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Abstract

Aim: To establish a useful and objective classification for retinitis pigmentosa
(RP) to evaluate the disease severity. Methods: This is a retrospective cross-
sectional study. Visual acuity (VA), visual field (VF) width, ellipsoid zone
width on optic cohorence tomography (OCT) and multifocal electroretino-
graphy (mf ERG) values were obtained from medical records of patients with
RP. A scoring criterion was developed wherein each variable was assigned a
score from 0 to 5 depending on its distribution. The cumulative score (from 0
to 20) was used to classify disease severity from grade 0 to 5. The scores were
correlated with each other and the final grade. Results: Data of 152 eyes of 92
patients who had the results of all tests were reviewed. The mean age was 41.2
years. The mean VA of the patients was 0.13 £ 0.16 Snellen lines. The major-
ity of patients had a VA less than 20/40 (88.6%), a visual field smaller than
20° (78%), and an ellipsoid zone width smaller than 7° (84.4%). The majority
of the patients (85.4%) were in advanced stage of the disease (Grade 4 and 5).
Conclusions: We present a simple, objective and easy to use disease severity
classification for RP which can be used to categorize patients and to evaluate
and compare treatment results.

Keywords

Classification, Multifocal Electroretinography, Retinitis Pigmentosa, Visual
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1. Introduction

Retinitis pigmentosa (RP) is a complex group of hereditary retinal disorders

which causes degeneration of retinal photoreceptors. It has been reported that
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the disease has a worldwide prevalence of 1/4000 and it can be inherited with
different patterns. The primary pathogenesis of RP is degeneration of photore-
ceptors, which leads to a narrowing of visual field (VF), night blindness and de-
terioration of visual acuity (VA) ending with total blindness [1].

The natural history of the disease has long been studied using functional
measures such as VA, VF and electrophysiological tests. Up to now, there is no
definitive curative treatment for patients with RP. However, in recent years, new
approaches including gene therapy and stem cell transplantation are being ex-
tensively investigated [2]. Significant advancements have been made in under-
standing the genetic pathogenesis of retinal diseases and the first retinal gene
therapy was recently approved by Food and Drug Administration (FDA) for the
treatment of RP. Numerous other gene therapy trials are underway for various
forms of inherited retinal disease [3]. The other treatment option, stem cell
transplantation provides trophic support for neuroprotection and regeneration
of damaged retinal cells through the secretion of neurotrophic factors in retinal
degenerative diseases and prevents progression [4].

To evaluate the therapeutic efficacy of these treatment options, it is important
to measure the severity of the disease. Also for the clinical assessment and VA,
the disease can be examined by a variety of tests like optical cohorence tomo-
graphy (OCT), VF and electroretinography (ERG) [5].

In a recent study [6], the researchers designed a classification based on the
findings obtained from basic clinical examination and available diagnostic tests
including VF and OCT. It is simple, easy to use and widely applicable to all pa-
tients. OCT is extensively used as a tool to monitor RP, since it can demonstrate
outer retinal changes, particularly the changes in the ellipsoid zone (EZ), which
are well correlated with functional measures [7] [8] [9]. VF most closely captures
the patient’s perception of visual impairment [10]; however, it is subjective and
has high test-retest variability. Unfortunately, this classification does not include
any electrophysiological tests which give more objective data in retinal diseases.
Electrophysiological tests such as full field ERG (ffERG) and multifocal ERG
(mfERG) provide an objective, functional measurement of the retinal function.
They are useful in diagnosing RP and monitoring the long-term disease course
for prognosis and treatment response. ffERG assesses nonselective global res-
ponses of the retina and it has not been able to reliably detect small progression,
especially in the end stage of RP. Therefore, we believe that ffERG will not be a
proper test for a classification system. Multifocal ERG measures the innermost
30° of the retina and greatly improves the reproducibility of functional mea-
surements compared to VF testing. VA correlated well with the amplitude of the
central segment of the mfERGs, ring 5 amplitudes of the mfERG strongly corre-
lated with the scotopic Ganzfeld ERG mixed cone-rod response amplitude and
VF area. Also in advanced cases, reliable mfERG responses could still be record-
ed, even if the ffERG was not reproducible. Therefore, mfERG would be a more
appropriate test for an objective classification system [11] [12].

The purpose of this study was to develop a phenotypic classification for RP
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which would provide a valuable and objective measure of disease severity for cli-

nicians and researchers.

2. Methods
2.1. Study Design and Setting

This was a retrospective study conducted to establish a classification system to eva-
luate the severity of RP by using a phenotypic classification system. The study was
performed in the ophthalmology department of a tertiary hospital between January
2019 and June 2020 in accordance with the Declaration of Helsinki, after obtaining
the approval of the Ethics Committee of the University (2017/480, 13.10.2017).

Written informed consent was obtained from all participants of the study.

2.2. Patients

The inclusion criteria were as follows: 1) a clinical diagnosis of RP confirmed by
clinical history, fundus appearance, VF, OCT and ERG 2) subjects older than 18
years of age 3) subjects who are able to do a reliable VF evaluation

Patients with previous ocular surgery other than cataract extraction, ocular
media opacities that would make the image quality insufficient for ocular imag-
ing or effect the test results, coexisting ocular disease (e.g., retinal pathology
other than RP, glaucoma, uveitis, strabismus, nystagmus), any other systemic
disease (e.g., diabetes, neurological diseases, hypertension) that would have an
impact on the results were excluded from the study.

After receiving a complete medical history including patient demographics,
disease duration, inheritance pattern, the patients received a detailed ophthalmic
examination including BCVA and intraocular pressure measurements, anterior
segment evaluation with slit-lamp biomicroscopy, color fundus photography,
OCT, VF and mfERG. BCVA was recorded with a Snellen chart at a distance of 3
meters. VF examination was performed by Humphrey VF analyzer device (Carl
Zeiss Meditec AG Germany), program 30-2 was used for testing of each eye.
Multifocal ERG was recorded on mfERG Vision monitor (Metrovision, France).
The mfERG test was performed according to the International Society for Clini-
cal Electrophysiology of Vision (ISCEV) guidelines [13]. During the mfERG
evaluations, a matrix of 61 hexagons of the individual mfERG responses were
generated, and these hexagons were grouped into five concentric rings (15°)
centered on the fovea. We recorded the average amplitude and implicit time of
the first positive wave (P1) in these five rings. In this classification system we
used amplitudes of positive P1 waves of 5 rings which show a strong correlation
with the other parameters according to the previous study by Nagy et al [11].
Responses were analyzed according to ring averages of P1 waves and responses

over 5.0 nV were recorded as detectable [14].

2.3. Severity Classification

Patients were evaluated regarding to the outcome measures of BCVA, OCT, VF
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and mf ERG tests. BCVA, VF width, ellipsoid zone (EZ) width on OCT, ampli-
tudes of P1 wave of 5 rings were recorded for each patient and a scoring crite-
rion was established for each variable varying from 0 to 5 depending on its dis-
tribution. The cumulative score (from 0 to 20) was used to classify disease sever-
ity from grade 0 to 5 (Table 1 and Table 2). We also evaluated the mean devia-
tion (MD) value of VF and central macular thickness (CMT) measurements on
OCT for each patient.

Severity classification was done according to the system designed by Iftikhar
et al [9] and a modification was done for evaluating the results of mfERG.
BCVA was given a score of 0 if vision was >20/20; 1 if it was <20/20 to >20/25; 2
if it was <20/25 to >20/32; 3 if it was <20/32 to 220/40; 4 if it was <20/40 to
>20/100; and 5 if it was < 20/100. VF diameter was given a score of 0 if it was
>120° or better; 1 if it was <120° to 280°; 2 if it was <80° to 240°; 3 if it was <40°
to 220°; 4 if it was <20° to 215°; and 5 if it was <15°. EZ was given a score of 0 if
it was 230° (occupying the whole width of the OCT scan); 1 if it was <30° to
>15°; 2 if it was <15° to =10°; 3 if it was <10° to =7°; 4 if it was <7° to =5°; and 5
if it was <5°. MfERG testing was evaluated according to the P1 wave amplitude
of each ring and counted as detectable if it is bigger than 5.0 nV. The score was 0
if it was detectable in 5 rings, 1 if it was detectable in 4 rings, 2 if it was detecta-
ble in 3 rings, 3 if it was detectable in 2 rings, 4 if it was detectable in 1 ring and 5

if there is no detectable waves. Table 1 shows the scoring criteria for each variable

Table 1. Scoring criteria (6)

Score Visual Acuity Visual Field Elipsoid Zone Def::tilf){lfPl
(ETDRS letter score/Snellen) Diameter (°)  Width (°) wave (>100 )

0 >85 (20/20) >120 >30 5 rings

1 <85 (20/20) to 280 (20/25) <120 to =80 <30 to =15 4 rings

2 <80 (20/25) to =75 (20/32) <80 to =240 <15to =10 3 rings

3 <75 (20/32) to =70 (20/40) <40 to =20 <10 to =7 2 rings

4 <70 (20/40) to =55 (20/100) <20 to 215 <7 to =5 1 ring

5 <55 (20/100) <15 <5 0 ring

Table 2. Grading criteria (6).

Grade Cumulative score

0 0

1 1-4

2 5-8

3 9-12
4 13-16
5 17 -20
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and Table 2 includes the grading scale. Data of 152 eyes of 92 patients were re-

trospectively evaluated according to the classification system.

2.4. Statistical Analysis

Statistical analyses were conducted using SPSS version 20 statistical package
program (IBM Corp. in Armonk, NY). Descriptive data are presented as median
with interquartile range for non-normally distributed numerical variables, and
as the frequencies and percentage for categorical variables. Shapiro-Wilk and
Kolmogorov-Smirnov tests were used to evaluate the distribution of the numeric
data. Pearson’s Chi-Square test and One-Way ANOVA test was used for com-
paring the numeric data with a Scheffe test for post-hoc pairwise comparison. p

< 0.05 was considered as statistically significant level.

3. Results

Data of 152 eyes of 92 patients who had the results of all tests were reviewed. The
mean age was 41.2 (between 20 - 69) years and 54.4% of the study group were
male. The mean age at onset of disease was 19.4 years and the mean disease du-
ration was 22.3 (between 7 - 46) years. There was a family history in 56% of the
patients. Among the patients with a family history autosomal dominant pattern
was found in 28%, autosomal recessive pattern was found in 67% and X linked
pattern was found in 5% of the patients. Demographic data of the patients were
shown in Table 3. Genetic results for causative mutations were available for 36
(39%) patients.

The mean value of the VA of the study patients was 0.13 + 0.16 Snellen lines.
The mean CMT was 111.6 + 54.3 um and the mean MD value was —27.53 + 8.67
db. The other descriptives were shown in Table 4.

The majority of patients had a VA less than 20/40 (88.6%), a visual field
smaller than 20° (78%), and an ellipsoid zone width smaller than 7° (84.4%).

Table 3. Demographics of the patients.

Characteristics (n = 92)

Age (years), mean * SD 41.2+15.6
Sex (male), n (%) 82 (54.4)
Age of onset (years) mean + SD 223+13.1
Duration of the disease (years) mean + SD 18.8 +11.6
Family History (+/-) 52/40

Mode of Inheritance

Autosomal dominant (n/%) 14(28)
Autosomal recessive (n/%) 35 (67)
X-Linked (n/%) 3(5)

SD: Standard Deviation.
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Visual field diameter and ellipsoid zone width both had a strong relationship
with visual acuity (Table 5).

The sum of all scores was used to determine the severity grade, as described in
Table 2. Figure 1 shows examples of different severity grades. Distribution of
the grades were as follows: There were 2 eyes (1%) classified as grade 0, 4 eyes
(2.6%) as grade 1, 5 eyes (3%) as grade 2, 12 eyes (8%) as grade 3, 23 eyes (15%)
as grade 4 and 106 eyes (70.4%) as grade 5 (Table 5). The majority of the pa-
tients (85.4%) were in advanced stage of the disease (Grade 4 and 5).

OCT evaluations showed abnormalities in 7 (8%) patients. 5 had CME, 1 had
ERM and 1 had VMT.

Table 4. The mean and the median value of BCVA, BCVA score, CMT, VF score, VE-MD
value, mfERG score, score and grade of the disease.

n Mean £ SD Median (Min-Max)
Visual acuity (VA) (Snellen Lines) 152 0.13+£0.16 0.05 (0.00 - 0.90)
VA Score 152 46+05 5.0 (1.0 - 5.0)
CMT (um) 152 111.6 + 54.3 114.5 (45.0 - 288.0)
EZ Score 152 43406 5.0 (0.0 - 5.0)
VEF Score 152 39+1.1 5.0 (1.0 - 5.0)
VE-MD Value (dB) 152 27.53 + 8.67 30.27 (6.43 - 34.60)
Mf ERG Score 152 3.6+1.0 4 (0.0 - 5.0)
Score of the disease 152 156+ 1.9 17.0 (3.0 - 20.0)
Grade of the disease 152 43+0.6 5.0 (1.0 - 5.0)

VA: Visual acuity; CMT: Central macular thickness; um: micrometer; EZ: Ellipsoid zone;
VF: Visual field; VF-MD Value: Visual field mean deviation value; dB: decibel; mfERG:
Multifocal electroretinography.

Table 5. Distribution of scoring of the variables and grading of the disease.

Grades
Variables
0 1 2 3 4 5
VA Score 0 4 5 9 32 102
(0%)  (24%)  (3%) (6%) (21%)  (67.6%)
EZS 2 4 6 12 54 74
core
(1%)  (2.6%)  (4%) (8%) (36%)  (48.4%)
VES 0 3 9 22 25 93
core
(0%) (2%) (6%) (14%)  (16%)  (62%)
6 6 15 23 41 61
MIfERG Score

(4%) (4%) (10%) (15%) (27%) (40%)

2 4 5 12 23 106

Grade of the di
rade OLIMEAISEase o) (2.6%)  (3%) (8%)  (15%)  (70.4.%)

VA: Visual acuity; EZ: Elipsoid zone; VF: Visual field.
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GRADE 0
VA:1.0

GRADE 1
VA:0.9

GRADE 2
VA: 0.6

GRADE 3
VA: 0.3

GRADE 4
VA: 0.05

GRADE 5
VA: 0.01

Figure 1. Classification of disease severity from grades 0 to 5 using BCVA, VF, EZ on OCT and mfERG.

The score and the severity grade of the disease correlated strongly with VA,
EZ, VF and mfERG score (p < 0.05). The anatomical scores (EZ score and CMT)
of the retina strongly correlated with the functional scores (VA, VF and mfERG
score and MD) of the retina (p < 0.05).

4. Discussion

RP is one of the leading causes of severe visual impairment in young individuals
[15]. Patients with RP often have difficulties with daily activities. Most of them
have difficulties in navigation, orientation, and obstacle detection. Among dif-
ferent measures of visual function, VF area has been shown to be the best pre-

dictor of poor mobility in patients with RP. Humphrey VF has been shown to be

DOI: 10.4236/0joph.2023.131005

43 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2023.131005

A. Oner, N. S. Kahraman

beneficial in assessing the residual central VF of patients with RP. In a large
study including data of 928 RP patients [10], the researchers evaluated correla-
tions of MDs with the visual acuity. They also evaluated potential influences of
gender, age, family history and retinal pigmentation on the MD decreasing rate.
They found that average VA was 0.79 + 0.35 and average MD was —14.44 + 8.61
dB in the study. The results showed that when MD was lower than —9.18 dB the
visual acuity would be below 1.0 (20/20). The average decreasing value of MD in
10 years’ period was reported as —8.01 + 3.66 dB and the value was correlated to
retinal pigmentation but not to gender, age or RP family history.

Most of the recent studies investigated the correlation of VF MD values with
other clinical tests. It is known that, OCT examination has provided useful infor-
mation about the pathology and the prognosis of the disease. The OCT studies
showed a shortening of the EZ length and a thinning of the outer retinal layers in
eyes with RP. In a study evaluating the progression of OCT findings observed
progression in >75% of patients during the 2 year mean follow up and the the
mean annual progression rate of ellipsoid zone line was 4.9%. This study was also
the first to demonstrate asymmetrical structural progression rate between right
and left eye, which was found in 19% of patients [16]. A recent study analyzed data
of 149 RP patients who reported VF constriction on a central 30-2 Humphrey VF
chart. The authors reported that BCVA and VF showed a progressive worsening
related to age and disease duration and the progression in VF significantly corre-
lated with the decrease in CMT, EZ length, and macular volume at the central area
[5]. Another study including 53 eyes of 27 patients assessed the annual progression
rate of photoreceptor atrophy by measuring EZ line in OCT sections through the
fovea. During the 4.84 years mean follow up time the EZ line width decreased with
a yearly average rate of 76.4 um (4.16%/year) which was in accordance with the
reported rates between 4.9% - 10.9% in published literature [8] [9].

To evaluate the efficacy of new treatment options, it is important to measure
the severity of the disease. To the best of our knowledge, there is only one study
in the literature published by Iftikhar et al including a severity classification
system established with the parameters of BCVA, VF and OCT. This classifica-
tion is applicable for almost all patients regardless of any variations in disease
phenotype and may be useful to assess, monitor and compare disease severity in
clinical health services and researches. The authors reported that almost all pa-
tients demonstrated a VF extending significantly beyond the edges of their re-
maining EZ [6]. This led us the opinion that the EZ probably represents orga-
nised or densely packed photoreceptors and that there may be scattered or frag-
mented photoreceptors beyond the edges of the EZ that are alive and function-
ing [6]. Although this classification is simple and easy to perform, we believe
that subjective measures like visual acuity and VF may incompletely demon-
strate the patient’s experiences of the daily life and disease severity.

It is known that ERG is a gold standard test for evaluating RP because it is an

objective and quantitative measure of global retinal function. Unfortunately, the
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test is difficult and time-consuming and can be extinguished in the early stage of
the disease, when the central visual acuity is still entirely preserved [11]. Because
the traditional ERG does not seem to be sensitive enough to indicate the condi-
tion of the central retina, other methods have been sought. The mfERG tech-
nique, which allows a high resolution mapping of the macular area of the retina
seems to be a more promising method for detection of the remaining foveal cone
function which can be detectable even in advanced stage of the disease [12].

In a study by Granse ef al [14] researchers evaluated residual retinal function
with three different electrophysiological methods (ffERG, mfERG and mfVEP)
in a selected group of RP patients with a remaining small central visual fields.
Although the ffERGs were severely reduced in all patients, mfERGs were detect-
able in most of the patients with reliable responses over 5.0 nV. The mfVEPs al-
so showed measurable amplitudes centrally in most of the patients. These find-
ings corresponded well with the remaining central visual fields. The authors
suggested that these two electrophysiological methods, mfERG and mfVEP,
might be of clinical importance for evaluating and monitoring the residual cen-
tral retinal function and small remaining central visual fields in patients with RP.

In another clinical study, researchers assessed central retinal function in pa-
tients with advanced RP using the mfERG. They reported that mfERG responses
were recordable in at least one area in all successfully tested patients with ad-
vanced RP and nonrecordable ffERGs [11].

To the best of our knowledge this is the first clinical study including mfERG
in a classification system. We believe that including mfERG as a parameter
would increase the value of the classification.

The study includes a large sample size and a wide range of patients in terms of
age, sex, mode of inheritance and disease duration. We believe that this classifi-
cation produces objective measure of disease severity and gives opportunity to

compare the results of different treatment modalities.

5. Conclusion

In order to assess the severity of RP and compare the efficacy of new therapies, it
is important to establish outcome measures that are both reliable and easy to
evaluate. We believe that this classification is simple, produces objective data
about disease severity and gives opportunity to compare the results of different

treatment modalities.
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