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Abstract
Purpose To describe the morphological macular changes de-
tected by spectral domain optical coherence tomography (SD-
OCT) in eyes with retinitis pigmentosa (RP) and to analyze
their correlation with the visual function.
Methods Twenty-two patients (44 eyes) patients affected by
RPwere recruited. The following structures were evaluated on
SD-OCT: outer plexiform layer (OPL), outer nuclear layer
(ONL), external limiting membrane (ELM), photoreceptor
inner/outer segment (IS/OS) junction, photoreceptor outer
segment/retinal pigmented epithelium (OS/RPE) junction, in-
ner limitingmembrane thickening (ILMT), ganglion cell com-
plex (GCC), and cystoid macular edema (CME). The relation
between each SD-OCT finding and BCVA was evaluated at
uni- and multivariate analysis.
Results Mean age and mean best-corrected visual acuity
(BCVA) were 51±17.5 years and 0.4±0.5 LogMAR, respec-
tively. Univariate linear regression model revealed a correla-
tion between BCVA and the absence of ELM, IS/OS, ONL,
and OS/RPE layers (R2 values were, respectively, 0.51, 0.57,
0.48, and 0.68, with p values all <0.0001). At multivariate
regression analysis, the absence of OS/RPE and ELM layers
remained the only variables independently associated with a
decrease of BCVA (R2=0.85, t=3.49, p=0.0014).
Conclusions Data show that in patients afflicted with RP,
ELM and OS/RPE layers are independently associated with
BCVA onmultivariate regression analysis. These results high-

light the key-role of external retinal layers in determining the
visual function impairment attributable to RP.
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Introduction

Retinitis pigmentosa (RP) is a heterogeneous group of diseases
characterized by progressive degeneration of rod and cone cells.
The clinical features of typical RP include Bbone-spicule^ retinal
pigment, thinning and atrophy of the retinal pigment epithelium
(RPE), Bwaxy pallor^ of the optic nerve head, and attenuation of
retinal arteries. The visual impairment involves night vision and
peripheral vision, with gradual deterioration of the central visual
acuity [1–3]. Optical coherence tomography (OCT) can consid-
erably contribute to the clinical assessment of patients affected by
RP. In particular, previous studies have indicated that RP is char-
acterized by alterations of the photoreceptor inner/outer segment
(IS/OS) junction, and the external limiting membrane (ELM)
[4–10]. In particular, previous studies have shown that foveal
outer segment/pigment epithelium (OS/RPE) thickness and in-
tegrity of IS/OS junction are correlated with the BCVA in eyes
with RP [4, 5, 7]. Nevertheless, although many OCT alterations
have been described in RP, no specific analysis has focused on
the role of any specific OCT layer to the visual outcome. The aim
of the present study is to describe correlations between foveal
OCT findings and visual acuity.

Methods

A consecutive series of patients affected by RP were prospec-
tively recruited at the Department of Ophthalmology of Vita-
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Salute University Hospital. Written informed consent was ob-
tained from all subjects. The protocol was approved by the
local IRB, and the procedures adhered to the tenets of the
Declaration of Helsinki. All patients underwent a complete
ophthalmic examination, including best-corrected visual acu-
ity (BCVA) on ETDRS charts, biomicroscopy, applanation
tonometry, biomicroscopic examination, spectral-domain
OCT (SD-OCT), and microperimetry.

Inclusion criteria included a diagnosis of RP and clear me-
dia to allow adequate OCTexamination. Patients were exclud-
ed if they had significant cataracts or other media opacities,
and/or if they had other ocular diseases that could affect the
results.

SD-OCT was carried out using the Spectralis HRA
(Heidelberg Engineering, Heidelberg, Germany) by means
of a horizontal line scan, centered on the fovea. In partic-
ular, the following structures were analyzed: outer plexi-
form layer (OPL), outer nuclear layer (ONL), external
limiting membrane (ELM), photoreceptor inner/outer seg-
ment (IS/OS) junction, photoreceptor outer segment/retinal
pigmented epithelium (OS/RPE) junction, inner limiting
membrane thickening (ILMT), ganglion cell complex
(GCC), and cystoid macular edema (CME) (Fig. 1).
Best-corrected visual acuity (BCVA) was registered using
standard ETDRS charts. Two examiners, masked to the
purpose of the investigation, independently judged SD-
OCT and graded each layer into three grades (grade 0:
absent; grade 1: disrupted; grade 2: normal). BCVA was
measured by another examiner in masked fashion.

Primary outcome of the study is the identification of a
correlation between SD-OCT findings and BCVA. Secondary
outcome includes the evaluation of the frequency of each of
the SD-OCT findings.

We tested the differences between groups using the non-
parametric Mann–Whitney U test or Kruskal–Wallis test, as
appropriate. Univariate and multivariate linear regression
models were also performed to show the effect of all variables
on BCVA. All tests were two-sided and a p value less than
0.05 was considered significant. All analyses were performed
using SAS V 9.3 (SAS software, SAS Institute Inc. Cary, NC,
USA).

Results

Overall, 22 patients (44 eyes) fulfilling the inclusion and ex-
clusion criteria were recruited for the study. Mean age of the
patients was 51±17.5 years. Ten patients (45%)were females.
Mean BCVA was 0.4±0.5 LogMAR (approximately corre-
sponding to 20/50 Snellen equivalent) at baseline. A mild or
moderate ILM thickening was detected in 33 eyes (75 %),
while nine eyes (20 %) presented with a macular pucker.
Mean choroid thickness was 248±71 μm. CME was detected
in seven eyes (16 %). Baseline characteristics of the SD-OCT
layers considered are listed in Table 1.

The correlation between BCVA and all OCT findings was
at first separately investigated bymeans of univariate analysis.
A preserved OPL layer was associated with a better BVCA:

Fig. 1 a SD-OCTscan centered on the fovea of a patient affected by RP.
The retinal structures and layers considered in the analysis are showed:
inner limiting membrane (ILM), ganglion cell complex (GCC), outer
plexiform layer (OPL), outer nuclear layer (ONL), external limiting
membrane (ELM), photoreceptor inner/outer segment (IS/OS) junction,
photoreceptor outer segment/retinal pigmented epithelium (OS/RPE)

junction. In this specific case, the ONL looks thinned and disrupted, as
well as the IS/OS and OS/RPE junctions. b SD-OCTscan centered on the
fovea of a patient diagnosed with RP complicated by cystoid macular
edema (CME). All the main retinal structures described above remain
detectable, despite the presence of intra-retinal cysts
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mean BCVA for patients presenting with normal, disrupted
and absent OPL were, respectively, 0.2, 0.6, and 1.1 (p=
0.0035). Moreover, a preserved ONL layer was coupled with
a better BVCA: mean BCVA for patients presenting with nor-
mal, disrupted, and absent ONL were, respectively, 0.1, 0.6,
and 1.5 (p=0.0001). ELM layer integrity was also related to a
better BVCA: mean BCVA for patients presenting with nor-
mal, disrupted, and absent ELM were, respectively, 0.1, 0.4,
and 0.9 (p<0.0001). A preserved IS/OS layer turned out to be
associated with a better BVCA: mean BCVA for patients pre-
senting with normal, disrupted, and absent IS/OS were, re-
spectively, 0.1, 0.5, and 1.4 (p<0.0001). OS/RPE layer was

linked to a better BVCA: mean BCVA for patients presenting
with normal, disrupted, and absent OS/RPE were, respective-
ly, 0.1, 0.4, and 1.4 (p<0.0001). No differences were found
regarding the presence or absence of CME, the ILM thicken-
ing, and the choroidal thickness. GCC layer thickness was
14.2±15, and no correlation was found between BCVA and
GCC layer thickness.

Subsequently, the univariate linear regression model
highlighted the correlation between poor BCVA and the ab-
sence of ELM, IS/OS, ONL, and OS/RPE layers (R2 values
were, respectively, 0.51, 0.57, 0.48, and 0.68, with p values all
<0.0001) (Table 2).

Lastly, confounding factors were controlled by the multi-
variate regression analysis. The absence of OS/RPE and ELM
layers remained the only variables independently associated
with a decrease of BCVA (R2=0.85, t=3.49, p=0.0014)
(Table 2).

Discussion

The early histopathological alterations typical of RP are repre-
sented by shortening of the photoreceptor outer segments [1, 2],
with consequent gradual degeneration of the cones and central
vision impairment [1–3]. SD-OCT can greatly contribute to the

Table 1 Baseline characteristics

Normal Disrupted Absent Total

OPL 28 (64 %) 12 (27 %) 4 (9 %) 44 (100 %)

ONL 22 (50 %) 20 (45 %) 2 (5 %) 44 (100 %)

ELM 23 (52 %) 10 (23 %) 11 (25 %) 44 (100 %)

IS/OS 19 (43 %) 21 (48 %) 4 (9 %) 44 (100 %)

OS-RPE 16 (37 %) 23 (52 %) 5 (11 %) 44 (100 %)

Outer plexiform layer (OPL), outer nuclear layer (ONL), external limiting
membrane (ELM), photoreceptor inner/outer segment (IS/OS) junction,
photoreceptor outer segment/retinal pigmented epithelium (OS/RPE)
junction

Table 2 Univariate and
multivariate models (see text) Dependent variable: BCVA Univariate models Multivariate model

β coefficient p value R2 β coefficient p value R2

OPL=2 Ref 0.33 Ref 0.80
OPL=1 0.40 0.005 0.09 0.36

OPL=0 0.88 0.0001 0.00 0.99

ONL=2 Ref 0.46 Ref

ONL=1 0.45 0.0002 −0.06 0.65

ONL=0 1.36 <0.0001 −0.04 0.89

ELM=2 Ref 0.49 Ref

ELM=1 0.32 0.02 0.08 0.60

ELM=0 0.82 <0.0001 0.59 0.001

IS OS=2 Ref 0.55 Ref

IS OS=1 0.35 0.001 −0.07 0.67

IS OS=0 1.27 <0.0001 −0.49 0.19

OS_EPR=2 Ref 0.67 Ref

OS_EPR=1 0.29 0.002 0.14 0.31

OS_EPR=0 1.31 <0.0001 1.33 0.001

ST_ONL −0.002 0.009 0.13 0.00 0.77

ST Choroid 0.001 0.29 0.004
ILM_thickening=2 Ref 0.04
ILM_thickening=1 −0.28 0.11

ILM_thickening=0 −0.59 0.11

ME −0.29 0.17 0.02

Ref = reference. 0 = absent, 1 = disrupted, 2 = normal
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morphological assessment, disclosing many changes of the reti-
nal layers, including also inner limiting membrane thickening
ILMT, and CME [4–11]. However, no study has specifically
investigated the relationship between each OCT layer change
and BCVA. The purpose of this study was to evaluate, with
univariate and multivariate analyses, the effects of altered SD-
OCT findings on the residual visual acuity in patients affected by
RP.

With univariate analysis, both absence and disruption of
OPL, ONL, ELM, IS/OS, and OS/RPE layers turned out to
be significantly associated with a BCVA decline. However,
when analyzing the data with a linear regression model, just
the absence of ELM, IS/OS, ONL, and OS/RPE layers was
linked to BCVA changes. After multivariate regression anal-
ysis, only the absence of ELM and OS/RPE remained inde-
pendently associated with a BCVA impairment.

Previous investigations provided interesting results re-
garding the correlation of OCT findings and visual func-
tion. In particular, Sandberg et al. reported that the decline
in visual acuity for decreasing retinal thickness was steeper
in eyes with an absent third high-reflectance band [4]. Ma-
tsuo et al. found that the identification of more external
retinal layers correlated with a greater BCVA [5]. Aizawa
et al. reported that the integrity and the length of the IS/OS
was significantly correlated with the BCVA [6]. Mitamura
and colleagues reported a significant relationship between
IS/OS length and BCVA [7]. The length of the IS/OS layer
has also been linked with a better contrast sensitivity and a
better color vision in the paper by Yioti et al. [8]. However,
it is important to note that all of the previous studies per-
formed just a univariate analysis, which only offers an in-
complete appraisal.

Indeed, our data confirm the influence of the ELM on
BCVAworsening. On the other hand, the IS/OS junction does
not seem to be independently linked to BVCA. In fact, the
multivariate model revealed that the OS/RPE layer is only
independently associated with BCVA. The IS/OS layer asso-
ciation detected on univariate analysis can be considered as a
confounding factor, which is probably due to the linear asso-
ciation between IS/OS and OS/RPE layers. Thus, multivariate
regression analysis indicates that both ELM and OS/RPE are
related to visual acuity changes.

Our results confirm the data previously published by
Witkin and colleagues who reported a reduced OS/RPE thick-
ness in RP patients and a positive correlation between this
measurement and BCVA [9]. Moreover, the role of a pre-
served outer photoreceptor segment in RP patients with good
BCVA has been recently highlighted also by Ki Yoon and
colleagues [10]. Such a strong association between the ab-
sence of OS/RPE and a worse BCVA reflects the functional
importance of the RPE and its junction with the photoreceptor
layer. This importance is also highlighted by the study of
Robson et al., where patients with a preserved hyper-

autofluorescence macular ring (reflecting preserved outer ret-
inal layers) showed a better visual outcome [12].

In conclusion, this study, designed to evaluate the function-
al importance of the retinal layer changes in RP patients, re-
vealed that ELM and OS/EPR are independently associated
with BCVA outcomes on multivariate regression analysis.
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