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ABSTRACT

Keywords:
Tomography, optical coherence; Objective: The primary objective of this study was to characterize normal optic nerve parameters in
Optic nerve Latin American patients using Optical Coherence Tomography (OCT) during the period from 2015 to

2022.

Methods: A retrospective, cross-sectional, descriptive study was conducted using data retrieved from
the database of the Exilaser Clinic in Cuenca, Ecuador. The study included 290 adult patients without
ocular abnormalities. Data from each eye (left and right) were analyzed using SPSS software. For
quantitative variables, measures of central tendency and dispersion were calculated.
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INTRODUCTION
Optical coherence tomography (OCT) plays a fundamen-
tal role in the diagnosis and management of optic nerve
pathologies, owing to its high precision and ability to
provide reliable quantitative measurements of the optic
disc and optic nerve head. This technology enables cli-
nicians to perform more accurate clinical assessments
and to monitor structural changes over time. Within oph-
thalmology, OCT has been revolutionary, offering distinct
advantages such as being non-invasive, rapid, and capa-
ble of producing high resolution images of retinal and
optic nerve structures.®” OCT is based on the principle of
interferometry. The image is generated by transmitting
infrared light through the pupil.” Moreover, OCT enables
the acquisition of images with greater speed and higher
quality.®4 The development of OCT originated from the
interferometry method, which was initially designed to
measure distances based on the presence or absence of a
reflected light signal. The technique evolved, and in 1990,
OCT was introduced as an auxiliary diagnostic tool.®!
OCT has made it possible to detect and quantify struc-
tural changes in various ocular tissues under pathological
conditions. In 1995, Schuman et al. used OCT imaging to
study the retinal nerve fiber layer (RNFL) thickness and
demonstrated a correlation between RNFL thinning and
aging in a Boston-based cohort.® Conversely, Baquero et
al. reported that standardized measurements of peripap-
illary thickness could not be established using OCT, as
some authors observed greater thickness in the superior
quadrant, followed by the inferior, temporal, and nasal
quadrants.” In cases of optic neuritis, OCT reveals thin-
ning of the retinal nerve fiber layer and may show the pres-
ence of abnormal subretinal neovascular membranes.®
Each episode of optic neuritis results in irreversible ax-
onal damage, which is readily detectable on OCT. In the
acute phase, the RNFL thickness at the optic nerve head
may appear normal or even increased in cases involving
the anterior optic nerve.®®) Chronic OCT changes, howev-
er, can reveal prior optic nerve injury. Asymmetry greater
than 5 um in the peripapillary RNFL or more than 4 umin
the ganglion cell-inner plexiform layer (GCIPL) has been
reported in autoimmune disorders such as multiple scle-
rosis (MS).1®) OCT also aids in the differential diagnosis
between MS and neuromyelitis optica spectrum disor-
der (NMOSD), as well as other retinal diseases involving
Bruch’s membrane—the elastic layer beneath the retinal
pigment epithelium (RPE).®* In retinal evaluation, OCT
provides an “in vivo biopsy,” producing high-resolution
images with axial discrimination of approximately 10

microns using color-based algorithms. Modern OCT sys-
tems now achieve near-micrometric resolution. Over the
years, OCT technology has evolved from early time-do-
main systems to more advanced spectral-domain devices,
offering superior image quality and resolution." Overall,
OCT plays a pivotal role in the diagnosis, monitoring, and
management of ocular diseases.

The morphological characteristics of the optic nerve
may vary according to geographic, ethnic, and demo-
graphic factors. Therefore, it is essential to establish
population-specific normative reference values to ac-
curately differentiate between healthy individuals and
those with optic nerve pathology. A review of major sci-
entific databases, including PubMed®, Cochrane, and
UpToDate, revealed a lack of baseline normative data or
previous studies describing optic nerve parameters in
Latin American populations, particularly in Ecuador.
Consequently, European and North American reference
standards are frequently used as benchmarks, despite no-
table anatomical and ethnic differences that may affect
OCT interpretation.

Given these disparities, the use of foreign normative
values may lead to misinterpretation of OCT findings
and potential diagnostic inaccuracies. Considering this
knowledge gap, the present study was designed to ad-
dress the following research question: What are the nor-
mative optic nerve parameters obtained through OCT in
the population of Cuenca, Ecuador?

The objective of this study was to characterize norma-
tive optic nerve parameters in Latin American patients
using OCT, during the period from 2015 to 2022.

METHODS

A retrospective, cross-sectional observational study was
conducted using data from patients with normal optic
nerve parameters obtained through OCT at the Exilaser
Ophthalmological Clinic in Cuenca, Ecuador, between
January 2015 and September 2022. The analysis was based
oninformation extracted from the institution’s electronic
database.

The study population included patients from vari-
ous regions of Ecuador who received ophthalmological
care at Exilaser, a specialized center for ocular patholo-
gy located in Cuenca. The sample comprised 290 adult
patients, representing the total number of eligible cas-
es that met the inclusion and exclusion criteria during
the study period.

The inclusion criteria comprised OCT reports from
patients aged 18 years or older who demonstrated normal
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optic nerve characteristics. Specifically, OCT scans were
included when the color-coded quadrant maps of the op-
tic nerve head were entirely green or presented with only
one yellow quadrant, indicating values within or near the
normal range. Scans displaying white coloration in any
quadrant were also included, as this denotes supernormal
values relative to the general population.

The exclusion criteria encompassed OCT scans ex-
hibiting abnormal findings in two or more quadrants of
the optic nerve head map from patients evaluated at the
Exilaser Clinic. In addition, patients diagnosed with glau-
coma, optic neuritis, or media opacities were excluded.
Scans with inadequate image quality due to motion ar-
tifacts or signal interference were also omitted from the
analysis.

Ethical approval for this research was obtained from
the Bioethics Committee of the University of Cuenca,
and formal authorization was granted by the Director of
the Exilaser Ophthalmological Center to access the in-
stitutional database. As part of routine clinical practice,
all patients provided written informed consent prior to
undergoing ophthalmological examinations, including
OCT. This consent included explicit authorization for the
use of anonymized clinical data for future academic and
research purposes, in accordance with ethical research
principles.

All data were de-identified to ensure confidentiality.
A structured data collection form was used to record sex,
age, place of origin, and OCT-derived optic nerve parame-
ters for each eye (right and left).

The OCT examinations were performed using the
Nidek Retina Scan Duo (RS-330) system, with NAVIS-EX
software (version 1.5.0.20). Only scans with an Ultrafine
Signal Quality Index (SSI) of 10/10 were included in the
analysis to ensure optimal image quality and measure-
ment reliability.

Data corresponding to the optic nerve variables
of each eye (right and left) were collected and entered
into a structured Excel database designed for this study.
The dataset included both qualitative and quantitative
variables of interest. Initial data organization and sim-
ple tabulation were performed using Microsoft Excel
2019. Subsequently, the data were exported to IBM SPSS
Statistics, version 23, for statistical analysis.

Descriptive statistics were applied to summarize the
findings. Absolute and relative frequencies were comput-
ed for qualitative variables, while means and standard de-
viations were calculated for quantitative variables. These
statistical measures were used to establish reference

values representing the range considered within normal
limits for the study population.

RESULTS

Table 1 shows how female participants predominated
(61.4%). Only 38.6% were men.

Table 1. Distribution of participants according to sex, age,
and place of origin

Sociodemographic variables

Sex

Female 196 (67.6)

Male 94 (39.2)
Age, years

19-35 53(18.3)

36-64 152 (52.4)

65 or older 85 (29.3)

Mean/standard deviation 53.22 £16.16 years
Place of origin
Azuay 178 (61.4)
Canar 45 (15.5)
Loja 20 (6.9)
El Oro 11 (3.8)
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More than half of the participants were between 36
and 64 years old (52.4%), 29.3% were older adults and
18.3% were under 36 years old, with an average of 53.22 +
16.16 years, a minimum of 18 years and a maximum of 87
years old.

The study group came from 14 parishes. The majori-
ty resided in Azuay (61.4%), 15.5% in Cafiar and 6.8% in
Loja, the rest of the parishes were represented by less than
4% each.

Table 2 shows very similar results between both eyes.
Although the minimum and maximum values were
somewhat lower in the right eye, the means only varied
by only 0.004 at most.

Table 3 reflects quite similar results between both
eyes. Although the maximum value was somewhat high-
er in the right eye, the means varied by just 0.003.

Table 4 indicates quite similar results between both
eyes. Although the range between minimums and max-
imums was greater in the right eye, the means varied by
only 0.005 mm 2at most.
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Table 2. Distribution of participants according to cup-disc
ratio (minimum and maximum values, mean, and standard
deviation)

Cup-disc relationship Right eye Left eye
Minimum 0.16 0.22
RC-D Vertical Maximum 0.89 0.94
Mean/standard deviation 0.654 +0.141 0.658 +0.14
Minimum 0.12 0.24
RC-D Horizontal ~ Maximum 0.84 0.84
Mean / standard deviation 0.592 + 0.126 0.588 + 0.134
Minimum 0.02 0.06
RC-D Global Maximum 0.72 0.76
Mean / standard deviation 0.402 + 0.151 0,402 + 0.155

RC-D:(Retina-Cup to Disc Ratio) relationship between the size of the optic nerve (cup) and the total diameter
of the optic (disc).

Table 3. Distribution of participants according to retina-min-
imum disc ratio (minimum and maximum values, mean, and
standard deviation)

Retina-minimum disc ratio Right eye Left eye
Minimum 0.01 0.01
Maximum 0.60 0.70
Mean/ standard deviation 0.110 + 0.069 0.113 + 0.073

Table 4. Distribution of participants according to average
optic disc area (minimum and maximum values, mean, and
standard deviation)

Average optical disc area Right eye Left eye
Minimum (mm?) 0.92 1.21
Maximum (mm?) 4.58 4.38
Mean / standard deviation 2.692 +0.517 2.697 + 0.527

Table 5 indicates similar results between both eyes.
Although the range between minimums and maximums
was also somewhat greater in the right eye, the means
varied by only 0.003 mm?at most.

Table 5. Distribution of participants according to excavation
area (minimum and maximum values, mean, and standard de-
viation)

Excavation area Right eye Left eye
Minimum (mm?) 0.04 0.12
Maximum (mm?) 295 2.89
Mean/standard deviation 1.114 +0.532 1.111 £0.533

Table 6 shows that the ISNT law is followed where
the largest number of nerve fibers of the optic nerve are
found in the lower quadrant, followed by the upper quad-
rant, then the nasal quadrant and finally the temporal
quadrant.

Table 7 reflects a notable decrease in both eyes in the
averages of nerve fiber layers in the retina both globally
and by quadrants with advancing age. Young adults pres-
ent much higher values than older adults, especially the
upper quadrant, the lower quadrant and at a global level,
where they exceed the average fiber layers of the young-
est to the oldest adults by more than ten units. In the
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Table 6. Distribution of participants according to average ret-
inal nerve fiber layers globally and by quadrants (minimum
and maximum values, mean, and standard deviation)

Average of retinal nerve fiber layers Right eye Left eye
Minimum 80 56
Global Maximum 135 156
Mean / standard deviation 106.32 +10.21 106.12 + 11.96
Minimum 90 72
Higher Maximum 179 188
Mean / standard deviation 131.86 + 16.7 135.02 + 18.83
Minimum 100 70
Lower Maximum 193 197
Mean / standard deviation 139.93 + 17.82 139.62 + 18.36
Minimum 50 49
Nasal Maximum 144 146
Mean / standard deviation 79.44 + 14,53 7679 +13.85
Minimum 45 49
Temporary Maximum 117 111
Mean / standard deviation 73.53 = 10.42 71.17 +9.87

nasal and temporal quadrants, the differences are not so
evident; even in the temporal quadrant, subjects aged 36
to 64 years show a higher average number of fiber layers
than those aged 18 to 35 years, for both eyes.

Table 7. Distribution of participants by age group, according
to average retinal nerve fiber layers overall and by quadrants
(mean and standard deviation)

Average of retinal nerve fiber layers,

. Right eye Left eye
19-35 111.13 £ 9.42 11042 + 14.3
Global 36-64 107.64 + 9.23 107.2 = 10.1
65 or older 100.95 + 10.18 101.51 +12.3
19-35 142.28 + 14.38 145.79 + 21.71
Higher 36-64 132.64 + 15.35 136.14 + 16.75
65 or older 123.96 + 16.58 126.29 + 16.46
19-35 146.7 £16.71 144.81 + 20.8
Lower 36-64 142.17 + 17.07 142.12 + 16.44
65 or older 131.69 + 16.99 131.93 + 17.84
19-35 83.04 £ 15.7 78.17 + 13.06
Nasal 36-64 79.92 + 14.49 77.36 + 14.25
65 or older 76.35+13.34 74.54 + 14.35
19-35 724 +11.7 70.89 +9.17
Temporary 36-64 7491 +£9.68 72.49 £ 10.24
65 or older 71.76 + 10.61 69.0+ 8.8
DISCUSSION

The study population was predominantly female, with
67.6 of participants being women, primarily over 35 years
ofage, with a mean age of 52 years, and the majority resid-
ing in the Azuay province. Similar demographic trends
were observed in other studies, such as that of Vasquez
et al.,"who also reported a predominance of female par-
ticipants, although the mean age in their cohort did not
exceed 42 years. Conversely, Chua et al.* showed a higher
mean age in their study population, with an average age
of 63 years old." Aging is the primary risk factor, repre-
senting the leading cause of blindness among individu-
als over 60 years of age."” When the macula is affected,
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central (fine) vision becomes compromised. During the
aging process, both the monolayer of the RPE and Bruch’s
membrane undergo degenerative changes, impairing the
nutritional support essential for retinal photoreceptors.
819) Tn age-related ocular diseases, it has been hypothe-
sized that glial cell migration originating from retinal
tissue at the optic disc contributes to pathological alter-
ations such as posterior vitreous detachment and foveal
hole formation.”#) Although no significant gender dif-
ferences have been reported in the general Ecuadorian
population, the predominance of women in the present
sample may be explained by their greater health-seeking
behavior and increased awareness of ocular health.
These findings demonstrate a negative correlation
between increasing age and the thickness of the retinal
nerve fiber layer. The retinal layers most affected are
those comprising the nuclei of photoreceptor cells, in-
cluding the cell bodies of ganglion and amacrine cells.®
Regarding optic nerve parameters, the vertical cup-
to-disc (C/D) ratio averaged 0.65, while the horizontal
C/D ratio was 0.59. The global C/D ratio was 0.4. The
mean disc area measured 2.69 mm? (Megalopapilla), and
the excavation area averaged 1.1 mm? The global retinal
nerve fiber layer (RNFL) thickness was 106 um, values
generally higher than those reported in previous studies.
329 Tn the study conducted by Vasquez Alania et al.
involving a mestizo population from Lima, Peru, OCT an
analysis of 184 participants yielded a mean disc area of
2.21 mm?, neuroretinal rim area of 1.37 mm? excavation
area of 0.84 mm? mean C/D ratio of 0.58, and vertical C/D
ratio of 0.55, with a mean RNFL thickness of 100.69 pm.
The authors also identified cases of megalopapilla (disc
area 2.5 mm?), whereas in the present study, the mean
disc area exceeded this threshold, and most participants
exhibited similar characteristics.®? In contrast, Chua et
al." reported smaller optic disc dimensions, with a mean
disc area of1.92 mm? cup area of 1.13 mm? axial length of
23.79 mm, and global RNFL thickness of 92.04 pm. Alasil
Tetal.? documented the thickest retinal nerve fiber layer
(RNFL) measurements in accordance with the ISNT rule.
A reduction in RNFL thickness was associated with in-
creasing age and higher degrees of myopia. Additionally,
Caucasian individuals tend to exhibit thinner RNFL val-
ues compared with Hispanic and Asian populations.
Likewise, Quifionez et al.”® documented a mean C/D ra-
tio of 0.3, RNFL thickness of 112.5 um, and regional RNFL
values of 136.9 um (superior), 144.9 pm (inferior), 83.1 pm
(nasal), and 84.7 um (temporal), with a disc area of 2.1
pum?28 and ganglion cell complex (GCC) thickness of 96.3

pum."429 The latter study, however, involved children and
adolescents, whose OCT parameters typically differ from
adult populations. Banc and Ungureanu® reported that
normative pediatric OCT findings indicate that retinal
nerve fiber layer (RNFL) thickness is largely independent
of age, sex, and laterality, whereas macular thickness var-
ies with age and tends to be greater centrally in younger
children. Additionally, refractive error and axial length
may influence certain measurements, and portable OCT
devices represent a valuable tool for imaging in uncoop-
erative pediatric patients.?°

Munoz et al.® emphasized that OCT measurements
should be interpreted with consideration of the specific
device and software used, as each system employs dis-
tinct segmentation algorithms and analytical protocols,
potentially leading to variability in reference values.

A progressive, age-related reduction in RNFL thick-
ness was observed bilaterally, both globally and across all
quadrants.® Young adults present much higher values
than older adults, especially at the upper quadrant, the
lower quadrant, and at a global level.®? Younger adults
demonstrated significantly higher RNFL values than old-
er adults, particularly in the superior and inferior quad-
rants, where mean differences exceeded 10 pm. There
are diseases that can affect this group, including schizo-
phrenia.® Nieves Moreno M, Martinez J, et al. found that
an inverse correlation between age and RNFL thickness
reflects the age-dependent decline in retinal neuronal
and glial cell density, particularly within the inner retinal
layers.®

A high frequency of macro discs was noted during
clinical evaluation, a finding corroborated by the data
and likely indicative of a distinct anatomical characteris-
tic of the local population. The age-related loss of retinal
ganglion cells has been widely reported in the literature.
Although both inner and outer retinal layers exhibit thin-
ning with age, the inner retina tends to be more markedly
affected, consistent with prior studies.

In the work of Sanna Svensson et al., conducted in
69 children aged 5-17 years, the mean macular retinal
thicknesswas288.9 um, the ganglion cell layer thickness
averaged 75.3 pm, and the circumpapillary RNFL thick-
ness was 110.0 um. These findings align with the pres-
ent study, reinforcing the notion that RNFL thickness
declines with age. In our sample, the mean RNFL was
106.32 +10.21 um in the right eye and 106.12 # 11.96 pum
in the left eye. It should be noted, however, that different
OCT devices were used. The Retina Scan Duo (Nidek RS-
330) was used with NAVIS-EX software (v1.5.0.20) in the
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present study, and the Topcon DRI Triton Plus was used
in Sanna Svensson et al.’s work, which may account for
interstudy variability.®®

Retinal nerve fiber layer thinning has been attributed
to retinal neuronal and glial cell loss associated with ag-
ing.%38 According to Mauschitz et al.®), the rate of RNFL
thinning accelerates after age 50, particularly in specif-
ic retinal layers. Importantly, their study excluded only
subjects with overt ocular disease, potentially including
individuals with early or subclinical pathologies, such
as preperimetric glaucoma, that could influence retinal
thickness measurements."”’ Current evidence suggests
that RNFL thinning occurs globally with age but may be
more easily detected in regions with higher axonal densi-
ty.®2° The physiological loss is estimated at approximate-
ly 2,500 axons per year until the fifth decade, increasing
to 7,500 axons annually thereafter.®4

The development of advanced imaging modalities
such as OCT underscores the importance of establishing
population-specific normative databases. The current
study provides valuable baseline data on optic nerve pa-
rameters and RNFL thickness in an Ecuadorian popula-
tion, contributing to the regional standardization of OCT
interpretation. The low prevalence of myopia (4%) in the
sample suggests minimal influence on mean RNFL values
of the general sample, a factor that was considered during
the analysis.

It is important to consider the ethnic diversity of
the Ecuadorian population, which includes Indigenous,
African, and European ancestry, resulting in substantial
phenotypic heterogeneity. Such variation likely contrib-
utes to differences in optic nerve morphology and OCT-
derived measurements. Additionally, the specific OCT
model, patient age distribution, and sex ratio may also
influence these parameters. Given the limited number of
comparable studies in Latin America, the establishment
of aregional normative OCT database is warranted.

Finally, this study’s external validity is limited by its
single-center design and focus on a specific geographic
region. Future multicenter investigations encompassing
diverse Latin American populations are recommended
to validate these findings and to develop comprehensive
reference standards for the region.

CONCLUSION

The study population was predominantly female, with
over half of the participants aged 36 to 64 years, and the
majority originating from the Azuay province. Overall,
the optic nerve parameters evaluated by optical coherence

tomography showed comparable values in the right and
left eyes but were significantly higher than international
reference standards for all studied variables.

A progressive, age-related reduction in the retinal
nerve fiber layer thickness was observed bilaterally, both
globally and by quadrants. Younger adults exhibited
higher retinal nerve fiber layer values than older adults,
particularly in the superior and inferior quadrants, con-
firming an inverse correlation between age and retinal
nerve fiber layer thickness.

The findings underscore the importance of con-
ducting population-specific optical coherence tomog-
raphy assessments, as substantial differences were
identified compared with established foreign reference
values. Consequently, this study contributes to the stan-
dardization of normative optic nerve parameters in the
Ecuadorian population.

Additionally, optical coherence tomography-derived
parameters in this study were consistently higher than
those reported in global datasets, suggesting the need for
the development of regional threshold or cutoff values to
improve diagnostic accuracy and early detection of optic
nerve pathology in Latin American populations.

RECOMMENDATIONS

Due to the variability in the data, future studies should
delve into personal pathological history and comorbidi-
ties that may affect the value of these parameters.

This investigation should serve as a foundation for
the establishment of normative optical coherence tomog-
raphy reference standards applicable to the Ecuadorian
population.

The promotion of studies across various ophthal-
mological institutions in the region are recommended
to compare findings among different ethnic and demo-
graphic groups, thereby enabling the creation of a com-
prehensive regional database for optic nerve and retinal
nerve fiber layer parameters.
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