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Abstract

Purpose To determine the prevalence of

cystoid macular oedema (CME) by optical

coherence tomography (OCT) in retinitis

pigmentosa (RP) patients with no evidence of

cystic macular lesions on fundus examination.

Methods We included 63 RP patients with no

evidence of cystic-appearing macular changes

on fundus examination. All patients

underwent a complete ocular examination

including best-corrected visual acuity using an

ETDRS (Early Treatment Diabetic Retinopathy

Study) chart, intraocular pressure

measurement, anterior segment examination,

and a detailed fundus examination. On 50 of

the 63 patients, Fourier-domain OCT was

performed using the radial slicer protocol. An

additional 13 of the 63 patients were scanned

using the macular thickness protocol on a

time-domain OCTunit. The diagnosis of CME

was defined by the presence of hyporeflective

lacunae with well-defined boundaries on at

least two of the scans.

Results The mean age of patients included in

the study was 36 years (range 9–71 years). Out

of the 63 patients examined, 20 showed CME

in at least one eye (32%), whereas 11 patients

showed CME in both eyes (18%).

Conclusions Our findings demonstrate that a

substantial number of RP patients with CME,

as determined by OCT, may not show cystic

changes by direct ophthalmoscopy or contact

lens biomicroscopy. Knowledge of the high

frequency for CME in such patients can serve

to identify those who may be amenable to

current or future treatment strategies of their

macular oedema and can potentially impact on

future therapeutic trials where visual acuity is

used as an outcome measure.
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Introduction

The presence of cystic-appearing lesions in the

macula, presumed to represent cystoid macular

oedema (CME), has been previously observed

to occur in all genetic types of patients with

retinitis pigmentosa (RP).1–4 The prevalence of

11–20% macular oedema in RP patients has

most commonly been reported using fluorescein

angiography (FA) or optical coherence

tomography (OCT).2,5–7

In future treatment trials where central visual

acuity is used as an outcome measure, the

presence of cystic macular lesions could

represent a confounding variable for monitoring

a therapeutic intervention aimed at primarily

improving macular photoreceptor cell function.

Further, identifying the presence of macular

cysts will additionally serve to identify those RP

patients who might benefit from the use of

carbonic anhydrase inhibitors (CAI) or

intravitreal steroid injections to reduce the

degree of macular oedema and possibly

improve central visual acuity.8–13
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To our knowledge, the prevalence of subclinical

macular oedema or cystic changes in the macula of RP

patients has not been well defined. The presence of CME

in RP patients cannot always be detected clinically with

contact lens biomicroscopy or direct ophthalmoscopy.7,14

Additionally, Hee et al15,16 reported that OCT is more

sensitive than contact lens biomicroscopy to detect

macular oedema in patients with diabetic retinopathy.

Therefore, in the present study, we sought to

determine the prevalence of cystic-appearing macular

lesions using current OCT technology in RP patients with

no evidence of cystic macular changes or an atrophic-

appearing macular lesion on fundus examination.

Materials and methods

Human subjects

We reviewed the charts of all RP patients diagnosed by

one of the authors (GAF) who were seen within the past 5

years and who had neither cystic nor atrophic-appearing

macular changes on funduscopic examination. From a

group of 98 RP patients, we were able to re-evaluate

prospectively 55 patients who were asked to return for a

re-examination of the macula and OCT testing for the

presence of CME. In addition, we included all of the

eight new RP patients who were seen by the authors

between 20 June 2007 and 1 November 2007 and

presented with no evidence of cystic or atrophic-

appearing macular lesions.

The diagnosis of RP was based on the patients’ history

of nyctalopia, variable degrees of peripheral field

restriction, and markedly reduced or non-deductible

ERG a- and b-wave amplitudes, in addition to

ophthalmic findings, including characteristic fundus

changes of bone spicule-like pigment clumping and

attenuation of the retinal vessels. We excluded all

syndromic forms of RP except for type II Usher

syndrome. Additionally, we excluded all aphakic and

pseudophakic patients and any with uveitis, diabetic

retinopathy, or any other ocular or systemic disease that

could cause RP-like fundus changes. We did not exclude

those who had a clinically limited, glistening epiretinal

macular membrane, nonspecific macular pigment

mottling, and/or a blunted foveal reflex, as these

findings may be observed in patients without cystic

macular changes as well as those with cystic changes.

The total number of subjects included in this study was

63 (age range 9–71 years). All patients had a complete eye

examination, including best-corrected visual acuity,

using an Early Treatment Diabetic Retinopathy Study

(ETDRS) chart (The Lighthouse, Long Island City, NY,

USA), anterior segment examination by slit lamp

biomicroscopy, Goldmann applanation tonometry to

measure the intraocular pressure, and a dilated fundus

examination by direct ophthalmoscopy, binocular

indirect ophthalmoscopy, and 78-D non-contact lens. The

fundus examination and a determination for the presence

or absence of macular cysts clinically were performed

before acquiring images by OCT. Informed consents were

obtained from all subjects after an explanation of the

nature and possible consequences of the study.

This project was conducted in the Department of

Ophthalmology at the University of Illinois at Chicago; it

was approved by an institutional review board and was

performed in accordance with the tenets of the

Declaration of Helsinki. We certify that all applicable

institutional and governmental regulations concerning

the ethical use of human volunteers were followed

during this research.

Optical coherence tomography

On 50 of the 63 patients who were examined, Fourier-

domain OCT (FD-OCT) was performed using an RTVue

model RT100 (Optovue Inc., Fremont, CA, USA; software

versions 1.2.6 and 2.0.3.2) by two experienced examiners.

This OCT system has a high-speed acquisition time of

26 000 A-scans per second and a high-depth resolution

retinal scanner (5 mm), which provides an accurate detail

of retinal structure. Only images with good quality

(signal strength index 440) were included in this study.

The scanning protocol used on FD-OCT was the radial

slicer that acquires simultaneously (within 0.27 s) twelve

6-mm radial line scans through the centre of the fovea at

151 intervals using internal fixation, where every radial

scan consists of an average of 1024 A-scans.

Thirteen additional patients were scanned using a

time-domain OCT, OCT3 commercial instrument

(StratusOCT, software version 4.0.1; Carl Zeiss Meditec

Inc., Dublin, CA, USA). The macular thickness protocol

was used where six 6-mm radial scans were acquired on

each eye at 301 intervals centred on the patient’s fovea.

Each of these six lines was acquired individually and

sequentially by the examiner while the patient was

fixating on an internal target, and each line consisted of

512 A-scans. The accepted scans had signal intensity

strengths of 5 or more, except for two patients where the

accepted signal intensity was 4.

The protocol used to define CME on OCT scans was

the presence of cystoid spaces as small hyporeflective

lacunae with well-defined boundaries on at least two

views of the radial scans in the macular area.

Out of our cohort of 63 patients, we included only one

eye from one of the patients owing to an inability to

obtain OCT images on the other eye as a consequence of

media opacity, a lack of proper fixation, and markedly
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reduced visual acuity. Another patient had a prosthetic

eye, and so only one eye was included.

Results

The average age of the patients included in this study

was 36 years (range 9–71 years). There were 32 male

patients (51%) and 31 female patients (49%) who

participated. The study group was comprised of 53

Caucasians (84%), 8 African Americans (13%), 1 Hispanic

(1.5%), and 1 Asian (1.5%). The average best-corrected

visual acuity for all patients was 0.35 logMAR units

(range �0.04 to 2.7, equivalent to 20/20 [þ 2] to hand

motion on a Snellen acuity chart).

Out of the 63 patients with no cystic-appearing

macular change on fundus examination, 20 patients

showed CME on OCT testing in at least one eye (32%),

and 11 patients showed CME in both eyes (18%). The

modes of inheritance, the number and percentage of

patients, and the age range of the patients in each genetic

group are summarized in Table 1.

The pedigree analysis of the patients in this study

showed that 15 patients had autosomal dominant

(average age, 43 years), 8 patients had autosomal

recessive (average age, 35 years), 7 patients had X-linked

recessive (average age, 19 years), 15 patients had isolated

disease (average age, 39 years), and 16 patients had

Usher II (average age, 35 years). The inheritance pattern

for two of the patients was not determined because one

of them was adopted (14-year old), and in the other

patient (32-year old), it was undetermined if autosomal

dominant or X-linked recessive was the actual

inheritance because of the lack of a sufficient number of

family members available for evaluation.

Figure 1 shows OCT images with cystic-appearing

spaces in the left eye of an RP patient who showed no

evident cystic changes by fundus examination. Figure 2

shows a fundus photograph from the left eye of the same

patient whose OCT is shown in Figure 1.

Discussion

The presence of cystic lesions can be detected by

ophthalmoscopy, contact lens biomicroscopy, FA, or OCT

imaging. It was reported that CME could be easily

detected by OCT independent of the angiographic degree

of leakage,7and that OCT is at least as sensitive as FA for

identifying macular oedema.17,18 The advantage of OCT

over FA is that it can discriminate the cross-sectional

layered structure of the retina in vivo to evaluate more

precisely the presence of CME in RP patients.19

Additionally, OCT serves as a useful, time-efficient, and

non-invasive tool in monitoring the clinical course of

macular oedema and the effectiveness of therapy for

patients by providing reproducible measurements.18–20

OCT images are usually acquired more often on RP

patients who are thought to have cystic changes on

clinical examination, but less often as a screening for

Table 1 A summary of the number of patients included in each
genetic subtype, the age range, and the number and percentage
of patients with CME in each group

Genetic
type

Patients
included (n)

Age range
(years)

Patients with
CME in
both eyes

Patients with
CME in at
least one eye

n % n %

AD 15 16–53 3 20 5 33
AR 8 13–67 2 25 5 62
X-linked 7 9–42 0 0 0 0
Isolated 15 20–65 4 27 7 47
Usher II 16 20–71 1 6 2 13
Unknown 2 14–32 1 50 1 50
Total 63 9–71 11 18 20 32

AD¼ autosomal dominant; AR¼ autosomal recessive.

Figure 1 An OCT image with cystic-appearing spaces in the
left eye of an RP patient who showed no evidence of macular
cystic changes by fundus examination.

Figure 2 Fundus photograph from the left eye of the RP patient
whose OCT image is shown in Figure 1. There are no evident
cystic changes in the macula. The vertical shadow line
represents a fixation target.

CME in RP patients using OCT
M Hajali and GA Fishman

917

Eye



CME on those who are not suspected as having macular

oedema.

Hirakawa et al7 found that in some eyes of patients

with RP, mild CME demonstrated with OCT could not be

detected by ophthalmoscopy or contact lens

biomicroscopy. In a study of 39 patients with RP and

CME, Adackapara et al14 noted that OCT examination

was able to detect macular cysts when clinical evaluation

did not. Neither of these two reports ascertained their RP

population for study based solely on the absence of CME

on fundus examination. In the current study, we sought

to determine the prevalence of cystic-appearing lesions

in RP patients who showed no evidence of macular cystic

changes on fundus examination. We used radial scans

through the fovea to allow us to add to the sensitivity of

OCT in the detection of cystic lesions in different

meridians around the fovea rather than scanning only

horizontally and vertically through the fovea.

The pathophysiology and aetiology of macular oedema

in RP are not clearly understood. It was suggested to be

the result of a breakdown in the blood–retinal barrier at

the level of the retinal pigmented epithelium, perifoveal

capillary plexus, or both.21–24 This barrier impairment is

thought to be responsible for the release of retinal

proteins into the circulation, which could be antigenic

and trigger an autoimmune process contributing to the

formation of CME and the presence of circulating

antiretinal antibodies in RP patients.25,26

Different modes of therapy have been tried to resolve

CME in RP patients. These include laser and surgical

interventions, intravitreal steroid injections, systemic

corticosteroids, and both topical and oral CAI.8–13 Since

treatment options are available, it is of a significant value

to determine the presence of CME so that treatment can

be implemented in certain patients who may benefit from

its use.

Several studies show that best-corrected visual acuity

cannot be predicted from retinal thickness measurements

at the fovea in RP patients with CME.7,18 However, the

greater the width of the area covered by CME, the greater

will be the effect on the transmission of visual signals

from the photoreceptors in the centre of the fovea,

leading to a more extensive decrease in central vision.7

Nevertheless, one study found that both retinal thinning

due to photoreceptor cell loss and retinal thickening due

to presumed macular oedema were associated with

lower visual acuity in patients with RP.27 In patients with

macular oedema, visual acuity depends on several

factors, including media opacity, the duration of CME,

and the degree of leakage. Visual acuity may not be

appreciably reduced owing to a sparing of the fovea until

a later course of the disease.3

One limitation of our study is that we may have

underestimated the presence of macular oedema in our

cohort of patients, as retinal thickness alone was not used

as a criterion to define macular oedema on OCT scans. As

funduscopically we did not attempt to evaluate macular

thickness, we did not consider retinal thickness on OCT

as a factor in our study. It is conceivable that not all

instances of an increase in macular thickness result from

the presence of non-cystic macular oedema rather than a

possible secondary glial cell proliferation.

The proportion of RP patients with CME on OCT

testing within each genetic group in this study was

maximal for the autosomal-recessive group, followed by

the isolated autosomal-dominant and Usher II groups.

None of the seven patients in the X-linked group showed

CME changes, even though this latter subtype is

considered to show the most severe form of disease in

terms of visual impairment.28 A previous study reported

that macular oedema did not appear to be more common

in any of the genetic groups.29 Because of the small

number of patients in our cohort within the various

genetic subtypes of RP, we did not report a statistical

analysis for the difference in the presence of CME

between genetic subtypes.

Our findings lead to the conclusion that even in the

absence of cystic macular changes on fundus

examination, it is necessary to screen RP patients by OCT

to exclude the presence of CME. Our results document

that as many as one-third of such patients will manifest

cystic changes on OCT testing in at least one eye,

whereas almost 20% will show such changes in both

eyes. These observations have implications for future

therapeutic trials where visual acuity is used as an

outcome measure. Additionally, knowledge of the high

frequency of macular oedema in these RP patients can

also serve to identify those patients who may be

amenable to current or future treatment strategies of their

oedema.
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