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Longitudinal Changes in Layered Retinal Thickness during Axial Elongation in
Healthy Myopic Eyes
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Purpose: To investigate longitudinal changes in foveal retinal sublayer thicknesses during axial elongation.

Methods: From February 2013 to September 2014, a prospective cohort was established comprising pediatric patients aged
< 13 years exhibiting myopia with a spherical equivalent of less than -0.75 diopters (D). At each visit, the foveal retinal thickness
was measured using spectral-domain optical coherence tomography and sublayers were distinguished as follows: 1) total retinal
layer, 2) inner retinal layer, 3) retinal nerve fiber layer, and 4) ganglion cell-inner plexiform layer. The average thickness was cal-
culated based on the nine subfields of the Early Treatment Diabetic Retinopathy Study (ETDRS) map and compared between
the initial and final visits. Intra-individual correlations were analyzed using a linear mixed-effects model.

Results: Twenty-three subjects (46 eyes) were observed for 2.7 + 1.0 years. During that period, the myopia progressed (spher-
ical equivalent of cycloplegic refraction: from -4.26 + 2.34 to -6.09 + 2.64 D; p < 0.001, paired t-test), and the axial length in-
creased from 24.80 + 1.28 to 25.58 + 1.38 mm (p < 0.001, paired t-test). Nevertheless, the thicknesses of foveal retinal layers
(total retinal layer, inner retinal layer, retinal nerve fiber layer, ganglion cell-inner plexiform layer) showed no significant change
in any of the nine ETDRS subfields (all p > 0.05, linear mixed-effects model).

Conclusions: The foveal retinal sublayers maintained their thicknesses despite axial elongation, indicating that the foveal retinal
structure, which is critical to visual acuity, is preserved even in elongated, myopic eyes.
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Figure 1. Retinal thickness maps. (A) Nine subfields divided by the Early Treatment Diabetic Retinopathy Study map: one central
foveal zone, four parafoveal zones (S, superior; N, nasal; I, inferior; T, temporal), and four perifoveal zones (S, superior; N, nasal;
I, inferior; T, temporal). (B) Four segmented retinal layers: 1) total retinal layer (from internal limiting membrane to Bruch’s membrane),
2) inner retinal layer (from internal limiting membrane to external limiting membrane), 3) retinal nerve fiber layer, and 4) ganglion
cell-inner plexiform layer.

Table 1. Demographic characteristics of subjects

Initial visit Final visit p-value*
Sex (male:female) 9:14 -
Age (years) 9.2 +£ 1.7 (7to 11) 12.1 £ 1.7 (9 to 16) -
Cycloplegic refraction (diopters) -4.26 + 2.34 (-7.75 t0 -0.75) -6.09 + 2.64 (-11.00 to -2.25) <0.001
Axial length (mm) 24.80 + 1.28 (20.91 to 26.89) 25.58 + 1.38 (21.21 t0 27.78) <0.001

Values are presented as mean + standard deviation (range).
*p-values were obtained by the paired #-tests.
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Table 2. Total retinal thickness changes according to the
ETDRS subfields

Total retinal

thickness Initial visit (um) Final visit (um) p-value’

Central fovea 262.39 +20.72 264.93 + 19.64 0.221
Parafoveal superior 337.70 + 15.20 337.61 + 16.14 0.967
Perifoveal superior  302.89 + 15.68 302.96 + 15.66 0.975
Parafoveal temporal 321.15 + 15.36 322.26 + 16.36  0.593
Perifoveal temporal 287.91 + 16.41 287.17 + 16.45 0.722
330.83 + 16.47 330.33 + 17.16 0.810
293.00 + 16.15 292.43 + 15.65 0.785
337.46 + 16.81 336.48 + 17.44 0.638
319.00 + 16.77 319.02 + 16.26 0.992

Parafoveal inferior
Perifoveal inferior
Parafoveal nasal
Perifoveal nasal

Values are presented as mean + standard deviation.
ETDRS = Early Treatment Diabetic Retinopathy Study.
“p-values were obtained by the linear mixed-effects model.
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Figure 2. Change of total retinal layer thickness according to
the Early Treatment Diabetic Retinopathy Study subfields. The
averages of all the subjects are marked in solid black lines.
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Table 4. Retinal nerve fiber layer thickness changes according
to the ETDRS subfields

Inner retinal
thickness

Initial visit (pm)

Final visit (pm)

Retinal nerve fiber

Central fovea
Parafoveal superior
Perifoveal superior
Parafoveal temporal
Perifoveal temporal
Parafoveal inferior
Perifoveal inferior
Parafoveal nasal
Perifoveal nasal

173.74 + 21.82
257.35 £ 13.36
224.61 + 14.01
240.46 + 14.38
210.13 + 14.74
250.93 + 15.00
215.87 + 14.74
255.30 £ 15.49
239.65 + 14.63

177.37 £+ 20.04
256.76 + 14.32
223.74 + 14.05
241.54 + 14.99
208.39 + 14.89
249.93 +15.93
214.52 + 13.72
254.33 £ 15.94
239.28 + 14.32

p-value’ s (e Initial visit (um) Final visit (um) p-Value*
0.079 Central fovea 11.09 +2.04 10.87 £1.94 0.703
0.776 Parafoveal superior  23.26 + 3.73  23.96 + 3.39  0.222
0.673 Perifoveal superior ~ 38.54 + 3.91 39.02 + 4.04 0.401
0.598 Parafoveal temporal 16.26 + 1.08 16.52 + 1.15  0.647
0.399 Perifoveal temporal  17.54 + 1.07 18.11 £ 0.95 0.321
0.628 Parafoveal inferior 2239 +336 2298 +3.72 0.303
0.513 Perifoveal inferior 37.54 +3.44 3896 +3.72 0.013
0.635 Parafoveal nasal 20.04 +£2.30 20.33 £2.54 0.620
0.858 Perifoveal nasal 46.13 +4.93 47.02 £ 496 0.118

Values are presented as mean + standard deviation.
ETDRS = Early Treatment Diabetic Retinopathy Study.
“p-values were obtained by the linear mixed-effects model.
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Figure 3. Change of inner retinal layer thickness according to
the Early Treatment Diabetic Retinopathy Study subfields. The

Values are presented as mean + standard deviation.
ETDRS = Early Treatment Diabetic Retinopathy Study.
*p-values were obtained by the linear mixed-effects model.
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Figure 4. Change of retinal nerve fiber layer thickness accord-
ing to the Early Treatment Diabetic Retinopathy Study subfields.
The averages of all the subjects are marked in solid black lines.
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Table 5. GCIPL thickness changes according to the ETDRS
subfields

GCIPL Initial visit (um) Final visit (um) p-value’
Central fovea 3498 +£9.26 3496 +8.05 0.986
Parafoveal superior  95.07 + 6.04 95.52 + 7.11  0.708
Perifoveal superior ~ 66.13 + 5.56  66.11 + 5.59  0.986
Parafoveal temporal 87.65 + 8.16  88.85 + 8.72  0.327
Perifoveal temporal ~ 72.50 + 6.43  71.87 + 6.82  0.605
Parafoveal inferior 92.74 +7.58 92.30 £ 8.90 0.721
Perifoveal inferior 65.74 +7.37 64.76 £ 6.54 0.422
Parafoveal nasal 94.09 + 8.45 93.96 +7.83 0.915
Perifoveal nasal 71.93 + 6.06 71.65 +6.08 0.817

Values are presented as mean + standard deviation.

GCIPL = ganglion cell and inner plexiform layer; ETDRS =
Early Treatment Diabetic Retinopathy Study.

*p—values were obtained by the linear mixed-effects model.
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Figure 5. Change of ganglion cell and inner plexiform layer
thickness according to the Early Treatment Diabetic Retinopathy
Study subfields. The averages of all the subjects are marked in
solid black lines.
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