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Purpose: This pilot cross-sectional study aimed to determine age-related changes of the retinal
nerve fiber layer (RNFL) thickness in retinal periphery by swept-source optical coherence
tomography-based analysis.

Methods: Forty eyes of 40 healthy subjects were studied in three age groups, group 1
(2040 years, n=15), group 2 (41-60 years, n=14), and group 3 (=61 years, n=11). Wide-
angle swept-source optical coherence tomography scans, including the optic disc and macula,
were montaged with the nasal peripheral optical coherence tomography images acquired with
a contralateral gaze. The peripapillary and peripheral RNFL thickness values were obtained
for nasal and temporal sides. The ratio of peripheral-to-peripapillary RNFL thickness was also
calculated for these sectors.

Results: We detected a significantly thinner RNFL in older than younger subjects at a distance
of 6 mm from the optic disc on nasal and temporal sides (P<<0.001). An age-related reduction in
peripheral-to-peripapillary RNFL thickness ratios (P<<0.001 and P<<0.02 for nasal and temporal
sides, respectively) was also detected.

Conclusion: The age-related decline should be taken into consideration when determining the
glaucoma-related alterations in peripheral RNFL thickness. Continued analysis in patients with
ocular hypertension and glaucoma should help determine whether RNFL in the periphery with
lower nerve tissue reserve might be more susceptible to injury, whether injury to the peripheral
RNFL might be easier to detect, and/or whether analysis of the peripheral RNFL thickness could
improve clinical diagnosis and follow-up of glaucoma.

Keywords: age, glaucoma, retinal nerve fiber layer thickness, swept-source optical coherence
tomography

Introduction

Characteristic structural alterations in optic nerve head (ONH) and retinal nerve fiber
layer (RNFL) correspond to visual field defects detected in glaucomatous eyes, and
various objective or functional parameters serve as clinical biomarkers of glaucoma.
Continuously developing new analysis techniques and structure—function models
aim for early and more accurate detection of glaucoma and its progression, thereby,
to enable early interventions to prevent further progression of the nerve injury and
the patients’ disability.'

Thickness of the RNFL can be measured in vivo by optical coherence tomography
(OCT), a noninvasive technique providing cross-sectional tomography imaging of the
retina and ONH. The OCT has been proven to be a reliable and reproducible method
to evaluate peripapillary RNFL thickness, which has been a sensitive parameter for
clinical assessment of the nerve injury in glaucoma.>* Recent technological advance-
ments have introduced swept-source optical coherence tomography (SS-OCT) with
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a longer wavelength and a higher scanning speed compared
with conventional OCT, which facilitates an enhanced
visualization of deep structures, including choroid and
lamina cribrosa.*® Furthermore, a wide-angle scan image
encompassing a large area of the posterior pole, including
both the optic disc and macula, can be obtained by SS-OCT.
Using OCT-based imaging, peripapillary RNFL thickness,
and more recently macular RNFL thickness, have been
extensively examined in glaucoma patients®!! and normal
populations.'>** Although SS-OCT is capable of analyzing
peripheral RNFL thickness, it has not been reported in glau-
coma patients or normal populations, except for a single study
that detected a significant decrease in the “mean average” of
wide-angle RNFL thickness measurements in glaucomatous
eyes (but not specifically focused on peripheral values).'¢

Although analysis of the peripheral RNFL thickness
seems promising to detect glaucoma-related damage,
for attributing any loss in peripheral RNFL thickness to
glaucoma, age-related changes should first be taken into
consideration. This is because aging-related injurious pro-
cesses increase the overall risk of nerve injury, and changes
beyond the age-related decline should be related to disease.
Although aging-related injury to retinal ganglion cells and
RNFL has been reported in various histopathological'72° and
clinical studies,'? " the magnitude of age-related changes in
the peripheral RNFL thickness is unknown. Based on the
threshold theory that suggests the concept of brain reserve
capacity as a major factor in the onset of clinical symptoms
after brain injury or neurodegenerative disease,??? it is
further stimulating to determine whether the age-related
decline of RNFL thickness could be more prominent,
or more easily detectable, in the peripheral retina with a
lower reserve of the nerve tissue. In fact, ongoing glau-
coma research similarly indicates the association of thinner
RNFL at baseline with glaucoma development.?>° In order
to establish a baseline for analysis of the peripheral RNFL
thickness in glaucoma, this pilot study aimed to determine
age-related changes in the peripheral RNFL thickness by
SS-OCT-based analysis.

Methods
Study participants

Retinal images were acquired from 49 healthy volunteers
who were recruited from departmental employees, their
relatives, or patients’ companions, after a written informed
consent was obtained. A complete medical history was taken
from all participants, and they underwent a full ophthalmic
examination for the best-corrected visual acuity, the spherical

equivalent refractive error, visual field testing, intraocular
pressure measurement, slit-lamp examination, and dilated
examination of the optic disc and fundus. All procedures were
approved by the Columbia University Institutional Review
Board and were conducted in adherence with the tenets of
the Declaration of Helsinki.

The inclusion criteria included an age of >20 years, a
best-corrected visual acuity of 20/30 or better, a spherical
refraction within £5.0 D, a cylinder correction <3.0 D, an
axial length <26 mm, no media opacities that interfere with
fundus imaging, normal clinical ocular findings with no
evidence for optic nerve or chorioretinal pathologies (that
could interfere with our analysis in the retinal periphery), an
intraocular pressure of <22 mmHg, and a normal visual field
test result as determined by standard automated perimetry
and 24-2 Swedish interactive threshold algorithm (Humphrey
visual field analyzer, Carl Zeiss Meditec Inc., Dublin, CA,
USA) with <30% fixation losses, false-positives and false-
negatives.

Based on our exclusion criteria, none of the study par-
ticipants had ocular hypertension, glaucoma, a family his-
tory of glaucoma, or any other ocular or systemic disease
that could affect their RNFL thickness. None of the study
participants were using any drug treatment and none were
smokers. One eye was randomly chosen if both eyes were
eligible for the study.

Imaging and measurement of the RNFL

thickness
Retinal images were acquired using the swept-source Deep
Range Imaging-OCT (DRI-OCT-1, Topcon, Tokyo, Japan).
Three scans were performed for each eye: 1) a wide-angle
scan including both the optic disc and the macula, 2) a 3D
(horizontal) disc circle grid scan, and 3) nasal peripheral OCT
images acquired with a contralateral gaze, which is not a part
of the routine wide-angle OCT imaging. The 12X9 mm wide-
angle SS-OCT scan centered on the posterior pole comprises
256 B-scans, each comprising 512 A-scans. These wide-angle
en-face OCT images were montaged with the nasal peripheral
OCT images. The composite image included a retinal area of
up to 10 mm nasal and 8 mm temporal to the optic disc, and
3 mm superior and inferior to the optic disc (Figure 1).
The Deep Range Imaging-OCT segmentation software
(Topcon) was used to identify the limits of the RNFL as
the area between the internal limiting membrane and the
inner boundary of the retinal ganglion cell layer (Figure 2).
The peripapillary RNFL thickness was determined by the
Deep Range Imaging-OCT 3D (horizontal) disc circle grid
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Figure | Retinal images were acquired using the swept-source Deep Range Imaging-OCT (DRI-OCT-1, Topcon, Tokyo, Japan).
Note: Montaging the routine wide-angle OCT image with the nasal peripheral OCT image (acquired with a contralateral gaze) yielded the composite image with a larger
field, including up to 10 mm nasal and 8 mm temporal to the optic disc, and 3 mm superior and inferior to the optic disc.

Abbreviation: OCT, optical coherence tomography.

scan protocol that acquires the 6x6 mm images focused on
the optic disc for measurement by automated placement of
a 3.4-mm diameter circle centered on the disc. The circle
placement was manually adjusted, when necessary. Our
analysis included the peripapillary RNFL thickness values
obtained for nasal and temporal sides. The studied periph-
eral RNFL thickness values that were also obtained using
the Deep Range Imaging algorithm of the Topcon SS-OCT
included the vertically oriented three 1x1 mm squares at
a distance of 6 mm from the optic disc on temporal and
nasal sides. The ratio of the peripheral-to-peripapillary
RNFL thickness was then calculated for the two sectors.
The reproducibility of measurements was assessed based

on consecutive scans acquired by the same operator, and
within-subject coefficient of variation that was calculated as
the square root of the variance divided by the mean RNFL
thickness of the repeated measures (0.04+0.02) showed
good repeatability.

Statistical analysis

The statistical analysis was performed using the commercial
statistical software (SigmaPlot, version 12.5, Systat Software,
San Jose, CA, USA). A y” test was used for comparison of
demographics between the age groups. The Kruskal-Wallis
one way analysis of variance on ranks was used for compari-
son of the RNFL thickness (and the peripheral-to-peripapillary

Figure 2 The Deep Range Imaging-OCT segmentation software (Topcon, Tokyo, Japan) was used to identify the limits of the retinal nerve fiber layer as the area expanding
from the internal limiting membrane to the inner boundary of the retinal ganglion cell layer.

Abbreviation: OCT, optical coherence tomography.
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RNFL thickness ratio) obtained from different age groups.
In addition, linear regression analysis was used to determine
the relationship between RNFL thickness (and the peripheral-
to-peripapillary RNFL thickness ratio) and age. A P-value
of <0.05 was considered statistically significant. All data
are presented as mean + SD.

Results
Forty-nine healthy subjects were included in this study;
however, nine eyes were excluded from subsequent analysis
because of clipped or poorly focused images or motion
artifacts. Consequently, 40 eyes of 40 healthy white subjects
(22 females and 18 males; y* test, P>0.05) were studied in
three age groups. Group 1 (2040 years) consisted of 15 eyes,
group 2 (41-60 years) consisted of 14 eyes, and group 3
(=61 years) consisted of 11 eyes.

For comparison of the peripheral RNFL thickness
between different age groups, only the data corresponding

to 6 mm distance from the optic disc were evaluated,
because the data collected beyond this distance were almost
null in groups 2 and 3. Figure 3 shows three representa-
tive composite images obtained from different age groups
containing the RNFL thickness data. Table 1 presents the
peripheral RNFL thickness (mean = SD) at 6 mm from the
optic disc (nasally and temporally) in three age groups.
Our group comparison detected an age-related decline in
the peripheral RNFL thickness (the Kruskal-Wallis one
way analysis of variance on ranks, P=0.002 and P=0.001
for nasal and temporal sides, respectively). As also illus-
trated in Figure 4, the age-related decline detected in the
peripheral RNFL thickness was 5.7-fold and 1.3-fold for
nasal and temporal sides, respectively. Note that perhaps
due to lower thickness of the nerve fiber layer in the retinal
periphery, a prominent inter-individual variability was
detectable, particularly for the nasal side with higher rate
of age-related thinning.
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Figure 3 The representative composite images obtained from different age groups containing the retinal nerve fiber layer thickness data: (A) Group I, (B) Group 2,
and (C) Group 3.
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Table | The peripheral RNFL thickness

Table 2 The peripheral-to-peripapillary RNFL thickness ratio

Group | Group 2 Group 3 P-value* Group | Group 2 Group 3 P-value*
(n=15) (n=14) (n=11) (n=15) (n=14) (n=11)
Nasal 11.80+8.56 4.38+3.94 2.06+3.09 0.002 Nasal 0.17£0.11 0.08+0.07 0.03+0.05 0.002
Temporal 24.5112.42 21.64+3.51 18.52+3.35 0.001 Temporal 0.39+0.06 0.33%0.07 0.32+0.07 0.02

Notes: Data are presented as mean + SD. *The Kruskal-Wallis one way analysis
of variance on ranks.
Abbreviation: RNFL, retinal nerve fiber layer.

Table 2 presents the peripheral-to-peripapillary RNFL
thickness ratio (mean = SD) in different age groups (also
illustrated in Figure 5). An age-related decline was also
detectable in the peripheral-to-peripapillary RNFL thickness
ratio (5.7-fold and 1.2-fold for nasal and temporal sides,
respectively). This decline detected by group comparison
was found to be statistically significant (the Kruskal-Wallis
one way analysis of variance on ranks, P=0.002 and P=0.02
for nasal and temporal sides, respectively).

In addition to group comparisons, linear regression
analysis detected a negative correlation between the periph-
eral RNFL thickness and age (R=0.549, P<<0.001; and
R=0.612, P<<0.001 for nasal and temporal sides, respectively).
An age-related decline in the peripheral-to-peripapillary
RNFL thickness ratio for nasal (R=0.542; P<<0.001) and
temporal sides (R=0.362; P=0.02), more prominent nasally,
was also detected by linear regression analysis. Figure 6
shows scatterplots of the relationship between the peripheral
RNFL thickness and age.

Discussion

Using SS-OCT-based imaging, this pilot study detected an
age-related decline in the peripheral RNFL thickness (at a
distance of 6 mm from the optic disc, nasally and temporally).
When accounting for decreased peripheral-to-peripapillary
RNFL thickness ratios with aging, the age-related decline

Peripheral RNFL
thickness

Group 1

Group 2
Age groups

Figure 4 The peripheral RNFL thickness in different age groups.
Abbreviation: RNFL, retinal nerve fiber layer.

Notes: Data are presented as mean + SD. *The Kruskal-Wallis one way analysis
of variance on ranks.
Abbreviation: RNFL, retinal nerve fiber layer.

detected in the peripheral RNFL thickness may be suggested
to occur earlier than that in the peripapillary RNFL thickness;
however, this observation should be validated by longitudinal
analysis of individual eyes over time. In addition, the age-
related decline that we detected in the peripheral RNFL
thickness and the peripheral-to-peripapillary RNFL thick-
ness ratio exhibited a trend toward being more prominent
in the nasal retina compared with the temporal side. This
relative preservation of the temporal RNFL, consistent with
aprevious study of age-related RNFL injury,'* also warrants
further investigation.

It is commonly recognized that the aging-related
deterioration may be synergistic or additive in increased
susceptibility for glaucomatous injury. Epidemiological
studies consistently recognize aging as a major risk factor for
glaucoma,**?” glaucomatous human tissues exhibit an accel-
erated aging process,”® and the pathogenesis of glaucoma-
tous neurodegeneration involves aging-related processes.”
Apart from the aging-related pathogenic processes that can
promote initiation and progression of glaucoma, the normal
age-related decay of RNFL thickness!'?"'* may also impact the
clinical assessment of glaucoma.** Undoubtedly, definition
of disease progression requires the consideration of this age-
related decline, and only the changes beyond normal aging
effect should be attributed to glaucoma. Our observations
suggest that a similar consideration of the normal aging effect

Peripheral-to-peripapillary
RNFL thickness ratio
o o o o
- N w N
L
SRR

Group 2
Age groups

Figure 5 The peripheral-to-peripapillary RNFL thickness ratio in different age groups.
Abbreviation: RNFL, retinal nerve fiber layer.
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temporal sides, respectively) and the peripheral-to-peripapillary RNFL thickness ratio obtained for nasal (R=0.542; P<<0.001) and temporal sides (R=0.362; P=0.02).

Abbreviation: RNFL, retinal nerve fiber layer.

is important for interpretation of glaucoma-related alterations
in the peripheral RNFL thickness as well.

Peripapillary RNFL thickness is a well-known clinical
parameter to evaluate glaucoma, and it has been measured

911 and studies of different

in many studies of glaucoma
age groups in normal populations.'>'> However, very little
is known about peripheral RNFL thickness within healthy
populations or patients with glaucoma or other neurodegen-
erative diseases. To our knowledge, this is the first report
of peripheral RNFL thickness in healthy subjects. Only a
single study has previously evaluated the peripheral RNFL
thickness using conventional wide-angle scans and detected
a significant decrease in the mean average of RNFL thick-
ness in glaucomatous eyes.' The investigators have found
the SS-OCT-based RNFL thickness measurements reliable
to detect glaucomatous damage. However, since wide-angle
scan showed a lower performance in the nasal periphery
when compared with other sectors, mean average values
of the nasal RNFL thickness have been calculated from
three 1x1 mm squares as opposed to twenty-four 1x1 mm
squares in the temporal retina. To overcome this limitation
in the present study, we also acquired nasal images with a
contralateral gaze and montaged the images for obtaining a

composite image. This approach made it possible to examine
more peripheral RNFL and allowed us to observe age-related
changes in the peripheral RNFL thicknesses. In montaged
images, RNFL thickness values could be displayed for up to
10 mm nasal and 8 mm temporal to the optic disc; however,
since the RNFL thickness was too thin for measurements
beyond 6 mm, particularly for age groups 2 and 3, only the
measurements at 6 mm to the optic disc were included in the
study. Analysis of the peripheral RNFL thickness beyond
this limit seemed to be unreliable, at least with the present
methodology.

Thus, our analysis provided additional information on
the nasal peripheral RNFL thickness over routine wide-angle
RNFL analysis, which already provided data for temporal
peripheral RNFL thickness. A weakness of our study was
a relatively small sample size for different age groups.
Technical difficulty in obtaining a proper composite image
may also be considered as a disadvantage. In particular,
motion artifacts created challenge in montaging of the images
that lied in the same plane for continuity of retinal structures.
The images suitable for montaging could be obtained only
from highly cooperative subjects. However, it should be
clarified that since this study compared temporal and nasal

submit your manuscript

406

Dove

Clinical Ophthalmology 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Age-related changes in the peripheral RNFL thickness

peripheral RNFL thicknesses at 6 mm from the optic disc,
montaging was not even necessary. The nasal peripheral
images acquired with a contralateral gaze were actually self-
sufficient to collect the RNFL thickness data for the nasal
periphery. Our pilot data support the informative importance
of peripheral RNFL analysis and encourage additional studies
that can be further facilitated by employing the newer OCT
systems not needing image montaging.

Our analysis was based on cross-sectional data. It would,
of course, be ideal if changes in the peripheral RNFL thick-
ness could be studied in each individual longitudinally, so
that true thickness changes between different age groups
could be measured over time. Correlation of the age-related
profile of peripheral RNFL thickness to visual field func-
tion should also be established. The age-related decline in
standard automated perimetry thresholds per decade has
been estimated to be greater peripherally than centrally.’!
Besides standard automated perimetry, short-wavelength
automated perimetry and frequency-doubling technology
perimetry have also exhibited a slightly greater effect of
aging in the periphery.*? In addition to age-related changes,
peripheral visual field analysis may be useful to validate
the informative importance of peripheral RNFL analysis in
patients with glaucoma. Even if glaucoma has traditionally
been considered to affect the peripheral visual field in early
disease stages,” following studies have demonstrated that
central, paracentral, and peripheral scotomas are developed
through glaucoma progression.'3*¥ However, a more recent
study using automated kinetic perimetry of the peripheral
field has detected strikingly different defects in periph-
eral visual fields of patients with a similar defect in their
central visual field.*

We hope that successive analysis in patients with ocular
hypertension and glaucoma could help determine whether
analysis of the peripheral RNFL thickness could improve
clinical detection of glaucoma or disease progression.
Interestingly, the threshold theory has suggested the concept
of brain reserve capacity as a major factor for initiation of
clinical symptoms after brain injury or neurodegenerative
disease.?'*? In the field of glaucoma, a thinner RNFL at base-
line has also been associated with glaucoma development as
an independent predictor.?** However, some studies have
associated a greater baseline RNFL thickness with a faster
rate of age-related" or glaucoma-related injury,’”*® which
was explained by accompanying alterations in the glial tissue
component.*® It is therefore highly motivating to analyze
the peripheral RNFL thickness in glaucoma in order to deter-
mine whether the lower nerve tissue reserve might increase
the susceptibility of peripheral RNFL to glaucomatous injury

(due to mechanical/vascular/inflammatory stress in eye wall
structures). This aspect stimulates more work because it
could be a shared factor that might also be associated with
speedy disease progression in many patients with late stages
of glaucoma despite treatment (where only a small number
of retinal ganglion cells and nerve fibers remain).*> On the
other hand, any injury to the peripheral RNFL (which may
correspond to a higher percentage of the present nerve tissue
compared with other retinal regions with a thicker RNFL)
might be easier to detect. Although the rate of change as a
proportion to baseline might be faster in areas with thin base-
line RNFL as in the periphery, the ability to reliably detect
glaucoma-related changes in these areas could be problematic
due to poorer signal to noise ratio or instrumental artifacts.
Continuously evolving new OCT systems are expected to
further improve the analysis of peripheral RNFL thickness
and provide important contributions to the data obtained
from the analysis of peripapillary and macular regions for
glaucoma diagnosis and follow-up.

Conclusion

Findings of this study indicate an age-related decline in
peripheral RNFL thickness, which should be taken into
consideration when determining the glaucoma-related
alterations.
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