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Purpose: The aim of this study was to investigate whether the retinal nerve fibre layer (RNFL) in some segments of the optic nerve
disc in pathological intraocular pressure is more damaged in eyes without antiglaucoma treatment.

Patients and Methods: The cohort consisted of 69 subjects (122 eyes), 32 males (6x one, 26x both eyes) aged 21 to 76 years and 37
females (4x one and 30x both eyes) aged 22 to 75 years, who were measured to have IOP greater than 21 mmHg (21-36) in routine
ambulatory care. Measurements were performed using the Ocular Response Analyser, taking into account corneal hysteresis. RNFL
thickness was measured using the Avanti RTVue XR and was assessed in 8 segments (1-IT, 2-TI, 3-TS, 4-ST, 5-SN, 6-NS, 7-NI, 8-IN).
The visual field was examined with a fast threshold glaucoma program using the Medmont M700. The overall defect (OD) was
evaluated. Pearson’s correlation coefficient r was used to assess the dependence between the selected parameters.

Results: The largest peripapillary changes in RNFL were observed in segments 1, 4, 5 and 8. It should be emphasized that segments 1
and 4 have been temporarily shifted. Segments 5 and 8 then corresponded to the upper (at no. 12) and lower (at no. 6) sectors.
Conclusion: The most important result of this study is the finding that the greatest changes in the RNFL layer were observed in
pathological IOP at segment 5 (r=—0.3) and 8 (»=—0.28), at the point where the fibres of the magnocellular retinal ganglion cells enter
the retina.
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Introduction

Intraocular pressure (IOP) is a major risk factor for the development and progression of glaucoma.l’2 After an increase in
IOP, the ganglion cells of the retina are altered. Studies of different animal models of glaucoma have revealed a higher
sensitivity of magnocellular ganglion cells.**

Magnocellular ganglion cells of the retina are also referred to in the literature as alpha, M, Y or parasol. Shou et al also showed
in an experiment that the loss of magnocellular cells is greater than that of parvocellular cells. Cell density of all ganglion cell types
in the retina decreased with glaucoma duration, and cell loss was more significant in large ganglion cells than in beta cells
(parvocellular).”

Weber et al described that the first changes after IOP increase occur in ganglion cells themselves (shrinking of the
dendritic tree and the cell’s body) and that their axons only subsequently narrow.® Similarly, Naskar et al showed in an
experiment that changes at the level of ganglion cells occur earlier than changes in their axons.” The retinal axon
interruptions were found localised in a narrow transverse line at the level of the posterior part of the lamina cribrosa and
immediately behind it. Retinal axons in front of this zone were mostly intact.®

This was demonstrated in an experiment by Soto et al, who found in mouse models that retinal ganglion cell degeneration in
glaucoma has two separate stages: the first involves ganglion cell atrophy and the second involves damage to the ganglion cell
axons. The retrolaminar degeneration of axons takes place before the degeneration of their intraretinal parts.” The study by
Quigley et al confirmed that these are predominantly magnocellular fibres. Larger diameter fibres died faster than smaller fibres,
although no fibre size was completely spared at any stage of atrophy.'® Although retinal magnocellular cells die before their axons
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in hypertensive glaucoma, their diagnosis is difficult. Obviously, in the early stages of hypertension glaucoma (HTG), when the
first changes occur in the retinal ganglion cells, we cannot even theoretically detect a decrease in sensitivity in the central part of
the visual field."'

Therefore, it is more appropriate and accessible to examine their axons on the optic nerve disc, where their concentration is
the highest. Since RNFLs are assessed using their average values, we wondered whether their decline would be more
pronounced in some segments. This would also be crucial for early diagnosis and thus early treatment. In our previous study
(where the effect of IOP on RNFL and vessel density was investigated), no correlation was found between IOP and RNFL in
eyes with normal IOP (=—0.06), but a moderate correlation was found for IOP above 20 mmHg (—0.418<7>-0.59).'? For that
reason, the aim of this study was also to define the dependence of RNFL in the individual segments, on the level of IOP.

Materials and Methods

The prospective cohort study consisted of 69 subjects (122 eyes), 32 males (6x one, 26x both eyes) aged 21 to 76 years
and 37 females (4x one and 30x both eyes) aged 22 to 75 years, who were measured to have IOP greater than 21 mmHg
(21-36) in routine ambulatory care. IOP was the result of the average of three measurements with the Ocular Response
Analyser (ORA). The inclusion criteria were as follows: IOP greater than 21 mmHg, visual acuity of 1.0 with possible
correction of less than +3 dioptres, approximately equal changes in visual fields in all eyes, no other ocular or
neurological disease, and no prior treatment for hypertensive glaucoma. RNFL thickness was measured using the
Avanti RTVue XR in the inter-circular range (2—4 mm radius from the centre of the papilla). We evaluated their
thickness in 8 peripapillary segments. Because the segments did not conform to anatomical terminology, we labeled
them with numbers 1-8. The first began with the inferior temporal 1T-1, TI-2, TS-3, ST-4. Similarly, nasal SN-5, NS-6,
NI-7, IN-8 (see Figure 1). Values were adjusted according to the age of the patient. The visual field was examined using
the Medmont M 700 rapid threshold glaucoma program to evaluate the overall defect (OD) parameter. This examination
also served to exclude other influences on the changes in the visual field. To assess the relationship between individual
intraocular pressure ranges and RNFL values, we used Pearson’s correlation coefficient » (» = 0.00-0.19 very weak, r =
0.20-0.39 weak, » = 0.40-0.59 moderate, » = 0.60—0.79 strong, » = 0.80—1.00 very strong).

Figure | Designation of individual segments.
Abbreviations: T, temporal; N, nasal.
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Table | Aggregate Data Mainly on the Relationship Between IOP and RNFL in Each Segment. I-IT, 2-Tl, 3-TS, 4-ST, 5-SN, 6-NS, 7-NlI,

8-in
Age oD IOP RNFL (Analysed Sector)
| 2 3 4 5 6 7 8
Age | 0.13 0.25*% 0.03 0.12 | 0.24* 0.12 —0.01 0.03 | 0.I18* | 0.03
oD 0.13 | —0.15 0.05 0.0l 0.12 | —0.05 0.06 | —0.01 | 0.05 0.18*
IoP 0.25% | —0.15 | —0.23* | —0.02 | —0.04 | —0.24* | —0.31* | —0.14 | —0.06 | —0.28*
RNFL (analysed sector) | 0.03 0.05 | —0.23* | 0.72% | 0.50* | 0.68* 0.39% | 0.44% | 0.34% | 0.34*
2 0.12 0.01 -0.02 | 0.72% | 0.67* | 0.58* | 0.25% | 0.35% | 0.27% | 0.10
3 0.24% | 0.12 | —0.04 | 0.50* | 0.67* | 0.71%* 0.11 0.19% | 0.32* | 0.26*
4 0.12 | -0.05 | —0.24* | 0.68* | 0.58* | 0.71* | 0.30% | 0.38* | 0.35% | 0.28*
5 —0.01 | 006 | —031* | 0.39* | 0.25% | 0.11 0.30% | 0.48*% | 0.40* | 0.57*
6 0.03 | -0.01 | —0.14 | 0.44* | 0.35% | 0.19* | 0.38* 0.48* | 0.63* | 0.37*
7 0.18% | 005 | —0.06 | 0.34* | 0.27% | 0.32*¥ | 0.35% | 0.40* | 0.63* | 0.52%
8 0.03 | 0.18* | —0.28* | 0.34* | 0.10 | 0.26* | 0.28* 0.57* | 0.37% | 0.52* |

Note: *Marked correlations are significant at p > 0.05.

Results

The values of correlation coefficients of RNFL (retinal nerve fibre layer) parameters in each evaluated segment are

shown in Table 1. Result shows that the largest changes in RNFL were observed in segments 1 (=—0.23), 4 (r=—0.24), 5

(r=—0.3) and 8 (»=—0.28). The differences between these segments are rather small. The highest correlation was observed
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Figure 3 RNFL dependence on IOP in segment number 2.

for segment 5 (see Figure 2) and no correlation for segment 2 (Figure 3). Dependence of IOP on OD (=-0.15, p=0.09)
was not observed. OD showed very weak dependence only in segment 8 (r=—0.18), IOP increased with increasing age
(r=0.24, p=0.000).

Discussion
As mentioned in the Introduction, early changes in retinal magnocellular cells occur after pathological IOP elevation.
Perimetric examination of magnocellular ganglion cells, which are localised in the periphery of the retina, does not have
the same validity as RNFL examination. Because the ganglion cell fibres converge to the optic disc, their examination is
much more accessible and has a higher sensitivity than examination of the visual field.

It was already confirmed in the last century that changes in the RNFL outpace changes in the perimeter.'>'¢ The
present studies are consistent with this conclusion.'” The current issue is to diagnose early the magnocellular cell fibres,

which are more damaged in HTG.

Retinal Ganglion Cells
Magnocellular retinal cells are morphologically characterised not only by large somata and dendritic tree, but also by
thicker axons.'®

Of the total number of ganglion cells in the human fovea, there are midget cells (about 90%), parasol cells (about 5%)
and small bistratified cells (about 1%). In the periphery, midget cells make up about 40-45% of the total, parasol cells
about 20% and small bistratified cells about 10%. Thus, from the periphery to the central retina, the number of midget
ganglion cells gradually increases compared to the parasol and small bistratified types.'

In both young and old adults, the magnocellular cells are regularly distributed in a Gaussian fashion along radii that
extend from the perimacula toward the far periphery. Dawson et al did not find these cells in the central retina.
Magnocellular cells may be particularly susceptible to damage in the early stages of inner retinal disease.?’

The dendritic fields of both parasol and midget ganglion cells are smaller in the nasal retina than in the temporal
retina, which is equidistant from the fovea.?'
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3676 Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lestak et al

Because the number of ganglion cells is smaller in the temporal retinal periphery, their dendritic tree must also be
larger to cover the retina than in the nasal periphery.

This is consistent with the study by Gurcio and Allen, who found in the peripheral retina that the densities in the nasal
retina exceeded those in the corresponding eccentricities in the temporal retina by more than 300%; the superior
exceeded the inferior by 60%.*

Retinal Ganglion Cell Axons
The location of nerve fibres from the periphery of the temporal parts of the retina, by avoiding the macular fibres, to the
upper and lower sectors of the optic nerve disc have been described for almost a century.®

This was confirmed by Hunter et al, who followed the in vivo course of myelinated nerve fibres in the retina of 47 eyes.**

Analysis by Drenhaus et al revealed distinct groups of axon diameters, with the following mean axon diameters and
proportions. The group of small axons with a diameter of 0.55 micrometres accounted for 70%. The group of medium-
sized axons with a diameter of 1.39 microns is 10%.%

Inferior and/or nasal RGC axons were on average larger than superior and/or temporal axons. The inferior retina
contained some very large axons. Foveal axons were on average smaller than non-foveal axons. Peripheral axons were
significantly larger, in contrast to inferior temporal retinal samples or samples nasal to the optic disc.*®

Pathology of Nerve Fibres

Post-mortem examinations have shown that the most susceptible fibres of the optic papilla appear to fall within an
hourglass-shaped zone, with the two widest portions located at the position of 12 o’clock and 6 o’clock.'***” Visual field
defects associated with glaucoma usually initially occur in the upper visual field (corresponding to defects at the lower
pole of the disc).”®>° Optic nerve fibres of larger than average diameter died more rapidly than smaller fibres, although
no fibre size was completely spared at any stage of atrophy.'’

Another study by Quigley et al also demonstrated significant thinning of the RNFL in the lower quadrant in eyes with
intraocular hypertension (OHT) compared to healthy eyes. The finding that initial RNFL thinning occurs in the lower quadrant
of eyes with OHT is particularly interesting. Optic nerve defects associated with glaucoma often occur initially at the lower
pole.*'** RNFL defects measured by OCT in the lower quadrant show the closest association with glaucoma status.*

Glaucomatous neuroretinal rim loss occurred in a sequence of sectors. It generally started in the inferotemporal region
of the disc and then progressed to the superotemporal, temporal horizontal, inferior nasal and finally superior nasal
sectors. This finding may be important for “early” diagnosis of glaucoma.*

RNFL thinning associated with increased IOP in monkeys was observed around the optic nerve disc from the
positions of 6 o’clock to 9 o’clock after laser treatment, and the degree of RNFL thickness reduction varied between
peripapillary sectors. Correlations between cumulative IOP increase and RNFL thickness reduction were statistically
significant for the temporal-superior (p=0.024), nasal-inferior (p=0.044), and temporal (p=0.049) sectors.>”

Tu et al worked on a similar model. They found that the most sensitive quadrants to IOP increase were the lower and
upper quadrants of the RNFL, with the rate of RNFL change almost parallel to the IOP level.*

Similar conclusions in humans were reached by Bowd et al. The mean RNFL was significantly thinner in ocular
hypertension than in normal eyes, at 72.8 micrometres (66.4—78.1 micrometres) and 85.8 micrometres (80.2-91.7
micrometres), respectively. More specifically, the RNFL was significantly thinner in ocular hypertension than in normal
eyes in the inferior quadrant, 84.8 micrometres (75.6-94.0 micrometres) vs 107.6 micrometres (99.3—115.9 micrometres);
and in the nasal quadrant, 44.1 micrometres (37.5-51.7 micrometres) vs 61.8 micrometres (53.0-65.6 micrometres). The
retinal nerve fibre layer was significantly thinner in glaucoma eyes than in ocular hypertension and normal eyes
throughout 360 degrees and in all quadrants.®’

The basis is not known for these observations as described by Bowd et al. It is possible that RNFL thinning in the
lower quadrant of eyes with OHT is an early form of glaucoma that precedes detectable optic nerve and/or visual field
defects. Another possibility is that the RNFL in eyes with OHT may initially be thin in the lower quadrant, making these
eyes particularly susceptible to the effects of elevated IOP.*’
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This review shows the most common RNFL changes in the vertical quadrants of the optic nerve disc. This study can
also be used to specify precisely the individual segment.

It is clear from Gurcio’s study that the lowest number of ganglion cells in the periphery of the human retina is found
in the inferior temporal quadrant, followed by the superior temporal quadrant. This corresponds to the inputs to the optic
nerve disc in the inferior temporal and superior temporal sectors. Even the results of our study are consistent with this
fact. Taking into account the fact that magnocellular cells in HTG do not die selectively, but to a lesser extent also with
parvocellular cells, their loss is more noticeable due to the thickness of their axons.

We have shown that with increasing IOP, there are changes in RNFL in segments 1, 4, 5 and 8. It is highest for no. 5, which
corresponds to the upper segment (r=—0.3, p=0.0006) and no. 8, which corresponds to the lower segment (r=—0.2785,
p=0.002). That is, just at the point where the fibres of the magnocellular ganglion cells enter the optic nerve disc. The loss of
these axons relative to their thickness gives us a great chance to diagnose their early damage.

Conclusion
The unequivocal conclusion of this study is the finding of significant RNFL damage in the lower and upper segments.
These are axons of predominantly magnocellular cells.
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corresponding author on reasonable request. All data used were anonymized.
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