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Abstract 

Objective: The goal of the work was to compare the values of the ganglion cell complex 

(GCC) and the retinal nerve fibre layer (RNFL) in the same eye. Furthermore, to determine 

whether there is any correlation between the GCC and RNFL in the same altitudinal half of 

the retina. An additional goal was to determine whether there is any correlation between the 

GCC, RNFL and changes in visual fields (PD-pattern defect and OD-overall defect). The final 

aim was to carry out these investigations in both hypertension (HTG) and normal-tension 

glaucomas (NTG). 

 

Patients and methods of examination: In the HTG group, there were 25 patients. This 

comprised 12 females with an average age of 53.25 (34-69 years) and 13 males with an 

average age of 60.38 (37-74 years). The second NTG group consisted of 17 females with an 

average age of 55.35 (25-75 years) and 8 males with an average age of 55.5 (32-69 years). 

Inclusion criteria were the following: visual acuity of at least 1.0 after possible correction 

smaller than +/-3 dioptres. Changes in visual fields were uniform in all patients and related to 

the incipient glaucoma disease. There were no other eye or neurological examinations 

performed. In the NTG patients, the diagnosis was confirmed by electrophysiological 

examination. GCC layer thickness was measured using the SD-OCT RTvue-100. A similar 

procedure was also applied to the RNFL. The visual field was examined by the fast threshold 

program of the Medmont M 700 device.  

Results: In patients with HTG, the GCC superior value was statistically significantly lower 

than the GCC inferior value. However, this difference is not clinically significant (87.65 

versus 88.75, p=0.03). Also, no statistically significant difference was found between the 

RNFL values from the upper half versus the lower half of the optic disk. With regard to the 

correlation between the GCC and RNFL values in the upper halves of the retina, we found 

medium-strong and statistically significant correlation (r=0.36) in HTG. An even stronger 

correlation was found when comparing the lower retinal halves (r=0.65). In the group of 

patients with NTG, there was no statistically significant difference between the GCC superior 

and the GCC inferior values. Similarly, we did not find any statistically significant difference 

between the RNFL from the upper half of the optic disk versus the RNFL from the lower half. 

By comparison of the GCC, RNFL and changes in visual fields, we found medium-strong 

correlation only in patients with NTG between PD and GCC superior (r=-0.41, p=0.003) and 

PD and RNFL superior (r=-0.4, p=0.005) and also between PD and RNFL inferior (r=-0.3, 

p=0.03). 

In HTG, we did not find any statistically significant correlation. 

 

Conclusion: Examination of the GCC and RNFL showed medium-strong correlation for both 

NTG and HTG patients. Examination of the GCC, RNFL and PD showed medium-strong 

correlation only in patients with NTG. These conclusions indicate the existence of two 

different diseases which also require different treatments. 
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Introduction 

 

     Glaucoma is still defined as a chronic progressive neuropathy with excavation and atrophy 

of the optic disk and subsequent changes in the visual field. This definition does not satisfy 

the current knowledge and requires correction. In a more recent concept, glaucoma may be 

defined as a disease where the progressive loss of ganglion cells of the retina and their axons 

is manifested as changes in the visual field with atrophy and excavation of the optic disk. 

However, even such a definition which emphasises the prominence of the retinal ganglion 

cells' damage over the retinal axons' damage is not comprehensive, because it does not 

simultaneously highlight the damage of ganglion cells in subcortical and cortical areas of the 

brain. The current definition does not distinguish between hyper- and normal-tension 

glaucomas. 

 

NTG differs in several aspects in comparison with HTG: in addition to the levels of  

intraocular pressure, there are changes in the visual field which, in NTG, have more impact on 

the central part and have deeper defects in sensitivity [1, 12, 13]; in NTG, fibres are more 

damaged in the central part of the retina, the damage has a focal character [18] and the 

excavation is usually wider and deeper [4]; in addition, patients with NTG suffer from 

vasospasms [6], nocturnal systemic hypotension, reduction of ocular pulse amplitude, 

fluctuations in ocular perfusion pressure [14, 15, 17], narrow retinal veins and even 

impairment of blood rheological properties [8, 9], etc. 

 

In HTG, the ganglion cells' damage occurs diffusely over the entire retina. As a consequence, 

their axons die off. The duration of the time between these changes and the alterations in 

subcortical and cortical visual areas of the brain is not exactly known.  

In NTG, the electrical response of ganglion cells is relatively good in comparison to HTG. 

Alterations are also present in the visual pathway [11]. Based on this knowledge, it may be 

assumed that, in HTG, there will be a diffuse decrease of the GCC and that changes in the 

RNFL will be secondary in the early stages of the disease. Since the visual field corresponds 

with the entire visual path, the GCC and RNFL results may not correlate with them in the 

later stages. 

 

In NTG, the GCC should be mainly less damaged in the early stages in comparison to the 

RNFL which should forerun the GCC changes. 

 

Based on these hypotheses, we determined the goals of our work: to compare values from the 

upper half versus the lower half of the same eye and to determine whether these values are 

different, for both the GCC and RNFL. Furthermore, our goal was to determine whether there 

is any correlation between the GCC and RNFL in the same half of the retina. 

 

A further goal was to determine whether there is any correlation between the GCC, RNFL and 

changes in visual fields (PD-pattern defect and OD-overall defect). The final aim was to carry 

out these investigations in both the HTG, as well as the NTG group. 
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Material and methods 

 

     In the HTG group, there were 25 patients. This comprised 12 females with an average age 

of 53.25 (34-69 years) and 13 males with an average age of 60.38 (37-74 years). The second 

NTG group consisted of 17 females with an average age of 55.35 (25-75 years) and 8 males 

with an average age of 55.5 (32-69 years).  

 

Inclusion criteria were the following: visual acuity of at least 1.0 after possible correction 

smaller than +/-3 dioptres (19). Changes in visual fields were approximately uniform in all 

patients and related to the incipient disease. There were no other eye or neurological 

examinations performed. 

 

In the NTG patients, the diagnosis was confirmed by electrophysiological examination. GCC 

layer thickness was measured using the SD-OCT RTvue-100. A similar procedure was also 

carried out for the RNFL. The visual field was examined by the fast threshold program of the 

Medmont M 700 device. We evaluated both the pattern defect (PD) and the overall defect 

(OD). See Tables 1 and 2. 

 

Results 

 

     In patients with HTG, the GCC superior value was statistically significantly lower than the 

GCC inferior value. However, this difference is not clinically significant (87.65 versus 88.75, 

p=0.03). Also, no statistically significant difference was found between the RNFL values 

from the upper half versus the lower half of the optic disk.  

 

With regard to the correlation between the GCC and RNFL values in the upper halves of the 

retina in HTG, we found medium-strong and statistically significant positive correlation 

(r=0.36), i.e. the higher GCC, the higher RNFL. See Plot 1. Even stronger correlation was 

found when comparing the lower retinal halves (r=0.65). See Plot 2. 
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HTGl 

Sex / 

year 

GCC RE 

superior 

GCC 

RE 

inferior 

GCC LE 

superior 

GCC LE 

inferior 

RNFL 

RE 

superior 

RNFL 

RE 

inferior 

RNFL 

LE 

superior 

RNFL 

LE 

inferior 

PD 

RE 

PD 

LE 

OD 

RE 

OD 

LE 

f/65 73.8 71.7 74.7 77.6 77.7 83.8 83.7 74.4 1.8 1.4 3.7 3.5 

f/35 92.7 92.7 97.5 93.1 109.2 107.6 114.2 109 2.1 2.7 1.7 1.8 

f/66 88.3 89.6 90.6 93.2 95.8 107.6 103.6 108.6 2.9 3.7 3.4 3.7 

f/48 88.9 90.2 88.1 89.3 108.9 93.5 106.2 101.3 1.2 1.7 3.1 3.7 

f/34 84.5 88.5 89.1 88.7 110.8 109.1 114.5 103.6 2.1 4.3 0.6 1 

f/67 96.1 97.6 100.7 98.9 99.9 99.6 102.9 101.4 1.5 2.3 3.1 0.5 

f/59 92.3 95.1 89.6 94.3 103.2 107.6 101.9 107.2 1.6 2.2 2.6 1.7 

f/57 98.3 98.6 96.3 103.3 97.4 104 101.5 105.3 1.4 1 3.1 2.4 

f/69 93.9 90.4 89.4 88.6 110.9 93.7 98.2 93.2 1.3 1.9 3.5 4.4 

f/55 85.1 86.2 85.1 86.5 101.1 101.5 100 107 1 1.5 2.4 3 

f/65 91.4 90.6 106.3 96.9 104.9 119.9 105.2 110 1.6 1.9 3.6 3.4 

f/67 87.8 86.2 87.8 84.8 125 117.7 114.8 107.6 2.9 2.5 3.2 3.9 

m/74 90.1 97.3 89.1 90.1 91.9 88.6 99.4 94.6 2.3 1.5 3.9 3.9 

m/55 69.2 65.2 61.5 60.7 87.2 79 83 77.5 2.3 2.8 3.1 1.6 

m/37 95.9 102.6 103.1 99.5 96.3 99.7 101.7 105.7 1.4 1.9 1.5 1.3 

m/69 83.1 81.4 84.6 82.7 101 88.3 90.5 85.9 2.1 2.5 2.9 2.2 

m/59 92.1 91.7 85.1 85.7 105.1 100.4 104.5 93.4 1.4 2.3 2.5 2.5 

m/62 75.3 79.1 74.3 76.9 81.3 79.1 81.3 79.6 1.7 3 2.7 2.8 

m/53 90.4 93.6 92.9 91.5 93.4 113.3 103.6 102.6 2 1.3 3.7 2.6 

m/65 85.2 91.6 85.2 87.5 95.6 106.7 95.3 102.9 2.3 1.6 4.5 3.7 

m/57 86.9 84.4 85.6 85.7 102.1 104.3 96 100.7 1.6 1.4 3.6 3.5 

m/72 70.8 77.6 71.6 77.2 134.9 99.8 84 90.3 2.6 2.4 2.9 3.5 

m/65 99.5 105.9 93.6 100.6 93.5 115.8 102.7 115.8 1.6 1.7 4.8 3.9 

m/68 87.3 87.5 86.8 86.6 92.5 95.9 89.3 84.5 1.3 2.3 2.8 2.7 

m/49 87.5 91.2 87.7 91.3 87.9 89.7 87.6 89.1 2.1 1.9 3.2 2.2 

 

 

Table 1. Summary table of values measured in HTGl 
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Plot 1. Correlation between the GCC superior and the RNFL superior – HTGl patients 

 

 

 
Plot 2. Correlation between the GCC inferior and the RNFL inferior – HTGl patients 
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In the group of patients with NTG, there was no statistically significant difference between 

the GCC superior and the GCC inferior values. Similarly, we did not find any statistically 

significant difference between the RNFL from the upper half of the optic disk versus the 

RNFL from the lower half. 

 

 

 

NTGl 

Sex / 

year 

GCC RE 

superior 

GCC 

RE 

inferior 

GCC LE 

superior 

GCC LE 

inferior 

RNFL 

RE 

superior 

RNFL 

RE 

inferior 

RNFL 

LE 

superior 

RNFL 

LE 

inferior 

PD 

RE 

PD 

LE 

OD 

RE 

OD 

LE 

f/33 79.6 72.5 80.9 80.9 92 92.3 93 95.4 1.9 1.8 1.9 2.3 

f/72 83.2 81.3 78.5 80.2 94.4 94.7 92.9 92.5 1.7 1.9 4.7 4 

f/47 79.8 80.3 79.6 80.6 78.3 88.2 86.2 80.2 2.4 1.7 1.2 1.9 

f/65 88 88.2 88.4 88.3 90.9 91.4 99.3 92.5 1.2 1.7 4.4 4.8 

f/46 89.3 91.2 93.8 89.9 103.2 104.8 99.3 99.6 1.5 1.8 2.9 2.7 

f/59 86.4 90.8 84.6 81.5 91.1 106.7 94.7 103.8 2.1 2.6 3.2 3.2 

f/75 89.5 92.2 85.6 85.6 107.4 111.9 118.8 99.4 1.9 2.3 3.2 3.6 

f/61 77.6 78.7 77.7 81.2 93.5 93.3 98.5 85.2 2.8 2.9 3.8 3.1 

f/30 99 100.4 96.7 101.9 105.3 107.9 91.9 107.7 2.6 2.6 3.4 3.6 

f/74 91.6 93.1 103.3 140.3 88.8 113 101 92.8 2.4 2.8 3.9 2.9 

f/62 102 97.2 103.1 98.6 105.6 106.2 104.8 106.7 1.6 1.6 3.7 3.9 

f/71 69.7 75.6 67.6 56.6 76.5 84.8 84.4 77.3 2.8 1 3.2 2.3 

f/53 77.4 62.3 92.2 91.5 96 73.4 97.5 96.3 1 2.4 3.2 3.2 

f/49 82.5 84.5 88.3 87.7 92.7 102.6 99.1 101 2.4 2.3 2.2 2.2 

f/51 90.2 93.6 85.5 88.9 102.6 126.7 119.9 120.3 1.3 1.1 4.3 4 

f/25 87.4 82.2 86.1 84.1 101.1 88.4 98.9 98.6 1.2 1.1 1.3 1.2 

f/68 98.7 99.2 95.9 93.8 110.2 108.5 108.3 120.7 2.1 2.9 3.8 3.6 

m/47 96.5 100.3 104.8 98.9 99.3 101.7 103.9 104.9 1.7 1.3 3.3 2.9 

m/65 84.8 83.1 79.7 75.8 88 89 88 83 2.6 2.5 4.1 2.6 

m/69 67.3 63.8 60 65.9 79.6 73.4 73.7 74 5 5 2.9 0.5 

m/67 93.2 97 86 92.4 129.6 112.5 101.8 111.7 2.3 3 2.6 2.3 

m/51 94.3 96.4 86.6 87.6 88.5 91.6 90.3 98.2 2 1.4 2.8 1.7 

m/59 78.1 79.1 70.6 72 77.8 82 81.5 97.3 2.5 2.4 2.7 2.3 

m/32 101.8 102.7 105.1 101.3 115.9 130.4 110 111 1.3 1.3 2.1 1.7 

m/54 102.5 104.2 97.2 99.1 108.4 99.1 102.9 98.1 2 1.6 2.4 3.3 

 

Table 2. Summary table of values measured in NTGl 

 

 

With regard to the correlation between the GCC and RNFL values in the upper halves of the 

retina in NTG, we found medium-strong and statistically significant positive correlation 

(r=0.67), i.e. the higher GCC, the higher RNFL. See Plot 3. Values from the lower retinal 

halves showed similar behaviour (r=0.59). See Plot 4. 
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Plot 3. Correlation between the GCC superior and the RNFL superior – NTGl patients 

 

 

 
Plot 4. Correlation between the GCC inferior and the RNFL inferior – NTGl patients 

 

By comparison of the GCC, RNFL and changes in visual fields, we found medium-strong 

correlation only in patients with NTG between PD and GCC superior (r=-0.41, p=0.003) and 

PD and RNFL superior (r=-0.4, p=0.005) and also between PD and RNFL inferior (r=-0.3, 

p=0.03). 

In HTG, we did not find any statistically significant correlation. 



Vol 23, No. 11;Nov 2016

9 office@multidisciplinarywulfenia.org

Discussion 

 

     There is a relatively high abundance of publications on the GCC and RNFL in 

hypertension glaucomas. Fewer publications are available on HTG versus NTG. 

In HTG, where the ganglion cells' damage occurs diffusely over the entire retina, we did not 

expect any differences in thickness of the GCC and RNFL in the altitudinal halves. However, 

we demonstrated that in our work as well. In HTG, the loss of ganglion cells is accompanied 

by RNFL damage. This fact was also confirmed with medium-strong correlation.  

In NTGl, where the retinal ganglion cells are relatively undamaged, we did not find any 

differences in thickness of the GCC and RNFL in the altitudinal halves. We observed 

medium-strong correlation when comparing GCC, RNFL and PD in the upper half and also 

between RNFL from the lower half and PD. In HTGl, we did not observe any similar 

relationship between GCC, RNFL and PD.  

 

Our hypothesis is in line with the results in Kim et al. [10], where the GCC loss in the NTG 

group was more localised compared with the diffuse GCC loss in the POAG group. 

Perimacular GCC parameters could be a good alternative or supplement to peripapillary 

RNFL measurements for diagnosis and research in patients with NTG. Similar results are also 

reported in Firat et al. [5], where SD-OCT evaluation results suggest higher GCC and RNFL 

parameters for NTG than POAG, and in Gracitelli et al. [7], where average RNFL thickness in 

eyes with NTGl was 18.7 μm thinner than in eyes with HTG.  

 

Our hypothesis also corresponds with the results of Vidinov et al. [20], who demonstrated that 

changes in the RNFL prevailed over those in the GCC in 56 % of normal-tension glaucoma 

patients. In 58 % of the glaucoma suspects, there were no changes in the perimetry results, as 

well as with OCT. In 42 % of the subjects, pathological changes in the GCC map preceded 

those of the RNFL. In patients with HTG, an almost linear correlation was found between the 

RNFL changes and GCC alterations. 

 

All our patients had an early stage disease. Therefore, we expected statistically significant 

correlation only in NTG. The results of our work confirmed our expectations. 

Another opinion is represented by Distante et al. [3], who compared the GCC, RNFL and 

changes in visual fields and found a medium-strong correlation in different stages of HTG.  

A similar finding was recorded by Rao et al. [16], where most of the RNFL and GCC 

parameters had better sensitivities and negative likelihood ratios to diagnose GON compared 

with SAP.  

 

GCC and RNFL examinations are structural imaging techniques that do not represent any 

functional state of the retinal ganglion cells and their axons. The ganglion cell first collapses 

and subsequently dies, as soon as the basic cause of the condition oversteps the given time 

limit. Therefore, it is possible to observe the PERG decrease (pattern electroretinogram) 

before any structural changes appear. This fact was also demonstrated in Bowd et al. [2], 

where the PERG amplitude is significantly (but weakly) associated with macular GCC 

thickness, RNFL thickness, and macular thickness. 
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Conclusion 

 

Examination of the GCC, RNFL and PD showed medium-strong correlation only in patients 

with NTG. These conclusions indicate the existence of two different diseases which also 

require different treatments. 

 

The study protocol was approved by the local Ethics Committee and the study was performed 

in accordance with Good Clinical Practice and the Declaration of Helsinki. 
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