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Abstract : The aim of the paper was the evaluation of the modifications of the retinal nerve fiber layer for the 

patients with primary open angle glaucoma or ocular hypertension associated with diabetes mellitus. Material 

and method: a prospective study that included a number of 25 patients. The study group was made up of 17 

patients: 12 patients with primary open angle glaucoma (POAG) and diabetes mellitus and 5 patients with ocular 

hypertension (OH) and diabetes mellitus. The control group included 8 patients without glaucoma. All the 

patients with an accurate diagnosis of primary open angle glaucoma and intraocular hypertension that were 

medically and/or surgically treated or not, associated with diabetes mellitus, were included in the study. The 

patients with other types of glaucoma (closed angle, pigmentary, cortisone related, pseudoexfoliative), the ones 

without an accurate diagnosis of glaucoma or without associated diabetes mellitus were excluded. The control 

group was made up of subjects without a glaucoma diagnosis or clinical elements related to glaucoma, without 

surgical interventions in their medical records. All participants were evaluated with CIRRUS HD-OCT. 
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I. INTRODUCTION  
Diabetes and glaucoma were two chronic diseases that greatly affected the population over 40 years 

old. The two diseases had a degenerative effect on the nervous structures of the eyeball, as well as on the visual 

pathway. Glaucoma was a chronic neuropathy which determined the progressive death of the retinal ganglion 

cells and their axons [1]. Those structural modifications could be perimetrically identified when at least 30% of 

the retinal ganglion cells were destroyed. The identification, documenting and analysis in due time of those 

modifications would allow an early diagnosis before the significant impairment of the visual function [2]. The 

OCT (optical coherence tomography) could identify the modifications on the level of the optic nerve and the 

retinal nerve fibers before the impairment of the visual function. Huang used it for the first time in 1991 and it 

had a very rapid evolution and thus the current models were highly performant [3]. They applied the laser 

interferometry principle in order to achieve in vivo acquisition of images representing sections of the retinal 

structures, at a resolution of about 10 μm (classic model). The recent models (Spectral Domain OCT) had an 

axial resolution of 5-6 microns and the scanning speed was very high (55000 scans/second), thus increasing the 

precision of the examination and improving the visualization of the retinal nerve fiber layer [2, 4]. The device 

had scanning protocols for the optical nerve papilla imaging, respectively the retinal nerve fiber layer, the 

measurement of the macular layers, useful morphological information for the diagnosis and the management of 

the patients with diabetic macular edema. The quantitative parameters mostly used in the present were: 

diameters (of the optic disc and the excavation), surfaces, reports (C/D). The circumpapillary scans measured 

the thickness of the retinal nerve fiber layer (as shown in figure 1). The resulted profiles were compared against 

normative bases: when the curve of the nervous layer was located on the green line was considered to be 

normal, on the yellow line must be interpreted as suspicious and on the red line must be labeled as abnormal. 

The most important quantitative parameters were the total thickness, the thickness in the upper and 

lower sectors. Several studies showed that the measurement of the thickness of the retinal nerve fiber layer was 

an important parameter in the early diagnosis of glaucoma [5, 6]. 
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Fig. 1. Cirrus HD-OCT B-scan. GCL - ganglion cell layer; IPL - inner plexiform layer; OPL - outer plexiform 

layer; RPE - retinal pigment epithelium; IS - inner photoreceptor segments; IS/OS - IS/OS junction; OPR - outer 

photoreceptors; OS - outer photoreceptor segments; PRL = photoreceptor layer; RPE = retinal pigment 

epithelium; ELM = external limiting membrane; NFL - nerve fiber layer; ILM - inner limiting membrane; INL - 

inner nuclear layer; ONL - outer nuclear layer. 

 

II. MATERIALS AND METHOD USED 
A comparative study that included a number of 25 patients, 12 patients with primary open angle 

glaucoma (POAG) and diabetes mellitus and 5 patients with ocular hypertension (OH) and diabetes mellitus 

(study group) and the rest of 8 patients without glaucoma (normal) that made up the control group. The study 

was conducted for a period of 18 months including patients from the I
st
 Ophthalmology Clinic within “Sf. 

Spiridon” Hospital, Iasi. The inclusion criteria were: normal and hypertensive primary open angle glaucoma, 

intraocular hypertension and associated diabetes. The patients with other types of glaucoma were excluded 

(pseudoexfoliative, pigmentary, cortisone related, neovascular and primary closed angle) and those without 

associated diabetes. All patients underwent a complete eye exam that also included the determination of the best 

corrected visual acuity and the following parameters for glaucoma: determination of the intraocular pressure 

(with aplanotonometer Goldmann), perimetral evolution (through automated perimetry with Humphrey Field 

Analyzer II), the fundus of the eye evaluated with Volk 78D lens (absence, presence and progression RD) and 

the OCT exam (evaluation of the optic disc and the retinal nerve fiber layer). The age of the patients, the visual 

acuity level and the examined eye were recorded. All participants were questioned regarding ocular surgical 

interventions and acute retinal affections. 

 The criteria for normal and hypertensive POAG diagnosis were: over 35 years old, normal or  

> 21mm Hg IOP without treatment, open camerular angle following gonioscopy, impairment of the optic nerve 

specific to glaucoma (ratio C/D > 0.5), abnormal visual field (through perimetry Humphrey Field Analyzer) and 

the retinal nerve fiber layer with diffuse or localized defects (optic coherence tomography - Cirrus HD OCT 

Zeiss) [1]. The intraocular hypertension diagnosis according to the glaucoma guide was based on the followings: 

age over 35 years old, IOP over 21mmHg, visual field and normal aspect of the optic nerve [1]. All 

participants were included in the examination with Cirrus HD-OCT, with a single operator, applying the 

scanning protocol Optic Disc Cube 200×200, in order to measure the thickness of the retinal nerve fiber layer. 

One of the three successive scans, the one with the maximum signal power, was included in our study. The 

average thickness of the RNFL was analyzed, as well as the thickness of the layers in the four sectors (upper, 

lower, nasal and temporal).  For the statistical analysis of the results, the Sigma Plot (version 11) medical 

statistical program was used. In the test t student the values of p < 0.05 were considered statistically significant. 

The data was reported as average  standard deviation. 

 

III. RESULTS AND DICUSSIONS  
The study included 12 patients (48%) (9 women and 3 men) with primary open angle glaucoma and 

diabetes, 5 patients (20%) (4 women and one man) with intraocular hypertension and diabetes mellitus and 8 

healthy subjects (32%) (as it is depicted in figure 2). The median age was 64.29  5.3 years in the glaucoma and 

diabetes group, 60.5  5.45 years in the ocular hypertension and diabetes group and 62.2  4.76 years in the 

control group. Table 1 and 2 described the clinical features of the patients from the study groups. There were no 

statistically significant differences between the three groups regarding the median age. The average MD in the 

group with glaucoma and ocular hypertension was - 2.39   0.10, respectively 1.81  0.88. The average PSD in 

the group with glaucoma and ocular hypertension was -0.8  0.62, respectively 1.81  0.88 (Table I and II). 

There were statistically significant differences and negative correlation in the group with glaucoma and ocular 

hypertension regarding the MD, PSD and the thickness of the RNFL. (p < 0.001 in the glaucoma group and p = 

0.008 in the ocular hypertension group). 
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Fig. 2. Distribution of the patients according to study groups. G+DM (primary open angle glaucoma and 

diabetes mellitus), OH+DM (intraocular hypertension and diabetes mellitus). 

 

Table I: Patients with glaucoma and diabetes mellitus (group 1), clinical characteristics 

Patient Diagnostic Age VA Eye C/D MD PSD 

1. C.C. POAG, DM 67 1 OD 0.57 -0.95 1.92 

2. P.C. POAG, DM 59 0.6 OD 0.7 -0.15 1.55 

3. H.V. POAG, DM 73 0.7 OD 0.71 -0.6 1.79 

4. C.E. POAG, DM 70 1 OD 0.57 0.05 0.5 

5. A.L. POAG, DM 61 1 OD 0.55 0.6 1.2 

6. P.E. NTG, DM 70 1 OD 0.73 -5.37 5.47 

7. P.P. NTG, DM 59 1 OD 0.68 -3.20 1.30 

8. A.E. POAG, DM 67 0.8 OS 0.58 -4.8 7.89 

9. G.V. NTG, DM 73 1 OD 0.51 -1.5 2.4 

10. H.A. POAG, DM 60 0.8 OS 0.63 -6.46 7.24 

11. G.S. NTG, DM 63 1 OD 0.72 -5.4 3.45 

12. G.C. POAG, DM 60 0.9 OS 0.68 -0.98 2.75 

Average 

+ S. D. 

 60.54  

5.45 

0.90  

0.41 

 0.69  

0.05 

-2.39  

0.10 

5.56  

2.44 

 

 

Table II: Patients with OH and diabetes mellitus (group 2), clinical characteristics 

patient diagnostic age VA eye C/D MD PSD 

1. B.M. OH, DM 54 1 OD 0.73 0.11 1.22 

2. S.E. OH, DM 62 1 OD 0.61 0.2 1.2 

3. F.O. OH, DM 65 0.8 OS 0.57 0.05 1.23 

4. B.G. OH, DM 65 1 OD 0.71 -1.5 2.2 

5. G.V.  OH, DM 65 1 OD 0.41 -3.25 3.2 

Averag

e  S.D. 

--- 62.2  

4.76 

0.76  

0.3 

 0.59  

0.13 

-0.8  

0.62 

1.81  

0.88 

 

The average thickness of the RNFL in the glaucoma and diabetes group was compared with the other two 

groups, on sectors and it could be noticed a slight reduction of the thickness, especially in the upper and lower 

sectors, but without statistical significance (p = 0.238) (Table III, Figure 3). There were no statistically 

significant differences between the intraocular hypertension group and the normal subjects (p = 0.529). 

Regarding the average of the excavation (C/D), there were no significant differences between the three study 

groups (p = 0.800) (Figure 4). There were statistically significant differences regarding the average RNFL, C/D, 

between the glaucoma group versus the normal group and the intraocular hypertension group versus the normal 

group (p<0.001). 
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Table III 

Distribution of the modifications of the nerve fibers on sectors in the three groups. 

Specification POAG, DM OH, DM NORMAL 

OCT AVERAGE 

SNFR 
87.25 µm  11.15 97.8 µm  12.59 90.44µm 11.46 

SNFR SUP 109.08µm  22.15 121µm  16.35 110.44µm  14.94 

SNFR INF 108.25µm  13.90 121.8µm  19.47 121.44µm  24.97 

SNFR NAZAL 63.75µm  13.84 68.65µm  8.90 64.88µm  6.19 

SNFR TEMPORAL 65.08µm  13.58 71.66µm  18.63 65.55µm  11.56 

Total N=12 N=5 N=8 

 

 

 
 

Figure 3. Distribution of the RNFL in the three groups. GL+DM (primary open angle glaucoma and diabetes 

mellitus), OH+DM (intraocular hypertension and diabetes mellitus). 

 

 
 

Figure 4. Distribution of the average C/D in the three study GL+DM (primary open angle glaucoma and 

diabetes mellitus), OH+DM (intraocular hypertension and diabetes mellitus). 

 

IV. DISCUSSIONS 
 The perimetry deficits in glaucoma occurred when at least 30% of the ganglion cells were destroyed. 

Therefore, the early diagnosis of glaucoma was based on the identification of the structural modifications. They 

must be identified, documented and analyzed in due time, being also important in the monitoring of the 

progressive optical neuropathy related to glaucoma [2]. The most important quantitative parameters were the 

total thickness, the thickness in the upper and lower sectors. More studies showed the importance of the OCT 

evaluation in the early diagnosis of glaucoma [5,6,7,8]. Sahli and co-workers [6], in a comparative study that 

included 40 glaucoma patients, 55 intraocular hypertension patients and 40 normal subjects, following the 

evaluation of the retinal nerve fiber layer using OCT, found that the global thickness and on the sectors of the 

retinal nerve fiber layers was significantly lower as compared to those patients with intraocular hypertension and 

normal subjects. He also found that there was a positive correlation between the thickness of the RNFL and the 

visual field results. Huang, in a study conducted on 220 patients[5], found that the evaluation of the thickness of 

the RNFL was an important parameter in the diagnosis of the pre-perimetric glaucoma. The simultaneous 

evaluation of the optic disc morphology, the peripapillary-RNFL, the macular-RNFL had an important role in 

the accuracy of the glaucoma diagnosis. Li and co-workers [7], in a comparative study that included glaucoma 
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patients versus normal subjects showed that the best OCT parameters useful in the differentiation of the patients 

with early glaucoma from the normal subjects were the average and on dials thickness of the RNFL.   

 In our study, similar to the studies from the specialized literature, the average thickness of the RNFL of 

the glaucoma patients was smaller than that of the patients with IOHT and the normal subjects, especially in the 

upper and the lower sector. There were no statistically significant differences between the IOHT group and the 

normal subjects. There were statistically significant differences regarding the RNFL average, C/D, between the 

glaucoma group versus the normal subjects and the intraocular hypertension group versus the normal subjects 

(p<0.001). 

V. CONCLUSIONS AND FINAL REMARKS  
There were no statistically significant differences between the intraocular hypertension group and the healthy 

subjects regarding the average thickness of the RNFL. There was a decrease of the thickness of the RNFL for 

the glaucoma patients and diabetes as compared to the other two groups, but without statistical importance. 

There were statistically significant differences and a negative correlation in the glaucoma group and the ocular 

hypertension regarding the MD, PSD and the thickness of the RNFL. Big prospective studies on extended lots of 

patients were necessary. 
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