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Purpose: The aim of this study was to compare changes in the conventionally undiagnosed distal nasal visual field with RNFL in
patients with early primary open-angle glaucoma (POAG).

Material and Methods: 59 eyes of 32 patients (18 women, 14 men) with early stage POAG were included. All eyes were found to
have a normal visual field (fast threshold program of 50 degrees nasally and 22 degrees temporally) with the Medmont M700. Visual
acuity was 1.0 (with a possible correction £3 D), and they had no other ocular pathology except glaucoma. The visual field was
subsequently examined with the same instrument by moving the fixation point 40 degrees temporally (spatially adaptive program) and
simultaneously turning the head 10 degrees nasally. A total of 89 examination points were included using flicker stimuli in a range of
0-120 degrees nasally. Nerve fiber layer (RNFL) and vessel density (VD) was measured using the in-built software of the Avanti
RTVue XR instrument. Using Pearson’s correlation coefficient, the results of visual field examination with RNFL without and after
correction (by subtracting VD from total RNFL value) in the superior-nasal (SN-5) and inferior-nasal (IN-8) segments were compared.
Results: In all eyes, changes were found in the distal periphery of the nasal part of the visual field. No correlation was noted by
comparison with RNFL. After adjusting RNFL for VD, we observed no correlation in the SN segment (5) (r=—0.03) and a very weak
correlation in the IN segment (8) (r=—0.16).

Conclusion: With a normal visual field tested by the rapid threshold glaucoma program, changes in the distal part of the nasal
periphery of the visual field were found in the entire cohort and did not correlate with the RNFL and RNFL results after correction
from VD.
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Introduction
Glaucoma is a progressive disease in which early diagnosis is very important to preserve visual function.

Due to the asymptomatic nature of glaucoma, early detection before its severe stages is challenging and the number of
diagnosed glaucoma patients is lower than the number of undiagnosed patients.'

There is now sufficient evidence that retinal ganglion cells (mostly magnocellular) die first in glaucoma,®’ then their
axons located retrolaminarly and finally preliminarily.®’

19712 their early damage cannot be

Because the magnocellular ganglion cells are located in the periphery of the retina,
verified by examination of the central part of the visual field."?

Therefore, we investigated whether examination of the distal nasal periphery can detect visual field abnormalities in
early stage POAG. With a normal visual field tested by the fast threshold glaucoma program (nasal to 50, temporal to 22
degrees), distal nasal periphery visual field changes were found in the entire cohort.'

In our previous study, where we investigated the relationship between RNFL and pathological IOP, we demonstrated
peripapillary RNFL damage in inferior-temporal (1), superior-temporal (4), superior-nasal (5), and inferior-nasal (8)
segments in pathological intraocular pressure (IOP).'?
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As vessel density (VD) also makes a significant contribution to the total value of RNFL, we performed statistical
correction of VD from RNFL using the partial correlation coefficient, the most significant correlation of these parameters
was found in segments 5 and 8.'¢

Similarly, after subtracting VD values from RNFL, we found statistically significant changes in the same segments. 5
(r=-0.32, P =0.002) and 8 (r = —0.21, P = 0.037)."7

This is consistent with primary damage selectively greater loss of large optic nerve fibers that enter the optic nerve
target in these segments.®

The aim of the study was to find out the relationship between peripapillary RNFL and changes in the distal nasal
visual field in patients with early stage POAG.

Materials and Methods

We enrolled 59 eyes, 32 patients with early stage POAG (none of them had been diagnosed with normotensive
glaucoma). Of these, 18 were women (34 eyes) aged 23—67 years (mean age 46.6 years) and 14 were men (25 eyes)
aged 2666 years (mean age 52 years). In addition to an adequate diagnosis, follow-up inclusion criteria were established
as physiological ocular findings including pupillary response, visual acuity of 1.0 with correction to +3 diopters, and
visual field (examined by the fast threshold glaucoma program without artificial mydriasis using the Medmont M700
Australia)) without pathological changes.

The methodology of testing the nasal part of the visual field was based on the use of the spatially adaptive test, where
the tested range was adjusted to a total of 89 points, each tested on average 2.5 times. The minimum horizontal distance
between two measured points was equal to 10°. Exposures were performed using the flicker method (618 Hz) according
to the adaptive patient response rate algorithm without false positive and negative stimuli. The fixation point was shifted
40 degrees temporally and the subject’s head was rotated nasally so that the range of the nasal part of the visual field
under examination reached 120 degrees. Because the program in question examines the visual field at 89 points, we
included only those eyes with more than four unseen points. This was done to avoid random variations.

Original VD and RNFL was measured using the in-built software of the Avanti RTVue XR instrument (version
2018.0.018; Optovue, Inc.) in eight peripapillary segments. The resulting scan images were automatically divided into
the following segments: inferior-temporal (IT, segment 1), followed by temporal-inferior (TI, segment 2), temporal-
superior (TS, segment 3), superior-temporal (ST, segment 4), superior-nasal (SN, segment 5), nasal-superior (NS,
segment 6), nasal-inferior (NI, segment 7) and inferior-nasal (IN, segment 8). The statistical parameters were calculated
using the software STATISTICA 12.

The effect of VD on total RNFL thickness was corrected for the percentage distribution of vessels within the entire
volume of a given segment as a volume difference, yielding the parameter RNFL.. In our previous works, we found
a correlation between pathological IOP and RNFLc only in segments 5 (SN) and 8 (IN), we evaluated precisely these
segments in this work.'®!”

The resulting value was evaluated in relation to visual field using the standard Pearson correlation coefficient
r divided by segment. The value of the correlation coefficient r was used to distinguish between: weak (|r|<0.3), moderate
(0.3<|r|<0.8) and strong (|r]>0.8) linear relationships. All tests were performed at the 5% level of significance.

Results
Table 1 presents the results of RNFL, number of unregistered points in the distal nasal part of the visual field, VD and
RNFL thickness in the superior-nasal (5) and inferior-nasal (8) segments and their values after VD correction.

Figures 1 and 2 show the template and the extent of the distal nasal part of the visual field examined and Table 2
presents results of Pearson correlation coefficient.

After evaluating the Pearson correlation coefficient, we found no correlation between the number of unseen points
and the RNFL value. Similarly, we found no correlation when comparing the number of unseen visual field points with
the corrected RNFL value in segment 5 (r = —0.03). A very weak and negative correlation was observed in segment 8 (r
= —0.16).
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Table | The Table Summarizes RNFL Data, Number of Unseen Points, VD in Segments 5 (SN) and 8 (IN), RNFL in

Segments 5 and 8 and RNFL After Correction in Segments 5 and 8

Sex-Age EYE RNFL Points Not Seen RNFL5 | VD5 | RNFL8 | VD 8 | RNFLc5 | RNFLc 8
[um] [Number] [um] [%] [um] [%] [um] [um]
F-23 oP 125 14 141 47 163 53 74,73 76,61
oL 123 18 146 48 162 49 75,92 82,62
F-26 oP 127 23 169 55 16 51 76,05 56,84
oL 133 25 164 51 126 49 80,36 64,26
F-28 oP 114 25 94 46 132 50 50,76 66
oL 107 25 98 47 133 50 51,94 66,5
F-31 oP 118 23 148 51 146 45 72,52 80,3
oL 113 24 155 50 140 52 77,5 67,2
F-39 oP 113 I 148 52 125 47 71,04 66,25
oL 115 147 52 122 51 70,56 59,78
F-40 oP 114 146 54 140 56 67,16 61,6
oL 109 24 129 49 133 50 65,79 66,5
F-40 oP (N 5 131 49 130 48 66,81 67,6
oL 103 21 123 48 115 47 63,96 60,95
F-42 oP 120 32 153 54 139 59 70,38 56,99
oL 113 31 133 56 126 56 58,52 55,44
F-45 oP 99 7 98 51 133 56 48,02 58,52
oL 96 7 102 49 128 56 52,02 56,32
F-45 oP 113 16 155 55 113 54 69,75 51,98
oL 118 12 152 50 141 53 76 66,27
F-52 (0] 96 I 125 51 143 52 61,25 68,64
oL 99 X X X X X X X
F-55 OoP 119 27 131 49 158 46 66,81 85,32
oL 118 28 133 48 153 54 69,16 70,38
F-56 OP 106 X X X X X X X
oL 94 7 101 47 106 48 53,53 55,12
F-58 OP 97 17 110 48 115 50 57,2 57,5
oL 96 24 126 51 107 53 61,74 50,29
F-58 oP 94 23 90 48 115 50 46,8 57,5
oL 98 24 103 50 122 51 51,5 59,78
F-66 oP 107 17 104 50 128 48 52 66,56
oL 105 27 106 47 131 51 56,18 64,19
F-67 oP 122 13 103 49 128 54 52,53 58,88
oL 116 15 133 56 130 45 133 71,5
F-67 OoP 89 16 105 50 129 52 52,5 61,92
oL 92 22 123 57 131 52 52,89 62,88
M-26 OP 108 25 154 54 119 50 70,84 59,5
oL 108 26 153 45 117 47 84,15 62,01
M-33 OP 110 10 132 47 141 48 69,96 73,32
oL 105 6 134 44 122 48 75,04 63,44
M-40 OP 97 23 121 53 103 50 56,87 51,5
oL 96 140 49 92 45 71,4 50,6
M-48 OP X X X X X X X X
oL 101 4 105 48 148 55 54,6 66,6
M-52 oP 128 11 136 49 145 48 69,36 75,4
oL 123 7 143 52 152 47 68,64 80,56
M-54 oP 84 21 112 41 114 51 66,08 55,86
oL 95 24 125 46 123 48 67,5 63,96
(Continued)
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Table | (Continued).

Sex-Age EYE RNFL Points Not Seen RNFL 5 VD 5 RNFL 8 VD 8 RNFLc 5 RNFLc 8
[um] [Number] [um] [%] [um] [%] [um] [um]
M-55 oP 95 18 84 55 107 49 37,8 54,57
oL 95 16 115 38 16 52 71,3 55,68
M-56 OP 112 Il 121 44 116 45 67,76 63,8
oL 114 21 132 49 114 47 67,32 60,42
M-57 oP 112 24 140 48 136 46 72,8 73,44
oL 115 26 153 54 141 53 70,38 66,27
M-58 OP 115 X X X X X X X
oL 110 4 125 43 155 51 71,25 75,95
M-60 oP 105 23 136 57 126 54 58,48 57,96
oL 97 28 122 51 97 47 59,78 51,41
M-61 oP 88 18 127 49 112 48 64,77 58,24
oL 87 27 17 53 120 53 54,99 56,4
M-65 oP 103 22 100 47 125 50 53 62,5
oL 105 12 110 49 128 50 56,1 64
M-66 OP 118 Il 111 49 171 52 56,61 82,08
oL 107 X X X X X X X
Discussion

The first changes after IOP increase occur in ganglion cells themselves (shrinking of the dendritic tree and the cell’s
somata) and that their axons narrow only subsequently was described by Weber et al.'®

Similarly, Naskar et al showed in an experimental study that changes at the level of ganglion cells occur earlier than
changes in their axons.’

As we mentioned in the introduction of our study, major part of magnocellular ganglion cells die in the early stages.
These are located mainly in the periphery of the retina.'?

In the temporal periphery of the retina there are three times less ganglion cells than in the nasal part.'

If it is to cover the same area by a smaller number of cells, then their lesions are more prominent in the temporal
periphery of the retina.

That the dendritic fields of both parasol (magnocellular) and midget (parvocellular) ganglion cells are smaller in the
nasal retina than in the temporal retinal site, which is equidistant from the fovea, has been shown by Perry et al** and
Rodieck et al.?'
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Figure | Extent of the nasal part of the visual field of the healthy right eye.
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Figure 2 Distal nasal part of the visual field in POAG with a 17-point drop out.

This means that the loss of the same number of magnocellular cells in the temporal periphery of the retina has
a greater functional impact than in the nasal periphery.

Curcio and Allen'’

calculated that there should be approximately 10,000 ganglion cells in the inferior temporal
quadrant periphery, 16,000 in the superior temporal quadrant periphery, 30,000 in the inferior nasal quadrant periphery,
and 48,000 in the superior nasal quadrant periphery.

When we look at the correlation of RNFL after correction with the number of unseen points, we find a weak
correlation in the places where axons enter mainly from the inferior temporal periphery (segment §). Because axons are
the strongest here, their change is also most noticeable.

Postmortem examinations have shown that the most susceptible fibers of the optic nerve head appear to fall within an
hourglass-shaped zone, with the two widest portions located at the 12th and 6th hours.”>** These are the SN (5) and IN
(8) segments.

The fact that they are mostly magnocellular cell fibers was confirmed by the study of Quigley et al. Optic nerve fibers
larger than average died faster than smaller ones although no fibre size was completely spared at any stage of atrophy.®

Magnocellular retinal cells are morphologically characterized not only by large somata and dendritic tree but also by
thicker axons.*'

Table 2 Results of Pearson Correlation Coefficient. The Value of the Correlation Coefficient r Was Used to Distinguish Between
Weak (|r|<0.3), Moderate (0.3<|r|<0.8) and Strong (|r|>0.8) Linear Relationships. All Tests Were Performed at the 5% Level of
Significance

RNFL Points Not RNFL 5 VD 5 RNFL 8 VD 8 RNFLc 5 RNFLc 8
Seen

RNFL 1,00 —0,03 0,59 0,15 0,56 —0,04 0,46 0,56
Points not seen —-0,03 1,00 0,11 0,21 0,16 0,04 -0,03 -0,16
RNFL 5 0,59 0,11 1,00 0,31 0,17 —0,06 0,68 0,20
VD 5 0,15 0,21 0,31 1,00 —0,05 0,32 0,16 0,19
RNFL 8 0,56 0,16 0,17 —0,05 1,00 0,22 0,16 0,87
VD 8 —0,04 0,04 —0,06 0,32 0,22 1,00 0,31 -0,29
RNFLc 5 0,46 -0,03 0,68 0,16 0,16 0,31 1,00 0,31

RNFLc 8 0,56 -0,16 0,20 -0,19 0,87 —-0,29 0,31 1,00
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Tu et al found that the lower and upper quadrants of the optic nerve target are the most sensitive quadrants to IOP
elevation, with the rate of RNFL changes almost parallel to the IOP level.**

In our previous studies, we have also demonstrated damage to retinal ganglion cell fibers in high IOP.'>-'®

This study showed that there were no changes in total RNFL values when abnormalities were found in the distal nasal
part of the visual field. When we compared the visual field results with the VD-corrected RNFL values in segment 5
(SN), we observed no correlation (r = —0.03) and a very weak correlation in segment 8 (r = —0.16).

Thus, we confirmed that magnocellular ganglion cells localized in the temporal half of the retina overtake changes in
the RNFL. And not only in the total value but also in the values “cleaned” from VD in the segments where the axons of
magnocellular cells enter the target. Another important conclusion of this study is that any ophthalmology department
equipped with a suitable perimeter can perform examination of the distal nasal periphery of the visual field. This cannot
be done when using the OCT devices. This finding is crucial for early diagnosis of POAG. The introduction of distal
nasal visual field examination in patients with POAG suspect and eyes with intraocular hypertension may confirm the
diagnosis earlier than previous methods. From our point of view, this could have not only a health but also a social
impact. An application for this methodology has been filed with the Patent and Invention Office under the number: PV
2023-150.

Ethic Statement

The Ethics Committee of the Ophthalmology Clinic of the JL FBMI CTU at its meeting on 11 January 2021 discussed the
request of the Head of the Ophthalmology Clinic of the JL FBMI CTU about the intention to determine, in patients with
different values of intraocular pressure, its influence on vessel densities, nerve fibre layer and visual field. The Commission
found that this is not a clinical study, and the non-contact outpatient examinations performed will not affect or interfere with
the health of the patient according to the Declaration of Helsinki of the World Medical Association (revised version
1 September 2000), and therefore this plan was not subject to approval by the Ethics Committee. Informed consent to the
use of the evaluated data was obtained from the participants with the condition of maintaining anonymity.

Conclusion

Methodology proposing the extension of the horizontal range of the visual field by the distal part of the nasal half of the
visual field is of greater importance for the early diagnosis of POAG than the RNFL examination, or corrected RNFL by
VD. The results of this study also showed that damage to ganglion cells in the temporal periphery of the retina precedes
changes in the RNFL.
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