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Contribution to the pathogenesis and early 
diagnosis of glaucoma. A Review

SUMMARY
The aim of the work is to summarize recent observations on the pathogenesis of glaucoma, both from animal experiments and from clinical 
examinations of humans suffering from pathological intraocular pressure (IOP). Based on the knowledge gained, to present modern examination 
methods for diagnosing individual changes in the retinal vasculature and optic nerve papilla, the nerve fiber layer and retinal ganglion cells.
Conclusion: The highest statistical significance in the vasculature of the peripapillary and papillary areas was recorded in pathological IOP in the 
vessels inside the optic nerve disc. In the retinal nerve fiber layer (RNFL) after cleaning from vessel density, pathological values were recorded in vertical 
segments, i.e. in places where the axons of the retinal magnocellular ganglion cells enter the papilla. In the retinal ganglion cells, pathological changes 
were recorded when examining the far nasal part of the visual field.
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INTRODUCTION

Glaucoma is the most common cause of irreversible 
blindness worldwide. The prevalence of this disease 
in the population aged over 40 years is approximate-
ly 3–5%, and according to estimates it is suffered by 60 
million people [1,2]. The overall incidence within the po-
pulation is within the range of 2–2.1% [3,4]. Taking into 
account the increasing number and proportion of aging 
persons within the population, it is expected that in 2040 
glaucoma will affect 111.8 million people [5].

DEFINITION OF GLAUCOMA

Glaucoma is defined as an optic neuropathy that is cha-
racterized by changes on the papilla of the optic nerve 
(ON) and in the visual fields [6].

However, this definition is incomplete and requires co-
rrection. In the case of hypertensive glaucoma, primary da-
mage to the retinal ganglion cells (RGCs) occurs, with sub-
sequent damage to the entire visual pathway including the 
visual cortex of the brain [7]. It is important to keep in mind 
that glaucoma is characterized as a progressive pathology, 
in which an absolutely fundamental role for the preservati-

on of visual functions is played by timely determination of 
the diagnosis and commencement of adequate treatment. 

With reference to the asymptomatic nature of the disease, 
its timely detection before the severe stages are manifested 
is difficult, and as a consequence the number of patients 
diagnosed with glaucoma is smaller than the number of 
undiagnosed [8,9]. For example, in China the rate of diagno-
sis of primary open-angle glaucoma is only 10% [10].

The above highlights the very important fact that the 
total number of patients affected by glaucoma may be 
far higher than the number represented in the statistics. 
Consequently, substantial emphasis is placed today on 
the timely diagnosis of this disease. 

VASCULAR CHANGES AND THEIR TIMELY 
DIAGNOSIS

The retinal vasculature is a three-layered network com-
posed of the superficial capillary plexus (SCP), the inter-
mediate capillary plexus (ICP), and the deep capillary ple-
xus (DCP). The SCP supplies nutrients to the retinal nerve 
fiber layer (RNFL), the retinal ganglion cells (RCGs) and 
the dendrites of the ON-RGCs in the inner plexiform layer 
(IPL). The ICP supplies nutrients to the OFF-RGCs in the 
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IPL and the amacrine cells in the inner nuclear layer (INL). 
The DCP supplies nutrients to the bipolar cells and the 
horizontal cells in the outer plexiform layer [11,12]. 

The prelaminar region of the ON papilla is supplied by the 
peripapillary choroid, composed of the posterior ciliary arteries 
and the recurrent choroidal arteries. The lamina cribriformis is 
supplied by the centripetal branches from the same arteries, 
either directly or through the formation of circles of Zinn-Haller. 
The retrolaminar region has peripheral centripetal vascular 
supply from the pial vascular network, and sometimes axial 
centrifugal supply from the central retinal artery [13].

The central retinal artery supplies blood to two thirds 
of the retina and the superficial nerve layer of the ON, al-
though it provides only little or no vascular supply to the 
prelaminar, laminar and retrolaminar layers [14–16]. The 
short posterior ciliary arteries, which supply blood to the 
choroid and prelaminar part of the ON, form a connecti-
on with the capillary layers of the retina [17].

On a mouse model of glaucoma induced by unilateral 
cauterization of three episcleral veins it was observed that 
increased intraocular pressure (IOP) leads to disruption of 
autoregulation and vascular dysfunction of the retinal ar-
terioles. This means that the capacity of the retinal arteri-
oles to regulate blood flow and maintain correct vascular 
function was impaired [18,19]. Vascular dysfunction of the 
retina was observed as a secondary manifestation both in 
individuals with glaucoma and in animal models of this 
pathology, which indicates that glaucoma may also serve 
as a trigger of retinal vascular abnormalities [18]. 

Reduction of the number of capillaries in the retina ob-
served in glaucoma-affected eyes in rats has a similar cour-
se, with a more pronounced impact on the density of the 
capillaries in the inner retinal layers in reaction to increased 
IOP. The three vascular capillary layers reacted differently to 
an increase of IOP. At IOP between 40 and 60 mmHg the ca-
pillaries of the DCP and ICP were markedly more resistant 
to the increase of IOP than the capillaries in the SCP. At an 
increase of IOP above 70 mmHg all layers of the retina mani-
fested reduced vascular density. Change of vascular density 
in the SCP triggered by IOP was closely linked to a reduction 
in the thickness of the inner layers of the retina (nerve fibers, 
ganglion cells and inner plexiform layers). This close relati-
onship between reduction of thickness of tissue and vascu-
lar density was less evident in the ICP and DCP [20]. This is 
very important information, since by contrast with RGCs, we 
are capable of diagnosing vascular changes quickly. 

Similar conclusions were reached also by Tao et al., who 
following a temporary increase of IOP in mice determi-
ned vascular remodeling of the retina, in which the num-
ber of capillary branches was reduced in the superficial 
and intermediate capillary plexus. The number of RGCs, 
the diameter of the central retinal arterioles and the deep 
branching of the capillary plexus were not affected. The-
se previously underappreciated findings indicate that  
a temporary increase of IOP may cause undetected and 
potentially long-term pathology of the RGCs and the co-
nnected neovascular units [21].

Similar changes were also recorded by Pitale et al., 

who following a temporary increase in IOP for a period 
of 2 weeks in a similar experiment on mice determined 
a normal number of RGCs but a substantial reduction in 
the capillary connections per mm² in the intermediate 
retinal capillary plexus, which spared the other plexuses. 
Capillary connection density, blood vessel length vascu-
lar surface were significantly reduced, and the number of 
acellular capillaries increased dramatically [22].

A very interesting article was presented by Diaz et al., 
who following an increase of IOP in rats measured capilla-
ry density, capillary volume, capillary length per unit of 
volume, capillary surface area per unit of volume and ca-
pillary diameter in the prelaminar, laminar and postlami-
nar region and in the optic nerve. They recorded the most 
pronounced changes in the postlaminar region [23].

We also focused on the vascular issue with a number of dif-
ferent IOP values. The first study on this theme compared the 
relationship of IOP with vessel density (VD), the RNFL and the 
visual field. The cohort comprised 122 healthy eyes. It was di-
vided into four sub-groups. The first group comprised 18 eyes 
with an IOP value of < 20 mmHg. The second group compri-
sed 39 eyes with IOP values of 20–22 mmHg. The third group 
comprised 32 eyes with IOP values of 22–24 mmHg, and the 
final group comprised 33 eyes with IOP values of > 24 mmHg. 
The results of intraocular pressure were compared with VD 
and the RNFL with the aid of a Pearson correlation coefficient 
in order to assess the relationship between the selected para-
meters. Depending on the value of the correlation coefficient 
it is possible to differentiate the following: weak (|r| < 0.3), me-
dium (0.3 < |r| < 0.8) and strong (|r| > 0.8) linear dependency 
(correlation). The value p represents the statistical significance 
of the test. If this value is lower than 0.05, the correlation can 
be considered statistically significant. 

Vessel density was measured in the peripapillary regi-
on. WI–whole image (4.5x4.5 mm) and PP (with diameter 
3 mm). Figure 1. VDa = vessel density of all blood vessels. 
VDs = vessel density of small blood vessels. No correlati-
on was found in eyes with normal IOP.

In eyes with IOP within the range of > 20 to </ = 22 mmHg 
there was a statistically significant medium correlation with 
PP-VDa (r = -0.43), PP-VDs (r = -0.45), WI-VDa (r = -0.34),  
WI-VDs (r = -0.48) and RNFL (r = -0.42).

In eyes with IOP within the range of > 22 to </ = 24 mmHg 
there was a statistically significant medium correlation with 
PP-VDa (r = -0.48), PP-VDs (r = -0.53), WI-VDa (r = -0.37),  
WI-VDs (r = -0.54) and RNFL (r = -0.54).

In eyes with IOP of > 24 mmHg there was a statistically 
significant medium correlation with PP-VDa (r = -0.56), 
PP-VDs (r = -0.56), WI-VDa (r = -0.53), WI-VDs (r = -0.57) 
and RNFL (r = -0.59) [24].

In another study we divided these overall VD values into 
individual peripapillary segments. Figure 2. The observed 
cohort comprised 104 eyes, of 26 women with an average 
age of 45 years and 26 men with an average age of 43 ye-
ars. We observed the highest correlation with increasing IOP 
and VD in blood vessels (VDa) of the whole image WI-VDa  
(r = -0.48) and peripapillary vessels PP-VDa (r = -0.43) and PP-VDs  
(r = -0.45). When we evaluated the individual peripapillary 
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segments (1–8), the highest correlation with increasing IOP 
was recorded in the IT segment – inferotemporal (r = -0.48), 
i.e., in the segment into which fibers of the magnocellular 
ganglion cells project from the inferotemporal quadrant [25].

If we return to the study by Diaz et al., who demonstra-
ted on a rat model that the capillaries of the postlaminar 
and to a lesser extent the lamina cribriformis of the ON are 
most susceptible to an increase of IOP [23], then for time-
ly detection of changes it would be most appropriate to 

measure VD precisely in these regions of the ON. Optical 
coherence tomography angiography (OCTA) instruments 
do not enable examination of VD in the deeper layers of the 
anterior part of the ON. This was attempted by Yoshikawa 
et al., who examined whether OCTA with enhanced depth 
imaging (EDI) was capable of detecting vascular signals in 
a glaucomatous optic disc. They determined that VD of the 
disc measured with the aid of EDI was significantly higher 
than VD measured by the conventional method, both in 
the case of glaucoma and in the case of eyes without glau-
coma. VD of the disc was also significantly lower in the case 
of glaucoma than in patients without glaucoma [26]. 

Following on from the experimental study conducted 
by Diaz et al. [23], we also compared IOP with VD in the 
peripapillary region and inside the optic disc. The cohort 
comprised 100 eyes of 22 women with an average age of 
52 years (20–78) and 28 men with an average age of 55 ye-
ars (20–75). Visual acuity was 1.0 (with possible correction 
within the range of +1.5 to -3.0 D, and the patients did not 
have any other ocular pathology). IOP was measured with 
the aid of an Ocular Response Analyzer (ORA-Reichert). The 
resulting value was the average of three measurements. 
In 18 eyes IOP was lower than 21 mmHg (16–21 mmHg), 
while the other eye had IOP higher than 21 mmHg. In the 
majority of eyes the value was within the range of 21 to  
36 mmHg. VD was measured with the aid of the instru-
ment OCT System AngioVue™ (RTVue-XR, Optovue) in the 
peripapillary region (PP), in the whole image (WI) and insi-
de the disc (ID), both in the case of all blood vessels (VDa), 
and small blood vessels (VDs). All the above examinations 
were performed without the use of artificial mydriasis.

There was a statistically significant relationship of age 
to IOP, even though this correlation was weak (r = 0.241). 
Medium values of correlation were recorded in PP-VDa 
(r = -0.378) and PP-VDs (r = -0.389). Higher values were 
recorded in WI-VDa (r = -0.43) and WI-VDs (r = -0.44). The 
highest correlation was determined in ID-VDa (r = 0.52). 
A weak correlation was recorded in ID-VDs (r = -0.17) [27].

The above conclusions of the results of measurement 
are very important, since they point to a disorder of VD in 
the prelaminar part of the ON. Perfusion of the prelami-
nar part of the optic disc in eyes with glaucoma has also 
been examined by other authors, with a result of reduced 
perfusion in the measured area. All compared healthy 
eyes with glaucomatous eyes [28–31].

To conclude this section we may state that we recor-
ded the statistically highest correlation precisely inside 
the ON disc for all blood vessels (ID-VDa).

RETINAL GANGLION CELLS AND THEIR 
TIMELY DIAGNOSIS

The magnocellular ganglion cells of the retina are ter-
med alpha, M, Y, or parasol in the literature. The parvoce-
llular cells are referred to as beta, P, X, or midget. 

The first structural changes to be observed following an 
increase of intraocular pressure in an experiment on mon-
keys related to structural abnormalities associated with  

Figure 1. Areas of measured vessel density
RNFL – retinal nerve fiber layer, WI – whole image, PP – peripapillary, ID – 
inside the disc

Figure 2. Labeling of individual peripapillary segments in 
which RNFL and VD thickness were assessed [25].
RNFL – retinal nerve fiber layer, VD – vessel density,  Inferior Temporal – IT 
(1), Temporal Inferior – TI (2), Temporal Superior – TS (3), Superior Temporal 
– ST (4), Superior Nasal – SN (5), Nasal Superior – NS (6), Nasal Inferior – NI 
(7), Inferior Nasal – IN (8) 
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a reduction of the dendritic field of ganglion cells. A re-
duction in the thickness of axons appeared later, in which 
changes to the size of the cell soma appeared simulta-
neously or a little later. A chronic increase of IOP led to  
a significant reduction of the average soma size of midget 
and parasol cells, but only the parasol (magnocellular) cells 
showed a significant reduction of the size of the dendritic 
field and diameter of the axon. A comparison of eyes with 
different degrees of damage to the ON based on the cup-
-to-disc ratio showed that the axons and dendritic fields of 
the parasol cells at a lower c/d (cup-to-disc) ratio were sig-
nificantly smaller than in the midget (parvocellular) cells, 
which indicates greater damage precisely to the magno-
cellular cells [32]. Similarly, Naskar et al. also demonstrated 
in an experiment that changes on the level of the ganglion 
cells occur earlier than changes in their axons [33].

A quantitative analysis in a case of experimental glaucoma 
induced in cats demonstrated that RGC density (alpha and 
beta), body size, maximum dendritic field radius, total dendrite 
length and the number of dendrite branches were markedly re-
duced in glaucomatous eyes in comparison with normal eyes. 
The loss of cells and reduction of dendrites in alpha (magnoce-
llular) type ganglion cells in the retina was more pronounced 
than in the case of beta (parvocellular) type cells. Cell density 
of all types of cells in the retina decreased monotonously over 
time upon an increase of IOP, and the loss of cells was more pro-
nounced in the case of large cells than small cells [34].

The dendritic fields of parasol and midget ganglion cells 
are smaller in the nasal retina than in the temporal retina at 
the same distance from the fovea [35]. Because the number 
of ganglion cells in the periphery of the temporal retina is 
smaller, their dendritic tree must be larger in order to cover 
the retina than in the nasal periphery. This is also supported 
by the study conducted by Gurcio and Allen, who determined 
that in the peripheral nasal retina the density of RGCs at corre-
sponding excentricities exceeds the temporal retina by more 
than 300%; the superior half exceeds the inferior by 60% [36]. 
If we calculate this to the number of magnocellular ganglion 
cells, there should therefore be approximately 10 000 gan-
glion cells in the periphery of the inferotemporal quadrant,  
16 000 in the periphery of the superotemporal quadrant,  
30 000 in the peripheral of the inferior nasal quadrant and  
48 000 in the periphery of the superior nasal quadrant. 

It logically follows from the fact that the magnocellular cells 
located in the temporal half of the retina are larger and have 
greater stromal branching that they must also have a greater 
energy consumption. As a result, in the case of a disorder of 
blood supply to the retina, these cells suffer the most from in-
sufficient nutrition. Following their collapse (shrinking of the 
dendritic tree and the cell’s somata) [32], changes take place 
precisely within the peripheral nasal part of the visual field.

Approximately 11–17% of eyes with a diagnosis of 
glaucoma or suspected glaucoma and a normal central 
visual field manifest defects outside the central scope of 
30° [37–42]. Similar conclusions were reached also by Ma 
et al., who in 18% of eyes with a normal central visual field 
demonstrated glaucoma defects in the periphery of the 
visual field [43]. However, of these only measurement of 

the nasal periphery can provide us with sufficient infor-
mation to supplement the information obtained through 
static testing in the central 30° in order to justify the addi-
tional time required for the examination [44]. 

For this reason we also attempted to examine this dis-
tal nasal part of the visual field. By shifting the fixation 
point 40o temporally we reached the nasal limit of the 
visual field at 100–110 degrees. Figure 3.

In all the examined eyes we determined the range of the 
nasally seen points at 100–110° (degrees) by perimetric exa-
mination. Of a total number of 30 eyes the limit of the nasal 
part was up to 100° in 13.3% of eyes, up to 105° in 20% of 
eyes, and up to 110° in up to 66.7% of eyes [45]. Figure 4.

When we performed the same examination on 60 eyes 
with primary open-angle glaucoma (POAG), we determi-
ned a depression of the distal periphery of the nasal part 
of the visual field within a range from 50 to 95°, in a nor-
mal visual field examined by a glaucoma program (22° 
temporally and 50° nasally) [46]. Figure 5.

In another study we demonstrated that changes did not 
occur in the overall values of the RNFL, even if abnormalities 
were diagnosed in the distal nasal part of the visual field. 
Upon a comparison of the results of the visual field with the 
RNFL values corrected by the VD in segment 5 (SN) we did 
not observe any correlation (r = -0.03), and only a very weak 
correlation in segment 8 (r = −0.16). We confirmed that altera-
tions of the magnocellular ganglion cells localized in the tem-
poral half of the retina anticipate changes in the RNFL. This 
applies not only in the overall values, but also in the values 
that are “adjusted” for VD in the segments where the axons of 
the magnocellular cells project into the ON disc. The introdu-
ction of examination of the distal nasal visual field in patients 
with suspected POAG and eyes with intraocular hyperten-
sion (IOH) may confirm the diagnosis earlier than previous 
methods. From our perspective this could have an impact not 
only in terms of health but also socially [47].

We demonstrated that this may indeed concern a collap-
se of the magnocellular ganglion cells of the retina in early 
POAG, in a study in which we observed the distal nasal part 
of the visual field in 50 eyes before and after treatment. One 

Figure 3. Head position and eye rotation 40º temporally [45]
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month after commencing treatment with carteolol, we re-
corded an improvement of the average number of unseen 
points from 16.7 to 9.5 5 (p = 0,006) [48]. Figures 6–9.

In the conclusion of this chapter we may state that exa-
mination of the peripheral nasal part of the visual field in 

early glaucoma provides better results than examination 
of the central part of the VF and RNFL. At the same time, 
we demonstrated that in the initial stages the “collapse” 
of the RGCs may be only a temporary manifestation if the 
cause is eliminated. 

Figure 4. The extent of the nasal part of the visual field and the distribution of the examined points. Above – right eye, below – left eye [45]

Figure 5. Difference in visual field changes in the right eye of a patient with glaucoma. On the left, a conventional glaucoma template 
with a fast threshold strategy with a range of 50° nasally and 22° temporally. On the right, nasal depression in the same eye using an 
extended template with a horizontal range of 120°. The fixation point is at 0° [46]
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Figure 6. Nasal part of the right visual field before treatment with carteolol. Visual field in grayscale (left) and numerical values with 
unseen dots (right)

Figure 7. Nasal part of the right visual field before treatment with carteolol. Visual field in grayscale (left) and numerical values with 
unseen dots (right)

Figure 8. Nasal portion of left visual field before treatment with carteolol. Visual field in grayscale (left) and numerical values with 
unseen dots (right) 
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CHANGES IN THE RNFL AND THEIR TIMELY 
DIAGNOSIS

Disruption of the retinal axons was demonstrated as early 
as in 1976 by Vrabec in histological preparations in a localized 
narrow transverse strip on the level of the posterior lamina 
cribrosa and immediately beyond it. The retinal axons in front 
of this zone were mostly intact [49]. This was also verified in an 
experiment by Soto et al., who using a mouse model determi-
ned that degeneration of RGCs in glaucoma has two separate 
stages: the first covers atrophy of the ganglion cells and the 
second damage to their axons. Retrolaminar degeneration 
of the axons takes place before the degeneration of their in-
traretinal part [50]. Further studies by Quigley et al. also de-
monstrated significant thinning of the RNFL in the inferior 
quadrant in eyes with IOH in comparison with healthy eyes. 
The finding that incipient thinning of the RNFL takes place in 
the inferior quadrant of eyes with intraocular hypertension is 
especially interesting. Defects of the ON associated with glau-
coma often occur initially on the inferior pole [51,52].

The fact that this predominantly concerns fibers of the 
magnocellular cells was also confirmed by a study condu-
cted by Quigley et al. Fibers with a larger diameter withe-
red more rapidly than smaller fibers, although no size of 
fibers was completely spared in any stage of atrophy [53]. 
A computer analysis of the image was used to determine 
the normal number of axons and the distribution of the 
diameter of axons in 12 normal human eyes. The average 
number of axons per nerve was 969 279 ±239 740 and 
the average diameter of the axons was 0.72 ±0.07 µm. 
Multiple linear regression detected 4 909 axons lost per 
year (p = 0.08) [54]. Despite the fact that retinal magnoce-
llular cells wither earlier in hypertensive glaucoma than 
their axons, their diagnosis is complex. 

It is evident that in the early stages of hypertensive glau-
coma, when the first changes in the RGCs take place, we 
cannot even theoretically determine a reduction of sensi-
tivity in the central part of the visual field [55]. As a con-

sequence, it is more appropriate and accessible to exami-
ne their axons on the ON disc, where their concentration 
is highest. With reference to the fact that their average va-
lues are used in evaluating the RNFL, we were interested in 
whether their loss would be more pronounced in certain 
segments. This would be of fundamental importance for 
timely diagnosis and subsequent timely treatment.

In the study, in which we observed the influence of IOP 
on the RNFL and VD, we did not determine any correla-
tion between IOP and the RNFL in eyes with normal IOP  
(r = -0.06). In eyes with IOP of NOT 20–22 mmHg there was 
a medium correlation (r = -0.42). A similar situation applied 
also in eyes with IOP of 22–24 mmHg (r = -0.48) and in eyes 
with IOP of 24 mmHg and higher (r = -0.59) [56].

In another study which examined the relationship 
between pathological intraocular pressure and the RNFL 
in the individual peripapillary segments, the highest co-
rrelation was determined in segments 1, 4, 5 and 8. Here 
axons of predominantly damaged magnocellular gangli-
on cells project into the ON papilla [57]. 

Because the blood vessels also contribute to the 
thickness of the RNFL to a considerable degree, for the 
sake of determining this thickness accurately we decided 
to “adjust” the RNFL for VD. 

Hood et al. demonstrated that VD plays a significa-
nt role in RNFL thickness and that ~13% of the total 
thickness of the peripapillary RNFL in healthy individuals 
is attributed to the blood vessels [58]. Similarly, Patel et 
al. detected that blood vessels constitute 9.3% of the to-
tal thickness or surface of the RNFL, but differ according 
to their location on the retina. On average 17.6% of the 
superior and 14.2% of the superior RNFL is formed by blo-
od vessels, whereas blood vessels constitute only 2.3% of 
the surface of the temporal and nasal RNFL [59]. Pereira 
et al. state that according to their model, circumpapillary 
distribution of the retinal blood vessels is influenced by 
VD up to 70% of the thickness of the RNFL [60]. Allegrini 
et al. further determined that the vascular proportion of 

Figure 9. Nasal portion of left visual field after treatment with carteolol. From 21 blind spots, the finding improved to 3 blind spots. 
Visual field in grayscale (left) and numerical values with blind spots (right)
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RNFL thickness constitutes 29.07 ±3.95 % [61].
In our own published study we recorded the largest in-

fluence of pathological IOP on VD in segments 1, 4, 5, 6, 
7 and 8, and on the RNFL in segments 1, 4, 5 and 8. After 
“adjustment” of RNFL thickness for VD, the highest corre-
lation in this study was observed in segments 5 (r = -0.32,  
p = 0.002) and 8 (r = -0.39, p = 0.001), i.e. in the locations 
where the thickest axons of ganglion cells, corresponding 
to the magnocellular cells, project into the optic disc. The 
other segments were statistically insignificant. Consequent-
ly, in the early stages of hypertensive glaucoma this study 
recommends evaluation of the RNFL in the superior and in-
ferior segments of the peripapillary region of the ON. 

In conclusion we may state that his study detected the 
most significant damage to the RNFL in the inferior and 
superior segments after “adjustment” for VD, which is the 
place where the magnocellular fibers are located [62]. 
This is also in accordance with the histological findings. 

An analysis conducted by Drenhaus et al. detected diffe-
rent groups of axon diameters, with the following average 
diameters of axons and proportions. The group of small 
axons with a diameter of 0.55 micrometers constituted 
70%. The group of medium-sized axons with a diameter 
of 1.39 microns formed 10% [63]. A post-mortem exami-
nation showed that the most susceptible fibers of the ON 
papilla are evidently located within a zone in the shape 
of an hourglass, in which the two widest sections are si-
tuated at 12 and 6 o’ clock [64,65]. Tu et al. determined 
that the most sensitive quadrants to an increase of IOP in 
monkeys are the inferior and superior quadrants, in which 
the speed of changes in the RNFL is virtually parallel to 
the level of IOP [66]. Similar conclusions were drawn by 
Bowd et al. in relation to humans. The average RNFL va-
lue was significantly thinner in ocular hypertension than 
in normal eyes, specifically 72.8 µm (66.4–78.1 µm), and  
85.8 µm (80.2–91.7 µm) respectively. More precisely spea-
king, the RNFL was significantly thinner in ocular hyper-
tension than in normal eyes in the inferior quadrant. In 

their publication, Bowd et al. state that the basis of these 
observations is unknown. It is possible that thinning of 
the RNFL in the inferior quadrant of eyes with IOH is an 
early form of glaucoma, which precedes detectable disor-
ders of the ON and/or visual field. Another possibility is 
that the RNFL in eyes with IOH may be thin to begin with 
in the inferior quadrant, which makes these eyes particu-
larly susceptible to the effects of increased IOP [67].

It is evident from the study conducted by Gurcio that 
the density of RGCs in the periphery of the human retina 
is lowest in the inferior temporal quadrant, followed by 
the superior temporal quadrant [36]. This is also reflected 
in the projections into the ON disc in the inferior tempo-
ral and superior temporal sector. If the magnocellular ce-
lls located in the inferior temporal quadrant of the retina 
suffer most from insufficient nutrition in the case of high 
IOP, their loss on the ON disc is most evident also with re-
ference to the thickness of their axons. If the same num-
ber of parvocellular and magnocellular RGCs wither, the 
loss of RGCs on the ON disc is more evident as a result of 
the thickness of their axons (1.39, vs. 0.55 µm).  

To conclude this section we may state that an increase 
of IOP contributes more significantly to VD than correc-
ted RNFL. Damaged RGC fibers can be best determined 
on the ON papilla in vertical segments.

CONCLUSION

The highest statistical significance in the vasculature 
of the peripapillary and papillary region was recorded 
in pathological IOP in the blood vessels inside the ON 
disc. Following adjustment for vessel density, in the 
retinal nerve fiber layer pathological values were re-
corded in the vertical segments, i.e., in locations whe-
re the axons of the retinal magnocellular cells project 
into the disc. Pathological changes were recorded in 
retinal ganglion cells upon an examination of the dis-
tal nasal part of the visual field.
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