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Myopia is rising as a silent epidemic across the globe with marked ocular morbidity and pathological changes. The retinal nerve fiber layer
(RNFL) thinning is indicative of glaucomatous damage; it remains uncertain whether RNFL thickness would vary with the refractive status of
the eye. It is therefore important to investigate whether any correlation exists between RNFL measurements and axial length/refractive errorin
myopia. Purpose. To assess the peripapillary RNFL thickness by spectral domain optical coherence tomography (SD-OCT) and to determine
the correlation between axial length and peripapillary RNFL thickness in myopia patients. Material and methods. A total of 100 patients
(200 eyes) with low, moderate and high myopia (ave -3.58 £ 2.45 D) aged 15 to 40 years were examined to assess the peripapillary RNFL
thickness by SD-OCT and to determine the correlation between axial length (AL) and peripapillary RNFL thickness myopia patients. Results.
Average 360-degree RNFL thickness (mean = SD) was 92.25 + 10.04 um. In the low myopic group this parameter was 98.82 £ 6.67 um,
in the moderate myopic group — 89.28+5.23 um, and in the high myopic group — 78.54 = 7.32 um. The average 360-degree mean RNFL
thickness in patients with AL < 24 mm was 100.06 £ 5.92 um, in patients with AL between 24—26 mm — 89.48 + 4.59 um, and in patients
with AL > 26 mm — 78.2 £ 6.77 um. There was significant association between thinning of the average 360-degree RNFL thickness with
increasing degree of myopia and AL (p < 0.0001). Conclusion. The study shows RNFL thickness decreases with increase in refractive error
and increase in axial length of myopic eyes. The degree of myopia may affect the RNFL thickness differently.
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Ilo 6cemy mupy Habarooaemcs snudemuueckuil pocm 3a604e6aemocmu OAU30PYKOCMbIO ¢ NAMOA0UYECKUMU USMEHEHUAMU 2Aa3
muonuveckoeo eeneza. Mcmonuenue crosn Hepsnvix 6oaokon cemuamku (CHBC) accoyuuposano ¢ enaykomMHbiM nopajcenuem, Ho
ocmaemcs HescHblM, mensemcs au moawuna CHBC ¢ 3asucumocmu om pe@pakyuoHHo20 cmamyca ena3a. B céa3u ¢ amum 6axscHo
BbIACHUMDb, cyujecmeyem AU Kakas-aubo koppeaayus mexcdy moawurnoii CHBC u akcuanvHoll daunoil/anomanrueil pegppaxkyuu npu
oauzopykocmu. Ileab pabomor — oyenums moawuny nepunanuinsiproeo caros CHBC ¢ nomowbio cnekmpaibHoil onmu4eckoll KoeepeHmHou
momoepaghuu (SD-OKT) u onpedeaums koppeasyuro mexncdy oauroil nepedre-3aoueii ocu (I130) enaza u moauwuroil nepunanuaisgpHo2o
CHBC y nauyuenmoes ¢ muonueii pazauunoii cmenenu. Mamepuaa u memoowt. Ilepunanuanspuyio moawury CHBC uzmepsiu memooom
SD-OKTy 100 nayuenmos (200 ena3) ¢ muonueii caaboii, cpeoHell u evbicokoli cmenenu (6 cpednem -3,58 + 2,45 onmp) 6 éo3pacme om
15 0o 40 rem u ouenusanu Koppeasyuro ee snavenuil ¢ oauxoil 1130. Pesyavmamut. Cpeouss moawuna CHBC na 360° (mean + SD)
cocmasuna 92,25 + 10,04 mkm. B epynne caaboii muonuu eeauuuna s3moeo nokazamens ovira 98,82 + 6,67 mkm, 6 epynne muonuu cpeorei
cmenenu — 89,28 + 5,23 mkm, 6 epynne gvicokoil muonuu — 78,54 £ 7,32 mxm. Cpeounss moawuna CHBC na 360° y nauyuenmos c
1130 < 24 mm cocmasuaa 100,06 £ 5,92 mkm, y nayuenmog ¢ I130 om 24 do 26 mm — 89,48 £ 4,59 mxm, a y nauuenmoe c I130 > 26 mm —
78,2 % 6,77 mkm. Boisienena snauumenvras ceszo medcdy ymenvuienuem cpeoreii moaujunvl CHBC na 360° c yseauuenuem cmenerHu Muonuu
ul130 (p <0,0001). 3axarouenue. Torwuna CHBC ymenvuaemcs c yseauvenuem anomaruu pegppaxuuu u yseauueruem I[130 6auzopykux
ena3. Cmenens Muonuu moxcem no-pasHomy eauame Ha moauury CHBC.

KioueBble cj10Ba: MUOMUS; CJIOM HEPBHBIX BOJIOKOH CETYATKM; CTIEKTPaJibHAsI ONTUYECKAasl KOrepeHTHasi ToMorpadust

KouduukT uHTEpPECOB: OTCYTCTBYET.

IIpo3pauHocTh GUHAHCOBOI AEATETBHOCTH: HUKTO U3 aBTOPOB HE MMeeT (PMHAHCOBO 3aMHTEPECOBAHHOCTHU B MIPEICTABJIEHHbBIX
Marepuasiax uiu MeTojax.
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Myopia is worldwide common type of refractive error and
is a major threat for visual health. In some of the Asia-Pacific
countries, the increase in prevalence has reached an epidemic
scale. As Singapore estimates, 38.7% of adults are myopic,
while 9.1% are high myopes [1]. The ocular morbidity related
to myopia presents a major public health concern. Global
prevalence of myopia in 2010 was 28.3% and this is projected
to increase to 33.9% of the global population in 2020 and
49.8% in 2050 [2].

In India population-based studies, myopia prevalence
ranged from 3.6 to 36.5%, while school-based and hospital-based
studies reported rates of 7.5 to 8.6% and 9%, respectively [3—6].
Notably, studies primarily encompassed individuals 15—40 years,
Tamil Nadu's population over 39 years rates varied between 17 and
31% [7]. In Pondicherry a single study observed a prevalence of
35.6% in those 15—39 years [8]. Additionally, R. Prema et al. noted
higher prevalence in rural (31%) than urban areas (17%) [8, 9].
In Chattisgarh the prevalence of myopia among adults aged more
than 15 years found to be 21.2% [10].

Myopia, particularly high myopia, results in marked
pathologic changes, such as posterior staphyloma, scleral thinning,
large tilted optic discs, Fuchs' spot, large cup to disc ratios, thin
lamina cribrosa and localized retinal nerve fiber layer (RNFL)
defects. The myopic eyeball is enlarged with the increase of axial
length and stretching beyond normal dimensions, which may lead
to the thinning of the retina [11—13].

The axial length (AL) is the distance between the anterior
surface of the cornea and the fovea in retina. A 1 mm error in
AL measurement results in a refractive error of approximately
2.35Dina23.5 mmeye. A 1-mm elongation of AL without other
compensation is equivalent to a myopic shift of -2 or -2.5 D [14].

One of the potentially blinding ocular diseases associated
with myopia is glaucoma which is characterized by progressive
degeneration of retinal ganglion cells. The risk of developing
glaucoma is 2—3 times higher in myopic individuals than in
non-myopic individuals [15]. However, the clinical diagnosis of
glaucoma in such patients is challenging because of the pre-existing
myopic changes in the retina and the optic disc [16]. Currently,
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glaucoma is diagnosed by changes in the appearance of the optic
disc, retinal nerve fiber layer (RNFL) thickness and visual field
changes [17].

Optical coherence tomography (OCT) is an emerging as
a powerful imaging technology for performing high-resolution
cross-sectional imaging. It enables high-resolution evaluation of
structures within the retina in vivo and tissue structure on the micron
scale in situ and in real time [18]. It has become one of the most
widely used equipment for assessing the fovea and peripapillary
nerve fiber layer. The latest spectral domain optical coherence
tomography (SD-OCT) provides reliable and reproducible
high axial scanning resolution (< 10 um) measurements of the
peripapillary RNFL [19, 20].

Although RNFL thinning is indicative of glaucomatous
damage, it remains uncertain whether RNFL thickness would
vary with the refractive status of the eye. It is therefore important
to investigate whether any correlation exists between RNFL
measurements and axial length/refractive error in myopia, with
regard to the observation that the risk of development of glaucoma
is increased with an increasing degree of myopia.

OBJECTIVES

1. To assess the peripapillary RNFL thickness by spectral
domain optical coherence tomography (SD-OCT) in myopia
patients.

2. Todetermine the correlation between AL and peripapillary
RNFL thickness myopia patients.

MATERIAL AND METHODS

After obtaining institutional ethical clearance, this hospital-
based cross-sectional study was conducted under the Department
of Ophthalmology, Jawaharlal Nehru Hospital and Research
Centre, Bhilai Chhattisgarh, India for a period of September 2017
to August 2019. The study population consisted on myopia patients
attending ophthalmology out-patient department for refractive
error evaluation.

Inclusion Criteria. Myopia patients in the age 15 to 40 years,
willing to participate and give informed consent.

Exclusion Criteria. 1) patients with a history of severe ocular
trauma, previous intraocular or refractive surgery, refractive error
other than myopia, amblyopia, strabismus, coexisting retinal
diseases, uveitis, corneal abnormalities, media opacities and
eyes with peripapillary atrophy, which may influence ONH edge
detection; 2) diagnosed cases of all types of glaucoma, ocular
hypertension or those with intraocular pressure (IOP) > 21 mm
Hg in either eye; those showing evidence of a reproducible visual

Table 1. Distribution of study participants according to their age and
gender

Tamuua 1. PacnipenesieHre maieHTOB B 3aBUCUMOCTH OT BO3pacTa 1
rnosa

Age, years Myopic patients, %
Boapacr, et IMauveHTsl ¢ Muonueit, %
15-20 24
21-30 48
31-40 28

Gender

ITon

Male 45
MyXXUMHBI
Female 55
JKeHIIMHBI
Total 100
Bcero

field defects in either eye as detected using the Humphrey Visual
Field analyzer; 3) patients with neurological disorder.

Sample Size. To calculate the sample size we have taken r
(the sample correlation between average RNFL thickness and
AL) = -0.314 from previous study [13].

2
Z“+Zﬁ

C(r)

Where, z,= 1.96, Z,=0.842, C(r) =0.5log (1+1/1-r), N=78

To increase the power of the study and to avoid loss of data,
a total sample size of 100 was taken.

A total of 100 myopic patients were randomly selected and
recruited for the study with their informed consent, followed
by history taking, clinical examination, refractive correction,
intraocular pressure measurement, fundus examination, visual
field testing, AL measurement and RNFL measurement by cirrus
HD SD-OCT.

All 200 eyes were divided into three groups depending
upon refractive status: low myopia with a spherical equivalent
of (SE < -3.00 D), moderate myopia (SE between -3.00 D
and -6.00 D), high myopia with a spherical equivalent of
(SE > -6.00 D), and also depending upon the AL of the myopic
eyes. The first group had an AL of < 24 mm, the second group had
an AL of 24—26 mm, and the third group had an AL of > 26 mm.

RNFL measurement by Cirrus HD SD-OCT. SD-OCT
imaging: The thickness of the peri-papillary RNFL was measured
through the dilated pupil using SD-OCT (Cirrus 4000 HD OCT
system, Version: 5.1.1.4). RNFL thickness was measured with
the fast RNFL scanning protocol (256 A-scans). After proper
alignment, three 200 x 200-cube optic disc scans were obtained
per eye by centering a circle of fixed diameter (3.4 mm) on
the disc. Centration around the optic nerve head was assessed
by the operator subjectively by aligning the midpoints of
the horizontal and vertical axes. Scans with signal strength below
6 were discarded, and the scan with the highest signal strength
and least eye movement was selected. All scans were done by
same operator. This scan determines the global RNFL thickness
as well as the average RNFL thickness in the superior (46°—135°),
nasal (136°—225°), inferior (226°—315°) and temporal (316°—45°)
quadrants. Three consecutive readings for RNFL thickness were
taken and averages computed. Repeat scans were taken if the signal
strength of the scan indicated as poor on the display. Mean RNFL
thickness was generated by automated computerized program in
the analysis report and compared with the built in age-matched
normative database.

N =

RESULTS

Table 1 shows the age- and gender-wise distribution of study
participants (n = 100). The participants belong to the 15—40 year
age group, with the majority of cases (48%) at the age of 21—
30 years. The male-female ratio in this study was 0.8:1.

Table 2 shows the distribution of study participants according
to their degree of myopia and axial length. The total 200 eyes of
100 patients were categorized on the basis of low myopia, moderate
myopia, and high myopia, and the observed values in each segment
were 52%, 29.5%, and 18.5%, respectively. The mean refractive
error was -3.58 + 2.45 D. Similarly, the AL of observed myopic
eyes was categorized as < 24 mm, 24—26 mm, and > 26 mm, and
the observed values in each segment were 46.5%, 34.5%, and 19%,
respectively. The mean AL was 24.55 = 1.47 mm (mean £ SD).

Table 3 shows the average 360-degree mean RNFL thickness
in the low myopic group was 98.82 + 6.67 um, in the moderate
myopic group was 89.28 £ 5.23 um, and in the high myopic
group was 78.54 & 7.32 um. Average 360-degree RNFL thickness
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(mean £ SD) in all 200 eyes was 92.25 £ 10.04 um. The ‘p’ value
was < 0.0001, which was significant. So there was a significant
association between thinning of the average 360-degree RNFL
thickness and an increasing degree of myopia.

Table 4 shows the average 360-degree mean RNFL thickness
in patients with AL < 24 mm as 100.06 £ 5.92 um, in patients
with AL between 24—26 mm as 89.48 & 4.59 um, and in patients
with AL > 26 mm as 78.2 & 6.77 um. Average 360-degree RNFL
thickness (mean = SD) in all 200 eyes was 92.25 + 10.04 pm.
The ‘p’ value was < 0.0001, which was significant. So there
was a significant association between thinning of the average
360-degree RNFL thickness and increasing AL.

Table 5 reveals significant associations between AL and
RNFL thickness in myopic patients using Pearson correlation
analysis. The RNFL thickness at various quadrants demonstrated
strong negative correlations with AL, indicating that as AL
increases, the average and quadrant-specific RNFL thickness
tends to decrease. Notably, these relationships were consistent
for both the right and left eyes. The findings suggest a potential
influence of AL on RNFL thickness, emphasizing the importance
of considering ocular biometrics in assessing structural changes
in myopic individuals, particularly in the context of clinical
evaluations and interventions.

DISCUSSION

The study reported highest degree of myopia was seen in
patients of 21-30 years of age followed by 31—40 years and 15—
20 years. The mean spherical equivalent of refractive errors (SE)
was -3.58 + 2.45 D, ranges from -0.75 D to -12 D. SE in our study
was comparable to N. Akhtar, et al [21]; the mean SE in their study
was -3.25 £1.93 D (-0.5 to -7.37). D. Singh, et al [22] showed a
greater mean SE because they chose a significantly more myopic
sample, enriched for SE greater than 4 D (70% of their subjects).

The mean AL in our study was 24.55 + 1.47 mm and ranges
from 21.91 to 28.43 mm. Similar result observed by comparable
to N. Akhtar, et al [21] and D. Singh, et al [22] and it was lower
than the studies by S. Ahmed, et al [23].

There was a significant association between thinning of
average 360 degree RNFL with increasing degree of myopia
(p < 0.0001). So it is obvious from our study that Average
360 degree RNFL thickness decreases with increase in degree of
myopia. Similar trend observed by D.Singh, et al [22], S. Ahmed,
etal [23] and A. Kamath, et al [24]. However, our study result was
dissimilar to the studies S. Hoh, et al [25] and S. Hsu, et al [26].
Explanation for this discrepancy is that the latter studies may have
been limited by the poorer resolution of the earlier generation OCT
and confocal laser devices and thus lower sensitivity.

The study reported decrease in average 360 degree RNFL
thickness with increase in AL. There was a significant association
between thinning of RNFL in average 360 degree with increase in
AL (p<0.0001). Average 360 degree RNFL thickness (mean + SD)
in all 200 eyes was 92.25 £ 10.04 um. Similar result observed by
MAR M. Akram, et al [27], he concluded that there was decrease
in the average 360 degree RNFL thickness with increase in AL.
C. Murugan, et al [28] also showed that there was a decrease in
RNFL thickness in each quadrant with increase in AL. A. Dhami,
et al [29] found that the average RNFL showed statistically
significant thinning with the increasing AL.

CONCLUSION

The study reported RNFL thickness decreases with increase
in refractive error and increase in AL of myopic eyes. The degree
of myopia may affect the RNFL thickness differently. The SD-
OCT provides better axial resolution and faster scanning for RNFL
thickness measurement and it can be used as tool to predict myopia

Table 2. Distribution of study participants according to degree of myopia
and axial length

Tamuua 2. PacripeenieHue naiydeHToB B 3aBUCUMOCTH OT CTENIEHU
MUOIKU U BemunHbI [130

Degree of Myopia Axial length, mm | Myopic patients

myopia Muonust 130, mm ITamueHTH ¢

CreneHb n (%) MUOTHeHi

MUONUU n (%)

Low 104 (52) <24 93 (46.5)

Cnabas

Moderate 59 (29.5) 24-26 69 (34.5)

CpenHsst

High 37 (18.5) >26 38 (19)

Bricokas

Total 200 (100) Total 200 (100)

Bcero Bcero

Refractive error-3-3.58+2.45 D Axial length 24.55+1.47 mm
Pedpaxkius -3,58+2,45 nntp T130 24,55+1,47 mMm

Mean + SD

Table 3. Average 360 degree mean RNFL thickness measurement in
different degree of myopia

Tamuua 3. Cpennee 3Hauyenue rouabl CHBC Ha 360° pu
Pa3IMYHBIX CTENICHSIX MUOTTAN

Degree of Myopia No. of eyes Mean RNFL p-value
Crenenb muonuu | KonmnyecTtBo rinas thickness, pm
n (%) CpemHsst ToIIHA

CHBC, MM
Low 104 (52) 98.82 £ 6.67 <0.0001
Crnabast
Moderate 59 (29.5) 89.28 £5.23
Cpennsist
High 37 (18.5) 78.54 £7.32
Bricokast
Total 200 (100) 92.25+10.04
Bcero

Note. RNFL— retinal nerve fiber layer.
IIpumeuanue. CHBC — ci10ii HEpBHbBIX BOJIOKOH CETYATKMU.

Table 4. Average 360 degree mean RNFL thickness measurement of
subgroups classified on AL
Tamuua 4. Cpennee 3HauyeHue trommnabl CHBC Ha 360° wist moarpy,
knaccudumpoBaHHbIx 1o [130

Axial length, mm No. of eyes RNFL thickness, um | p-value
130, mm KonnuectBo rnaz | TommmuHa CHBC,
n (%) MKM
<24 93 (46.5) 100.06 + 5.92 <0.0001
24-26 69 (34.5) 89.48 +4.59
>26 38 (19) 78.2£6.77
Total 200 (100) 92.25 £10.04
Bcero

Note. RNFL— retinal nerve fiber layer.
IIpumeuanue. CHBC — ci10ii HEpBHBIX BOJIOKOH CETYATKHU.

progression. Prevalence of glaucoma is higher in myopic patients;
thus, myopia may be a confounder in addition to being a risk factor.

Recommendation. For analyzing RNFL in myopic subjects,
the normative database alone may be misleading, and refractive
error and AL should always be considered in the interpretation of
RNFL measurements. Knowledge and awareness about the risk
of development of glaucoma among the myopic patients must
be created.
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Table 5. Correlation matrix of RNFL thickness in different quadrats and AL in right (RE) and left

(LE) eyes of myopic patients

Tamuma 5. Koppensuuonnas marputia ronmuasl CHBC B pasubsix kBagpanTax u [130 B mpaBom
(OD) u neBom (OS) riazax naluueHTOB ¢ OJUM30PYKOCThIO

who cooperated and participated in | Variables Name Statistics | Axial Length, | Axial Length,
the realization of the present survey. Hoxasaresm Crarucruka RE, mm LE, mm
130, OD, mm | 130, OS, mm
. \I;efer (;r;ce;/ j{”"l’:jpl‘flmyf” ol Preval J RNFL Thickness_avg 360_RE, um r-value -.861%* -.684%*
. ong TY, Foster PJ, Hee J, et al. Prevalence an
risk factors for refractive errors in adult Chinese in Tomuia CHBC, cpen. 360_OD, mxm p-value -000 -000
Singapore. Invest Ophthalmol Vis Sci. 2000 Aug; RNFL Thickness avg 360 LE, um r-value -.809%* -.899%*
41 (9): 2486—94. PMID: 10937558 TomumHa CHBC, cpen. 360 _OS, Mkm p-value 1000 000

2 gflden BA, Fricke TR, Wilson DA, et al. RNFL Thickness_sup quad_RE, pm r-value -.850** -.673%*

obal prevalence of myopia and high myopia
and temporal trends from 2000 through 2050. Tomuuna CHBC_sepx. ksan_OD, Mkm p-value .000 .000
Ophthalmology. 2016 May; 123 (5):1036—42.doi: | RNFL Thickness_sup quad_LE, um r-value - 734 -.837%*
10.1016/j.ophtha.2016.01.006 Tomumna CHBC_sepx kBan_360_0S, MKkM p-value 000 000

3. Khan SA. Aretrospective study of low-vision cases . .
in an Indian tertiary eye-care hospital. Indian J RNFL Thickness_inf quad_RE, um r-value -.847%* -.664**
Ophthalmol. 2000 Sep; 48 (3): 201—7. PMID: Tomuuna CHBC_nuxH kBan_360_OD, Mmkm p-value 000 000
11217251 . RNFL Thickness_infquad_LE, pm r-value 735w ~859%*

4.  Dandona R, Dandona L, Srinivas M, et al. Tooumua CHBC HinkH. Keax 360 OS. MKM
Population-based assessment of refractive error 1 - i HL_200_V9, p-value .000 .000
in India: the Andhra Pradesh eye disease study. RNFL Thickness_nasal quad RE pm r-value -.820%* -.658%*

Clin Experiment Ophthalmol. 2002; 30 (2): 84—93. TonmmHa CHBC_Ha;;aﬂ. KBaﬂ._360_OD, MKM p—value 000 000
doi: 10.1046/j.1442-6404.2002.00492.x - . -
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i’hridse(;ﬁt]}; Lndq;:s:‘:;ﬂ; pog;ﬂago;;lt?e ?g%g;a RNFL Thickness_temp quad_RE, um r-value -.594** -.486%*

@ ye disez udy. Clin Ophthalmol. ;
3: 17—27. PMID: 19668540 Tonumna CHBC_temm. kBag_360_0D, Mmkm p-value 000 000

6.  PrabhuAV, VeRS, TalukdarJ, Chandrasekaran V. RNFL Thickness_temp quad_LE, pm r-value -.499** -.545%*
Prc?valence of visual impairment in school-goir.lg TonmmHa CHBC _tewmmn. kBag_360 OS, MKM p-value 000 000
children among the rural and urban setups in
the Udupi district of Karnatak India: A cross- Note. ** — the correlation is reliable.
sectional study. Oman J Ophthalmol. 2019; 12 (3): IIpumeuanne. ** — KoppeISIIMOHHAS CBSI3b JIOCTOBEPHA.

145-9. doi: 10.4103/0jo.0JO_190_2018
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