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Abstract 

Introduction : Clinical signs of diabetic retinopathy include microaneurysms and retinal 

microhemorrhages. Ganglion cell layer with inner plexiform layer thickness could be 

early indicator of diabetic retinopathy. 

Purpose : To examine the association of diabetes and diabetic retinopathy with retinal 

ganglion cell layer with inner plexiform layer thickness of diabetic retinopathy patients in 

Cicendo Eye Hospital National Eye Center. 

Methods : This was descriptive study and conducted from July 2019 – September 2019. 

Newly patients diagnosed with diabetic retinopathy were included. We studied the 

demographic profile, and association between ganglion cell layer with inner plexiform 

layer (GC-IPL) thickness with stage of diabetic retinopathy and glycosylated hemoglobin 

(HbA1C). 

Results : The study included 13  eyes of 10 patients with diabetic retinopathy. Mean age 

of all patients were 54,2 years. Eight of 10 patients were female. Mean HbA1C of all 

patient were 9,07. Mean GC-IPL in patients with HbA1C <7 were 86,5 µm. Mean GC-

IPL in patients with HbA1C 7-9 were 85,67 µm. Mean GC-IPL in patients with HbA1C 

>9 were 63,2 µm.   

Conclusions : This study shows that patients with higher HbA1C tend to have thinner 

GC-IPL thickness. This study shows that GC-IPL thickness in severe NPDR is thinner 

than moderate NPDR and GC-IPL thickness in moderate NPDR is thinner than GC-IPL 

thickness in PDR. Further study with larger sample and longer duration is needed. 

Keywords : Diabetic retinopathy, optical coherence tomography, ganglion cell layer with 

inner plexiform layer thickness, glycosylated hemoglobin 

 

 

INTRODUCTION 

     Diabetic retinopathy (DR) is the 

leading cause of visual 

impairment in the working age 

population. Pathogenesis of 

DR consists of abnormalities and 

microvasculopathy and the early 

clinical signs of DR include 

microaneurysms and retinal 

microhemorrhages.
1,2

  

     Research on the pathogenesis of 

DR found that neuronal dysfunction 

and neurodegeneration are closely 

correlated with microvascular 

dysfunction. Roughly one million 

ganglion cells are found in the human 

retina and half of this number is 

centered on the fovea. This anatomic 

arrangement suggests that a macula 

scan with ganglion cell analysis could 

be early indicator of this disease. 

Ganglion cell complex which has the 

maximum density at the macula is 

studied by optical coherence 

tomography (OCT).
2,3  

     Chhablani J et al suggested that 

early thinning of the intra-retinal 

layer occurs in type 2 diabetes 

mellitus even before visible vascular 

signs of DR, whereas Van Dijk et al, 
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reported that glaucoma cell layer 

(GCL) thickness was significantly 

thinner only in patients with apparent 

microvascular DR lesions. The 

invention of OCT has allowed 

imaging and measuring various 

aspects of retina and optic disc. The 

high resolution of spectral domain 

OCT (SD-OCT) allows measurement 

of the thickness of all individual 

retinal layers, including ganglion cell 

layer. Thus, with the help of SD-OCT 

we tried to evaluate the early 

neurodegenerative effects of diabetes 

mellitus on inner retinal structures.
3,4,5

 
 

 

SUBJECTS AND METHODS 

     This study was conducted in the 

Department of Ophthalmology, 

Cicendo National Eye Hospital 

Bandung for a duration of 3 months 

from July 2019 to September 2019. 

Patients were recruited from 

Vitreoretinal unit of Cicendo National 

Eye Hospital Bandung. Recruited 

data were age, sex, duration of 

diabetes, type of diabetes, 

classification of DR, HbA1C, and 

visual acuity.  

     Inclusion criteria were diabetic 

retinopathy patient with clear media 

for OCT. Patient’s age were more 

than 18 years old with intraocular 

pressure under twenty two. Patients 

with ocular trauma history in last 6 

month, ocular surgery history in last 6 

months, corticosteroid consumption 

in last 3 months, and history of optic 

neuropathy were excluded from this 

study.  

     A detailed Ophthalmological 

examination was performed in all 

eyes with best corrected visual acuity, 

slit lamp examination. Indirect fundus 

ophthalmoscopy with a 20-diopter 

lens was performed. Zeiss Cirrus HD 

OCT was used for scanning in all 

eyes. Only scans with high quality 

were included in this study.  

     After pupil dilatation, both eyes of 

all subjects underwent Ganglion Cell 

Complex (GCC) scan. Glycosylated 

haemoglobin level were noted. Study 

results were noted in Windows 

Microsoft Excel 2010 and present in 

table. 

 

RESULTS 

     Thirteen eyes from ten patients 

were included. Table 1 show patient’s 

characteristic data. 

Tabel 1. Characteristic of Patient 

Characteristic Mean n (%) 

Sex 

  Male 

 

2 (20%) 

Female 

 

8 (80%) 

Age 54,2 

 Duration of Diabetes 

  < 5 years 

 

4 (40%) 

5-10 years 

 

2 (20%) 

> 10 years 

 

4 (40%) 

Classification of DR 

  Mild NPDR 

  Moderate NPDR 

 

7 (53,8%) 

Severe NPDR 

 

3 (23,1%) 

PDR 

 

3 (23,1%) 

HbA1C 9,07 

 Visual Acuity 

  ≤3/60 

 

1 (7,69%) 

4/60 - 6/18 

 

9 (69,22%) 

> 6/18   3 (23,1%) 

DR : Diabetic Retinopathy 

 NPDR : Non Proliferative Diabetic 

Retinopathy 

PDR : Proliferative Diabetic Retinopathy 

HBA1C : Glycosylated Haemoglobin A1C 

      

     Male patients were 2 patients 

(20%) and female patients were 8 
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patients (80%). Mean age of all 

patients were 54,2 years. Patients 

with diabetes duration  less than 5 

years were 4 patients (40%), 5-10 

years were 2 patients (20%) and more 

than 10 years were 4 patients (40%).  

There were no mild NPDR patient, 

seven patients (53,8%) were moderate 

NPDR, three patients (23,1%) were 

severe NPDR patients and three 

patients (23,1%) were PDR patients. 

Mean HbA1C of all patient were 

9,07%. Patients with visual acuity 

≤3/60 were 1 patient (7,69%), visual 

acuity 4/60 - 6/18 were 9 patients 

(69,22%), and visual acuity >6/18 

were 3 patients (23,1%). 

Tabel 2. GC-IPL Thickness and DR stage 

DR stage 
n 

(eye) 

Mean GC-IPL 

thickness (µm) 

Moderate 

NPDR 7 76,57 

Severe 

NPDR 
3 

53 

PDR 3 102,67 

 

     Table 2 shows mean ganglion 

cell thickness according to stage 

of DR. Mean GC-IPL thickness in 

moderate NPDR patients were 

76,57 µm, mean GC-IPL 

thickness in severe NPDR 

patients were 53 µm and mean 

GC-IPL thickness in PDR 

patients were 102,67 µm. 
 

Tabel 3. GC-IPL Thickness and HbA1C 

HbA1C 

(%) n(eye) 

Mean GC-IPL 

thickness (µm) 

< 7 2 86,5 

7 - 9 6 85,67 

> 9 5 63,2 

 

     Table 3 shows mean GC-IPL 

thickness according to HbA1C level. 

Mean GC-IPL thickness in patients 

with HbA1C <7 were 86,5 µm. Mean 

GC-IPL thickness in patients with 

HbA1C 7-9 were 85,67 µm. Mean 

GC-IPL thickness in patients with 

HbA1C >9 were 63,2 µm. 

 

DISCUSSION  

    Chronic hyperglycemia, even 

without clinically detectable 

microvascular complications, can lead 

to the impairment of retinal 

gonglion cell layer and so to a 

reduction of GC-IPL thickness. 

Objective assessment of GC-IPL 

thickness is important in DR as it will 

help in detection of inner retinal loss 

associated with the disease and help 

in developing neuroprotective 

therapeutic regimens. Detecting early 

impairment of neurologic tissue in 

DR can allow a preventive rather than 

interventional approach in treatment 

and then a better visual prognosis for 

these patients.
2,6 

     Neuroretinal degeneration is 

confirmed and seems to occur in 

diffٴerent optic nerve diseases, such as 

glaucoma. Interestingly, GC-IPL 

thinning has been found in retinal 

illnesses. In recent studies, it was 

reported that GC-IPL thickness values 

were markedly reduced in diabetic 

eyes without DR and it was 

concluded that neuroretinal 

alterations may precede micro 

vascular abnormalities in diabetic 

eyes. Carpineto et al reported that 

GC-IPL thickness values were 

markedly reduced in diabetic eyes 

without DR and concluded that 

neuroretinal alterations may precede 

micro vascular abnormalities in 

diabetic eyes. Molecular mechanisms 

involved in retinal neurodegeneration 

in diabetes are complex. The exact 



4 
 

 
 

relationship between vascular DR and 

diabetic retinal neuropathy is not yet 

well known. It’s admitted that 

diabetes induces neural apoptosis of 

ganglion, amacrine, and Muller cells, 

and increased expression of other 

neurotrophic factors, including basic 

fibroblast growth factor and ciliary 

neurotrophic factor. Different 

mechanisms that may underlie the 

development of neuronal damage in 

diabetes and DR have been proposed. 

Glial cells, with their processes 

surrounding all retinal vessels, release 

local factors to modulate retinal blood 

flow, and are essential for the 

integration of vascular and neuronal 

activity in the retina. It has been 

shown that shortly after the onset of 

diabetes, the ability of Muller cells in 

the uptake of glutamate released by 

neurons, and to convert glutamate to 

glutamine was reduced. Hence, 

glutamate accumulates to excessive 

levels, which leads to uncontrolled 

influx of intracellular calcium ions 

causing neurotoxicity.
3,6,7,8 

     According to Demir et al, GC-IPL 

thickness were thinner in patients 

with type 2 diabetes than controls, but 

this thinning was not statistically 

significant. According to Ng et al, 

retinal ganglion cell loss is present in 

subjects with diabetes and no DR, and 

is progressive in moderate or severe 

DR. This study showed that GC-IPL 

thickness in severe NPDR is thinner 

than moderate NPDR and GC-IPL 

thickness in moderate NPDR is 

thinner than GC-IPL thickness in 

PDR. This can be caused by small 

sample size and short duration of 

study.
5,9,10 

     According to Chen et al, ganglion 

cells loss and axonal loss are 

correlated with HbA1C and worsen as 

disease severity increases. In this 

study, patients with higher HbA1C 

tend to have thinner GC-IPL. GC-IPL 

thickness in patients with HbA1C <7 

is thinner than patients with HbA1C 

7-9. GC-IPL thickness in patients 

with HbA1C 7-9 is thicker than 

patients with HbA1C >9.
4,8

     

    This study had some limitations. 

Sample size were small, duration of 

data collection were short, and 

samples were inhomogenous. Further 

study could be comparison of GC-IPL 

thickness between control group and 

DR patients. 

CONCLUSION 
     This  study showed patients with 

higher HbA1C tend to have thinner 

GC-IPL thickness. Ganglion cell 

layer and inner plexiform layer 

thickness in severe NPDR is thinner 

than moderate NPDR and GC-IPL 

thickness in moderate NPDR is 

thinner than GC-IPL thickness in 

PDR. Further study with larger 

sample and longer duration of study 

are needed. 
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