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Abstract

Purpose To correlate the structure of the
macula, as measured by spectral-domain
optical coherence tomography (SD-OCT) and
function, as measured by microperimetry
(MAIA) in patients with retinitis pigmentosa
(RP) and relatively good visual acuity.
Design Prospective, cross-sectional, non-
intervention study.
Subjects Patients with RP.
Methods Thirty patients with RP and good
central visual acuity were identified. Each
patient underwent SD-OCT of the macula
and microperimetry. The images were
overlaid using the custom-designed
software. The retinal sensitivity by
microperimetry was correlated with
corresponding retinal thickness, as
measured by the SD-OCT. ELM, COST, and
IS/OS junction were scored as intact,
disrupted, or absent.
Main outcome measures Comparing the
retinal sensitivity on the MAIA with various
measurements on the SD-OCT.
Results The retinal sensitivity on the
MAIA showed a significant correlation
with total retinal thickness and outer
retinal thickness on the SD-OCT. There
was no association with either the inner
retinal thickness or the choroidal thickness.
ORT showed a statistically significant
correlation with the anatomical classifica-
tion of ELM (r=− 0.76, Po0.001), IS/OS
(r=− 0.800, Po0.001), and COST (r=− 0.733,
Po0.001).
Conclusion This study determined that there
was a high correlation of the structure and
function of the central macula in patients
with RP. These studies are important to
establish surrogate markers that can be used
as end points for various tests in future
therapeutic clinical trials.
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Introduction

Retinitis pigmentosa (RP) is the most common
type of inherited retinal degenerative disease
characterized by loss of photoreceptors, night
blindness, bone spicule-like pigmentary changes
in the midperiphery and decreased or
undetectable responses on an electro-
retinogram.1,2 RP is a spectrum of diseases
characterized by progressive peripheral visual
field constriction that can eventually involve the
macula with loss of central visual acuity. There is
no effective intervention, although several
clinical trials are underway to either slow down
or arrest the progression of the disease.3–7

Progression in RP has traditionally been
monitored in the past by assessing visual fields
and full-field electroretinography. Although
Goldmann visual field testing was the gold
standard, more recently static perimetry using
the Humphrey Field Analyzer (HFA) (programs
30-2 and 10-2) has been used for this purpose.
With the advent of spectral-domain optical
coherence tomography (SD-OCT), it has become
standard practice to monitor the progression in
the structure of the retina, more specifically, the
outer retina.
Microperimetry, or fundus-related perimetry,

is a technique that involves visual field testing
while observing the retina simultaneously. This
allows observation of the point on the retina that
is being stimulated. This is an especially useful
method to assess visual fields in patients with
unstable or eccentric fixation caused by macular
pathologies.8 Literature suggests that retinal
sensitivity, and not visual acuity, is related to
quality of life and has shown to be sensitive to
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change of function in a trial in RP patients in contrast to
HFA 10-2.9–11

SD-OCT can show cross-sectional images of the retina
with an axial resolution of up to 5 μm.12 This resolution
enhances visualization of the various retinal layers,
particularly at the level of the external limiting membrane
(ELM) and photoreceptor inner segment/outer segment
(IS/OS) junction.13

Several studies have highlighted the importance of the
IS/OS layer integrity in studying the progression of
RP.13–15 Studies have also shown the gradual reduction in
the IS/OS layer assessed by the fundus autofluorescence
(FAF) ring.16

In a study in 2011, Lupo et al17 studied the relation
between SD-OCT and microperimetry in RP. Lenassi et al
investigated the ultrastructural details on the SD-OCT
and compared them with the function of the macula, as
measured by the microperimetry in these patients.18 The
purpose of the current study was to perform a structure-
function correlation of the retinal sensitivity on the MAIA
to thickness of retinal layers and structural changes in the
IS/OS, COST layer, and ELM on the SD-OCT.

Materials and methods

The study was a prospective case series, approved by the
ethics committee of Narayana Nethralaya, Bangalore,
India. All the patients consented for the study, and for
publication of their data and procedures adhered to the
tenets of Declaration of Helsinki. Thirty-four eyes of 34
patients diagnosed with non-syndromic RP based on
clinical examination, visual field measurements, and
electrophysiology were enrolled into the study. The visual
acuity in each eye was measured using the Snellen’s
visual acuity chart. The eye with the better central visual
acuity was selected; if both were the same, the right eye
was selected. Patients with vision less than 6/36 on the
Snellen chart, macular lesions, or macular edema on
fundus examination or SD-OCT were excluded to ensure
a stable fixation during microperimetry and to exclude

lower microperimetry values due to macular edema.
Thirty eyes were used for statistical analysis.
All patients underwent microperimetry on the MAIA

(CenterVue, Padova, Italy) using a predefined pattern
that covered the central 10°. The Macular Integrity
Assessment or MAIA microperimeter uses a scanning
laser to perform retinal imaging and an LED light as a
stimulus. The eye tracking system on the MAIA was used
to ascertain a stable fixation during the entire study.
Points corresponding to the foveal center and the
horizontal and vertical lines were used for statistical
analysis. Patients who could not maintain a steady
fixation underwent a repeat testing, and the second test
was used for analysis if fixation was stable. Fixation was
considered stable if the reliability index was 460%. If
there was no fixation in the fovea, patients were excluded.
SD-OCT was performed with the Spectralis (Heidelberg

Engineering, Heidelberg, Germany). The simultaneous
confocal scanning laser ophthalmoscope (cSLO) on the
Spectralis allowed precise localization of the anatomical
landmarks. The eye tracking system ensured a stable
fixation during the entire test. Multiple single scans were
averaged at the same location to obtain an increased
signal-to-noise ratio. A 100-ART vertical and horizontal
scan centered on the fovea was obtained on the SD-OCT
for each patient within an area of central 30°. Enhanced-
depth imaging scans were obtained to assess the
choroidal thickness.
An overlay was prepared using a customized software.

The MAIA images were overlaid on the cSLO images of
the OCT and matched using blood vessels as a co-
registration marker. Structural details on the SD-OCT
corresponding to the retinal sensitivity at the central
(foveal), 1°, 3° and 5° horizontal and vertical lines on the
MAIA were compared (Figure 1).
The inner and outer retinal thickness and the choroidal

thickness on the SD-OCT were assessed at each point
corresponding to the central and six horizontal and
vertical points within the central 10° on the MAIA. Two
observers (RB, AK) made the measurements independent
of each other. The mean values were calculated and used

Figure 1 The MAIA of the right eye of a subject overlaid on the cSLO image of the SD-OCT (100 ART horizontal scan) with co-
registration of the blood vessels using a customized software. The point measured corresponds to the 5° temporal location on the MAIA
(white arrow) and the corresponding measurement on the SD-OCT (yellow arrow).
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in the analyses. In case there was a difference of 20 µm or
more between the two observers, the patient was
excluded (n= 4). On the SD-OCT the ELM, COST layer
and IS/OS were assessed and classified as intact,
interrupted or absent according to the methods used by
others.18

The outer retinal thickness (ORT) was measured
between the outer border of the retinal pigment
epithelium and the inner border of the outer plexiform
layer (OPL), to include the inner segments, outer
segments and the outer nuclear layer; the inner retinal
thickness (IRT) was measured between the vitreoretinal
interface and the inner border of the OPL.19 Submacular
choroidal thickness (CT) was measured manually from
the inner border of the sclera to the outer border of the
RPE vertically using the calipers of the Heidelberg reader
software.20

Statistical analysis

For statistical analysis Snellen visual acuity was converted
to LogMAR units. To determine the relation between
retinal sensitivity on the microperimetry and the retinal
thickness at corresponding locations on the SD-OCT, the
IRT, ORT, the choroidal thickness, ELM, IS/OS and COST
abnormalities at different eccentricities were measured.
A linear mixed models (LMM) analysis was performed
with subject ID as a grouping factor, retinal sensitivity as

an independent variable, and SD-OCT values, eccentricity,
and site (foveal, inferior, superior, nasal, and temporal) as
covariates, as well as their interaction terms. All data were
analyzed using the statistical software package SPSS
version 22.0 (IBM Corporation, New York City, NY, USA).

Results

Thirty eyes of 30 patients were studied, 23 males and 7
females. Mean age was 32± 12 years (range 12–63) and
mean LogMAR visual acuity was 0.19± 0.17. There was
no statistical difference between males and females either
in age or LogMAR visual acuity.
On the MAIA, the average reliability index was 94.23%

(range 67–100%). The average duration to perform the test
was 6’52” (range 4’12”–18’51”). The average macular
integrity was 90.35 (range 44.3–100). The average
threshold was 17.58 dB (range 2.8–30.1 dB). The mean
fixation stabilities were 77.63% (P1) and 89.80% (P2). The
fixation plot showed that the average bivariate contour
ellipse area at 63% was 2.410 2 and at 95% was 14.550.2

There was a negative correlation between LogMAR
values and sensitivity at the fovea (r=− 0.52, P= 0.004);
the lower the visual acuity, the worse was the retinal
sensitivity.
On the SD-OCT, the mean total foveal thickness was

211 μm (range 97–281 μm), the average inner retinal
thickness being 122 μm (range 62–201 μm) and outer

Figure 2 Scatter plot showing the relation between MAIA values of ORT for the different sites (f-fovea, i-inferior, n-nasal, s-superior,
t- temporal) shown in different rows and eccentricities (columns). The correlation coefficients included are all significant (Po0.005).
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retinal thickness being 93 μm (range 27–119 μm). The
mean choroidal thickness in the subfoveal area was
232 μm (range 83–439 μm).
Figure 2 shows the relation between retinal sensitivity

and ORT; for all different sites and eccentricities we found
a significant correlation. Figure 3 shows the mean ORT for
different sites and eccentricities. LMM analyses revealed a
significant association between retinal sensitivity and
ORT. This association was different for the different sites
and eccentricities, that is, showing significant
interaction terms.
ELM, COST, and IS/OS junction were scored as intact,

disrupted or absent. Analysis of retinal sensitivities by
location yielded us a total of 390 locations. We found that
the ELM was intact in 206, disrupted in 74, and absent in
110 locations.

Similar analysis for IS/OS gave 182, 74, and 134,
respectively, and analysis of COST gave 88, 68, and 234,
respectively. All three layers were intact in 86, disrupted
in 1, and absent in 90 locations. ORT showed a
statistically significant correlation with the anatomical
classification of ELM (r=− 0.76, Po0.001), IS/OS
(r=− 0.800, Po0.001), and COST (r=− 0.733, Po0.001).
Sensitivity values at different locations and

eccentricities were grouped according to the above
anatomical integrity classification, and we found highest
mean sensitivities in the intact group, lower for the
disrupted group, and lowest for the absent group for all
three layers (Table 1).
Bivariate correlation showed that MAIA correlated

significantly with sex (Po0.001), spherical equivalent
(Po0.001), TRT (Po0.001), outer retinal thickness (Po0.001),
ELM (Po0.001), IS/OS (Po0.027), COST (Po0.001),
location (P= 0.032), and eccentricity (Po0.001).
Using the above data we performed a multivariate

regression (Table 2) keeping the retinal sensitivity as the
dependent variable and age, sex, spherical equivalent,
ORT, IRT, TRT, anatomy of the ELM, IS/OS, and
COST, and location and eccentricity of measurement.
We found that sex, ORT, and the anatomical integrity of
ELM and IS/OS had an important role in the retinal
sensitivity value.

Discussion

Lupo et al17 studied the relationship between retinal
thickness and retinal function in RP. They, however, only
compared the central retinal thickness with the retinal
sensitivity on the microperimetry and did not look at the
structural details. A study by Lenassi et al assessed the

Figure 3 Mean ORT for the different sites. Different lines
represent different eccentricities. Similar graphs were drawn
for the IRT and EDI (f-fovea, i-inferior, n-nasal, s-superior,
t-temporal).

Table 1 Summary of the mean retinal sensitivities using MAIA at different locations and eccentricities grouped by the anatomical
status of the outer retinal layers on SD-OCT

Location Eccentricitya IS/OS COST ELM

Intact Disrupted Absent P-valueb Intact Disrupted Absent P-valueb Intact Disrupted Absent P-valueb

Foveal 0 24.43 17.63 23.00 o0.001 25.93 17.86 21.00 0.004 24.39 20.20 7.50 o0.001
Inferior 1 24.48 17.17 3.63 o0.001 26.23 20.56 12.75 o0.001 24.14 14.33 5.50 o0.001

3 25.78 14.00 18.00 0.58 27.67 25.00 18.00 0.176 25.00 18.11 16.09 0.100
5 24.50 21.00 7.96 o0.001 26.67 18.00 9.46 0.016 21.29 11.00 7.95 0.010

Superior 1 25.78 12.60 12.50 o0.001 27.55 23.22 16.90 0.002 25.73 15.67 10.50 o0.001
3 28.00 18.43 10.07 o0.001 29.67 28.50 13.87 0.004 25.75 17.13 7.60 o0.001
5 26.80 14.00 7.53 o0.001 27.00 26.00 9.77 0.007 23.67 10.00 6.35 o0.001

Nasal 1 26.48 12.00 8.50 o0.001 27.60 23.30 17.70 0.025 25.52 16.33 12.50 0.003
3 26.50 6.20 14.43 o0.001 28.50 25.80 16.26 0.018 26.17 10.86 12.40 o0.001
5 23.88 12.00 10.42 0.003 27.67 21.00 11.63 0.011 20.69 11.00 8.62 0.004

Temporal 1 25.71 17.13 19.00 0.021 27.64 24.57 18.33 0.010 25.00 22.20 11.67 0.015
3 26.46 20.14 14.00 0.002 30.60 27.00 16.32 o0.010 26.12 19.29 7.67 o0.001
5 26.29 15.33 7.65 o0.001 29.67 20.33 10.67 0.004 25.38 15.33 6.94 o0.001

Abbreviations: COST, cone outer segment tips; ELM, external limiting membrane; IS/OS, inner segment outer segment junction. aEccentricity measured in
degrees from fovea. bComparison of means—One-way ANOVA.
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correlation of visual function measured by both static and
kinetic fundus-related perimetry with structural changes
in the inner and outer retina evaluated with SD-OCT and
with molecular changes in the RPE visualized with FAF.18

Mitamura et al21 found a significant correlation between
the length of the IS/OS line and the retinal sensitivity
using the MP-1 microperimeter.
Studies to establish the structure-function correlation in

retinal degenerative diseases are essential as more and
more treatment modalities become available. We
developed a custom-made software to assess the
structure-function correlation between fundus-related
microperimetry and SD-OCT. We found that the retinal
sensitivity correlated with the outer retinal structure and
an intact ELM and IS/OS junction but not with the inner
retinal thickness, choroidal thickness, or the COST layer.
Microperimeters allow for registration of fundus photos

with the other imaging modalities and make it possible to
compare retinal morphology with visual function.22

Retinal sensitivity assessed using microperimetry has
been advocated as a potential outcome measure of
macular function for clinical trials involving patients
with RP.23 Cideciyan et al23 have established repeatability
of microperimetry in patients with RP. In their cohort
of patients with ABCA4-associated retinopathy
that included RP, they showed that the repeated
microperimetry tests showed reasonable concordance and
the test-retest variance was not significant. Changes on
the SD-OCT have been used in several studies to study

the disease progression,13–16 and by the same measure
may be useful in monitoring response to therapy.
RP is a heterogeneous group of diseases; mutations in

more than 50 genes are known to cause non-syndromic
RP and more than 3100 mutations have been identified in
these genes.24,25 The gene products involve multiple
metabolic pathways localized to mostly rods, or rods and
cones, or the retinal pigment epithelium.2 These include
proteins of rod visual transduction, photoreceptor
differentiation, proteins of the cytoskeleton, protein
transportation, and retinol metabolism among others.2

Mutations in any of the biochemical cycles that alter the
phototransduction cascade, including renewal and
shedding of the photoreceptor outer segments, visual
transduction, and/or retinol metabolism may cause
retinitis pigmentosa.26

Our study showed that the retinal sensitivity in the
macula correlated well with the outer retinal thickness
mainly, which included the inner and outer segments of
the photoreceptors. It is not surprising that many
important biochemical processes occur in the outer retinal
layers, and structural preservation of these layers
corresponds to a functional preservation.
Issa et al27 showed that in one patient with Usher’s

syndrome, there was a significant relationship between
outer retinal thickness and retinal sensitivity. They
demonstrated that good functional preservation was
associated with outer retinal thickness 450 μm in spite of
extensive disruption of the inner retina.
The study by Lenassi et al18 found a high correlation

between retinal sensitivity and outer retinal thickness,
than overall retinal thickness in patients with RP. We
found that the retinal sensitivity correlates well with both
outer and total retinal thickness and not inner retinal
thickness or the choroidal thickness. Changes in the
choroid are probably secondary to changes that occur in
the retinal layers, and therefore choroidal thickness may
vary in patients with RP.
In addition to the IS/OS line, the integrity of the ELM

and COST layers has been described as potential
indicators of retinal function; a relation between intact
ELM/COST layer and good visual acuity has been
described in degenerative eye diseases like age-related
macular degeneration, macular hole, and epiretinal
membrane.28–31

We found that the presence of intact ELM and an intact
IS/OS correlated significantly with the retinal sensitivity.
Oishi et al29 found a strong correlation between ELM
status and visual acuity that was higher than that with the
IS/OS in a cohort of patients with age-related macular
degeneration (AMD). The status of the ELM was the most
important factor for visual acuity. In RP, it is possible that,
in addition to the IS/OS, the ELM is a marker of
photoreceptor integrity. Progressive degeneration of

Table 2 Multivariate linear regression model for dependent
variable: retinal sensitivity in db measured with the MAIA
(Model R2= 0.607)

Parameter Beta Standardized Beta P-value

Intercept 25.15 o0.001
Age (years) − 0.05 − 0.059 0.112
Sex (male, female) − 4.64 − 0.192 o0.001
Sph Eq (in diopters) − 0.162 − 0.042 0.251
TRT (µm) − 0.050 − 0.266 0.542
ORT (µm) 0.175 0.467 0.043
IRT (µm) 0.070 0.372 0.393
ELMa − 2.909 − 0.248 o0.001
ISOSa − 1.942 − 0.170 0.006
COSTa − 0.490 − 0.040 0.442
EDIa − 0.004 − 0.033 0.385
Locationb − 0.052 − 0.006 0.856
Eccentricityc − 0.663 −0.062 0.252

Abbreviations: COST, cone outer segment tips; EDI, extended depth
imaging of the choroid; ELM, external limiting membrane; IRT, inner
retinal thickness; ISOS, inner segment outer segment junction; ORT, outer
retinal thickness; Sph Eq, spherical equivalent; TRT, total retinal thickness.
aIntact—1, disrupted—2, absent—3. bFovea—1, temporal—2, nasal—3,
superior—4, inferior—5. c1°—1, 3°—2, 5°—3. Bold indicates statistically
significant.
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photoreceptors may lead to loss of inner retinal structures,
and loss of ELM may indicate a severe degree of damage.
In a similar study, Itoh et al28,30 found a significant

correlation between the presence of an intact COST line
and visual recovery in patients who underwent surgery
for macular hole. In an earlier study, Srinivasan et al32

had shown that the cone outer segment lengths were
greatest in the foveola and decreased with increasing
eccentricity. We did not find a significant association
between the COST layer and the retinal sensitivity.
Functional mapping of the macula is essential in retinal

degenerative diseases. It allows us a window of
opportunity to treat before permanent structural damage
occurs. It also helps select patients with early functional
loss in whom there are better chances of success with an
experimental therapy and help efficient monitoring of the
effectiveness of any therapy in RP. Although visual acuity
is considered to be the standard primary end point in
clinical trials of retinal diseases, it is important that other
end points be considered in diseases like RP. This study is
one such an attempt to identify surrogate end points,
which may be useful to monitor future therapies.
Sugawara et al9 have established that macular sensitivity
determined by microperimetry may be a good predictor
of quality of life in RP patients with relatively good
vision. Quality of life needs to be an important
consideration when future clinical trials and
pharmaceutical regulations are considered.
Studies like this help us understand better the

structural changes that occur in RP. It would be
interesting to study the natural course of the disease
and assess the rate of functional loss vis-à-vis the
morphological changes in the structure. This may be an
important consideration for pharmaceutical interventions.
Our study is an attempt to establish the markers that may
help identify early structural damage before functional
loss is noted. This may further help us understand how
soon we need to intervene in the course of the disease for
it to prevent irretrievable visual loss. Identifying these
markers is important in formulating the inclusion and
exclusion criterla for clinical trials in RP.
It is hard to predict whether functional changes precede

structural changes in RP. A co-registration of the MAIA
and SD-OCT shows the early functional changes
associated with micro-structural alterations. Issa et al27

suggested that micro-structural alterations precede
functional loss, and high-resolution retinal imaging can
detect this. If structural changes do precede functional
loss, and it is possible to detect these changes on a high-
definition imaging device, this would be of vital
importance in patients with RP, as it would mean that
therapy can be offered to these patients before they notice
a functional visual loss. Adaptive optics may be one such
imaging device that may pick up ultrafine structural

changes.33 A structure function correlation between
adaptive optics and microperimetry may be useful to
detect the earliest structural changes in RP and other such
degenerative retinal disorders.
Our study has limitations. The sample size was small,

and it was a cross-sectional study. We did not have the
results of genetic studies of these patients.
There is a continuous need to detect degenerative

diseases like RP in its earliest stage, when therapy may be
most useful and before irreversible damage has occurred.
Studies like ours try to identify surrogate end points to
monitor response to clinical trials before true functional
loss has occurred.

Summary

What was known before
K Structure-function correlation in RP. The central retinal

thickness on the SD-OCT correlates with the retinal
sensitivity on the microperimeter.

K Correlation with outer retinal thickness. Outer retinal
thickness correlates with the retinal sensitivity on the OCT.

What this study adds
K In RP, an intact ELM and an intact IS/OS correlated

significantly with the visual acuity and retinal sensitivity.
K An intact COST layer does not correlate with the retinal

sensitivity.
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