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Abstract

Background: To describe objectively the possible structural changes of the macula and optic nerve head in the
free eyes of unilateral cured retinoblastoma patients and, also after enucleation using spectral domain optical

coherence tomography.

Methods: A cross sectional study involving 60 patients subdivided into three groups; 15 unilateral RB patients in
whom enucleation was indicated as a sole treatment performed earlier in life [(study group (I)], 15 unilateral RB
patients who had completely regressed disease with a preserved eye [(study group (II)] and 30 age and sex
matched healthy controls. The remaining and free eyes in study groups and right eyes of control group had full
ophthalmological examination, static automated perimetry and optical coherence tomography of the macula and

optic nerve head.

Results: In study group (II); a significant thinning of total macula, central fovea, ganglion cell layer (GCL), ganglion
cell complex (GCC), and some sectors of outer nuclear layer (P- values <0.05) was found with no significant
difference in peripapillary nerve fiber layer (pRNFL) thickness and optic nerve head parameters compared to the
control group and the study group (I). A significantly thickened total macula, GCL, GCC, and pRNFL in study group
(I) compared to study group (). Thickened pRNFL was significantly correlated to standard automated perimetry
pattern deviations. No significant difference was found between study group (I) and control group.

Conclusion: Retinoblastoma eyes characterized by thinning of central fovea, GCL, GCC compared to the control group.
After unilateral enucleation, increased GCC and pRNFL thicknesses were detected compared to retinoblastoma group.
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Background
Retinoblastoma (RB) is the most common type of pri-
mary intraocular cancer in children, representing 4% of
all pediatric malignancies [1]. It typically presents at a
young age, with about two - thirds of all patients diag-
nosed before 2 years of age [2].

RB1 gene is the first cloned tumor suppressor gene;
the protein encoded by this gene is RB protein (RBp)
which acts as a cell cycle regulator in the retina and
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many other tissues [3]. It is a part of a family of proteins
including p 103 and p 107, known collectively as ‘pocket
proteins’ which induce G1 arrest [4, 5]. RBp influences
cell division, survival, and differentiation, but its role in
the retina and consequences of its loss on retinal devel-
opment and differentiation is still unclear and under re-
search. RBp is detectable in the embryonic ganglion cell
layer (GCL) but not the primitive retinal neuroepithe-
lium, suggesting that it may regulate cell birth and or
differentiation [6, 7]. RB1 inactivation leads to epigenetic
changes in key cancer and differentiation pathways in
the developing retina [8, 9].
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The 5 - year survival rate of more than 95% of all chil-
dren with RB is the highest of all pediatric cancers in de-
veloping countries [1]. Considering the high survival rate
of RB patients and the severe impact of the late effects
of RB and its treatment, it is important to evaluate
health - related quality of life of RB survivors specifically
vision related aspects that may result in disabilities, and
subsequent restrictions in the activities of daily living
which is less well known [10].

Effects of monocular enucleation on ipsilateral and
contralateral projections in the higher centers were thor-
oughly investigated experimentally in different animal
species [11-16] long time ago. Objective assessment of
the structural changes of the macula and optic nerve
head of the remaining free eye after monocular enucle-
ation in human didn’t yet discussed.

New imaging technologies for the early detection and
objective evaluation of structural damage of the retina and
optic nerve have been developed even before functional
damage. Optical coherence tomography (OCT) provides
real - time, objective, and reproducible measurements of
the optic nerve head and retinal nerve fiber layer [17].

The aim of this study was to describe objectively the
possible structural changes of the macula and optic nerve
head in the free eyes of unilaterally cured retinoblastoma
patients and to compare them with the changes that could
be detected in the remaining eyes after enucleation using
spectral domain optical coherence tomography.

Methods

Study design

A cross sectional study was conducted at Ocular Oncology
Clinic, Ophthalmology Department, Ain Shams University
in the period from October 2015 to May 2017. The study
included 60 eyes of 60 Egyptian patients. Participants were
divided into three groups:

e Study Group (I): 15 unilateral RB patients in whom
enucleation was indicated as a sole treatment
performed earlier in life.

e Study Group (II): 15 unilateral RB patients who had
completely regressed disease with a preserved eye.

e Control Group: 30 age and sex matched healthy
controls (right eye was tested in each patient).

The clinically free eyes of RB patients were the included
eyes in the study. An informed consent was obtained from
parents of the study participants. This study was adhered
to Declaration of Helsinki Ethical Principles for Medical
Research involving Human Subjects and approved by Fac-
ulty of Medicine, Ain Shams University Research Ethical
Committee (FMASU REC).

Exclusion criteria were; newly diagnosed RB cases and
those of less than one year of follow up following complete
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stoppage of systemic chemotherapy and / or transpupillary
diode laser thermotherapy, patients received external beam
radiotherapy, brachytherapy and local injections of chemo-
therapeutic agents as a modality of treatment, Also tumors
affecting the macular region (edge of tumor was less than
3 mm from fovea) or were juxtapapillary or associated
with localized subretinal fluid or retinal detachment
either at time of diagnosis or later on, staging of the
disease as Group (C) and (D) at diagnosis according
to international intraocular classification of RB [18],
also unilateral RB cases with treated tumors of more
than 3 mm in base diameter and height and presence
of an extraocular disease.

Any participant with media opacities (e.g. corneal
opacities, cataract or vitreous hemorrhage), pre-existing
retinal or optic nerve diseases either congenial or ac-
quired, spherical equivalent refractive errors of > +/- 3.0
diopters, history of glaucoma, asymmetry of cup/disc
(C/D) ratio of >0.2 between both eyes in study group
(II), unreliable or abnormal standard automated perimetry
(SAP) data, previous intraocular surgeries, eye trauma,
any systemic diseases (e.g. diabetes mellitus) or neuro-
logical disorders (e.g. migraine or demyelinating disease)
that may affect accurate and correct interpretation of the
results, uncooperative children unable to keep fixation
were excluded.

Ophthalmological examination

All children had full history taken with a special concern
about the history of RB. This included age at the time of
the present study, sex, age at time of first presentation of
RB, duration of follow up, family history, consanguinity,
modality of treatment used. No genetic testing was per-
formed to all participants. Ophthalmological examination
started by; measurement of best corrected visual acuity
(BCVA) using Landolt’s C chart with transformation of it
into logarithmic scales according to Log.MAR notation for
the purpose of statistical analysis, spherical equivalent cal-
culation, anterior segment examination using slit-lamp bio-
microscopy, intraocular pressure (IOP) measurement using
Goldmann applanation tonometry and fundus examination
by indirect ophthalmoscopy and non contact slit lamp bio-
microscopy (Volk 90 D, Volk Optical, Inc., Mentor, USA)
for precise examination of the macula and optic disc.
Standard automated perimetry (SAP) was performed for
cooperative children and spectral domain optical coher-
ence tomography study of all children as follows:

Standard automated perimetry (SAP)

SAP was performed using a Humphrey Field analyzer 3,
model 850 (Zeiss Humphrey Systems, Dublin, CA, USA),
with full threshold standard 242 algorithm using Gold-
mann size III white target projected on a 31.8 apostilb
(asb) (10 cd per square meter [cd/m?]) white background.
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Reliability criteria were fixation losses of <20% and false
positive or false negative response rates <33%. Unreliable
data and presence of glaucomatous visual field defects ex-
cluded the participant from the study which were detected
by two of the following three criteria on SAP: the presence
of a cluster of three points on pattern deviation probability
plot with a P-value of <5%, one of which had a P-value
<1%, or a pattern standard deviation with a P-value <5%,
or a glaucoma hemifield test result outside normal limits.

Optical coherence tomography (OCT) scanning

Optic disc topography, peripapillary retinal nerve fiber
layer (pRNFL) thickness and different retinal layers
thickness at the macular region were measured using
spectral domain OCT machine; Retina Scan RS - 3000
advance (NIDEK Co., Gamagori, Japan) with a scan
speed of 53,000 A-scan / second, high quality of images
(4 um OCT digital resolution) and real-time, high-
contrast and wide view (40° x 30°) of confocal scanning
laser ophthalmoscope imaging offers the accuracy for
OCT scanning. No normative data base included in the
machine for children less than 18 years of age. So a con-
trol group was included for comparison.

Optic nerve head scan

After pupillary dilatation using Tropicamide 1.0% eye
drops (Mydriacyl, Alcon Inc., USA), the pRNFL was
measured by circular scan around the optic nerve in an
area with a diameter of 3.4 mm centered on the optic
disc. Overall average pRNFL thickness was automatically
calculated along the entire circle. Thickness in each of
the superior, nasal, inferior, and temporal quadrants, disc
area, cup area and horizontal and vertical cup / disc ra-
tios was measured and compared using disc map over a
6 mm x 6 mm wide area centered on the optic disc. Ret-
inal pigment epithelium tips were detected by the em-
bedded software (NAVIS-EX Image Filing software,
RS3000- OCT, NIDEK, Gamagori, Japan), which were
refined manually by the operator to delineate the disc
and cup margins then the software protocol calculated
various parameters that describe the optic nerve head.

Macula scan

Total Macular thickness was obtained from the macular
map scan over a 9 mm x 9 mm wide area image centered
on the fovea and calculated automatically by the device.
All measurements were evaluated in nine sectors using
the Early Treatment Diabetic Retinopathy Study
(ETDRS) grid comprising three concentric circles with
diameters of 1, 3, and 6 mm. The quadrants were named
around the central 1 mm zone [(central foveal thickness
(CFT)]; inner superior — nasal — inferior — temporal,
and exterior superior — nasal — inferior — temporal from
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innermost to outermost. Each area was compared with
the corresponding area in the control groups.

Retinal pigment epithelium to /inner/outer segment
junction of photoreceptors (RPE-IS/OS), outer nuclear
layer (ONL), Inner nuclear layer (INL), ganglion cell com-
plex (GCC) and macular RNFL (mRNFL) thicknesses were
obtained from radial macular scan (Fig. 1). In this scan, 12
lines each 9 mm in length centered on fovea in which the
single scan was averaged from 10 A - scans to get the best
quality image and reduced noise. The resolution of the sin-
gle scan of the 10 A - scans was 1.024 points.

The inner nuclear layer (INL) lies between junction of
the outer plexiform layer (OPL) / outer nuclear layer
(ONL) and inner plexiform layer (IPL) /inner nuclear layer
(INL). The macular ganglion cell complex (mGCC) thick-
ness measurement incorporates several retinal layers, in-
cluding macular ganglion cell layer (mGCL), IPL and
overlying mRNFL. Each layer measured also separately,
mGCL and mRNFL.

All measurements were evaluated in nine quadrants
using the ETDRS grid comprising three concentric cir-
cles with diameters of 1, 3, and 6 mm. The quadrants
measured were as in total retinal thickness at the macula
except the central 1 mm zone which is devoid from
GCL, GCC and mRNFL. Figure 2a—e is a composite fig-
ure demonstrated different retinal layers thicknesses in
the macula and pRNFL and optic nerve head parameters
in one subject of the control group.

Patients were instructed to fixate on the intrinsic fix-
ation target during the whole process of OCT scanning.
All scans were performed by the same experienced oper-
ator (one of the authors). Scans with motion artifacts,
segmentation errors, and images with signal strength
index less than 45 dB were excluded.

Statistical analysis

All data were analyzed using SPSS 13 software (SPSS Inc.,
Chicago, Illinois, USA). Kolmogorov—Smirnov test was
used to assess normality of data. Parametric continuous
variables were expressed as mean and standard deviation
(SD). Independent sample t- test was used to compare be-
tween quantitative variables of two groups. One — way
Analysis of variance (Anova) test was used to compare be-
tween variables of more than two groups. Description of
qualitative variables was in the form of numbers and per-
centages. Chi - square test was used to compare between
qualitative data. Non - parametric quantitative data was
expressed as median and interquartile range (IQR), 95%
confidence interval for mean. Comparison between vari-
ables of independent samples was performed using Mann —
Whitney test. For comparison between more than two
groups, Kruskal-Wallis test was used. Pearson’s correlation
coefficient was used to assess the correlation between
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Fig. 1 Optical coherence tomography scan of the right macula with 12 radial lines on the left side of the figure. Total macular thickness is
automatically calculated in 9 sectors using the ETDRS grid, represented in the middle part. Colored lines on the right part of the figure

different variables. The level of significance was set at
P-value <0.05.

Results

The study included 41 (68.3%) males and 19 (31.7%) fe-
males with a mean age of 11.95 years +4.0 SD (median: 12,
range: 5-19). Mean BCVA (Log.MAR) in the studied eyes
was 0.1 +0.03 SD (median: 0.1, range: 0.1-0.3) and mean
spherical equivalent of 1.0 diopters +0.73 SD (median: 1.0,
range: —1.25 to +2.75). Mean IOP was 11.67 mmHg +1.7
SD (median 12, range: 9-15). Average SAP mean

deviation of -1.44 dB+ 148 SD (median: —1.19, range: -
2.01 to — 4.29) and pattern standard deviation of 1.14 dB +
1.03 SD (median: 1.14, range: 0.0-3.1). The mean age at
time of presentation of RB was 23.13 months +13.36 SD
(median: 24, range: 2.0-48) and 15.20 months +7.76 SD
(median: 15, range: 5.0-26.0) in study groups (I) and (II)
respectively. The mean duration of follow up of RB chil-
dren was 7.93 years +3.49 SD (median: 7.5, range: 3.5-17)
and 10.38 years +3.73 SD (median: 8.4, range: 7.0—
17.5) in study groups (I) and (II) respectively. There
was no statistically significant difference between the
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Fig. 2 Composite figure of optical coherence tomography maps of the right eye of one subject of the control group. a Total macular thickness
map. b Ganglion cell complex thickness. ¢ Macular retinal nerve fiber layer thickness. d Ganglion cell layer thickness. e Peripapillary retinal nerve
fiber layer thickness and optic nerve head parameters
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control and study groups regarding all demographic data
(P- values were >0.05). Table 1 summarized demographic
data of the control group and study groups (I) and (II).

A statistically significant difference was found between
the three groups regarding the mean CFT using one -
way Anova test (P- value = 0.008). It was statistically sig-
nificantly lower in study group (I) and study group (II)
compared to the control group.

Regarding the mean total macular thickness map; a
statistically significant difference between the three
groups regarding superior sectors in the inner 3 mm
ring, outer 6 mm ring, and the temporal sector in 6 mm
ring (P-values were 0.031, 0.30 and 0.029 respectively). A
statistically significant thinner macular thickness in all
sectors in study group (II) compared to each of the con-
trol group and study group (I) except in the inferior
sectors.

Table 2 demonstrated the comparison between the
control and study groups regarding total and inner ret-
inal layers thicknesses at the macula.

Comparison between the three groups regarding the
mean GCL thicknesses in all quadrants show a statisti-
cally significant difference in nasal sectors in inner
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3 mm ring, 6 mm ring and the temporal sector in 3 mm
ring (P-value were 0.048, 0.05 and 0.043 respectively).

The mean GCL was significantly lower in study group
(II) compared to each of the control group and study
group (I). The superior sector in the 3 mm ring was the
most thinner statistically in study group (II) when com-
pared to the control group, and the nasal sector in the
6 mm ring was most thinner statistically in study group
(II) when compared to the study group (I).

Comparison between the three groups revealed a statis-
tically significant lower value in the overall GCC in study
group (II) (P- value was 0.002). Comparison was done be-
tween the three groups regarding the mean GCC in all
sectors show a statistically significant difference in nasal
and temporal sectors in inner 3 mm ring and 6 mm ring
(P-values were, 0.004, 0.017, < 0.01 and 0.042 respect-
ively). Also a statistically difference was found in superior
sector in 3 mm ring and inferior sector in 6 mm ring
(P-value was 0.02 using Kruskal-Wallis test and was
0.05 using one — way Anova test respectively).

The mean GCC thickness was statistically significant
lower in study group (II) compared to each of the
control group and study group (I) with affection of all

Table 1 Comparison between the control group and study groups as regards demographic data using independent sample t-test

Parameter

Control group  Study group (1)

P-value
[study group (1)

P-value
[control group

P-value
[control group

Study group (1)

Mean +5D versus study versus study versus study
group (1)] group ()] group (IN]

Mean age (years) 12.77 £4.16 10.73+£40 1153 +349 0.12 0.30 0.56
Mean age at presentation (months) N/A 23.13+£13.36 1520+7.76 N/A N/A 0.06
Sex distribution No. (%)
Male 24 (80.0) 8 (53.3) 9 (60.0) 0.06 0.15 0.71°
Female 6 (20.0) 7 (46.7) 6 (40.0)
Diagnosis of retinoblastoma No. (%)
Right N/A 7 (46.7) 10 (66.7) N/A N/A 027°
Left 8(533) 5(333)
Family history No. (%)
Negative N/A 15 (100.0) 14 (93.3) N/A N/A 1.0°
Positive 0(0.0) 1(6.7)
Consanguinity No. (%)
Negative N/A 13 (86.7) 15 (100.0) N/A N/A 0487
Positive 2 (13.3) 0 (0.0)
Mean duration of follow up (years) N/A 793+349 10.38+3.73 N/A N/A 0.07
Mean BCVA (Log.MAR) 0.11£0.03 0.11£0.05 0.11+0.02 0.64 1.00 0.66
Mean spherical Equivalent (diopters) 083+0.72 1.28+£0.82 1.12+0.60 0.08 0.16 0.53
Mean IOP (mmHg) 116+ 1.69 11.9+187 11.53+£1.64 0.56 0.90 0.54
Average of mean deviation (decibels) —-137+143 -162+129 —141+180 0.56 093 0.72
Mean of pattern standard deviation (decibels) 1.14+1.05 1.12+1.04 1.14+1.07 0.95 0.99 0.95

N/A, not applicable; SD, standard deviation; No., number; Log.MAR, logarithm of minimum angle of resolution

#Comparison by Chi-square test
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Table 2 Comparison between the control group and study groups as regards total and inner retinal layers thicknesses at the
macula using independent sample t-test

Parameter

Control group

Mean (um) + SD

Study group (1)

Study group (Il) ~ P-value

[control group
versus study

P-value
[control group
versus study

P-value
[study group
(I) versus study

group ()] group (IN] group (IN]
A. Central foveal thickness (Central T mm) — 268.09 + 2349 2468 + 1533 24985 + 17.69 0.001 0.04 0.71
B. Total macular thickness
3 mm ring
Superior 35093 £ 2187 34308 +£1202 33142 +10.17 0.08 0.002 0.04
Nasal 34513 £ 1777 34214+ 929 33085 £ 10.15 012 0.01 0.03
Temporal 33064 £ 1526 33235+ 1252 31828 + 838 0.60 0.009 0.01
Inferior 33687 £ 2134 33883 +£1276 33042 + 1225 0.71 0.3 0.18
6 mm ring
Superior 30729 £ 1582 31000 + 1.15 29342 + 824 043 0.004 0.001
Nasal 32293 £ 1664 32258 £ 126 310.14 £ 10.94 0.94 0.026 0.04
Temporal 29106 + 1418 29742 + 1023 28028 + 1144 0.11 0.05 0.007
Inferior 30064 £ 19.12 30391 £ 1493 29285 + 1351 0.56 0.23 0.12
C. Mac RNFL thickness
Average Mac RNFL 27.35 £ 5.02 2819 £ 4.85 2355+ 472 0.62 0.08 0.06
3 mm ring
Superior 2793 £7.19 26.5 + 12.0° 22.14 £ 601 0.90° 0.05 0.08°
Nasal 20.16 £ 7.96 1968 + 7.35 17.14 £ 563 0.92 026 035
Temporal 12.77 + 861 4383 + 798 942 £ 729 046 0.31 0.16
Inferior 24.64 £ 6.23 24.08 + 731 20.85 + 448 0.81 0.08 0.25
6 mm ring
Superior 3548 £ 3.62 37.83 £ 6.60 33.0 £ 553 0.26 0.29 0.11
Nasal 4513 £ 6.72 430+ 2.75° 4057 + 637 033° 0.12 0.15°
Temporal 1596 + 6.27 1808 + 6.25 1271 £ 499 033 0.16 0.06
Inferior 36.74 £ 4.39 36.75 727 3257 £ 499 0.99 0.07 0.16
D. Ganglion cell layer (GCL) thickness
Average GCL thickness 80.76 + 6.93 80.04 + 459 7445 + 449 0.69 0.01 0.02
3 mm ring
Superior 9332 +9.35 910+ 6.03 86.85 + 5.78 0.16 0.03 0.16
Nasal 9745 + 867 9391 + 6.69 89.14 + 659 0.17 0.02 0.15
Temporal 9264 £ 13.17 90.58 + 6.34 80.57 £ 9.50 049 0.01 0.03
Inferior 9287 + 11.64 90.57 + 834 86.28 + 8.63 048 0.12 0.31
6 mm ring
Superior 6125+ 632 6241 + 645 60.0 + 3.0° 0.60 051° 033°
Nasal 70.54 + 645 71.33 £4.88 64.28 + 6.89 067 0.06 0.04
Temporal 7264 + 868 74.08 + 7.85 7043 + 457 061 035 021
Inferior 6535 + 872 6641 + 6.67 59.28 + 8.86 0.67 0.13 0.09
E. Ganglion cell complex (GCC) thickness
Average GCC thickness 108.10 £ 7.39 108.62 + 2.64 98.0 + 642 0.87 0.004 0.004
3 mm ring
Superior 12119 £ 1037 1195 + 85° 109.0 + 942 0.68° 0.01 0.01°
Nasal 117.54 + 8.64 113.83 £ 5.81 106.28 £ 5.15 0.11 0.0004 0.01
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Table 2 Comparison between the control group and study groups as regards total and inner retinal layers thicknesses at the

macula using independent sample t-test (Continued)

Parameter Control group  Study group (I)  Study group (Il) ~ P-value P-value P-value
Mean (um) + SD [control group  [control group  [study group
= versus study versus study (I) versus study
group ()] group (IN] group (IN]
Temporal 10532 £966 10558 + 3.98 90.0 + 898 091 0.003 0.003
Inferior 1761 +£119 116.0 + 431 107.14 £ 9.97 0.39 0.04 0.07
6 mm ring
Superior 96.64 + 7.96 100.25 + 6.67 91.71 £ 495 0.14 0.05 0.006
Nasal 11574 £ 9.50 11491 + 564 104.85 £ 9.65 0.73 0.02 0.034
Temporal 88.61 £ 838 9217 £ 550 83.14 £ 3.08 0.11 0.008 < 0.001
Inferior 10216 £ 1071 10317 £7.12 91.86 + 13.25 0.72 0.09 0.07

SD, standard deviation; um, micron
2Median * Interquartile range;>Comparison by Mann Whitney U test

sectors except the inferior sectors which were statisti-
cally preserved.

The mean ONL thickness was preserved in all sectors
with no statistically significant difference between the
control group and the study groups except in superior,
nasal and inferior sectors which were statistically lower
in study group (II) compared to control group and study
group (I). Table 3 provided the comparison between the
control and study groups regarding inner nuclear, outer
nuclear and RPE- IS/OS layer thicknesses at the macula.

A statistically significant difference was found in super-
ior sector in 6 mm ring when comparison was done be-
tween the three groups using Kruskal-Wallis test. The
mean RPE- IS/OS layer was statistically significant thinner
in superior and inferior sectors in 6 mm ring in study
group (II) compared to control group and study group (I).

There was a statistically significant difference regard-
ing mean pRNFL thickness and the inferior quadrant
RNFL thickness among the three groups (P-values were
0.003 and 0.017 respectively using Kruskal-Wallis test).

The mean pRNFL thickness was statistically thicker in
the study group (I) when compared to control group, All
optic nerve head quadrants were statistically significantly
thicker except the nasal quadrant. There was a statisti-
cally significant thin average pRNFL thickness, thickness
of superior, temporal and inferior quadrants in study
group (II) compared to study group (I).

Table 4 show comparison between the control and
study groups as regards the average pRNFL thickness
and the other optic disc parameters.

Figures 3 and 4a, e demonstrated retinal layers thick-
nesses at the macula and pRNFL thickness and optic nerve
head parameters in one of our patients in study group (I)
and (II) respectively. Pearson’s correlation coefficient was
done between average macular layers thicknesses and aver-
age pRNFL thickness and different variables: mean age,
sex, family history, consanguinity, duration of follow up,
BCVA, spherical equivalent, IOP, mean SAP mean

deviation and pattern standard deviation revealed no statis-
tically significant correlations (P-values were >0.05) except
a statistically significant positive moderate correlation in
the enucleation group [study group (I)] between mean
pRNFL thickness and mean age at the time of the study
and mean SAP pattern standard deviation (r:0.65, P-value
was 0.02 and r: 0.67, P-value was 0.02 respectively).

Discussion

In the current study, thinning of retinal layers in the free
eyes of the RB survivors was detected compared to that
in the control group. This was statistically significant in
the mean CFT, GCL, GCC, total macular thicknesses
and some sectors of ONL. This was combined with pres-
ervation of the mean thicknesses of almost all RPE IS/
OS layer, pRNFL and the other optic nerve head param-
eters. All those RB patients had normal vision according
to World Health Organization guidelines [19]. The
present study was the first study to report these findings.
Indeed, to understand why this thinning occurred we
reviewed how the retina developed and the role of RBp
during cell cycle, division and differentiation and the ef-
fects of its loss on the retinal development beside RB
tumor formation in certain locations.

All studies on this context was in animal models, two
studies [20, 21] show that in the absence of RBp, the ma-
ture retina lacks ganglion and bipolar cells and has fewer
rods and in the absence of both RBp and p107; ganglion,
bipolar, rod and cone cells are all deleted. However,
amacrine, horizontal and Muller cells survive either RBp
or RBp and p107 loss.

In addition to the known role of RBp in controlling
cell division, it binds and potentiates several transcrip-
tion factors involved in differentiation [22, 23].

RB - deficient retinas had ectopic S - phase and high
levels of p53 - independent apoptosis, especially in the dif-
ferentiating retinal GCL in late embryogenesis and adults
showed loss of photoreceptors and bipolar cells [21].
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Table 3 Comparison between the control group and study groups as regards inner nuclear layer, outer nuclear layer and RPE-IS/OS
complex thicknesses at the macula using independent sample t-test

Control group Study group (1) Study group (Il) P-value P-value P-value
e (250 oo g g g
group (I)] group (Ih] group (I
F. Inner nuclear layer thickness
3 mm ring
Superior 8413 £ 9.72 85.25 = 853 80.57 = 15.76 071 0.58 049
Nasal 8255+ 11.97 8241 + 1233 83.71 £ 1275 0.97 083 0.83
Temporal 7664 + 543 7517 £7.14 7485 + 7.65 0.52 0.57 0.93
Inferior 79.52 £ 9.09 80.17 £ 6.28 7486 £ 11.24 0.79 0.34 0.28
6 mm ring
Superior 69.87 + 20.27 6533 + 467 6443 + 720 025 024 0.77
Nasal 69.64 + 8.04 69.08 + 5.14 68.15 = 10.12 0.78 0.72 0.82
Temporal 67.29 + 4.66 66.0 = 2.0° 64.71 £ 415 061° 0.18 061°
Inferior 67.54 + 7.86 66.75 + 4.81 62.71 £ 955 0.69 025 033
G. Outer retinal layers thickness
« ONL thickness
I mm central thickness 8538 £ 11.51 8291 £ 993 79.00 + 642 049 0.06 0.31
3 mm ring
Superior 66.96 + 9.06 6741 + 826 64.57 £ 1141 0.87 062 057
Nasal 7241 £ 995 69.08 + 13.37 62.58 + 946 045 0.04 023
Temporal 7206 + 934 7383 + 622 64.57 + 10.58 047 0.12 0.06
Inferior 67.87 +11.28 6825+ 12.7 65.85 + 6.84 0.93 0.54 0.61
6 mm ring
Superior 64.22 £ 771 65.25 + 6.59 5871 + 634 0.67 0.07 0.05
Nasal 6351 +9.05 66.0 + 17.75° 57.14 + 5.89 0.90° 0.04 0.17°
Temporal 6448 + 857 67.16 £ 5.13 61.28 + 6.77 022 031 0.07
Inferior 59.25 £ 9.63 60.08 + 8.24 54.00 = 4.86 0.78 0.05 0.05
« RPE- IS/0S layer
1 mm central thickness 75.06 + 2.89 750 £ 1.95 7428 + 243 093 048 052
3 mm ring
Superior 6852 + 381 67.25 + 2.59 68.00 + 4.00 0.22 0.76 0.67
Nasal 69.09 + 2.99 6867 £ 235 67.71 +£1.70 062 0.12 032
Temporal 6893 +3.13 68.67 = 3.20 68.71 = 325 0.81 0.87 0.97
Inferior 6793 + 373 68.08 + 2.81 66.72 + 197 0.89 0.24 0.23
6 mm ring
Superior 6851 + 258 66.50 + 2.61 66.28 + 2.21 0.03 0.04 0.85
Nasal 6742 +2.17 66.58 + 2.93 6557 + 237 0.38 0.09 042
Temporal 66.19 + 2.73 6591 % 2.50 650 + 4.0° 075 004" 031°
Inferior 6661 + 2.17 66.00 + 2.73 65.71 £ 2.14 049 0.34 0.80

SD, standard deviation; um, micron
2Median + Interquartile range;°Comparison by Mann Whitney U test

On the other hand, Vooijs et al. [24] in their study plasticity of the neuronal and glial cells reduced the ef-
suggested that RBp, p107 and p53 are not required for fects of RBp deficiency in the neural retina [25].
terminal differentiation of photoreceptors. Continued Brgl (Smarca4) is an ATPase subunit and a tumor sup-
proliferation of photoreceptor precursors or phenotype pressor in RB, It was found to regulate retinal size by



Said et al. BMC Ophthalmology (2017) 17:251

Page 9 of 13

Table 4 Comparison between the control group and study groups as regards pRNFL and optic disc parameters using independent

sample t-test

Control group Study group (1) Study Group (1) P-value P-value P-value
Mean (um) + SD
H. Peripapillary retinal nerve fiber layer (RNFL) thickness
Average 105.29 + 6.64 11458 £ 7.76 101.28 £ 12.22 0.002 043 0.05
Superior 13464 £ 16.12 15258 + 120 14043 + 19.16 0.0005 0.39 0.04
Nasal 84.64 + 1440 84.25 +12.24 85.57 + 24.71 093 093 0.89
Temporal 65.83 £ 1231 74.83 £7.90 6857 + 14.08 0.008 0.73 0.03
Inferior 13261 £16.19 148.83 + 15.98 12557 + 24.09 0.007 048 0.05
. Optic disc parameters
Horizontal C/D ratio 037 £0.25 047 £0.12 045+ 012 0.09 0.22 0.76
Vertical (/D ratio 035+ 023 043 + 0.11 041 +0.09 0.15 0.36 0.59
Disc area (mm?) 213 +052 206 +033 228 +033 063 0.34 0.19
Cup area (mm?) 048 + 046 037 + 042° 045 =017 0.93° 0.75 0.7°

SD, standard deviation; pm, micron; C/D, cup disc ratio; mm, millimeter
2Median + Interquartile range;°Comparison by Mann Whitney U test

controlling cell cycle length, cell cycle exit and cell sur-
vival during development. The combination of defective
cell differentiation and lamination led to retinal hypocellu-
larity in all three cellular layers of the retina and degener-
ation in Brgl-deficient retinae [26]. So RBp and Brgl
defects may be considered as a cause of CFT, GCL,
GCC layers thinning in the maculae of free eyes in
study group (II).

Cyclins and cyclin dependent kinases are direct regula-
tors of RB family. If persistent expression of cyclin D1
occurred due to genetic defects, it disrupts photorecep-
tor differentiation as manifested by delayed expression
of opsin in developing photoreceptors and alters their
number and morphology in mature retina. These alter-
ations were accompanied by disorganization of inner nu-
clear and plexiform layers [27]. It may have a role in
genetically predisposed thinned retina in RB patients in
the present study.

It was suggested that viral oncoproteins may have a role
in retinal development beside predisposition to tumoro-
genesis [28-31].

Another issue is the environmental signals to retinal
cells by changing the intrinsic or extrinsic factors [32, 33].

Following monocular enucleation of RB patients in the
present study, the contralateral clinically free eyes show
thickened total macula significantly except in inferior sec-
tors, the average GCL, GCC, and mean pRNFL as a whole
and in quadrants of the optic nerve head except the nasal
quadrant compared to same parameters in the contralat-
eral clinically free eyes of RB patients not treated by enu-
cleation. No statistically significant difference between
study group (I) and the control group. Our finding here
was that the thinning observed in study group (II) was
overcome by thickening in study group (II) following

enucleation to reach the normal thickness as in the con-
trol group. A statistically non significant difference be-
tween the study groups regarding the demographic and
clinical data allowed us to do such a comparison.

The explanation of the plastic changes in the macula and
optic nerve head of the remaining eyes after unilateral enu-
cleation for RB was suggested to be actual increase in
number of the ganglion cells and glial elements in an
already thinned RB retina. A statistically significant in-
crease in mean pRNFL in superior, temporal and inferior
quadrants was detected due to extensive sprouting of nerve
endings. We think that the increase in mean GCL and
mean GCC were not significant because of associated de-
crease of the contralaterally projecting cells of the retina.

The net result between the actual increase in ipsi-
lateral projection and the decrease in number of
contralateral projecting cells in the retina was not sig-
nificant. We couldn’t judge if there was a change in
certain type of ganglion cells either in number and
size, these need further histopathological studies. There
was no explanation for more significant reduction in mean
CFT after unilateral enucleation except that these increase
in number of cells and glial elements involving more
the inner retinal layers which are normally deficient
in the fovea pit so the mean CFT here was still thin
as found in study group (II).

These findings in macula and optic nerve head follow-
ing unilateral enucleation in the present study can be ex-
plained by several animal studies [34—37]. They found a
significant increase in the number of optic nerve axons
occurs in dorsal lateral geniculate nucleus and in the su-
perior colliculus on the side ipsilateral to the remaining
eye [35, 37-39]. This apparent ipsilateral expansion may
be explained in various ways; there might be no actual
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increase in the number of ipsilaterally projecting gan-
glion cells and the expansion may be due to a profuse
sprouting of their axon terminals [36].

Another opinion was the rerouting of some retinal
ganglion cell axons from the contralateral to the ipsilat-
eral optic tract occurred without increase in ganglion
cells number [36, 40] . Some authors suggested that neo-
natal monocular enucleation suppressed the otherwise
occurring cell death of the ipsilaterally projecting gan-
glion cells [35] so that the latter appeared increased
compared with those in normal rats [41].

More densely packed distribution of ganglion cells in
lower temporal crescent region of the retina was found
following monocular enucleation than in normal rats
[42]. The second finding was expanded distribution of
these cells in the upper hemiretina and lower nasal ret-
ina. This was in conjunction with their ealier results [43,
44]. A similar expansion of ipsilaterally projected gan-
glion cells into the upper nasal retina reported for reti-
nocollicular pathway [39].

The third finding was decreased density of contralater-
ally projecting ganglion cells in retina compared with
normal control. They found that some ganglion cells in
the temporal retina have changed their axonal projection
from the contralateral to the ipsilateral hemisphere and
large to medium size cells lost in contralateral projection
and gained in ipsilateral one [42]. This last finding about
the type of ganglion cells involved in expansion was sup-
ported by Shirokawa et al. [45].

Lund et al. [46] proposed that some of the optic fibers
which normally innervate the contralateral visual centers
come to innervate the ipsilateral side, resulting in an in-
crease in the uncrossed projections.

Ahmed et al. [47] proposed that the mechanism of
persistence of bilaterally branched axons present early in
the development. They found that initially the double-
labeled cells are distributed over the entire retina but
that over the course of development they are subse-
quently found in the ventral - temporal crescent in the
normal adult albinos due to the withdrawal of axons be-
longing to retinal ganglion cells which die off.

One of the chemical factors which involved in neural
plasticity after monocular deprivation is Retinal Brain
Derived Neurotrophic Factor [48]. This may highlight
the possibility of presence of chemical agents involved in
the results of the effects of monocular enucleation on
the contralateral eye which are not studied yet.

After unilateral enucleation in hamster at birth, examin-
ation of adult retinal ganglion cell layers (including retinal
ganglion cells, displaced amacrine cells and glial cells [49])
in remaining eyes revealed increase by about 8%, with dif-
ferent distribution of cells according to cell size. The in-
crease in cell number was found across the entire retina,
but was largest in the temporal retina. [50]. The soma size
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is controlled by one factor which is the volume of axon of
it had to maintain [39] also presence of overlap and compe-
tition increased terminal arborization and soma size [50].

There was a significant positive correlation between
SAP pattern deviations and the pRNFL thickness in
study group (I); increased thickness may be associated
with further functional damage. So those survived RB
children need a long term follow up by visual field for
the remaining eyes. A study was conducted to evaluate
the impact of RB on the health status of survivors in
terms of disabilities and worries, both of which may re-
strict participation in activities of daily life. Fear of devel-
oping second primary tumors passing RB on to the next
generation and of further loss of vision were important
life-long problems they worried about [10].

Conclusion

This study was the first one considering description of
possible structural changes in the macula and optic
nerve head of the clinically free eyes of RB survived pa-
tients. These eyes were characterized by thinning of
CFT, GCL, GCC in the macula with no statistically sig-
nificant difference in thickness of pRNFL compared to
the control group. These changes may be due to the
genetic defects in RB. After unilateral enucleation, in-
creased thickness in macular GCC and pRNFL were de-
tected compared to RB group and these changes were
statistically correlated to SAP pattern deviations. This
may highlight the importance of long term follow up ex-
aminations of those remaining eyes. Further histopatho-
logical studies are needed to confirm these findings.

Abbreviations

Anova: One — way Analysis of variance; BCVA: Best corrected visual acuity; C/

D: cup disc ratio; CFT: central foveal thickness; ETDRS: Early Treatment Diabetic
Retinopathy Study; FMASU REC: Faculty of Medicine Ain Shams University
Research Ethical Committee; GCC: ganglion cell complex; GCL: ganglion cell
layer; INL: Inner nuclear layer; IOP: intraocular pressure; IPL: inner plexiform layer;
IQR: interquartile range; Log.MAR: logarithm of minimum angle of resolution;
mGCC: macular ganglion cell complex; mGCL: macular ganglion cell layer;
mRNFL: macular RNFL; OCT: optical coherence tomography; ONL: outer nuclear
layer; OPL: outer plexiform layer; pRNFL: peripapillary retinal nerve fiber layer;
P-value: probability value; RB: retinoblastoma; RBp: retinoblastoma protein;

RPE- IS/OS: Retinal pigment epithelium to /inner/outer segment junction of
photoreceptors; SAP: standard automated perimetry; SD: Standard deviation;
SPSS: statistical package for the social sciences

Acknowledgments

To all members of Ocular Oncology Clinic, Faculty of Medicine, Ain Shams
University with a special thanks to Prof. Dr. Othman Ali Othman Ziko for his
support and continuous encouragement.

Funding
No funding.

Availability of data and materials
The datasets created and/or analyzed during the current study are included
in tables present in the article.



Said et al. BMC Ophthalmology (2017) 17:251

Authors’ contributions

AMS was responsible for collection of data and perimetry. AME was
responsible for performing OCT. AMS performed the statistical analysis. AMS,
AME, AAS interpreted the results. AMS and AME participated in formulation
of the design. AMS wrote the first draft of the manuscript. All authors
reviewed and approved the final manuscript.

Ethics approval and consent to participate

All procedures in this study were adhered to Declaration of Helsinki Ethical
Principles for Medical Research involving Human Subjects and approved by
Faculty of Medicine, Ain Shams University Research Ethical Committee (FMASU
REC). No. FWA000017585. An informed consent was obtained from parents of
the young study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 25 August 2017 Accepted: 5 December 2017
Published online: 16 December 2017

References

1. Abramson DH. Retinoblastoma in the 20" century: past success and future
challenges. The Weisenfeld lecture Invest Opthalmol Vis Sci. 2005;46:2683-91.

2. Young GL, Smith MA, Roffers SD, Liff JM, Bunin GR. Retinoblastoma. In: Cancer
incidence and survival among children and adolescents: United States SEER
Program 1975-1995. Bethesda, MD: National Cancer Institute; 1999. p. 73-8.

3. Parsam VL, Kannabiran C, Honavar S, Vemuganti GK, Ali MJA. Comprehensive,
sensitive and economical approach for the detection of mutations in the Rb1
gene in retinoblastoma. J Genet. 2009,88(4):517-27.

4. Mulligan G, Jacks T. The retinoblastoma gene family: cousins with
overlapping interests. Trends Genet. 1998;14:223-9.

5. Claudio PP, Tonini T, Giordano A. The retinoblastoma family: Twins or
distant cousins? Genome Biol. 2002;3 reviews 3012

6. Jiang Z, Zacksenhaus E, Gallie BL, Phillips RA. The retinoblastoma gene
family is differentially expressed during embryogenesis. Oncogene. 1997,
17(14):1789-97.

7. Gallie BL, Campbell C, Devlin H, Duckett A, Squire JA. Developmental basis
of retinal-specific induction of cancer by RB mutation. Cancer Res. 1999;59:
17315-5s.

8. Mcevoy J, Flores-Otero J, Zhang J, et al. Coexpression of normally
incompatible developmental pathways in retinoblastoma genesis. Cancer
Cell. 2011;20:260-75.

9. Zhang J, Benavente CA, McEvoy J, et al. A novel retinoblastoma therapy
from genomic and epigenetic analyses. Nature. 2012;481:329-34.

10. Van Dijk J, Huisman J, Moll AC, et al. Health-related quality of life of child
and adolescent retinoblastoma survivors in the Netherlands. Health Qual
Life Outcomes. 2007;5:65.

11, Yinon U. Monocular deafferentation effects on responsiveness of cortical
cells in adult cats. Brain Res. 1980;199:299-306.

12. Chalupa LM, Henderson Z. Monocular enucleation in adult hamsters
induces functional changes in the remaining ipsilateral retinotectal
projection. Brain Res. 1980;192:249-54.

13. Toldi J, Rojik I, Feher O. Neonatal monocular enucleation-induced cross-modal
effects observed in the cortex of adult rat. Neuroscience. 1994,62(1):105-14.

14.  Toldi J, Farkas T, Volgyi B. Neonatal enucleation induces cross-modal
changes in the barrel cortex of rat. A behavioural and electrophysiological
study. Neurosci Lett. 1994;167:1-4.

15. Bisti S, Carmignoto G. Monocular deprivation in kittens differently affects
crossed and uncrossed visual pathways. Vis Res. 1986,26:875-84.

16.  Grigonis AM, Pearson HE, Murphy EH. The effects of neonatal monocular
enucleation on the organization of ipsilateral and contralateral
retinothalamic projections in the rabbit. Brain Res. 1986;29:9-19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 12 of 13

Sakata LM, DeLeon-Ortega JE, Sakata V, Girkin CA. Optical coherence
tomography of the retina and optic nerve - a review. Clin Experiment
Ophthal. 2009;37:90-9.

Murphree AL. Intraocular retinoblastoma: the case for a new group
classification. Ophthalmol Clin N Am. 2005;200:41-53.

World Health Organization. International statistical classification of diseases,
injuries and causes of death, tenth revision. Geneva, 1993. Quoted from
vision 2020 the right to sight global Initiative for the elimination of
avoidable blindness: action plan 2006-2011. Available at http://www.who.
int/blindness/Vision2020_report.pdf.

Chen D, Livne-Bar |, Vanderluit JL, Slack RS, Agochiya M, Bremner R. Cell-
specific effects of RB or RB/p107 loss on retinal development implicate an
intrinsically death-resistant cell of- origin in retinoblastoma. Cancer Cell.
2004;5:539-51.

Macpherson D, Sage J, Kim T, Ho D, Jacks T. Cell-type specific effects of Rb
deletion in the murine retina. Genes Dev. 2004;18(14):1681-94.

DiCiommo D, Gallie BL, Bremner R. Retinoblastoma: the disease, gene and
protein provide critical leads to understand cancer. Semin Cancer Biol.
2000;10:255-69.

Lipinski MM, Jacks T. The retinoblastoma gene family in differentiation and
development. Oncogene. 1999;18:7873-82.

Vooijs M, Te Riele H, Van Der Valk M, Berns A. Tumor formation in mice with
somatic inactivation of the retinoblastoma gene in interphotoreceptor
retinol binding protein-expressing cells. Oncogene. 2002,21:4635-45.

Lee EY, Chang CY, Hu N, et al. Mice deficient for Rb are nonviable and show
defects in neurogenesis and haematopoiesis. Nature. 1992,359:288-94.
Aldiri I, Ajioka |, Xu B, et al. Brg1 coordinates multiple processes during
retinogenesis and is a tumor suppressor in retinoblastoma. Development.
2015;142(23):4092-106.

Skapek SX, Lin SJ, Jablonski MM, et al. Persistent expression of cyclin D1
disrupts normal photoreceptor differentiation and retina development.
Oncogene. 2001;20:6742-51.

Mohan A, Venkatesan N, Kandalam M, et al. Detection of human
papillomavirus DNA in retinoblastoma samples: a preliminary study. J
Pediatr Hematol Oncol. 2009;31(1):8-13.

Shetty OA, Naresh KN, Banavali SD, et al. Evidence for the presence of high risk
human papilloma virus in retinoblastoma tissue from non familial retinoblastoma
in developing countries. Pediatr Blood Cancer. 2012;58(2):185-90.

Bremner R, Chen D, Pacal M, Livne-Bar I, Agochiya M. The RB protein family
in retinal development and retinoblastoma: new insights from new mouse
models. Dev Neurosci. 2004;26:417-34.

Jones DL, Alani RM, Munger K. The human papilloma virus E7 oncoprotein
can uncouple cellular differentiation and proliferation in human
keratinocytes by abrogating p21Cip1-mediated inhibition of cdk2. Genes
Dev. 1997;11:2101-11.

Cepko CL, Austin CP, Yang X, Alexiades M, Ezzeddine D. Cell fate deternination
in the vertebrate retina. Proc natl acad sci USA. 1996;93(2):589-95.

Adler R, Hatlee M. Plasticity and differentiation of embryonic retinal cells
after terminal mitosis. Science. 1989;20(243):391-3.

Godement P, Saillour P, Imbert M. The ipsilateral optic pathway to the
dorsal lateral geniculate nucleus and superior colliculus in mice with
prenatal or postnatal loss of one eye. J Comp Neurol. 1980;190:611-26.
Jen LS, Lund RD. Experimentally induced enlargement of the uncrossed
retinotectal pathway in rats. Brain Res. 1981;211:37-57.

Lund RD, Cunningham TJ, Lund JS. Modified optic projections after
unilateral eye removal in young rats. Brain Behav Evol. 1973,8:51-72.

Lund RD, Lund JS. Reorganization of the retinotectal pathway in rats after
neonatal retinal lesions. Exp Neurol. 1973;40:377-39.

Lund RD, Lund JS. Plasticity in the developing visual system: the effects of
retinal lesions made in young rats. J Comp Neurol. 1976;169:133-54.

Lund RD, Land PW, Boles J. Normal and abnormal uncrossed retinotectal
pathways in rats: an HRP study in adults. J Comp Neurol. 1980;189:711-20.
Cunningham TJ. Early removal produces excessive bilateral branching in the
rats: application of cobalt filling method. Science. 1976;194:875-59.

Land PW, Lund RD. Development of the rats uncrossed retinotectal
pathway and its relation to plasticity studies. Science. 1979;205:698-700.
Hsiao F. Plastic changes in the distribution and soma size of retinal
ganglion cells after neonatal monocular enucleation in rats. Brain Res. 1984;
301:1-12.

Fukuda Y, Hsiao CF, Hara Y, Iwama K. Properties of ipsilateral retinogeniculate
afferents in albino and hooded rats. Neurosci Lett. 1981,22:173-8.


http://www.who.int/blindness/Vision2020_report.pdf
http://www.who.int/blindness/Vision2020_report.pdf

Said et al. BMC Ophthalmology (2017) 17:251

44,

45,

46.

47.

48.

49.

50.

Fukuda Y, Sumitomo |, Hsiao CF. Effects of neonatal enucleation on the
excitatory and inhibitory organizations of the rat lateral geniculate nucleus.
J Neurophysiol. 1983;50:46-60.

Shirokawa T, Fukuda Y, Sugimoto T. Bilateral reorganization of rat optic
tracts following enucleation of one eye at birth. Exp Brain Res. 1983;51:172-8.
Lund RD, Cunnigham TJ, Lund JS. Modified optic pathways after unilateral
eye removal in young rats. Brain Behav Evol. 1973,8:51-72.

Ahmed FA, Dong K, Yamadori TA. Retrograde double-labeling study of uni-
and bilaterally projecting retinal ganglion cells that project to the superior
colliculi after unilateral eye removal at birth in the albino rat. Brain Res.
1995,704:307-12.

Mandolesi C, Menna E, Harauzov A, et al. A role for retinal brain - derived
neurotrophic factor in ocular dominance plasticity. Current Biology. 15:
2119-24.

Perry VH, Walker M. Amacrine ceils, displaced amacrine cells and interplexiform
cells in the retina of the rat. Proc R Soc Lond. 1980,208:415-31.

Sengelaub DR, Windrem MS, Finlay BL. Increased cell number in the adult
hamster retinal ganglion cell layer after early removal of one eye. Exp Brain
Res. 1983;52:269-76.

Page 13 of 13

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Ophthalmological examination
	Standard automated perimetry (SAP)
	Optical coherence tomography (OCT) scanning
	Optic nerve head scan
	Macula scan
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

