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ABSTRACT
Aim To investigate the prevalence of macular
abnormalities in a large Caucasian cohort of patients
affected by retinitis pigmentosa (RP).
Methods A retrospective study was performed by
reviewing the medical records and optical coherence
tomography (OCT) scans in a cohort of 581 RP patients
in order to assess the presence of macular abnormalities
—that is, cystoid macular oedema (CMO), epiretinal
membrane (ERM), vitreo-macular traction syndrome, and
macular hole.
Results Macular abnormalities were observed in 524
(45.1%) out of the 1161 examined eyes. The most
frequent abnormality was CMO, observed in 237 eyes
(20.4%) from 133 patients (22.9%), followed by ERM,
assessed in 181 eyes (15.6%) from 115 patients
(19.8%). Moreover, vitreo-retinal abnormalities were
significantly (p<0.05) associated with older age, cataract
surgery, or cataract. CMO appeared to be significantly
(p<0.05) associated with female gender, autosomic
dominant inheritance pattern, and cataract.
Conclusions Macular abnormalities are more frequent
in RP compared to the general population. For that
reason, screening RP patients with OCT is highly
recommended to follow-up the patients, evaluate the
natural history of disease, and identify those patients
who could benefit from current or innovative therapeutic
strategies.

INTRODUCTION
Retinitis pigmentosa (RP) comprises a group of
inherited retinal diseases that cause photoreceptor
and retinal pigment epithelium (RPE) degeneration.
The disease is characterised by night blindness,
visual field constriction, and reduced electroretino-
graphic waves. The retinal lesions are characterised
by pigment deposit mainly in the peripheral retina.
The macular area is usually spared from photo-
receptor degeneration until late stages of the
disease. However, during the course of disease
some macular changes have been observed in asso-
ciation with RP. The most frequently observed
macular abnormalities in RP are cystoid macular
oedema (CMO) and macular hole (MH).1 2

Moreover, other vitreo-retinal interface alterations,
such as vitreous traction and epiretinal membranes
(ERMs), have been reported.1 2 In the past, the
macular abnormalities complicating the natural
history of disease in RP patients were observed by
funduscopy examination, fluorescein angiography,
or both.2 3 Today, these abnormalities can be
observed more thoroughly thanks to optical

coherence tomography (OCT) that is far more sen-
sitive than funduscopy examination or fluorescein
angiography.1 With the introduction of OCT in
clinical practice, most RP cohort studies focused on
the observation of CMO while only one study in a
Japanese cohort of 323 RP patients investigated all
the macular abnormalities observed by OCT.1 To
the best of the authors’ knowledge, no previous
studies on macular abnormalities assessed by OCT
in a large European cohort of RP patients have
been reported in the literature.
The aim of this study is to investigate the preva-

lence of macular abnormalities in a Caucasian popu-
lation with RP and their relationship with the disease.
To this end, a cohort of 581 RP patients previously
examined at the Eye Clinic of the Second University
of Naples has been retrospectively reviewed.

PATIENTS AND METHODS
The medical records of all patients, who had previ-
ously been examined at the Eye Clinic of the Second
University of Naples from January 2011 to April
2013 and diagnosed with RP, were reviewed retro-
spectively by the authors to confirm the accuracy of
the diagnosis and ocular findings. A total of 793
patients were initially identified for possible inclusion
in the study. These patients underwent a complete
ophthalmological examination including: best cor-
rected visual acuity (BCVA) measured using the
Snellen chart, slit lamp anterior segment examin-
ation, fundus examination, Goldmann visual field
examination, standard electroretinogram (ERG), and
OCT. ERG was recorded according to the
International Guidelines of the International Society
of Clinical Electrophysiology of Vision (ISCEV).
OCTwas performed with the spectral domain OCT
(SD-OCT) (Cirrus HD-OCT; Carl Zeiss, Dublin,
California, USA) by one experienced examiner. The
acquisition protocol comprised both a five-line raster
scan and a macular cube scan pattern (512×128
pixels) in which a 6×6 mm region of the retina was
scanned within a scan time of 2.4 s.
The diagnosis of RP was based on a history of

night blindness, variable degrees of peripheral visual
field restriction, and notably reduced or non-
recordable ERG a- and b-wave amplitudes, in
addition to ophthalmic findings, including character-
istic fundus changes of bone spicule-like pigment
clumping and attenuation of the retinal vessels.
Patients without pigment deposit were excluded.
Patients with systemic syndromes including RP

(eg, Usher syndrome, Bardet-Biedl syndrome) were
excluded. Patients with pseudophakia, aphakia, and
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lens opacities were included in the study, while those with catar-
acts or vitreous opacities which could affect OCT examinations
(ie, signal strength <8)4 were excluded.

The final cohort consisted of 1161 eyes from 581 patients
(319 men and 262 women). The number of studied eyes is odd
because one of the patients underwent surgical eye removal due
to persistent hyperplastic primary vitreous. As described by
Fishman,5 the RP patients were classified into the following
genetic subtypes: autosomic dominant (AD), autosomic reces-
sive (AR), X-linked (XL). The patients with no affected relatives
were considered as sporadic (SP) cases.

Patient records were initially reviewed by three of the authors
(RC, BG, and FT) to document the following: patient demo-
graphics, BCVA, presence and extent of any ocular media opaci-
fication, and appearance of the macula. BCVA and macular
findings were obtained from clinical notes made by one of the
authors (FT). OCT scans were independently reviewed by two
of the authors (FT and SR), and in case of disagreement a third
author (FS) was consulted in order to assess the presence of
CMO or one of the following vitreo-retinal alterations:
▸ vitreo-macular traction syndrome (VMT)
▸ epiretinal membrane (ERM)
▸ full-thickness macular hole (FTMH)
▸ lamellar macular hole (LMH)
▸ tractional macular oedema (TMO).

CMO was defined as the presence of cystoid spaces, small
hyporeflective lacunae with well-defined boundaries, on at least
two views of the radial scans in the macular area.6

VMT was defined as a vitreo-macular adhesion that involved
the foveal region from the posterior hyaloid face causing trac-
tion and distortion of the central macula.7

ERM was defined as a membrane adherent to the inner
retina, which presented as being globally or focally adherent.
The diagnosis of ERM by SD-OCT is based on the presence of
a green line, with reddish tinges, that runs over the retinal
surface, often together with underlying waves in the retinal
surface layer due to tractional forces.8

LMH was defined as partial macular thickness defects with an
irregular foveal contour and a schisis between inner and outer
retinal layers, but without any photoreceptor layer defects.9 By
definition, LMH is a macular lesion with loss of foveal tissue.9

FTMH was defined as a vertical split in the neurosensory
foveal layers and it was revealed in OCT scans as an increase in
signal from the RPE near the hole, most likely due to the
absence of scattering and absorption from the inner retina.10

TMO is a subtle variant of the VMT, which shows partial vit-
reous detachment with persistent vitreous adhesion at the

foveola, causing tractional foveolar thickening with cyst-like
spaces in OCT scans.11

All the macular abnormalities were assessed by OCT scans
performed at the baseline visit, without considering any subse-
quent remissions (ie, due to treatment with acetazolamide for
CMO).

The current study was performed in compliance with the
Declaration of Helsinki and international guidelines.

Continuous variables (eg, age) were expressed as means±SD
and were compared using Student’s unpaired t test. Categorical
variables (eg, sex, cataract) were presented as counts and percen-
tages and were compared using Fisher’s exact test. Finally, a
multinomial logistic regression was performed to investigate
multivariate differences between patients with vitreo-retinal
alterations, CMO, or no macular alterations. For each factor or
covariate, the coefficient of the estimated regression model (β),
the corresponding statistical significance (p), the OR and the CI
for OR at 95% were presented. A value of p<0.05 was consid-
ered statistically significant.

RESULTS
The demographic and clinical characteristics of the 581 patients
are described in tables 1 and 2, respectively. No patients had
diabetes mellitus, ocular inflammatory diseases, or primary
retinal vascular diseases. Since aphakia was observed only in
three patients, for the purpose of the current study, the two clin-
ical conditions (aphakia and pseudophakia) were analysed in a
unique group of eyes which underwent cataract surgery. We
observed a lower rate of pseudophakia or aphakia among
females (p=0.012).

Figure 1 shows the frequency of macular abnormalities
assessed by OCT in the whole patient sample. Macular abnor-
malities were observed by OCT in 508 (43.8%) out of the 1161
examined eyes. The most frequent abnormality was CMO,
observed in 237 eyes (20.4%) from 133 patients (22.9%), fol-
lowed by ERM, observed in 181 eyes (15.6%) from 115
patients (19.8%).

The multivariate statistical analysis, reported in extenso in
online supplementary table S1, showed that vitreo-retinal abnor-
malities were significantly associated with older age (p<0.01),
cataract surgery (p=0.01), or cataract (p<0.01). CMO
appeared to be significantly associated with female gender
(p=0.02), AD pattern (p=0.01), and cataract (p<0.01).

Figure 2 shows the frequency of macular abnormalities by
stratifying patients according to gender, inheritance pattern and
lens clinical condition, and the related statistical comparisons
are reported in online supplementary tables S2–S4, respectively.

Table 1 Demographic characteristics of the patient sample and
stratification by gender

Overall sample
(581 patients)

Males
(319 patients)

Females
(262 patients)

Age (years; mean±SD) 37.7±16.0 36.7±15.7 38.9±16.3
Inheritance pattern
Autosomic dominant 91 (15.7%) 48 (15.0%) 43 (16.4%)
Autosomic recessive 180 (31.0%) 101 (31.7%) 79 (30.2%)
X linked 28 (4.8%) 28 (8.8%) 0 (0%)
Sporadic 282 (48.5%) 142 (44.5%) 140 (53.4%)

Table 2 Clinical characteristics of the patient sample and
stratification by gender

Overall sample
(1161 eyes)

Male
(637 eyes)

Female
(524 eyes)

Best corrected visual acuity 0.419±0.389 0.405±0.377 0.436±0.379
Clear lens 555 (47.8%) 293 (46.0%) 262 (50%)
Cataract 427 (36.8%) 228 (35.8%) 199 (38.0%)
Pseudophakia or aphakia 179 (15.4%) 116 (18.2%) 63 (12.0%)

A lower rate of pseudophakia or aphakia was observed in females compared to males
(Fisher exact test—Bonferroni correction p=0.012).
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CMO was significantly more frequent in females (27.5%) than
in males (19.1%) and in the AD inherited pattern (34.1%) com-
pared to the AR (13.9%) and XL (7.1%) groups. We observed
that the vitreo-retinal alterations (eg, VMT, ERM, FTMH,
LMH) were more frequent in pseudophakic or aphakic eyes
compared to clear lens eyes, while CMO was more frequent in
clear lens eyes (19.6%) compared to those who underwent cata-
ract surgery (15.1%).

DISCUSSION
This is the first study that investigates macular abnormalities
assessed by spectral domain OCT in a large Caucasian cohort of
patients affected by RP.

To the best of our knowledge, there are limited references in
the literature regarding the clinical features of RP in European
cohorts, such as the proportion of various inheritance patterns,
cataract, or gender differences. This study revealed that the
most common subtype was SP (48.5%), while the most frequent
Mendelian inheritance pattern was AR (31.0%), followed by
AD (15.7%) or XL (4.8%) in Italian RP patients. Other docu-
mented proportions of AD, AR, XL, and SP RP in European
populations are 7–27%, 21–50%, 2–11%, and 40–48%,
respectively.12–15 Compared to these reports, the overall distri-
bution of the 581 RP patients from the present study was
similar.

In a cohort of 473 German patients the rate of cataract in RP
has been reported to range from 41% in XL to 46% in SP
subtype.16 In a recent report in Korean patients, cataract was
observed in 47.9% of the studied eyes.17 Our findings are com-
parable with these previous reports (about 52% of the analysed
eyes with cataract or pseudophakia or aphakia).

The prevalence of CMO among patients with RP has been
reported to be 10–20% by some studies performed before the
introduction of OCT.2 3 Data from more recent studies have
shown a great difference in the prevalence of CMO among the
various cohorts of RP patients, ranging from 8% observed by
Hagiwara et al1 in a cohort of 323 Japanese patients, to 38%
observed by Hajali et al6 in a cohort of 124 patients of different
ethnic origin (77% Caucasian). Our findings regarding CMO
prevalence (about 20%) falls midway between these previous
results. In our sample, we observed that pseudophakic patients
had a lower prevalence of CMO; this could be attributed to the
fact that in our clinical practice, patients with CMO are unlikely

to undergo cataract surgery, since CMO has been reported as a
complication of cataract surgery18 and it might therefore be
expected that cataract surgery would precipitate or exacerbate
CMO in patients with RP.19 Our results suggest that CMO is
more frequent in the AD group compared to the AR and XL
groups. This result is consistent with the study by Hajali et al,20

which showed that the proportion of patients with CMO in at
least one eye was maximal for the AD group (52%), followed by
the AR (39%) and SP groups (39%). However, the comparison
with the prevalence figures reported by Hajali et al20 is limited
by the small sample size (124 patients) of different ethnic
origin. Finally, our results corroborate the findings shown by
Hajali et al20 that CMO is not age related.

To the best of our knowledge, the prevalence of vitreo-retinal
interface abnormalities associated with RP has been reported
only in the study by Hagiwara et al,1 which reported lower fre-
quencies of abnormalities, in particular ERM (0.6% vs 15.5%)
and VMT (0.8% vs 4.82%), compared to our findings.
However, this comparison is limited by several factors related to
ERM: ethnic origin, environmental risk factors, and age.21

Moreover, Hagiwara et al1 did not stratify patients according to
inheritance pattern, gender and cataract, which our results
suggest are related to ERM. Considering people over 45 years
old, the observed prevalence of ERM in RP patients is consist-
ent with the figures reported in studies from the general popula-
tion, ranging from 6.0–20% in whites.21 Nevertheless, we
surprisingly observed a higher prevalence of ERM in RP chil-
dren (8.6%) compared to the general paediatric population
(about 1 out of 21 000 children).22 However, this comparison is
limited by:
▸ the higher variability of observed prevalence figures in the

white population (5–19%)21

▸ the absence of references for the general European
population

▸ the different method for defining ERM; in particular, all these
population studies relied solely on fundus photographs to define
ERM and may thus have unrecognised early stage ERM.23

The prevalence of FTMH in our patients (0.6%) was compar-
able with the figure reported by Hagiwara et al1 in RP patients
(0.5%). In both studies, only monolateral FTMHs were observed
and the estimated prevalence was higher than that observed in
international studies in the general population (ranging from
0.02–0.33%).24 The observed female-to-male ratio for MHs of

Figure 1 Distribution of macular abnormalities in the study cohort of patients with retinitis pigmentosa.
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2:1 was similar to those reported in previous studies in the general
population (ranging from 1.2:1 to 2.4:1).24

The current study has some limitations relating to its retro-
spective design. Genotype information was not available for all
patients, and we did not study the relationship between muta-
tions and macular complications. Moreover, the patients did not
undergo screening for anti-retinal antibodies, which could have
enabled the diagnosis of autoimmune retinopathy (AIR).25

However, none of the main features associated with AIR (pan-
retinal degeneration with no or little pigment, fast progression
of the disease, negative waveform in ERG response, history of
autoimmune disease in the family and/or patient)25 was reported
in the medical records of the sporadic cases with CMO, that
might be suffering from AIR. In any case, genetic and serum
analyses could be an important evolution of our research, as
they may enable macular prognosis based on different mutations
and on the presence of an autoimmune aetiopathogenesis.

In conclusion, the current study shows that macular abnor-
malities are very frequent in RP patients (43.8% of the studied
eyes). The most frequent macular abnormality is CMO (47% of
macular abnormalities), followed by ERM. Moreover, our ana-
lysis revealed that CMO is gender related and associated with
AD inheritance pattern and cataract, while the other
vitreo-retinal alterations are age related and associated with cata-
ract and cataract surgery.

Since macular abnormalities are more frequent in RP com-
pared to the general population, our findings further support
the recommendation to screen RP patients with OCT in order
to define the natural history of disease and identify those
patients who could benefit from current or innovative thera-
peutic strategies. In particular, CMO patients should undergo
recommended treatments —that is, administration of carbonic
anhydrase inhibitors, such as acetazolamide or methazolamide.
Moreover, in the presence of large cystic spaces which suggest

Figure 2 Distribution of macular abnormalities in the study cohort of patients with retinitis pigmentosa stratified by (A) gender; (B) inheritance
pattern; and (C) lens appearance. CMO, cystoid macular oedema; ERM, epiretinal membrane; FTMH, full thickness macular hole; LMH, lamellar
macular hole; TMO, tractional macular oedema; VMT, vitreomacular traction syndrome.
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an autoimmune secondary complication, CMO may respond to
an immunosuppressive treatment more effectively than carbonic
anhydrase inhibitors.25 The patients with MH, TMO and VMT
could undergo vitrectomy or innovative therapeutic strategies,
such as intravitreal injection of a vitreolytic agent.26

Finally, further studies are needed to investigate the aetiopatho-
genesis of these alterations by performing phenotype–genotype
correlation analysis, and studying other ocular, systemic and envir-
onmental features that could be considered risk factors for the
development of macular alterations.
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