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Abstract

Background and Aims: Diabetes is a common disease. The aims of the study was to measure the
sub-foveal macular choroidal thickness in diabetics without diabetic retinopathy and to compare it
with non —diabetics in a Jordanian population.

Method: The present paper is a retrospective, observational, case series study. Enhanced depth
imaging ocular coherence tomography (EDI-OCT) images were obtained from diabetics without
diabetic retinopathy and were compared to healthy subjects using a spectral domain OCT. The sub-
foveal choroidal thickness was measured from the outer boarder of the retinal pigment epithelium to
the inner scleral border at the center area of the foveal depression. Statistical analysis was performed
to evaluate the sub-foveal choroidal thickness in eyes without diabetic retinopathy and to compare it
with age matched healthy adults.

Results: The present work studied 68 eyes of 38 patients aged between 26 and 79 years. The study
consisted of 23 males and 15 females. There were 42 eyes of 21 diabetic patients and 26 eyes of 17
subjects without diabetes. The average sub-foveal choroidal thickness was slightly less in the diabetic
group (256+108 pwm) compared to eyes without diabetes (265+105 um), but the difference was not
statistically significant (p=0.51).

Conclusion: The present study concluded that patients with diabetes mellitus had a slightly but
statistically insignificant thinner sub-foveal choroid thickness than non-diabetics. This finding may
indicate that thinning of the choroid may be an early sign of ocular ischemia due to shrinkage of the
choroidal vasculature in diabetic patients.
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Introduction Ocular coherence topography is a recent
A healthy choroid is important for retinal non-invasive imaging technique that is used to
perfusion and function." Choroidal structure obtain high-resolution image of the retina.
and vascular pattern may be altered in diabetic With the more recent modality of the enhanced
patient with diabetic retinopathy.’ depth imaging (EDI) software technique, the
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choroid can also be visualized with higher
resolution®> and in vivo. 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.> In addition to that, the manual
choroidal thickness measurement is reliable
and reproducible when measured from the
outer border of the retinal pigment epithelium
to the border of choroid stroma.*® The reason
why the choroidal thickness was not
adequately investigated in the past is that the
beam was not passed through the retinal
pigment epithelium. With the EDI modality,
the beam can pass through the sclera. Data
exists about abnormalities in the choroidal
structure and function related to various ocular
abnormalities.; ;g Diabetes causes many
pathological changes in the choroid. These
changes include vascular tortuosity, focal
dilatation, micro aneurysms and focal
ischemia. In addition, the variation in
choroidal thickness may be related to various
disease states and is affected by treatment. An
example is that choroidal thickness decrease
after intensive diabetic control® and after pan
photocoagulation laser.’® However, it is not
well known if these variations are the causes
or the results of certain diseases. Even with
the advances in choroidal measurement using
enhanced depth technique with spectral
domain OCT, more invasive methods like
indocyanine green angiography (ICG) remain
the gold standard method to visualize and
evaluate the choroid.™

Materials and Methods:

A total of 68 eyes from 38 patients visiting
the ophthalmology department at the
University of Jordan Hospital from March
2017 to September 2017 were examined and
included in this retrospective observational
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case series study. There were 42 eyes of 21
diabetic patients without diabetic retinopathy,
and 26 eyes of 17 non diabetics. Both groups
were of similar ages and both groups have
normal looking retina.

Informed consent was obtained from every
patient and a detailed ocular and systemic
history was taken. Visual acuity was measured
using Snellen chart and refraction was done if
needed. Slit lamp examination was performed
and intraocular pressure was also measured
using Goldman applanation tonometry and a
dilated fundus examination.

Exclusion criteria were patients with
uncontrolled blood pressure, history of recent
cataract surgery (within the last 6 months),
history of any intraocular surgery, abnormal
looking retina or choroid, any disease that may
affect the choroid. Patients with hyperopia
more than 3 diopters or myopia more than 6
diopters were also excluded. In addition,
subjects with unclear OCT images were
excluded.

OCT measurement was done for all
patients after pupillary mydriasis using the
same OCT machine (Optivue).

A fovea centered 3 mm horizontal line
distance was used in choroidal evaluation.
Measurement was done perpendicularly from
the retinal pigment epithelial layer to the
choroid scleral junction and the sub- foveal
choroidal thickness was obtained.

Data analysis

Statistical analysis was done using SPSS
version 21.0 (Chicago, USA) in our analysis.
We used mean (x standard deviation) to
describe continuous variables (i.e. age and
measurements). We used count (frequency) to
describe other nominal variables (i.e. gender
and eye). We performed independent sample t-
test to analyze the mean difference between
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measurements and each of gender and
laterality, and we presented data in mean (95%
confidence interval CI). We used Pearson’s
correlation to study the correlation between
age and each measurement. All underlying
assumptions were met, unless otherwise
indicated. We adopted a P value of 0.05 as a
significant threshold.

The study had the Institutional Review
Board approval and was adherent to the
declarations of Helsinki.

Results:

A total of 68 eyes from 38 patients were
included in our study. The patients consist of

17 males (45%) and 21 females (55%). Forty-
two of the 68 eyes belonged to 21 patients with
type 2 diabetes and 26 eyes belonged to 17
patients without diabetes.

The mean age of the diabetic group was 61.2
years old and that for the non-adiabatic group
was 58.9 years old, as indicated in Table 1.

Regarding the choroidal thickness, it was
slightly less in patient with type 2 diabetes
mellitus as compared with the non-diabetic
subjects (256108 pm vs. 265+105 pm),
p=0.51. This difference is considered as not
statistically significant (Table 2)

Table 1. Patient characteristic by category.

Number Age | Males | Females | Right Eyes | Left Eyes
Patients with Diabetes 61.2 | 13 8 21 21
Patients Without diabetes | 58.9 | 10 7 14 12

Table 2. Choroidal thicknesses by patient category (p=0.51).

Patients Category Sub-Foveal Choroidal Thickness, pm
Patients with Diabetes 256+108
Patients Without Diabetes 265+105

Discussion:

The present study aimed to compare the
sub-foveal choroidal thickness for patients
with type-2 diabetes with that of no apparent
diabetic retinopathy and in patients without
diabetes. It was found that the sub-foveal
choroidal thickness was slightly thinner in
diabetics as compared to that of the non-
diabetics, but the difference was not statically
significant.

The present work indicates a negative
correlation exists between the age and the
choroidal thickness. Spaide™ reported that the
thickness decreases with increasing the age. But
in the present study, the age of both groups was
similar, so the age factor was eliminated.
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Various studies were performed
considering choroidal thickness in diabetics
with and without diabetic retinopathy and the
effect of the treatment. The previous studies
showed contradicting results.

A study from India*® evaluated choroidal
thickness in various stages of diabetes in
Indian ethnicity. Their study found that the
choroidal thickness in subjects with diabetes,
but without diabetic retinopathy, was
significantly thinner as compared with the
non-diabetics. Their study also found that
choroidal thinning may contribute to diabetic
retinopathy pathogenesis.

The same result was obtained by
Galgauskas et al.* Their study showed that the
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sub  foveal choroidal thickness  was
significantly lower than the control group and
there was no difference in age, sex or axial
length. It was also concluded that diabetic
retinopathy and macular edema did not
influence the sub-foveal choroidal thickness
significantly.*

Similar results were obtained by Gupta et
al.? They concluded that patients with diabetes
had significantly thinner mean choroidal
thickness, smaller volume, more inflection
points, and lesser choroidal vascular area
within the fovea and macula.

On the other hand, other studies showed
different results. Kim et al.,"® reported that the
sub-foveal choroid in DME-group eyes was
significantly thicker than in non-DME eyes
and the thickness increased as the severity of
the diabetic retinopathy increases. The same
result was obtained by Xu et al.*® in which the
sub- foveal choroid was thicker in diabetics
compared to non-diabetics after adjusting the
age, region of habitation, body mass index,
systolic and diastolic blood pressure and level
of education. They also added that the stage of
diabetes was not associated with additional
abnormal sub-foveal choroidal thickness. The
choroidal macular thickness was evaluated in
pre-diabetics and it was found that there was a
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support our results.
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3. Coscas G, Zhou Q, Coscas F, Zucchiatti
I, Rispoli M, Uzzan J, De Benedetto U et al.
Choroid Thickness Measurement with RTVue
Optical Coherence Tomography in Emmetropic
Eyes, Mildly Myopic Eyes, and Highly Myopic
Eyes. Eur J Ophthalmol 2012;22:992-1000.

4. Laviers H and Zambarakji H. Enhanced Depth
Imaging OCT of the Choroid a Review of the
Current Literature. Grafes Arch Clin Exp
Ophthalmol 2014; 252:1871-1883.

5. Vuong VS Moisseiev E, Cunifare D, Farsiu S,



https://pubmed.ncbi.nlm.nih.gov/?term=Zucchiatti+I&cauthor_id=22865404
https://pubmed.ncbi.nlm.nih.gov/?term=Rispoli+M&cauthor_id=22865404
https://pubmed.ncbi.nlm.nih.gov/?term=Uzzan+J&cauthor_id=22865404
https://pubmed.ncbi.nlm.nih.gov/?term=De+Benedetto+U&cauthor_id=22865404

Sub-Foveal Choroidal ...

Mouna M. Al Saad, Osama H. Ababneh

Moshiri A and Yiu GIl. Repeatability of
Choroidal  Thickness Measurements on
Enhanced Depth Imaging Optical Coherence
Tomography using Different  Posterior
Boarders. Am J Opthalmol 2016;169:104-
112.

6. Li L, Yang ZK, Dong FT. Choroidal
Thickness in Normal Subjects Measured by
Enhanced Depth Imaging Optical Coherence
Topography. Zhonghua Yan Ke Za Zhi.
2012;48:819-823

7. Ohara Z, Tabuchi H, Nakakura S, Yoshizumi
Y, Sumino H, Maeda Y, Kiuchi Y. Changes
in Choroidal Thickness in Patients with
Diabetic  Retinopathy. Int  Ophthalmol
2018;38:279-286.

8. Yazgan S, Arpaci C, Celik HU, Dogan M, Isik
I. Macular Choroidal Thickness, May Be The
Earliest Determiner To Detect the Onset of
Diabetic Retinopathy in Patients with Pre-
diabetes: A Prospective and Comparative
Study. Curr Eye Res 2017;42:1032-1047.

9.Jo Y, lkuno Y, Lwamoto R, Okita K, Nishida
K. Choroidal Thickness Changes After
Diabetes Type 2 and Blood Pressure Control
In Hospitalized Situation. Retina
2014;34:1190-1198.

10. Okamoto M Matsuura T, Ogata N. Effect of
Pan Retinal Photocoagulation on Choroidal
Thickness and Choroidal Blood Flow in
Patients with Severe Non Proliferative
Diabetic Retinopathy. Retina 2016;36:805-
811.

J Med J 2020; June: Vol. 54 (2) http-/ journals. ju.edu.jojmj

87

10. Unsal E, Eltutar K, Zirtiloglu S, Dincer N,
Ozdugan Erkul S and Gungel H. Choroidal
Thickness in  Patients with  Diabetic
Retinopathy. Clin Ophthalmol 2014;8:637-
642.

12. Spaide RF. Age-related Choroidal Atrophy.
Am J Ophthalmol 2009;147:801-810.

13. Sudhalker A, Chhablani JK, Venkata A,
Raman R, Rao RS and Jonnadula GB.
Choroidal Thickness of Diabetic Patients of
Indian Ethnicity. Indian J ophthalmol
2015;63:912-916

14. Galgauskas S, Laurinaviciute G, Norvydaite
D, Stech S and Asoklis R. Changes in
Choroidal Thickness and Corneal Parameters
in Diabetic Eyes. Eur J Ophthalmol
2016;26:163-167.

15. Kim JT, Lee DH, Joe SG, Kim JG, Yoon YH.
Changes in Choroidal Thickness in Relation to
the Severity of Retinopathy and Macular
Edema in Type 2 Diabetic Patients. Invest
Ophthalmol Vis Sci 2013; 54:3378-3384

16. Xu J, Xu L, Du KF, Shao L, Chen CX,
Zhou JQ, Wang JQ et al. Sub-foveal
Choroidal Thickness in Diabetes and Diabetic
retinopathy. Ophthalmology 2013;120:2023-
2028.

17. Al-Sa’ad MM, Shatarat AT, Amarin JZ,

Badran DH. Normative Values of Peripapillary

Retinal Nerve Fiber Layer Thickness in a Middle

Eastern Population, J Ophthalmol

2018;17:7238464,

https://doi.org/10.1155/2018/7238464



Sub-Foveal Choroidal... Mouna M. Al Saad, Osama H. Ababneh

S Sl 2 00 ettt Gl el doios Aib Ao
‘"53.5)52?\ %ﬁ\ LS MW\ J.,c« < 9

23..'\.& Ao doluol cl.\a..J\ o

Gl ST (et ity A1 Bl g b gyl (gl Bl 5 Cb (Gl ST B usluw Bkl 1
A3y drelond

ST Aol i) ol d ey (o)l sy Ogdondly Ogedll gua gy Joood A ()l (Ogeall il 5 G 2

A3, drelod ()

LN

S 35 G (o g OTI3] Bme Al e by (031 @ 5all el e Sl oe O tklyldl e Bl
Rt A ey a5yl (Sl A0 sy s Lo 5l ) 880 s e 1 gy 13 RS Rl b AT e ik
L3V ) sl e sl oY) s

Pl Led ¢ dal) A8l ppad ) Gadl) B plisnl oV Al e Sl Golanal St i Eond) dongie
Les)lin 5 RS 8508 Sl 250y J3 ) 28 el s agSll deptl) dab e Claasly cpapmll (oM s
Ao 390t U] Brenal) 280201 8l Bada) A B sgudl e ATl o3 @ anl) el (o SV 508 cmlall ib s
Bl DR ey S8 edog) SR 2 agemy DT Bl Jlas] U clx) s Fy S U SR e dlall
30V et sl e aal) Bl el oY1 e LML A s AL e i 250 S

Fs e 15 5 5323 e o 2w 794126 (o y5a2 oajlasl 3l S0 38 o e 68 il @ Gils 1l
2 @V daill ik RSl Sl g ke 200 26 0 e 175 K 508 Olas 21 e e 4220005
P=051(aslax) 281 & oSG b B, OF YI(105-/+265). ,Lis(256+/-108 um) sbeo¥) an 3k Lla 51 0L (6 )
93 oS g A OT V) sl WL mlie S g e L BT RS0 sl b i OF 2l e iplema)
I8 ol 15080 5 e e 1800 Ta5e 050 1) el b 8 & o gt O i) Sty (38 L2
Sl 2 e ) Bl Ll S pall) ) (3 s gl oy 3y (R gy i g
Gl 2 Al gad) (330 i) (e Sl o el 1S L I LS

PERR- P RE 1 I NPT P S S e R W I L B U SOEAUR FA S S PN NCRIF T ]
08 ) A B el el Ser p3e 05 8 deptl) b e 3 el Sl O planaV) (S5 5sS L

RES-S [P RRN'VY [ U QS I IS T-NAE PPNV RCIPESCN g BTSN RUN PSS U P 6 S SR JUPRES

Gl e il padl (o8 Catdl (g Sl e il ST DI LS

J Med J 2020; June: Vol. 54 (2) http-/ journals. ju.edu.jojmj 88



Sub-Foveal Choroidal ... Mouna M. Al Saad, Osama H. Ababneh

J Med J 2020; June: Vol. 54 (2) http-/ journals. ju.edu.jojmj 89



