1 ON=214 + 52 ON=220 + 50
A 246.29 243.01
2 OT=236 + 44 OI=242 + 49
B [248.33 268.97
IAv IS .08* .81% 3 OI=238 + 52 0S=244 + 42
A [273.45 [266.54
4 TN=244 + 52 OT=244 + 53
B 227.13 242.22
Av OT .21* .81* 5 (0S=254 + 49 IN=263 + 42
A 248.94 239.42
6 M=259 + 57 =267 + 42
B 262.05 269.57
IAv IT .43 .71* 7 1S=261 + 50 1S=270 + 32
A 276.61 [265.46
8 IT=267 + 53 IT=270 + 45
B 214.95 213.11
IAv ON .80* .54% 9 [F=283 + 54 [F=291 + 42
A 219.44 220.71
B b54.99 be7 84 F: SubFoveal, II: Inner Inferior, IN: Inner Nasal, OI: Outer Inferior,
Av 1.5mm = 23* : .85% OS: Outer Superior, IS: Inner Superior, OT: Outer Temporal, IT: Inner
1A R73.79 [265.82 Temporal, ON: Outer Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3 mm:
B D34.90 n44.83 3 mm Fovea centered circle.
IAv 3mm .70% .53*%
A 241.02 238.25

F: SubFoveal, II: Inner Inferior, IN: Inner Nasal, OI: Outer Inferior,
OS: Outer Superior, IS: Inner Superior, OT: Outer Temporal, IT: Inner
Temporal, ON: Outer Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3 mm:
3 mm Fovea centered circle. *T-test.

DISCUSSION

Diabetic retinopathy is a well-documented sight threatening compli-
cation of DM due to the breakdown of retinal vasculature integrity
and hemodynamic abnormalities, and despite the fact that DM affects
the choroid, little is known clinically about diabetic choroidopathy,
also a structurally and functionally normal choroid is essential for
normal retinal functions, hence an abnormal choroidal blood volume

and/or flow can result in photoreceptor dysfunction and death”.
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Studies using indocyanine green angiography show filling delay or
defects, microaneurysms, saccular dilatations in the choriocapillaris
and choroidal neovascularization in diabetics"”.

A limited number of non-invasive imaging techniques available for
assessing the choroid, introduction of OCT allows further objective
evaluation of DR. The EDI-OCT has provided the advantage of in
vivo cross-sectional imaging of the choroid, similar to the retina"l.
In this study, we reviewed this imaging technique to evaluate the
choroidal thickness in diabetic eyes.

One hundred Automatic Real Time (ART) scans per section are
often used for good image quality but William ez a/™ noted that CCT
measurement with 10 A-scans per line in DME is comparable to the
standard 100 scans per line, so 10ART frames was adopted in image
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capture to reduce patient discomfort and test time.

This study results regarding the subfoveal CCT in healthy controls
were similar to Margolis and Spaide!” (who used the same EDI-OCT
technique) who reported a subfoveal CCT of 287 = 76 um in healthy
subjects and Copete et al' who reported a subfoveal CCT of 286 +
88um healthy subjects using Swept Source OCT.

In this study, the CCT was noted to be thinnest nasally, then in-
crease in thickness in ascending order from the nasal to the inferior to
the temporal to the superior quadrants in a circular manner also it was
found to be thickest subfoveally in both groups. This pattern was also

noted by previous studies"*"*"*,

Our results were matched to Kim ez al'” who found a significant
increase in the CCT as DR progressed in severity from moderate—se-
vere NPDR to untreated PDR. The subfoveal choroid in DME-group
eyes was significantly thicker than in non-DME eyes.

Similar to our findings, Xu et al''” found that patients with DM
had a slightly, but statistically significant thicker subfoveal choroids.

Rachel er al™ suggested that there was an association between
CCT and the progression of DR rather than DME and that the cho-
roid responds to the retinal vascular disease. They found that in PDR,
there was a statistically significant increase in CCT (242.1 pm) when
compared to the mild NPDR group (217.7 um) (p = 0.03). DME was
associated with a statistically non-significant increase in CCT (225.4
um) compared to eyes without DME (209.3 pm) (p = 0.13). This
may reflect the higher incidence of more severe retinopathy in the
eyes with DME that were matched to our results.

The choroidal thickening mechanism in advanced DR is unknown,
Savage et al™, using a computerized pneumotonometer, investigated
pulsatile ocular blood flow as a reflection of choroidal circulation in
eyes with DR; compared to healthy controls, choroidal blood flow
was found to be increased in severe NPDR and PDR but decreased
in treated DR. These findings might reflect an increased production
of VEGF or other cytokines mediating choroidal vasodilation and
elevation in choroidal blood flow, which subsequently increase the
CCT, especially in patients with severe NPDR or PDR. The choroidal
blood flow was found to be markedly decreased after laser PRP, pos-
sibly due to down regulation of VEGF, also the choroid was found
to be significantly thinner after PRP due to decreased blood flow and
subsequent ischemic atrophic change!"”.

Interestingly different to our results, Esmaeelpour et al”” studied
the CCT in diabetics using high speed three-dimensional (3D) OCT
imaging at 1060 nm. They found a central and inferior thinning in
diabetic eyes compared to healthy eyes. Their study gave an overall
idea about the effect of DM on CCT, but it used a different mean for
choroidal image acquisition.

Different to this study, Querques ef a/”’ noted that in diabetic eyes,
there was an overall thinning of the choroid on EDI-OCT. A further
reduction of CCT was detected in the presence of DME. These data
favor the idea that, in diabetic eyes, decreased CCT may lead to tis-
sue hypoxia and consequently increase the level of VEGF resulting
in the breakdown of the blood-retinal barrier and the development of
macular edema. This contradiction can be explained by different pa-
tient profiles as their study included 63 eyes of diabetic patients with
no healthy controls and the mean age was 65 + 9 (48-83) years, elder
participants were included unlike our study that may induce bias as
the choroids get thinner with age as noted by previous studies" "),

In contrast to our findings, Unsal et al'”, using Optovue RTVue
100-2 (Optovue, Fremont, CA, USA), studied 191 eyes, 151 eyes
of DM patients (61 NPDR, 90 PDR) and 40 eyes of 20 healthy in-
dividuals, they found no statistically significant difference in CCT
between normal subjects and the NPDR group. In the PDR group,
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et Group (A) Age  |Group (B) Age DM Duration in
P value P value Group (A) P value
[F 0.00* 0.02* 0.00*
IAv I 0.00* 0.02* 0.00%
IAv IN 0.00* 0.02* 0.00%
IAv OI 0.00* 0.00* 0.00*
IAv OS 0.06* 0.00* 0.03*
IAv IS 0.02* 0.00* 0.02*
IAv OT 0.01* 0.04* 0.02*
Av IT 0.00* 0.01* 0.00*
IAv ON 0.00* 0.01* 0.01*
Av 1.5mm  |0.00* 0.01* 0.00%
|Av 3mm 0.00* 0.00* 0.00*

F: SubFoveal, II: Inner Inferior, IN: Inner Nasal, OI: Outer Inferior,
OS: Outer Superior, IS: Inner Superior, OT: Outer Temporal, IT: Inner
Temporal, ON: Outer Nasal, 1.5 mm: 1.5 mm Fovea centered circle, 3 mm:
3 mm Fovea centered circle. * Pearson Correlation test.

there was statistically significantly decreased in CCT compared to
both the healthy and the NPDR. They explained their results depend-
ing on previous histologic studies that revealed atrophy and dropout
of the choriocapillaris in eyes with DR™. Histologic analysis is an
invasive technique with shrinkage of tissue on fixation that is not
directly comparable to our EDI-OCT study. This contradiction can be
also explained by different mean for image acquisition and different
patient profiles as they studied unequal groups 191 eyes, comprising
151 eyes of DM patients and only 40 eyes of 20 healthy individu-
als, a limited number. Also in their study the PDR group was chosen
from those only with a history of pan retinal photocoagulation (PRP)
that were excluded from our study. Pan retinal photocoagulation was
found to affect the CCT, Kim et a/'"noted that PRP caused choroidal
thinning and atrophy explained, in part, by an intensive systemic con-
trol in this group as diabetic patients who had experienced any thera-
peutic measures, such as PRP, became more aware of the seriousness
of the disease and more likely to maintain strict blood sugar control
evidenced by low HA1C levels in this group that is conceivable, also
the reduction of VEGF following PRP had a significant role in reduc-
ing the CCT.

Regatieri e al'"”, using a Cirrus™ HD-OCT(Carl Zeiss Meditec
Inc, Dublin, CA), compared CCT in NPDR, PDR, and DME patients
with healthy subjects and reported a significant decrease of CCT in
the PDR and DME groups, and a non-significant difference in the
NPDR group. This contradiction may be due to different patient pro-
files as their study included unequal groups (49 eyes with diabetes
and only 24 age-matched normal subjects) and the PDR group was
chosen only from those with a history of PRP also they used a differ-
ent mean for image acquisition.

In this study on correlating the age of healthy controls with CCT in
different quadrants it showed statistically significant inverse correla-
tion (decrease in CCT with increase of age). Differently, in diabetics
it showed statistically significant positive correlation (increase in
CCT with increase of age); this contradiction between both groups
may be due to reported positive effect of DM on CCT.

Margolis and Spaide' studied CCT in healthy subjects noted that
the age had a statistically significant inverse correlation with CCT.
They noticed that the subfoveal CCT decreased by 15.6 um for each
decade of life. Also Spaide”™ had reported that CCT was decreased
with age. With the randomized selection of the patients, we found the
mean age was 42 + 7 (26-50) years for diabetics and 39 + 9 (25-50)
years for healthy controls with no statistically significant difference (p
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=0.16), so the age factor was eliminated.

Our findings were matched to Regatier et al'"”' who studied CCT
in 100 eyes divided to two equal groups depended on gender. They
found no statistically significant difference in subfoveal CCT accord-
ing to gender difference.

Limitations of this study were that the low number of the PDR pa-
tients [n = 6 (12%)] and that some patients have poor fixation leading
to problems acquiring good-quality scans, making the accurate mea-
surement of CCT sometimes difficult. Some choroidal scans have
a distinct hyporeflective line corresponding to the suprachoroidal
space, but often this line can be indistinct, leading to measurement
variability or error. The placement of the calipers can also vary de-
pending on the magnification of the scan on the screen.

Correlation between CCT and severity of retinal ischemia by mea-
suring the CCT with EDI-OCT to detect the need for laser treatment
is a matter that needs further investigation and assessment through
studying the role of anti-VEGF with appropriate number of PDR
eyes by an accurate, precise and automated tool for CCT measure-
ment using a well-accepted normative data for age and gender.

To be summarized we found insignificant increase of the choroidal
thickness in diabetics compared to non diabetics that increase with
deterioration of DR.

CONCLUSION

Choroidal thickness was found to be correlated with the stage of
diabetic retinopathy (DR). Progressive thickening of the choroid with
the progression of DR and/or the development of DME may reflect
the concurrent progression of diabetic choroidopathy.
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