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Giingor Sobaci Purpose: To investigate whether or not thicker retinal nerve fiber layer (RNFL) in retinitis
Gokhan Ozge pigmentosa (RP) patients relates to functional abnormalities of the photoreceptors.
Fatih C Giindo gan Methods: Optical coherence tomography-based RNFL thickness was measured by Stratus-3™

Zeiss, Basel, Switzerland) optical coherence tomography and electroretinogram (ERG) record-
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and Medical School, Etlik, Ankara, retinitis pigmentosa and in 30 healthy subjects.
Turkey

Results: Photopic ERG b-wave amplitude, cone ERG b-wave latency, 30 Hz flicker ampli-
tude, and 30 Hz flicker latency had significant correlations to the RNFL-temporal ( = —0.55,
P =0.004, »=0.68, P=0.001, » =-0.65, P =0.001, and r = —0.52, P = 0.007, respectively).
Eyes with thicker RNFL (ten eyes) differed significantly from those with thinner RNFL (eight
eyes) regarding cone ERG b-wave latency values only (P = 0.001).

Conclusion: Thicker RNFL in patients with retinitis pigmentosa may be associated with
functional abnormality of the cone system.
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Introduction
Retinitis pigmentosa (RP) is one of the most common forms of hereditary retinal
degeneration. It is characterized by the progressive loss of outer retinal function and
may eventually lead to blindness, which is incurable. Integrity of the inner retinal layer
has been suggested as a prerequisite for successful replacement/restoration therapy in
the outer retinal layer (ORL). Optical coherence tomography (OCT) providing high-
resolution, cross-sectional images which correspond to histological sections can be
used in evaluation of the retinal nerve fiber layer (RNFL).! Recently, variability in
OCT-assessed RNFL thickness in patients with RP has been shown.>* RNFL thick-
ness as obtained by OCT can be used clinically to assess the integrity of the inner
retinal layer in RP. Among the sectors analyzed by OCT, the RNFL-temporal sector,
consisting of maculopapular fibers, has elicited special interest since it conveys visual
information from the macula to the lateral geniculate nucleus.

In light of recent findings,>® which highlight transsynaptic anterograde and retro-
grade neural degeneration in the retina, we hypothesize that thicker RNFL in RP may

be related to functional abnormalities of the photoreceptors in the ORL.
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Edinburgh 2000);” informed consent was obtained from the
subjects, and patient anonymity was preserved.

They were selected among conscripts between the ages of
20 to 27 (mean: 23.1 £+ 2.4) years old. Only one of the eyes
with better visual acuity (VA) in the groups was studied.
Patients who had VA of more than 1 logMAR (less than
20/200 Snellen equivalent), refractive errors with spherical
equivalent of more than 3 diopters, large or small optic discs,
intraocular pressure and visual fields suggesting glaucoma,
and cystoid macular edema were excluded. Electroretino-
gram (ERG) recordings (RETI-port®, Roland, Wiesbaden,
Germany) according to the International Society for Clinical
Electrophysiology of Vision standards,® and RNFL measure-
ments using the fast RNFL algorithm (Stratus-3™, Zeiss,
Basel, Switzerland) were performed in the groups. With
the fast RNFL thickness protocol, three 3.4-mm diameter
circular scans were acquired. Comparison to an age-matched
normative database is performed automatically by the OCT
for overall RNFL thickness and the quadrants (superior: 46
to 135 degrees; nasal: 136 to 225 degrees; inferior: 226 to
315 degrees, and temporal: 316 to 45 degrees), and RNFL
thickness in twelve 30-degree clock-hour sectors). In addi-
tion, central macular thickness (CMT) was analyzed. CMT
was referred to the central 1-mm zone of the macular thick-
ness map. The fast macular thickness map scan protocol on
the OCT3 (Stratus™) was used by the same trained operator.
Only complete, well-centered scans with signal strengths of
more than 6 and correct segmentation were used. A mean
of three successive measurements was used for statisti-
cal analysis. RNFL and CMT in group 1 were evaluated
regarding normal values in controls (group 2); those outside
5%-95% confidence interval limits.

All measurements were undertaken by the same examiner
in the morning, and an average of three successive measure-
ments were analyzed using SPSS software (v 13.0; IBM,
Armonk, NY). Correlations of VAs as logMAR-VA to RNFL
thickness, VAs to ERG parameters, and RNFL thickness to
ERG parameters in the RP group were analyzed by Spear-
man test; Student’s #-test, and the Mann—Whitney U test for
comparing means, and Fisher’s exact test for associations
between variables. A P value of <0.01 was considered
statistically significant in statistical analyses.

Results

The mean CMT value did not differ between the groups (215 %
25 umand 212 28 um; P=0.67, Student’s #-test). All RNFL
thickness values in the control group were within the normal
limits of the OCT3-based normative database. Ten eyes (37%)

in the RP group had thicker RNFL (>95% confidence interval
upper limits from the control group) than controls. These
thicker RNFL values were distributed in different sectors either
separately or side by side around the optic disk (Table 1). Nine
of ten eyes with thicker RNFL were located in the temporal
quadrant, and one (10%) in the superior quadrant. Nine eyes
had normal RNFL values in all four quadrants. Eight (29.6%)
eyes in the RP group had thinner RNFL values in addition to
normal values. There was no difference in the distribution
of thinner RNFL in the quadrants; however, significant dif-
ferences existed between RNFL-temporal and RNFL-nasal
and RNFL inferior (P = 0.019 for both, Fisher’s exact test)
in regard to thickening in RNFL. Table 2 gives correlation
coefficients between RNFL-overall and ERG parameters, and
RNFL-temporal and ERG parameters in the RP group. Cone
ERG b-wave latency and 30 Hz flicker amplitude showed
significant correlations to the RNFL-overall (» = —0.60,
P =0.001 and » =—-0.51, P = 0.008, respectively) (Figure 1
and Table 2). Photopic ERG b-wave amplitude, cone ERG
b-wave latency, 30 Hz flicker amplitude, and 30 Hz flicker
latency had significant correlations to the RNFL-temporal
(r=-0.55,P=0.004,=0.68, P=0.001, »=-0.65, P=0.001,
and r=-0.52, P=0.007, respectively) (Table 2). The mean of
thicker RNFL was 55% more than the mean of normal RNFL
thickness. Eyes with thicker RNFL (ten eyes) differed sig-
nificantly from those with thinner ones (eight eyes) regarding
cone ERG b-wave latency values (P =0.001, Mann—Whitney
U test) only. Figure 2 shows the scatterplot of the relationship
between the cone ERG b-wave and RNFL-temporal (= 0.68,
P = 0.001). Insignificant correlations were found between
VAs and both RNFL-overall (r =-0.22, P = 0.36, Spearman
test) and RNFL-temporal (r=—-0.23, P=0.35, Spearman test)
values in the RP group. No significant correlation was found
between VAs and ERG parameters in the RP group (P > 0.01
for all, Spearman test).

Discussion
We observed both thicker (37%) and thinner (29.6%)
RNFL values, which is not an unexpected finding in

Table | Distribution of abnormal segments in various quadrants
in patients with retinitis pigmentosa (n = 27)

Quadrants Thicker RNFL Normal Thinner
n (%) n (%) n (%)
Nasal 2 (7%) 21 (78%) 4 (15%)
Inferior 2 (%7) 21 (78%) 4 (15%)
Temporal 9 (33%) 15 (56%) 2(7%)
Superior 4 (15%) 17 (63%) 6 (22%)

Abbreviation: RNFL, retinal nerve fiber layer.
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Table 2 Correlations between retinal nerve fiber layer thickness and electroretinogram parameters

ERG Scotopic Photopic Oss Cone 30 Hz

parameters b(amp) b(lat) b(amp) b(lat) Pl b(amp) b(lat) amp lat

RNFL-overall r=-0.27 r=-0.07 r=-0.33 r=0.01 r=0.14 r=0.34 r=-0.60 r=-0.5I r=0.34
P=0.18 P=0.73 P=0.10 P=0.94 P=0.77 P=0.09 P=0.001 P =0.008 P=0.09

RNFL-temp r=-0.37 r=-0.29 r=-0.55 r=0.08 r=-0.15 r=-0.33 r=0.46 r=-0.65 r=-0.57
P=0.06 P=0.15 P =0.004 P=0.69 P=045 P=0.10 P=-0.0I P =0.001 P =0.003

Abbreviations: RNFL, retinal nerve fiber layer; ERG, electroretinogram; Oss, ossilatory potentials.

RP patients.'* Regarding transneuronal ganglion cell death,
exact cause—effect relationship has not yet been clarified
in all RP cases.’ In addition to transsynaptic degeneration,
degeneration of the bipolar, amacrine, and Miiller cells
may be responsible for variability in RNFL thickness in RP
patients.!® OCT analysis, which gives invaluable informa-
tion about the microstructure of the retina, has become an
indispensible part of the clinical examination in patients
with RP. ERG combined with OCT analysis may reliably
reveal the relation between microstructure and function.
Oishi et al showed that no correlation existed between RNFL
and VA, inheritance trait, laterality, refractive error, or the
extent of visual field defect.!! They also found ageing and
being male were significant risk factors for thinner RNFL.
Our study population consisted of only young adult males
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in both groups. Except for RP in the study group, they
had no ocular or systemic disease. They had no structural
abnormality in the macula discernible by OCT. We found
that almost 30 percent of the patients had thinner RNFL.
We found no correlation between VA and RNFL, and VA
and ERG parameters. Sugita et al in a focal macular ERG
study stated that preserved macular morphology does not
necessarily guarantee reserved electrical potential in RP
patients.!? In a multifocal ERG study, Wolsley et al reported
that preserved timing in the central retina, despite significant
disruption of the retinal laminar structure, could be sugges-
tive of inner retinal remodeling or functional redundancy."
They also stated that cone-system activity shown in multifo-
cal ERG responses could be related to the thickness of the
photoreceptor layer in the macular region.
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Figure | Retinitis pigmentosa (RP) patient with (A) thicker retinal nerve fiber layer (RNFL) (B) and flash electroretinogram (ERG).
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Figure | (Continued)
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In this study, cone ERG b-wave latency, which showed
significant correlation to both RNFL-overall and RNFL-
temporal, was significantly delayed in eyes with thicker
RNFL values. We showed that eyes with thicker RNFL
differed significantly from those with thinner ones in the
distribution of this ERG parameter. This correlation may
implicate the cause—effect relationship through lack or
deficiency of tropic factors from abnormal cones to RNFL
in RP patients. We observed no gliotic changes in the inner
retinal layer or vitreoretinal interface in the RP group. In the
light of findings that highlights transsynsaptic anterograde
and retrograde neural degeneration in the retina,>%*!15 we
suggest that some negative (namely, neurotoxic) effect from
dysfunctional cones might be the cause of RNFL thicken-
ing, which is followed by RNFL thinning later in the course
of RP. Unfortunately, the morphological, biochemical, and
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molecular mechanisms involved in the development of RP
are not yet fully understood.

The limitations of our study include the following:
the numbers of the patients evaluated, and the absence of
evaluation of the relationship between genotype and RNFL
thickness in RP patients. We applied strict exclusion cri-
teria in this study. All clinical and laboratory studies were
performed by the same examiners under the same testing
conditions. We have to admit that our findings need to
be confirmed by further longitudinal clinical studies with
longer follow-up periods in larger groups. Newer, higher-
resolution spectral OCT techniques might have provided
additional information about structural and functional
changes in the ORL.

Currently proposed therapies with the application of stem
cells, gene deliveries, and retinal implants are based on the
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Figure 2 Correlations of cone electroretinogram b-wave latency to thicker retinal nerve fiber layer-temporal thickness.

premise that the inner retinal layer is relatively preserved

despite severe destruction in the ORL.

This study shows that thicker RNFL in RP may related

to functional abnormalities of the cone system. Further stud-

ies are needed to determine the prognostic significance of

cone ERG in successful replacement/restoration therapies
in RP.
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