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Abstract: OBJECTIVE: Assessment of the influence of myopia, at the level of the retina and optic
nerve in patients diagnosed with open angle glaucoma. MATERIAL AND METHOD: This is an
observational analytical cohort study carried out on a total of 160 patients, divided into 4 groups:
healthy, with myopia, with primary open-angle glaucoma (POAG), and with POAG and myopia
together. The study variables were Bruch's membrane opening area (BMO), the thickness of the
RNFL and the RGC layer using the Glaucoma Premium program of the OCT Spectralis of
Heidelberg. RESULTS: Regarding the analysis between age and the thickness of the RNFL,
significant results were found in the healthy and glaucoma groups with myopia, for the rest of the
groups, although there are no significant results, the correlation is negative, the older the younger
is the thickness. Regarding intraocular pressure (IOP), significant results have been found in the
nasal sector in the glaucoma group. In the glaucoma with myopia group, statistically significant
results have been obtained when analyzing the thickness of the RNFL with refraction. In the analysis
between the thickness of the RNFL and the RGC layer, significant results were obtained in the
myopia and glaucoma groups; in the group of glaucoma with myopia, it occurs in the superior
temporal sector. CONCLUSION: In the case of myopic patients with glaucoma, damage at the
functional, both the thickness of the RNFL, the RCG and the BMO-MRW are greater than other
groups. All these alterations can be evaluated and monitored with the OCT Spectralis thanks to the
programs it includes, making this instrument one of the best for an early diagnosis of glaucoma and the
damage produced in myopic patients.

Keywords: optic nerve; retinal nerve fiber layer; OCT; ganglion cells; annulus area; glaucoma;
myopia; premium glaucoma

1. Introduction

Glaucoma is an ocular pathology characterized by producing a series of both structural and
functional alterations at the level of the optic nerve and the structures of the posterior pole in a
progressive, chronic, and irreversible manner. Among the alterations it produces are death of retinal
ganglion cells, increased optic disc cupping, thinning of the neuroretinal ring (ANR), and the retinal
nerve fiber layer (RNFL), which translates into functional damage. such as visual field loss and
blindness (1-3). Although it has always been believed that the increase in intraocular pressure (IOP)
was the cause of glaucoma, we now know that it is one of the risk factors that the patient may or may
not be present, since there are types of glaucoma with normal IOPs. However, it is the only treatable
risk factor (4,5).

Other risk factors are age and the presence of myopia. Considering that life expectancy is
increasing as well as the prevalence of myopia, it is not surprising that the prevalence of glaucoma is
increasing. Glaucoma is considered the first cause of irreversible blindness worldwide. It is estimated
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that in 2020 there were around 79.6 million people with glaucoma, with a total of 111.8 million by
2040. Of all of them, 50% are considered undiagnosed. One of the problems with this pathology is
that it does not present symptoms in its initial stages until the first signs of vision loss begin, by which
time it is too late (6,7). For this reason, the lines of research focus on developing instruments that
allow early detection of the anatomical changes that glaucoma produces in its beginnings, thus being
able to apply a treatment, carry out a close follow-up of each patient, and be able to stop or prevent
the appearance of glaucoma. and blindness (8-10).

Due to this diagnostic need, OCT has become the most widely used instrument, along with
computerized perimetry. The development of the OCT has meant a great advance, especially in
recent times. It is a non-invasive and fast technique. It is based on the principle of low coherence
using light beams (4,11-13). We can find mainly two types: temporal domain (TD) or spectral domain
(SD), the latter being the most innovative and developed to improve both the resolution of the images
and decrease the time for obtaining them. It allows evaluation of fundus structures such as retinal
nerve fiber layers, changes in the optic nerve head (ON), or the thickness of retinal ganglion cells
(11,14,15).

There are numerous models on the market, with the OCT Spectralis from Heidelberg being the
one we used for our study due to the great advantages it offers over the rest. This model has a tracking
system called TruTrack that corrects involuntary eye movements. It also has an anatomical
positioning system (APS) that takes two reference points: the center of the fovea and the opening of
the Bruch to always perform each shot image with the same points and thus reduce the error between
measurements. We have also implemented the "Glaucoma Premium" program that allows us to
perform circumpapillary scans of the RNFL thickness with a diameter of 3.5mm, 4.1mm, and 4.7mm,
although at first the 3.5mm measurement was taken as a reference. There are studies that show that
this diameter is not completely reliable because it does not take into account the inter-individual
variability of the size of the optic disc (4,16-18).

Other characteristics of this program are that it performs deviation maps both at the RNFL and
at the macular level; it can combine all the results and classifying them according to whether they are
within the green limits, in yellow if they are borderline, or in red if they are out of all these features.
The OCT Spectralis is the most accurate instrument on the market.

With our study, we intend to carry out an assessment of the RGC and the RNFL of the NO, with
the OCT Spectralis and the "Glaucoma Premium" program in groups of healthy patients, with
myopia, with glaucoma, and with myopia and glaucoma together to identify the structural changes .

2. Materials and Methods

Patients

The subjects of the study are a total of 160 patients, who were chosen from among the patients
who attended the consultation of the reference center and divided into 4 study groups.

It is an observational-analytical cohort study conducted with four groups of patients: A) healthy,
B) patients with myopia between -9.25 to-0.25 dp, C) patients with POAG, and D) patients with both
myopia and refractions from -16.75 to 0.25 dp as POAG.

All of them underwent IOP measurement using a tonometer, refraction measurement, corneal
thickness measurement, and Heidelberg OCT Spectralis, a fundus scanner was performed to analyze
the thickness of the RNFL, RGC, and the BMO area.

The inclusion criteria to form the 4 study groups were:

A.  Healthy patients without ocular pathology.

B. Myopic patients with no other ophthalmological abnormalities.

C Patients suffering from POAG.

D. People who have POAG and myopia

The exclusion criteria were: patients undergoing any type of surgery to control glaucoma, such
asiridotomy, trabeculectomy, or application of valves to drain the aqueous humor; and those patients
undergoing refractive surgery to correct myopia.
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The study variables were: Bruch's membrane opening (BMO) size area, BMO-minimum ring
width (BMO-MRW) size, RNFL and RGC layer thickness using the Glaucoma program Premium of
the OCT Spectralis of Heidelberg. The secondary variables of the study were: ocular refraction,
pachymetry, and IOP.

The patients were selected by simple random sampling, applying the inclusion and exclusion
criteria, from which they were divided into four groups:

1. Healthy patients without ocular pathology were made up of a total of 40 patients without
myopia and without POAG. Confirming that they do not have ocular pathology and therefore meet
the criteria for inclusion in the group and in the study.

2. Patients with myopia who have no other ophthalmological changes, a total of 40 patients
with myopia. The patients in this group present a myopic refraction with a range between -0.25dp to
-9.25dp. These are the diopters that most of the patients found in our database present.

3. Patients diagnosed with POAG, made up of 40 patients who are diagnosed with POAG
and do not have myopia

4. Patients diagnosed with POAG and myopia, made up of a total of 40 patients who have
POAG and myopia, presenting diopters between 0.25dp to -16.75dp.

All the patients in the four study groups underwent different diagnostic tests. IOP and
pachymetry were taken with the Topcon CT1 tonometer. The refraction was taken with the KR-1
Auto-Keratorefractometer from Topcon. The Topcon company and the fundus scan were performed
with the OCT Spectralis from Heidelberg.

Data Collect

For taking the refraction, we have used the KR-1 Auto kerato-refractometer from Topcon, which
performs the measurement automatically. It is one of the most accurate on the market when it comes
to taking data.

The Topcon CT1 tonometer-pachymeter was used for both intraocular pressure measurement
and corneal thickness measurement. It is performed with the patient sitting, who centers the pupil
through a touch screen, eliminating the joystick, making it much more precise. This model, thanks to
its software, is capable of adjusting the amount of air according to the characteristics of each cornea.

Finally, for taking the area of the BMO, of the BMO-MRW, the analysis of the RNFL and CGR,
the OCT Spectralis from Heidelberg was used. Similarly, it is performed with the patient seated, and
a scanning scan of the fundus of the eye is performed, for which pupil mydriasis is not necessary.
Carrying out this scanner allows us to visualize the retina layer by layer and accurately study the
RNFL, NO, and the macular area. With the Glaucoma Premium module, which includes the eye-
tracking system and the Anatomical Positioning System (APS), that corrects the measurements
according to the patient's anatomy, it is much more precise than other OCTs on the market.

Statistic analysis

The data has been tabulated and analyzed by the SPSS 23 computer package (licensed for the
Central Computer Service of the University of Malaga).

Continuous variables, such as mean SD, and categorical variables, such as frequencies and
percentages, are expressed as mean SD. Bivariate analysis: a) continuous outcome variable: linear
regression and Pearson's correlation. Multivariate analysis (controlling for confounding factors)
ANOVA.

Data is expressed as the mean (SD and 95% CI) or percentage. A value of p<0.05 will be
considered statistically significant.

3. Results

The mean age of the sample is 55 years (+15.72 years), of which 39.7% are men and the other
60.63% are women. They were divided into 4 groups, with each group having the same number of
patients to ensure good reliability of the results.
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Table 1 shows the data on the BMO area values, with the myopia and glaucoma groups having
the smallest area. With respect to the BMO-MRW, the glaucoma and glaucoma with myopia groups
present the lowest values. It should be noted that in the temporal sector, all the groups present a large
decrease with respect to the rest of the sectors.

With respect to the mean values of RNFL thickness, we can see in the Table 1 how patients with
glaucoma and myopia present lower thicknesses. This occurs for all the RNFL sectors studied. In
addition, the ISNT rule is met in all study groups.

About the RGC thickness, the patients in the glaucoma and glaucoma with myopia groups are
the lowest RGC thickness compared to the other groups, even with respect to the group that includes
patients with glaucoma and myopia, all these results we can see in the Table 1.

Regarding the correlation analysis between age and RNFL thickness, there are significant results
in all study groups and, furthermore, the correlation is negative, that is, the older the age, the smaller
the RNFL thickness, as can be seen in Figure 1A corresponding to the healthy group. As we can see
in the glaucoma and myopia group, there is a relationship between age and the thickness of the RGC
layer, as we can see in Figure 1B, while for the rest of the groups, no significant results have been
obtained.

In the analysis between the area of the BMO and the thickness of the RNFL, it should be noted
that both in the healthy, myopic, and glaucoma with myopia group, significant results have also been
obtained with positive correlations; that is, the lower the thickness of the RNFL, the lower the area of
the BMO, as we can see in Figure 2 (which corresponds to the glaucoma and myopic group).

In the study of the RGC thickness with secondary variables such as age, IOP, ring area, and
pachymetry, a positive correlation was found with respect to age; the older the person, the less the
RGC thickness. Although no significant results have been obtained for the area of the BMO, the
correlations obtained are positive for all groups.

In the analysis of the BMO-MRW with the secondary variables, significant results were obtained
with respect to age in all groups, in addition to a negative correlation as seen in Figure 3. With respect
to the rest of the study variables, it should be noted that in the glaucoma group there is a relationship
with pachymetry and with the BMO area, with both variables being positively correlated. And for
the glaucoma and myopia group, to say that significant results have been obtained with pachymetry
and with IOP, with the latter being a negative correlation; the higher the IOP, the smaller the thickness
of the BMO-MRW; and although with refraction there is no relationship, yes, the trend is positive;
that is, the greater myopia, the smaller the thickness.
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Figure 1. (A) Representation of the correlation between age and RNFL and (B) age and RGC.
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Figure 2. Correlation between RNFL thickness and BMO (glaucoma with myopia group).
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Figure 3. Correlation between BMO-MRW and age (glaucoma and myopia group).

With respect to the area of the BMO and the BMO-MRW, no results have been found that relate
them except in the glaucoma group, with a positive correlation.

When performing the Pearson correlation analysis of the thickness of the RNFL together with
the BMO-MRW, it should be noted that there is a relationship in all the study groups. In addition,
with a positive correlation, the lower the thickness of the RNFL, the lower the BMO-MRW, as can be
seen in Table 1.

The following table (Table 2) is a summary of the Pearson Correlation analysis between the
thickness variables of the RNFL, the RGC, and the BMO-MRW in the four study groups, where the
significant results can be seen in yellow, that is, those in which the variables are related to each other.
Thus, it is highlighted that the group of glaucoma and myopia is the one that presents the greatest
degree of damage in the different structures of the eye.

Table 1. Descriptive data of the main study variables (mean of the results).

GLAUCOMA +
HEALTHY MYOPIC GLAUCOMA
MIOPIA
RFNL RE 3.5mm 105,60 101,03 79,53 81,50
4.1mm 89,73 88,78 70,33 70,92
4.7mm 78,38 77,25 62,33 63,07
LE 3.5mm 103,33 102,25 81,63 77,70

4. Imm 88,70 88,55 72,40 69,07
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4.7mm 77,38 77,15 63,15 61,45
BMO’S RE 2,03 1,92 2,08 1,80
AREA LE 2,07 1,95 1,99 1,97
BMO- RE 333,25 336,05 254,22 257,25
MRW LE 328,93 331,98 267,97 252,33
RGC RE 50,49 50,69 42,29 42,97
LE 50,48 50,40 41,92 43,49

Table 2. Summary of the correlation analysis between the thickness of the RNFL, CGR and BMO-MRW.

HEALTHY MYOPIC GLAUCOMA G+M

RE LE RE LE RE LE RE LE

RNFL + Pearson’s ,509™ 369" 448™ 510" 536" ,560™
J716™ 490"
BMO- correlation
MRW Significance ,001 ,019 ,004 ,001 ,000 ,000 ,000 ,001
RNFL + Pearson’s ,046 235 314" ,135 ,419™ 555 ,202
,353"
RGC correlation
Significance ,779 ,144 ,048 411 ,007 ,000 212 ,026
RGC + Pearson’s 214 ,202 ,062 ,083 ,199 ,314"
3217 ,313"
BMO- correlation
MR
W Significance ,184 ,103 ,708 ,614 218 ,048 ,044 ,049

4. Discussion

As the need arises to diagnose early those pathologies related to the retina and as there is
increasing evidence that anatomical damage occurs before functional damage (19-23), scientific-
technological development in the area is essential in ophthalmology, specifically, in relation to
diagnostic instruments responsible for the study of the anatomical structures of the eye and the retina.

For this purpose, various instruments were developed, including the spectral domain (SD) OCT,
which performs a scan using light emitted by superluminescence with a wavelength of 850 nm and
is 73 times faster than time domain (TD) OCT. In the market we can find numerous OCTs, among
which the OCT Spectralis was the one used for this study. Both measure RNFL thickness, NO head
structures, and RGC structures with very high accuracy, but the turning point between the two is
that fundus tracking and mapping software is included in the Spectralis , called TruTrack, that
compensates for the involuntary movement of the eye and the anatomical positioning system (APS),
that makes a map so that each time the patient comes for the exam, the same areas are scanned,
reducing the technical measurement error (17, 24-28).

Other advantages of OCT Spectralis are the implementation of the "Glaucoma Premium"
program, which we have used in this study, whose main novelty is that it performs circumpapillary
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RNFL measurements, taking 3 shots in diameters of 3.5 mm, 4.1 mm, and 4.7mm. Thanks to these
shots, there are studies where the glaucomatous damage is reflected first in the larger diameters by
affecting the more peripheral cells. There are also studies that show that the measurements in the 3.5
mm diameter can be affected by the size of the papilla, giving not very reliable thicknesses (17,29,30).

In this study, we wanted to assess the different structures of the posterior pole of the eye using
the Heidelberg OCT Spectralis equipment with the "Glaucoma Premium" program (Heidelberg
Engineering GmbH, Heidelberg, Germany), in order to make an early detection of glaucoma at a
structural level. to determine the differences in the different study groups and thus be able to prevent
functional or campimetric damage in the different groups.

Regarding the results obtained, as we have pointed out, the ISNT standard is fulfilled in all the
groups.

In general terms, in a first analysis of the results, the relationship between the thickness of the
RNFL and age was verified, despite not obtaining significant results. After carrying out the
correlation study, the trend of the results coincides with the results obtained by other authors (5,31-
34), that with the suspicion of glaucoma it intensifies, and with age the thickness of the RNFL
decreases, making it one of the non-treatable risk factors. In terms of age, we found no significant
differences in RGC thickness, but the trend is that the older a person is, the thinner the RGC (35,36).

Several studies that have analyzed the relationship between the thickness of the cornea with
refraction and IOP have obtained the same results as ours; that is, there are no statistically significant
differences between these variables, corneal thickness does not influence refraction or IOP(37-42).

When analyzing the relationship between refraction and BMO area, there are several studies
such as Mei-Chin et al, Biswas et al, and Kim et al. (8,43,44) that state that in eyes with high myopia,
the optic disc is larger and the ANR is smaller. Although the results obtained in this regard are not
significant data, they do show a trend that in myopic eyes, the area of the ANR decreases by reducing
the number of nerve fibers that are lost because the RNFL is thinner in these patients (36,45) In
addition, studies such as the one by Savini et al. show that large discs, as occurs in the case of myopic
patients, have a smaller ANR area as the nerve fibers are less grouped (30). In graph 5, in the myopic
group, the BMO area is smaller than in the healthy or glaucoma groups.

The data obtained after Pearson's correlation analysis between refraction and the average
thickness of the RNFL do not show a clear relationship between the two in any group, except in the
glaucoma and myopia group in which significant results have been obtained. In other words, the
thickness of the RNFL is less the more myopic the patient has, as occurs in the studies and
bibliography consulted in this regard, such as in the study by Xu Xiao, in which they state that the
damage at the level of the RNFL is due to the axial elongation that these patients present (8,43).
Despite this, there are studies such as the one by Huang et al., which corroborate the results obtained
for the rest of the groups in which there is no relationship between the RNFL thickness and refraction
47).

In various studies, such as those of the Giierr Moncls, an increase in IOP can be a direct cause of
cell death at the retinal fiber level, either due to ischemia, an increase in cytotoxic factors, or a
blockage of the transport of neurotrophic factors; in the case of the IOP relationship with the ANR
area, the data obtained are significant in the glaucoma group, supporting the theory that prolonged
exposure to high IOP levels leads to deafness The same does not happen at the level of the thickness
of the RGC layer, which is not affected by the increase in IOP. In these cases, the damage may be
caused by other factors such as smoking, having had a stroke or being hypertensive, as shown in the
study by Belzunce et al. (49).

As aresult, the study prefers the analysis of the RNFL thickness because, as the Pollet-Villard et
al. study shows, the thickness of the RNFL with the BMO-MRW presents a good relationship when
diagnosing glaucoma (45) and would also support Hammel's theory that damage at the level of the
thickness of the RGC in myopic eyes is slower than damage in the RNFL (29). However, although in
the glaucoma and myopia group the relationship is not significant, the correlation is positive. That is,
the more myopia, the thinner the thickness of the RGC layer, which may be largely due to the fact
that with glaucoma the damage occurs first at the level of the RGCs.
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When talking about the relationship between the thickness of the RNFL and the RGC, in the
myopia and glaucoma groups separately and in the glaucoma with myopia group, there is a
significant relationship between both variables; in addition to positive correlations, the lower the
RGC thickness, the lower the CFNR; in the case of the myopia group, this difference is found in the
temporal, superior temporal, and inferior temporal sectors; although as Yu-Xu says in the study, RGC
thickness is not very reliable for diagnosing glaucoma in myopic patients, if damage occurs at this
level, it would begin in the IT sector, coinciding with our results (45). In the glaucoma group, all
sectors present a positive correlation, with the majority being statistically significant results, thus
confirming that both the decrease in RNFL and the RGC affect each other (50-52), although we do
not know what happens first if the damage is in the CFNR or in the CGR. There are studies in which
RGC damage is slower (29).

5. Conclusions

In summary, the eye of the patient with glaucoma is the one with the least thickness of the RGC
and is closely related to a loss of thickness of the RNFL. However, in the eyes of patients with
glaucoma and myopia, damage at the functional, both the thickness of the RNFL, the RCG and the
BMO-MRW are greater than other groups. All these alterations can be evaluated and monitored with
the OCT Spectralis thanks to the programs it includes, making this instrument one of the best for an
early diagnosis of glaucoma and the damage produced in myopic patients.
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