THE DIFFERENCE BETWEEN THE
“GANGLION CELL COMPLEX” AND
THE RETINAL NERVE FIBRE LAYER IN
THE SAME ALTITUDINAL HALF OF
THE RETINA IN HIGH-TENSION AND
NORMAL-TENSION GLAUCOMAS

SUMMARY

The aim of this study was to establish, if there exists the difference between Ganglion Cell Com-
plex (GCL) and the Retinal Nerve Fiber Layer (RNFL) measurements in the same altitudinal half of
the eye in hyper-tension (HTG) and normal-tension glaucomas (NTG).

Materials and Methods: We examined both eyes in altogether 50 patients (100 eyes). The cohort
was divided into two groups, in each of them; there were 25 patients with average age of 55.4 in
the NTG group and 54.6 years in the HTG group. The NTG group consisted of 17 women of the ave-
rage age of 55.35 (range, 25—75) years, and 8 men of the average age of 55.5 (range, 32—69) years.
In the HTG group, there were 12 women of the average age of 53.25 (range, 34—69) years, and 13
men of the average age of 60.38 (range, 37—74) years. The criteria for including the patients into
the groups were: the visual acuity at least 1.0 (20/20) with possible correction smaller than + 3
diopters, and approximately identical changes in the visual fields in all patients with initial stage of
the glaucoma disease; no other ophthalmic or neurological diseases. In patients in the NTG group,
the diagnosis was confirmed by means of electrophysiological examination. The thickness of the
GCC was measured by means of SD-OCT RTvue — 100, similarly as the RNFL.

Results: In the statistical survey of the GCC values in HTG and NTG in the same altitudinal halves
of the retina we did not establish statistical significant difference. We obtained the same result
in statistical evaluation of the RNFL in HTG and NTG groups in the same altitudinal halves of the
retinas. Similarly, even after the subtraction the GCC from RNFL values in the same altitudinal
halves of the retinas we did not establish statistically significant difference between both groups.
Conclusion: The GCC and the RNFL examination values in the same altitudinal halves of the retinas
did not establish statistically significant difference that would differ the patients with HTG from
patients with NTG. Although, using the OCT, we did not confirm the differences in both diagnostic
groups, it does not mean, that these differences do not exist and they may have several causes.
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INTRODUCTION

Glaucomas are currently indicated as a chronic progressi-
ve neuropathy with excavation and atrophy of the disc of
the optic nerve and subsequent changes in the visual field.
This definition not only fails to embrace current knowledge,
but at the same time does not differentiate between high-
tension (HTG) and normal-tension glaucoma (NTG). Further-
more it overlooks the pathogenesis of excavation, which
was summarised by Hayreh (3) in 1974 into three factors
which are probably responsible for this abnormality:

1. destruction of nerve tissue in prelaminar region,

2. distortion of the lamina cribriformis in a backward direc-
tion, caused by retrolaminar fibrosis, and a lack of sup-
port of the posterior part of the lamina due to its loss,

3. weakening of the lamina cribriformis.

However, these changes are not characteristic only of
glaucoma atrophy of the disc of the optic nerve, but also
other (mainly vascular) causes. We summarised the diffe-
rences between HTG and NTG in our previous study (8).
On this occasion, it is again necessary to point out that in
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the case of HTG damage to ganglion cells occurs diffusely
throughout the entire retina with subsequent decay of their
axons. In the case of NTG, in contrast with HTG, the electri-
cal response of the ganglion cells is relatively good. On the
basis of this information we can schematically illustrate the
layer of the ganglion cells and their fibres as follows (fig. 1).

In the case of NTG, the ganglion cell layer (GCL) should be
less damaged in comparison with the RNFL, mainly in the ini-
tial stages. In our last study on this topic (8) we demonstrated
a medium-strong correlation between sensitivity in the altitu-
dinal hemipoles in comparison with the bilateral value of the
GCC only in the case of NTG. By contrast, in the case of HTG we
did not determine any statistically significant correlation (8).

On the basis of these hypotheses we set the goal of our
study, which is to determine whether a statistically significa-
nt difference exists between the GCC and RNFL in the same
altitudinal half of the retina in HTG and NTG.

COHORT AND METHOD

We examined both eyes in a total of 50 patients (100
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eyes). The cohort was divided into two groups, in which
each group contained 25 patients with an average age of
55.4 years in the NTG group and 54.6 years in the HTG
group. The NTG group comprised 17 women with an aver-
age age of 55.35 (25-75) years and 8 men with an average
age of 55.5 (32-69) years. The HTG group comprised 12
women with an average age of 53.25 (34-69) years and 13
men with an average age of 60.38 (37-74) years. The cri-
teria serving for classification of the patients into groups
were as follows: visual acuity of at least 1.0 after appli-
cable correction of less than + 3 dioptres (11). Approxima-
tely identical changes within the visual field in all patients
with incipient glaucoma pathology (7). No other ocular or
neurological pathology. In the NTG patients the diagnosis
was confirmed by electro-physiological examination. The
thickness of the GCC layer was measured with the aid of
SD-OCT RTvue -100, similarly in the case of the RNFL.

RESULTS

The measured and calculated values are presented in su-
mmary in tables 1 and 2.

Statistical processing of the GCC and RNFL values in HTG
and NTG in the same altitudinal halves of the retina is pre-
sented in table 3.

Through statistical processing of the values of GCC in HTG
and NTG in the same altitudinal halves of the retinas we did
not determine any statistically significant difference. We
arrived at the same result also upon statistical evaluation
of the RNFL in HTG and NTG in the same altitudinal halves
of the retinas.

With regard to these results, we subsequently compared
the differences between RNFL and GCC in the same altitudi-
nal halves of the retina and conducted statistical processing
(table 4).

Similarly also after deduction of the GCC from the RNFL in
the same altitudinal halves, we did not determine any stati-
stically significant difference between both groups.

DISCUSSION

The ganglion cell complex (GCC) is composed of three

layers. The dendrites of the ganglion cells (IPL) form the
internal plexiform layer, and there follows the actual gan-
glion cell layer (GCL), formed by the bodies of the cells,
and finally the axons of the ganglion cells form the retinal
nerve fibre layer (RNFL). The GCC, in particular the ma-
cular region containing 50% of all ganglion cells of the
retina, is an ideal location for detecting early changes in
glaucoma and also for monitoring the progression of this
pathology (4, 9, 10).

There is a relatively sizeable number of studies in the
literature dealing with the issue of GCC and RNFL in high-
tension glaucomas, less so on the topic of HTG and NTG.
Gracitelli et al. determined that patients with NTG have a
thinner RNFL than patients with HTG (2). By comparison,
these authors did not record this difference in GCC. Our re-
sults did not demonstrate this difference. Kim et al. deter-
mined that the average value of RNFL in HTG does not differ
from NTG. However, the average value of GCC differed (5).
Similar results were attained by Konstantakoupoulou et al.
(6), who did not determine any difference in the RNFL in
HTG and NTG.

All our patients in the observed cohort had glaucoma
pathology in the initial stages. We assumed, entirely logica-
Ily, that we would find a statistically significant difference at
least in the RNFL values. However, we did not demonstrate
this hypothesis.

The functional condition of the ganglion cells of the
retina and their axons cannot be determined by an
examination of the GCC and RNFL, since this concerns
techniques serving for structural imaging. It is gene-
rally known that first of all a collapse of the ganglion
cells takes place, and when the fundamental cause ge-
nerating this condition exceeds the given time frame,
their necrosis takes place. For this reason it is possible
to show a decline by PERG (pattern electroretinogram)
before structural changes occur. This fact was demon-
strated also by Bowd et al. (1). In NTG the electrical
responses from the ganglion cells are relatively within
the norm.

We did not demonstrate differences in the two diagnostic
groups by means of an examination with the aid of OCT. In
our opinion, however, this does not mean that these diffe-

Fig. 1 Schematic illustration of inner layers of retina (RNFL — retinal nerve fibre layer, GCL — ganglion cell layer, IPL — inner plexiform layer)
a) normal finding, b) finding in HTG — reduction of GCL and slightly also RNFL, c) finding in NTG — reduction of RNFL and slightly also GCL
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Table 2 Summary table of measured values in NTG (F/33 = female/33 years, M/47 = male/47 years, GCC = ganglion cell complex, RE = right eye,
= left eye, UHR = upper half of retina, LHR = lower half of retina, RNFL = retinal nerve fibre layer, Difference = RNFL-GCC

Sex / age GCC RE GCC RE GCC LE GCC LE RNFL RE RNFL {3 RNFL LE RNFL LE | Difference | Difference | Difference | Difference
8 RE UHR RE LHR LE UHR LE LHR

F/33 73,8 71,7 74,7 77,6 77,7 83,8 83,7 74,4 12,1 -3,2
F/72 92,7 92,7 97,5 93,1 109,2 107,6 114,2 109 16,5 14,9 16,5 8,22
F/47 88,3 89,6 90,6 93,2 95,8 107,6 103,6 108,6 7,5 18 13 15,4
F/65 88,9 90,2 88,1 89,3 108,9 93,5 106,2 101,3 20 3,3 18,1 12

F/46 84,5 88,5 89,1 88,7 110,8 109,1 114,5 103,6 26,3 20,6 25,4 14,9
F/59 96,1 97,6 100,7 98,9 99,9 99,6 102,9 101,4 3,8 2 2,2 3,4
F/75 92,3 95,1 89,6 94,3 103,2 107,6 101,9 107,2 10,9 12,5 12,3 12,9
F/61 98,3 98,6 96,3 103,3 97,4 104 101,5 105,3 0,9 5,4 52 2

F/30 93,9 90,4 89,4 88,6 110,9 93,7 98,2 93,2 0,9 5,4 5,2 2

F/74 85,1 86,2 85,1 86,5 101,1 101,5 100 107 16 16,4 14,9 20,5
F/62 91,4 90,6 106,3 96,9 104,9 119,9 105,2 110 13,5 29,3 -1,3 13,1
F/71 87,8 86,2 87,8 84,8 125 117,7 114,8 107,6 37,2 31,5 27 22,2
F/53 90,1 97,3 89,1 90,1 91,9 88,6 99,4 94,6 1 -8,7 10,3 4,5
F/49 69,2 65,2 61,5 60,7 87,2 79 83 77,5 17,8 13,8 21,5 16,8
F/51 95,9 102,6 103,1 99,5 96,3 99,7 101,7 105,7 -0,4 -2,9 -1,4 6,2
F/25 83,1 81,4 84,6 82,7 101 88,3 90,5 85,9 17,9 6,9 5,9 3,2
F/68 92,1 91,7 85,1 85,7 105,1 100,4 104,5 93,4 13 8,7 19,4 7,7
M/47 75,3 79,1 74,3 76,9 81,3 79,1 81,3 79,6 6 0 7 2,7
M/65 90,4 93,6 92,9 91,5 93,4 113,3 103,6 102,6 3 19,7 10,7 9,2
M/69 85,2 91,6 85,2 87,5 95,6 106,7 95,3 102,9 10,4 15,1 10,1 15,4
M/67 86,9 84,4 85,6 85,7 102,1 104,3 9% 100,7 15,2 19,9 10,4 15

M/51 70,8 77,6 71,6 77,2 134,9 99,8 84 90,3 64,1 22,2 12,4 13,1
M/59 99,5 105,9 93,6 100,6 93,5 115,8 102,7 115,8 -6 9,9 9,1 15,2
M/32 87,3 87,5 86,8 86,6 92,5 95,9 89,3 84,5 5,2 8,4 2,5 2,1
M/54 87,5 91,2 87,7 91,3 87,9 89,7 87,6 89,1 0,4 -1,5 0,1 2,2

Table 2 Summary table of measured values in NTG (F/33 = female/33 years, M/47 = male/47 years, GCC = ganglion cell complex, RE = right eye,
= left eye, UHR = upper half of retina, LHR = lower half of retina, RNFL = retinal nerve fibre layer, Difference = RNFL-GCC

Sex/ age GCC RE GCC RE GCC LE GCC LE RNFL RE RNFL LE RNFL LE | Difference | Difference | Difference | Difference
8 RE UHR RE LHR LE UHR LE LHR

3/33 79,6 72,5 80,9 80,9 92,3 95,4 12,4 19,8 12,1 15,5
/72 83,2 81,3 78,5 80,2 94,4 94,7 92,9 92,5 11,2 13,4 14,4 12,3
$/47 79,8 80,3 79,6 80,6 78,3 88,2 86,2 80,2 -1,5 7,9 6,6 0,4
3/65 88 88,2 88,4 88,3 90,9 91,4 99,3 92,5 2,9 3,2 10,9 42
/46 89,3 91,2 93,8 89,9 103,2 104,8 99,3 99,6 3,9 8,1 5,6 9,7
%/59 86,4 90,8 84,6 81,5 91,1 106,7 94,7 103,8 4,4 15,9 10,1 22,3
3/75 89,5 92,2 85,6 85,6 107,4 111,9 118,8 99,4 17,9 19,7 33,2 13,8
3/61 77,6 78,7 77,7 81,2 93,5 93,3 98,5 85,2 15,9 14,6 20,8 4
%/30 99 100,4 96,7 101,9 105,3 107,9 91,9 107,7 6,3 7,5 -4.8 538
1/74 91,6 93,1 103,3 140,3 88,8 113 101 92,8 2,8 19,9 2,3 -47,5
%/62 102 97,2 103,1 98,6 105,6 106,2 104,8 106,7 3,6 9 1,7 8,1
3/71 69,7 75,6 67,6 56,6 76,5 84,8 84,4 77,3 6,8 9,2 16,8 20,7
7/53 77,4 62,3 92,2 91,5 9% 73,4 97,5 9,3 18,6 11,1 5,3 4,8
%/49 82,5 84,5 88,3 87,7 92,7 102,6 99,1 101 10,2 18,1 10,8 13,3
3/51 90,2 93,6 85,5 88,9 102,6 126,7 119,9 120,3 12,4 33,1 33,5 31,4
3/25 87,4 82,2 86,1 84,1 101,1 88,4 98,9 98,6 13,7 6,2 12,8 14,5
7/68 98,7 99,2 95,9 93,8 110,2 108,5 108,3 120,7 11,5 9,1 12,4 20,9
m/47 96,5 100,3 104,8 98,9 99,3 101,7 103,9 104,9 2,8 1,4 -0,9 6
m/65 84,8 83,1 79,7 75,8 88 89 88 83 3,2 5,9 8,3 7,2
m/69 67,3 63,8 60 65,9 79,6 73,4 73,7 74 12,3 9,6 13,7 8,1
m/67 93,2 97 86 92,4 129,6 112,5 101,8 111,7 36,4 15,5 15,8 19,3
m/51 94,3 96,4 86,6 87,6 88,5 91,6 90,3 98,2 5,8 4,8 3,7 10,6
m/59 78,1 79,1 70,6 72 77,8 82 81,5 97,3 -0,3 2,9 10,9 25,3
m/32 101,8 102,7 105,1 101,3 115,9 130,4 110 111 14,1 28,4 4,9 9,7
m/54 102,5 104,2 97,2 99,1 108,4 99,1 102,9 98,1 5,9 5,1 5,7 0,3
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Table 3 Values of GCC and RNFL in HTG and NTG (GCC = ganglion cell complex, RNFL = retinal nerve fibre layer)

Upper half of retina P=0.88
Lower half or retina P =07/

Table 4 Difference between RNFL and GCC in HTG and NTG in same
altitudinal halves of retina (GCC = ganglion cell complex, RNFL =
retinal nerve fibre layer)

Upper half of retina P=0.39
Lower half of retina P=0.94

rences do not exist morphologically. The result may be due
to the low resolution capacity of the OCT technology, or the
variant of the non-existence of differences in the initial st-
ages of the pathology, or a combination thereof.

Upper half of retina p=0.31
Lower half of retina p=0.77
CONCLUSION

Examination of the GCC and RNFL in the same altitudi-
nal halves of the retina did not demonstrate a statistica-
Ily significant difference distinguishing patients with HTG
from patients with NTG. Although we did not demonstra-
te differences in the two diagnostic groups with the aid
of OCT, this does not mean that these differences do not
exist morphologically. The result may be due to the low
resolution capacity of the OCT technology, or the variant
of the non-existence of differences in the initial stages of
the pathology, or a combination thereof.
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