
References 
 
1. Nickla DL, Wallman J. The multifunctional choroid. Prog Retin Eye Res 2010;29:144-68. 
2. Hidayat AA, Fine BS. Diabetic choroidopathy. Light and electron microscopic observations of seven cases. Ophthalmology 1985;92:512-22. 
3. Weinberger D, Kramer M, Priel E, et al. Indocyanine green angiographic findings in nonproliferative diabetic retinopathy. Am J Ophthalmol 1998;126:238-47. 
4. Shiragami C, Shiraga F, Matsuo T, et al. Risk factors for diabetic choroidopathy in patients with diabetic retinopathy. Graefes Arch Clin Exp Ophthalmol 2002;240:436-42. 
5. Savage HI, Hendrix JW, Peterson DC, et al. Differences in pulsatile ocular blood flow among three classifications of diabetic retinopathy. Invest Ophthalmol Vis Sci 
2004;45:4504-9. 
6. Spaide RF, Koizumi H, Pozzoni MC, Pozonni MC. Enhanced depth imaging spectral-domain optical coherence tomography. Am J Ophthalmol 2008;146:496-500. 
7. Margolis R, Spaide RF. A pilot study of enhanced depth imaging optical coherence tomography of the choroid in normal eyes. Am J Ophthalmol 2009;147:811-5. 
8. Fujiwara T, Imamura Y, Margolis R, et al. Enhanced depth imaging optical coherence tomography of the choroid in highly myopic eyes. Am J Ophthalmol 2009;148:445-
50. 
9. Imamura Y, Fujiwara T, Margolis R, Spaide RF. Enhanced depth imaging optical coherence tomography of the choroid in central serous chorioretinopathy. Retina 
2009;29:1469-73. 
10. Spaide RF. Age-related choroidal atrophy. Am J Ophthalmol 2009;147:801-10. 
11. Spaide RF. Enhanced depth imaging optical coherence tomography of retinal pigment epithelial detachment in age-related macular degeneration. Am J Ophthalmol 
2009;147:644-52. 
12. Esmaeelpour M, Považay B, Hermann B, et al. Mapping choroidal and retinal thickness variation in type 2 diabetes using three-dimensional 1060-nm optical coherence 
tomography. Invest Ophthalmol Vis Sci 2011;52:5311-6. 
13. Regatieri CV, Branchini L, Carmody J, et al. Choroidal thickness in patients with diabetic retinopathy analyzed by spectral-domain optical coherence tomography. Retina 
2012;32:563-8. 
14. Bressler NM, Beck RW, Ferris FL. Panretinal photocoagulation for proliferative diabetic retinopathy. N Engl J Med 2011;365:1520-6. 
15.Geyer O, Neudorfer M, Snir T, et al. Pulsatile ocular blood flow in diabetic retinopathy. Acta Ophthalmol Scand 1999;77:522-5. 

Results 

  The authors have no proprietary or commercial interest in any materials discussed in the article. 
  The studies conformed to the Declaration of Helsinki. 

 Subfoveal choroidal thickness according to DR grading 

Figure 2. Graph showing the mean 
subfoveal choroidal thickness (SFChT) 
of diabetic patients according to 
diabetic retinopathy (DR) grading.  
The mean SFChT was significantly 
greater in the untreated proliferative 
diabetic retinopathy (PDR) group 
than in the no DR and mild/ 
moderate (Mod) nonproliferative 
diabetic retinopathy (NPDR) groups 
(ANOVA; p<0.01), and severe NPDR 
group (ANOVA; p<0.05). The mean 
SFChT was significantly less in the 
treated PDR group compared with 
the untreated PDR group (ANOVA; 

p<0.01).   *: p<0.01, †: p<0.05. 

 SFChT and PFChT at each of the four quadrants  

Figure 3. Graph showing mean 
subfoveal (SFChT) and parafoveal 
choroidal thickness (PFChT) in 
diabetic patients. The SFChT and 
PFChT were measured at the fovea, 
and in the nasal, superior, temporal, 
and inferior quadrants at a distance 
of 1500 mm from the foveal center. 
Similar trends in SFChT throughout 
the four parafoveal quadrants were 
observed for each DR grading. 

Table 2. Mean subfoveal choroidal thickness (SFChT) and parafoveal choroidal thickness (PFChT)  
at each of the five locations in diabetic patients.  

SFChT(mm) 
Nasal  

PFChT (mm) 

Temporal  

PFChT (mm) 

Inferior 

PFChT (mm) 

Superior 

PFChT (mm) 

Normal control  276.0±58.1 222.6.4±67.8 240.6.2±63.5 248.8±70.8 255.1±45.6 

No DR 262.3±68.4 215.4±72.1 240.6±72.0 235.1±65.6 232.8±66.2 

Mild-Mod. NPDR 244.6±77.0 192.0±74.8 224.7±67.4 219.7±62.8 221.0±71.9 

Severe NPDR 291.1±107.7 247.4±97.6 269.4±89.4 262.9±89.5 277.6±99.0 

Untreated PDR 363.6±74.9 295.4±86.0 339.5±74.0 324.7±84.8 316.0±64.0 

Treated PDR 239.8±57.4 186.7±65.5 233.1±70.6 212.4±75.6 242.3±78.0 

Figure 4 (A). Comparison of the mean subfoveal choroidal thickness (SFChT) in eyes with and 
without diabetic macular edema (DME). Eyes with DME had increased SFChT compared with eyes 
without DME (independent t-test: one way, p<0.05). (B). Scattergram showing changes in central 
subfield thickness of the retina (x-axis) against changes in subfoveal choroidal thickness (y-axis). 
The Pearson correlation coefficient was 0.184 between CST and SFChT (p=0.034).    

 Mean SFChT according to DME severity  
- Of the 235 eyes considered for the study, 40 with a history of laser PRP and 40 with  
no DR were excluded.  
- The remaining 155 eyes included in the analysis had mild-severe NPDR or untreated 
PDR.  
- Mean SFChT of eyes with DME (n=67): 311.6±99.7 um.  
- Mean SFChT of eyes without DME (n=88): 282.0±88.8 um.  

A                                                                      B 

Figure 5. Graph showing the 
mean subfoveal choroidal 
thickness (SFChT) in eyes with 
diabetic macular edema (DME) 
according to subtype.  
Eyes with DME showed 
increased SFChT compared 
with eyes in the no-DME 
group. The SFChT in the 
serous retinal detachment 
(SRD)-type was greater than 
that in the-cystoid type and 
no-DME groups (ANOVA; 
p<0.05 and p<0.01, 
respectively).  
*: p<0.01, †: p<0.05. 

 Mean SFChT according to DME subtype 
The DME morphologic groups (cystoid, diffuse, and SRD types) had a mean SFChT 
of 292.4±63.5 mm, 329.2.4±91.9 mm, and 351.5±85.6 mm, respectively. 

Figure 1. Fundus photograph, fluorescein angiography (FA), and enhanced-depth imaging of representative cases 
using spectral domain optical coherent tomography (EDI-OCT).  
Fundus photograph (A–E), FA (F–J), and EDI-OCT (K–O). First column (A, F, K): no diabetic retinopathy. Second 
column (B, G, L): severe nonproliferative diabetic retinopathy (NPDR). Third column (C, H, M): untreated 
proliferative diabetic retinopathy (PDR). Fourth column (D, I, N): treated PDR. Fifth column (E, J, O): severe NPDR 
with diabetic macular edema of serous retinal detachment type. Subfoveal choroidal thickness is indicated in the 
figure of EDI-OCT. Arrow heads indicate hyper-reflective line of the chorio-scleral interface on EDI-OCT. Green 
markings indicate choroidal thickness measured with the caliper program of the Heidelberg Eye Explorer 
software of EDI-OCT. 

  Normal control No DR Mild or  

Moderate NPDR 

Severe NPDR Untreated PDR Treated PDR 

N (patients) 32 32 24 45 20 26 

N (eye) 36 40 47 72 36 40 

Age (years) 59.8±8.8 62.0± 12.4 66.7±8.6 56.3±12.8 57.0 ± 10.9 61.8±11.4 

DM duration (years) 8.6±5.2 14.6±6.4 15.3± 6.9  15.3±6.4  16.7±7.8  

HTN (no. of patients) 2 7 3 3 3 

SBP 130.3±12.9 130.1±14.0 127.8±18.7 130.3±14.9 127.6±22.1 

DBP 71.6±10.5 70.3±9.4 73.2±11.7 76.1±8.2 72.7±13.2 

BMI 24.5±3.1 24.6±3.7 23.4±2.6 24.7±4.0 23.4±4.1 

BCVA(LogMAR)    0.04±0.06 0.03±0.05 0.1±0.13 0.14±0.28 0.33±0.27 0.37±0.44 

HbA1c (%)*   6.5±1.2* 7.4± 0.9* 8.6±1.7* 10.3±2.5* 8.1± 1.4* 

CST (mm) 262±21.8 281±27.9 273.7±43.6 303.8±77.8 362.2±90.0 352.5±137.1 

Abbreviations: 
no.: number 
DM: diabetes mellitus 
DR: diabetic retinopathy 
NPDR: nonproliferative diabetic retinopathy 
PDR: proliferative diabetic retinopathy 
BCVA: best corrected visual acuity 
HbA1c: hemoglobin A1c 
CST: central subfield thickness 
SBP: systolic blood pressure 
DBP: diastolic blood pressure 
BMI: body mass index 
HTN: hypertension  
*: p<0.05 
 

 Baseline characteristics 
 

 
- Total number: 235 eyes of 145 diabetes patients,  
- Male: Female= 70 : 75 
- Mean age: 52.6±12.4 years   
- Mean duration of DM: 15.1±7.2 years 
 
- The study groups did not differ in terms of age or DM duration.  
- The difference in HbA1c levels was statistically significant  
   between each DR group (ANOVA, P<0.05).  

Table 1. Baseline characteristics 

 
Purpose: To assess changes in choroidal thickness in diabetic patients with diabetic 
retinopathy (DR) and diabetic macular edema (DME) using enhanced-depth imaging spectral 
domain optical coherence tomography (EDI-OCT).  
Design: Retrospective, observational, cross-sectional study.  
 
Participants: Eyes (n=235) from 145 diabetic patients (70 men, 75 women) who underwent 
fluorescein angiography and EDI-OCT, both within a span of two weeks, between March and 
December 2011. 
 
Methods: Subjects with a history of ocular treatment, except laser panretinal photocoagulation 
(PRP), were excluded. Eyes (235) were divided into groups according to the grade of DR: no 
DR, mild/moderate nonproliferative DR (NPDR), severe NPDR, proliferative DR (PDR), and PDR 
with PRP (treated PDR). Eyes with DR and no history of PRP (155) were divided into those 
without DME or with DME, grouped according to DME type: cystic, diffuse, and serous retinal 
detachment (SRD). Subfoveal choroidal thickness (SFChT), and parafoveal choroidal thickness 
(PFChT) at 1500 mm from the fovea in the nasal, superior, temporal, and inferior quadrants 
was measured using EDI-OCT. 
 
Results: Mean patient age was 62.6±12.4 years, and mean duration of DM was 15.1±7.2 years. 
Mean SFChT in groups with no DR (40 eyes), mild/moderate NPDR (47 eyes), severe NPDR (72 
eyes), untreated PDR (36 eyes), and treated PDR (40 eyes) was 262.3±68.4 mm, 244.6±77.0 
mm, 291.1±107.7 mm, 363.5±74.9 mm, and 239.9±57.4 mm, respectively. Mean SFChT was 
significantly greater in eyes with untreated PDR than in those with no DR (p<0.01), 
mild/moderate NPDR (p<0.01), or severe NPDR (p<0.05). Mean SFChT decreased significantly 
in treated PDR eyes compared with untreated PDR (p<0.01). Eyes with DME (67 eyes) had a 
thicker subfoveal choroid than eyes without DME (88 eyes; p<0.05) and, compared with other 
types of DME, the subfoveal choroid was thickest in SRD-type DME (351.5±85.6 mm; p<0.05). 
 
Conclusions: Choroidal thickness increased significantly as the severity worsened from 
mild/moderate NPDR to PDR, and decreased in laser-treated eyes. The subfoveal choroid was 
thicker in eyes with DME than in those without, and was thickest in eyes with SRD-type DME.  

 
 Using the Cirrus HD-OCT, Regatieri et al reported in 2012 that ChT decreases in eyes 

with DME and in eyes treated with scatter PRP.13 These authors, however, did not 
examine the changes in eyes with various stages of NPDR or eyes with untreated PDR.   

  
 Previous studies demonstrated that choroidal blood flow markedly decreases after 

laser PRP, possibly due to the downregulation of VEGF.14,15  
 

 It is thought that the choroidal layer becomes significantly thinner after PRP due to 
decreased blood flow and subsequent ischemic atrophic change. Our results clearly 
showed that the choroidal layer of treated PDR eyes was significantly thinner than 
that of eyes with untreated PDR or severe NPDR, and almost equivalent to ChT in 
eyes with mild/moderate NPDR.  
 

 Previous investigators reported a decrease in ChT in eyes with DME, 12,13 the results of 
the present study indicated that the choroidal layer was significantly thicker in eyes 
with DME than in eyes without.  
 

 This discrepancy might be due to differences in patient profiles. While our study 
included a relatively large number of patients with advanced retinopathy (excluding 
patients with a history of PRP), previous reports only included eyes with early NPDR 
or treated PDR.  
 

 In each of these conditions, mean ChT was significantly thinner regardless of the 
presence of DME (Fig 2). The positive correlation between CST and ChT shown by a 
scattergram (Fig 4B) also supports our hypothesis that eyes with more severe DME 
produce more VEGF or other cytokines, resulting in a thickening of the choroidal layer.  
 

 Eyes with the SRD-type DME had a thicker choroid than eyes with the other DME 
types. This could be partly due to the higher incidence of SRD-type DME in the 
severe NPDR and PDR groups, and the thicker choroid in these groups than in the 
other groups. The increased ChT in this study, however, indicates that SRD-type eyes 
had increased choriocapillaris permeability, resulting in thickening of the choroid.  
 

 Diabetic choroidopathy may directly induce choroidal ischemia, leading to RPE 
dysfunction, or it may indirectly impair the ability of RPE to pump fluid due to factors 
affecting vascular permeability. Thus, it is speculated that the SRD-type DME is the 
result of increased ChT, which implies diabetic ischemic choroidopathy.  
 

 While the present study was limited by its cross-sectional retrospective design and 
relatively small number of samples in each category, it has advantages over similar 
previous studies,12,13 namely: 1) the use of EDI-OCT with eye tracking software for 
more accurate measurement; 2) patients with all stages of DR (from no DR to 
untreated PDR); and 3) analysis of only treatment-naïve DME patients.  

This study demonstrates that ChT is closely correlated with the stage of DR, and 
with the degree or type of DME.  
Progressive thickening of the choroidal layer with the progression of DR or the 
development of DME, may reflect the concurrent progression of diabetic 
choroidopathy.  
EDI-OCT is a noninvasive technology that enables accurate assessment of choroidal 
vascular changes in diabetic patients.  

Conclusion  

Discussion  

 The role of choroid:  
- blood supply to the outer retina, including the retinal pigment epithelium (RPE) and   
  photoreceptors1  

- associated with the pathophysiology of many retinal diseases 
 

 Previous studies of choroid in patients with diabetes or diabetic retinopathy (DR) 
 
- histopathologic study: vascular abnormalities in the choroidal layer.2  
- indocyanine green angiography(ICG) studies: hyperfluorescent spots 
    : sign of intra-choroidal vascular abnormalities or dilation of the choroidal vessels.3,4  
- choroidal blood flow study 
    : pulsatile ocular blood flow is increased in non-proliferative retinopathy (NPDR)  
                                     and decreased in treated proliferative retinopathy (PDR).5   

 

 Enhanced depth imaging with spectral domain optical coherence tomography (EDI-OCT)  
   : novel way to measure the choroidal thickness (ChT) in normal and pathologic states.6-11  

 
 A few recent studies reported changes in choroidal thickness (ChT) in diabetic patients12,13  
- the relationship between the changes in ChT and the severity of DR or the DME subtype  
   has not been systemically investigated using EDI-OCT.  

 
 The present study was designed to investigate how ChT changes according to DR 

severity, and whether the ChT varies according to DME subtype.  

Introduction   

 Patient Eligibility 
- A retrospective review was performed on all diabetic patients who were examined at the 
Diabetes Center of Asan Medical Center, Seoul, Korea, between March and December 2011.  
 
- All patients had a complete ophthalmic examination, including manifest refraction, best-
corrected visual acuity measurement, slit-lamp biomicroscopy, and a detailed fundus 
examination.  
 
- Among them, only patients who had undergone color fundus photography/ fluorescein 
angiography (FA) and spectral domain optical coherence tomography (SD-OCT; Spectralis, 
Heidelberg Engineering, Heidelberg, Germany), both within a span of two weeks, were 
selected for this study. 
 
 Exclusion criteria   
- refractive errors of more than ± 3.0 diopters 
- other retinal diseases except DR  
   including drusen, age-related macular degeneration, or retinal vein occlusion.  
- history of glaucoma, ocular trauma, ocular inflammation,  
- history of any type of intraocular surgery (except cataract surgery). 
 
- history of any previous treatment, including intravitreal or subtenon injections of 

triamcinolone or    
   anti-vascular endothelial growth factor (VEGF). 
 
- history of focal or grid laser photocoagulation at anytime, or panretinal photocoagulation 
(PRP) 
 within 1 year. 
  
 DR grading into five groups 
- no DR, mild/moderate NPDR, severe NPDR, untreated PDR, and treated PDR. 
- according to the modified Early Treatment Diabetic Retinopathy Study (ETDRS) retinopathy 
severity scale. 
- treated PDR had PRP for at least 1 year prior to the study.  
 
 Classification of DME into three subtypes 
- type 1, thickening of the fovea with intraretinal cystoid change (cystoid type) 
- type 2, sponge-like diffuse retinal thickening (diffuse type) 
- type 3, thickening of the fovea with serous retinal detachment (SRD type) 
- DME with apparent epiretinal membrane or vitreomacular traction was excluded.  
  
 Choroidal thickness measurement using EDI-OCT 
- Measured by an investigator masked to the DR grading and DME subtypes.  
 
 Subfoveal choroidal thickness (SFChT) 
- measured at the fovea manually  
- using the caliper tool in the OCT Heidelberg Eye Explorer software  
- from the hyper-reflective line of Bruch’s membrane  
  to the hyper-reflective line of the chorio-scleral interface 
 
 Parafoveal choroidal thickness (PFChT) 
- measured at the nasal, superior, temporal, and inferior choroid quadrants  
- manually measured distance of 1500 mm from the foveal center 
 
 Normal control data 
- From normal eyes of age-matched patients who underwent vitreoretinal surgery for 
idiopathic epiretinal membrane or macular hole.  
  
 Statistical Methods 
- All data are expressed as the mean ± standard error of the mean.  
- Statistical analysis was performed using SPSS for Windows version 16.0 (SPSS Inc, Chicago, 
IL). 

Patients & Methods   

- The variation of SFChT according to DR grading and DME type  
     : assessed using one-way analysis of variance (ANOVA) with pair-wise comparisons using 
      Tukey’s test.  
- The difference in ChT between active PDR and stable PDR 
     : compared using the Mann-Whitney U test.    
- The difference of SFChT of eyes with DME and those without DME 
     : compared with independent t-test. 
- Correlation between SFChT and central subfield thickness (CST), in treatment-naïve DME patients.  
     : pearson correlation coefficient    
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Abstract   

Changes in choroidal thickness in relation to the severity of retinopathy and macular edema in type II diabetic patients  
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