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Abstract

Purpose To evaluate long-term morphologic

and functional changes after intravitreal

ranibizumab in avascular pigment epithelial

detachment (PED) secondary to age-related

macular degeneration (AMD).

Patients and methods Interventional,

prospective case series; the first group of six

patients received three and the second group

of six patients received six intravitreal

injections of ranibizumab (0.5mg) at monthly

intervals. Outcome measures included the

change of PED and retinal volume as

determined by spectral domain optical

coherence tomography (Cirrus), best-corrected

visual acuity (BCVA; Early Treatment Diabetic

Retinopathy Study), and macular sensitivity

using microperimetry (MP-1; Nidek Co. Ltd).

Results The mean baseline PED volume of

1.33mm3 decreased significantly by 42% at

month 6 (�0.55mm3, Po0.05). Compared to

baseline no significant change was observed at

months 9 and 12. BCVA, retinal volume, and

macular sensitivity remained stable during the

entire follow-up. In one case a tear of the

retinal pigment epithelium was observed after

five injections with a consequent decrease of

BCVA of four lines.

Conclusion Treatment with intravitreal

injections of ranibizumab may temporarily

decrease the volume of avascular PED secondary

to AMD, however this effect was not maintained

over the 1-year study period. The treatment was

ineffective for improving retinal function as

measured with BCVA and microperimetry.
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Introduction

Retinal pigment epithelial detachment (PED)

may occur under various conditions in

association with age-related macular

degeneration (AMD) and contribute to the loss

of central vision due to retinal and retinal

pigment epithelium (RPE) atrophy and

eventually tearing of the RPE.1 Studies

have indicated that the prognosis in eyes with

PED is probably related to the presence of

associated choroidal neovascularization

(CNV).2 It has been shown that the overall risk

for developing CNV within 2 years after

diagnosis of serous PED associated with

AMD is 24–34%.2–4

Several anti-VEGF treatments have been used

to treat primary CNV associated with AMD and

have provided significant improvements in

maintaining and improving visual function.5,6

Ranibizumab (Lucentis; Genetech Inc.,

South San Francisco, CA, USA) is a recombinant

humanized Fab fragment of a monoclonal

antibody that has been shown to be

an effective inhibitor of all isoforms of

VEGF.7,8

Optical coherence tomography (OCT) is of

particular importance in evaluating

effects of anti-VEGF therapies as the modality is

able to identify morphologic changes in

the epiretinal intra- and subretinal

compartments.9 Spectral domain OCT

(SD-OCT) delineates the configuration of

pathologies at the level of the RPE

topographically, localizes lesions precisely, and

quantifies their extension. By raster scanning

together with segmentation of an extrapolated,

ideal ‘physiologic’ RPE demarcation and

the realistic pathologic RPE contour including

RPE detachments, the volume of the entire

PED, and changes under therapy can be

quantified.
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There are, as yet, no established treatment

recommendations for PED, whether or not associated

with CNV. In general, treatment of choroidal neovascular

lesions associated with a significant PED was found to be

particularly difficult, especially because of the risk

of an RPE tear and a presumably limited therapeutic

benefit.10–14 Eyes with substantial PED components, for

example larger than the CNV, were routinely excluded

from clinical trials. However, in clinical practice patients

often present with PED and the natural course of such

lesions is generally poor, so that an effective treatment is

clearly needed.

As the main mechanism of action of anti-VEGF

therapy is anti-permeability and resolution of intra- and

subretinal fluid in exudative AMD, the aim of this

prospective study was to investigate the efficacy and

safety of intravitreal ranibizumab therapy in serous,

non-vascularized PED identified by fluorescein (FA) and

indocyanine green angiography (ICGA). Spectral

domain, raster scanning OCT was applied as an optimal

mode to measure precisely the therapeutic effects by a

quantitative analysis of PED volume, and other

morphologic parameters, such as retinal volume

changes. Simultaneously, functional parameters were

determined in detail using a standardized test of central

visual function, that is best-corrected visual acuity

(BCVA), and a mapping of retinal function over the entire

macular area by microperimetry was evaluated.

Materials and methods

This prospective interventional pilot study was

performed at the Department of Ophthalmology at the

Medical University of Vienna and enrolled 12

consecutive patients (12 eyes). The study followed the

tenets of the Declaration of Helsinki Principles.

The study and the study procedures were approved by

the local ethics committee at the Medical University of

Vienna, registered at the European clinical database

(EUDRACT-2007-007655-14). An informed consent was

obtained from all patients detailing the potential risks

and benefits of the intervention.

The diagnosis of PED secondary to AMD was

established by fundoscopy and SD-OCT. In addition, all

eyes showed absence of any characteristic signs typical

for CNV, retinal angiomatous proliferation, or polypoidal

choroid vasculopathy in FA and ICGA. FA was repeated

at 3-month intervals to evaluate an eventual

development of CNV during the 12-month follow-up.

Eyes with features of a ‘notch’ in serous PED, which was

suggested by Sato et al15 as being diagnostically

important for the presence of a CNV, were excluded.

According to protocol, BCVA using Early Treatment

Diabetic Retinopathy Study (ETDRS) charts had to be

20/400 or higher in the study eye. Patients with isolated

PED and no CNV lesion were included in a consecutive

manner. The first group of six patients received three and

the second group of 6 patients received 6 consecutive

intravitreal injections of 0.5 mg ranibizumab at monthly

intervals. Injections were administered under sterile

conditions in the operating room according to the

national recommendations.16

A standardized protocol was used to assess

morphologic and functional parameters. All tests were

carried out by certified study personal.

For evaluation of changes in PED and retinal volumes,

SD-OCT, Software 2.0 (Cirrus prototype; Carl Zeiss

Meditec, Dublin, CA, USA) was performed at baseline,

months 1, 2, 3, 4, 5, 6, 9 and 12. In contrast to the standard

time-domain technology used by conventional Stratus

OCT, the spectral domain technology of the prototype

allowed the acquisition of a complete three-dimensional

data set of the posterior pole (6� 6 mm) with an axial

resolution of 5 mm.

At the same intervals, functional retinal changes were

documented by assessing BCVA. Microperimetry

examination was performed using the Micro Perimeter

MP-1 (Nidek Co. Ltd, Padova, Italy) as this technique

provides a fully automated and reproducible assessment

of central macular function. A static threshold perimetry

of the centre and two circles at 3.5 and 7.91 using a

Goldmann size III stimulus was selected and performed

in all patients and mean values were calculated.

The paired t-test was used for statistic analysis of

changes in PED volume, retinal volume, BCVA, and

retinal threshold sensitivity compared to baseline.

Pp0.05 was considered statistically significant. For

correlations, the Pearson’s test was used and specified by

coefficient ‘r’ and by ‘P’ for significance.

Results

Patient characteristics are summarized in Table 1.

The follow-up time was 12 months. Of the 12 patients, 2

were withdrawn from the study at month 2. One of these

patients had lost to follow-up due to advanced

abdominal aortic aneurysm and the second one refused

further treatment.

Most of the eyes presented with a serous PED (7 of 12),

whereas 5 were graded as drusenoid PED. Each patient

in the first group received three initial intravitreal

injections of ranibizumab at monthly intervals,

subsequently six individuals received three additional

monthly injections thereafter, as a treatment effect by

means of a decrease in PED volume had been observed

in four of six individuals of the first group.

At baseline, the mean PED volume measured with

HD-OCT was 1.33 mm3, ranging from 0.1 to 4.0 mm3.
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At their final visit, four eyes showed a decrease in PED

volume by a mean of 56% (Figure 1) and two PED had

resolved completely within the follow-up period

(Figure 2). Of these six patients, two had received six

injections and four had received three injections, two

were graded as drusenoid PED and four as serous PED.

In four patients an increase in PED volume by a mean of

33% was observed at month 12 (Figure 3). Of these eyes,T
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Figure 1 Case 7 (serous PED, treated with six intravitreal
injections of ranibizumab). The 5 min baseline FLA (a) shows
fluorescein pooling but no visible signs of CNV. The 5 min ICGA
(b) reveals a characteristic hypofluorescence, the satellite lesion
seen by FA (arrow) remains silent excluding a notch-like CNV.
Microperimetry examination at baseline (c) and month 12 (d)
shows a discrete improvement in mean retinal sensitivity by
þ 1.1 dB. Three-dimensional image of the RPE was generated
from 512� 128 axial raster scans at baseline (e; volume 1.7 mm3)
and month 12 (f; volume 0.3 mm3). The A scan at baseline (g)
and month 12 (h) highlights the flattening of the PED and the
overlying retina with a re-shaping of the foveal contour at
month 12. It is particularly noteworthy that the integrity of the
outer/inner photoreceptor segment layer appears morphologi-
cally restored at month 12 after the flattening of the PED.
The detachment is clearly caused by fluid only, at the main
lesion site as well as the satellite lesion (arrow), excluding a
neovascular component.
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three received six injections and one received three. In

two patients the PED volume remained unchanged, one

had received six and the other only three injections.

The variability in clinical and morphologic changes

seen under therapy was rather large (Figures 1–3).

Although prominent PED flattened progressively

with a visible restoration of the layering of the overlying

retina and reformation of the foveal depression

(Figure 1), a similarly impressive serous PED in

another eye failed to show any change in the

configuration of the PED (Figure 3). Multiple confluent

smaller PED lesions disappeared completely leaving a

smooth RPE surface and a regular retinal layer

architecture (Figure 2).

Spectral domain optical coherence tomography

measurements showed a mean reduction of PED volume

by 10% (�0.14 mm3, P¼ 0.27) at month 1, by 21%

(�0.28 mm3, P¼ 0.10) at month 2, by 31% (�0.4 mm3,

P¼ 0.10) at month 3, and by 28% (�0.37 mm3, P¼ 0.10) at

month 4, respectively compared with baseline values.

A statistical significant decrease was reached only at

month 5 with a reduction by 39% (�0.51 mm3, Po0.04)

and at month 6 with a reduction by 42% (�0.55 mm3,

Po0.05). At month 9, the mean PED volume remained

decreased by 41% (�0.54 mm3, P¼ 0.06), whereas at

month 12 the mean decrease was reduced to 25%

(�0.33 mm3, P¼ 0.30) without statistical significance

when compared to baseline.

Figure 3 Case 11 (drusenoid PED, treated with six intravitreal
injections of ranibizumab): 5 min baseline FLA (a), 5 min ICG (b).
Microperimetry examination at baseline (c) and month 12 (d).
Three-dimensional image of the RPE generated from 512� 128
raster axial scans at baseline (e; volume: 1 mm3) and month 12
(f; volume: 1.3 mm3). Cirrus OCT A scan at baseline (g) and
month 12 (h).

Figure 2 Case 6 (drusenoid PED, treated with three intravitreal
injections of ranibizumab). Baseline FLA (a) and ICGA (b) show
confluent serous PED from soft drusen with associated RPE
hyperpigmentation. Microperimetry examination at baseline
(c) and month 12 (d) reveals a stable mean macular sensitivity.
The three-dimensional image of the RPE generated from
512� 128 raster axial scans at baseline (e; volume: 0.2 mm3)
and month 12 (f; volume: 0 mm3) shows a complete resolution of
sub-RPE fluid deposits with a flattening of the central RPE layer.
The scan at baseline (g) and month 12 (h) shows disappearance
of the focal PED lesions resulting in a regular contour of the
intraretinal layers including the fovea and particularly the
outer/inner segment and RPE layers.
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Mean retinal volume remained stable during the study

period with 10.1±0.59 mm3 at baseline 9.9±0.65 mm3 at

month 3, 10.0±0.64 mm3 at month 6, 10.1±0.63 mm3 at

month 9, and 10.1±0.9 mm3 at month 12.

At baseline, mean BCVA was 75.5 ETDRS letters

ranging from 58 to 89 letters. Mean BCVA at month 3

(77.1±9.9), month 6 (75.2±14.5), month 9 (74.5±13.8),

and month 12 (72.5±15.4) did not change significantly

from baseline. One eye (case 9) had a severe decrease in

BCVA of four lines (22 letters) at month 5 after five

injections, due to a tear of the RPE affecting the fovea.

The rip occurred after four uneventful injections with a

stable PED volume over 4 months and no signs of

imminent ruptures. Following the rip the RPE flattened.

The microperimetry assessment of central retinal

threshold sensitivity showed stable values over the entire

course of the study period. There was no significant

fluctuation from 9.8±3.5 dB at baseline to 10.1±3.4 dB at

month 3, 9.7±3.5 dB at month 6, 9.4±3.9 dB at month 9,

and 9.7±3.2 dB at month 12.

There was no statistical significant correlation between

the PED volume at baseline and change in PED volume

after therapy (r¼ 0.16; P¼ 0.66). Furthermore, no

significant correlation of baseline PED volume and

change in BCVA (r¼�0.27; P¼ 0.45) or change in

macular sensitivity (r¼ 0.41; P¼ 0.24) was found.

Throughout the entire follow-up of 12 months, none of

the participants showed any ocular adverse event related

to the therapy except for the RPE rip, which occurred in a

stable PED after several uneventful treatments. None

showed signs of a newly developed CNV documented

by FA imaging and no systemic complications could be

documented.

Conclusion

The development and natural course of PED in AMD has

not yet been fully clarified. It probably is a continuum of

degenerative changes occurring secondary to

accumulation of ‘waste’ products and deposition of

lipids in Bruch’s membrane and formation of CNV.17,18 A

widely accepted hypothesis on the pathogenesis of PED

is the reduced hydraulic conductivity of the Bruch’s

membrane–choroid complex in AMD, which implies a

decreased capacity for the exchange of fluid between the

choroidal and retinal pigment epithelial compartments.19

Several studies indicate that local inflammatory

mechanisms contribute to the damage of degenerated

RPE and degradation of Bruch’s membrane.20

Inflammatory mediators and cytokines such as

interleukins and complement factors 3 and 5 as well as

VEGF secreted by activated phagocytes and other

inflammatory cells might be involved in permeability

changes in the subretinal and sub-RPE space.21,22

Drusenoid and serous PED are two different clinical

entities of non-vascularized PED types associated with

AMD, but have probably a similar pathogenesis. Drusen

are deposits of neutral lipid within the extracellular

material of Bruch’s membrane, external to the basement

membrane of the RPE.23 Confluence of drusen, usually

occurring in the central macula, probably predisposes to

formation of drusenoid PED.24 Serous PED is defined as

an area of sharply demarcated dome-shaped RPE

elevation showing a bright, uniform filling of the entire

lesion on FA but without leakage.25

In this pilot study, intravitreal injections appeared

effective in decreasing the PED volume in 6 of 12 eyes

with avascular PED secondary to AMD. However, a

significant reduction in mean PED volume could be

observed only at months 5 and 6. This indicates that the

treatment response in PED lesions may be slower when

compared with regression of CNV alone or smaller PED

associated with CNV after anti-VEGF therapy, where a

significant reduction of mean PED height could be

observed already at 1 week after the first drug

administration.26 In addition, this limited and prolonged

effect seems to be transient and not maintained over a

longer period of time after treatment, as the mean PED

volume reduction did not reach statistical significance at

months 9 and 12. Interestingly, subgroup analysis about a

decrease in PED volume showed no difference between

patients who received three or six injections, nor between

patients with serous or drusenoid PED at baseline.

Obviously, anti-VEGF therapy using ranibizumab does

not lead to a substantial and predictable treatment effect

in this patient population. The limited and variable

changes rather suggest a predominance of the

spontaneous course of PED disease. In a study by

Hartnett et al4 evaluating the natural course, avascular

PED associated with drusen showed the best visual

prognosis and anatomic results. The natural progression

included flattening of the PED in 15 of 21 eyes within 41

months. Neovascularization was found to be rare in the

confluent drusen group, whereas 34% of the serous PED

developed CNV over an average follow-up of 25 months.

In this study no patient showed signs of a newly

developed CNV during the follow-up period. However the

follow-up in this study only includes a 12-month period.

Tears of the RPE are reported to occur in 10% of

patients with serous PED secondary to AMD.27 They

occur spontaneously,1 but events after intravitreal

injections with ranibizumab have been described as

well.28 In our report, one RPE tear was observed in a case

with a serous PED after six injections with a consecutive

decrease of BCVA of four lines. However, it remains

unclear, whether this RPE rip was caused by the

treatment per se or reflects the 10% rate of

spontaneous events.
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Retinal volume was measured to identify an effect on

the neurosensory layers after changes in the underlying

RPE compartment, such as an increase or decrease of

intra- and subretinal fluid or retinal atrophy. It remained

stable without statistically significant changes during the

1-year follow-up. No functional improvement in terms of

an increase in BCVA or macular sensitivity could be

observed over the course of the study duration. These

results may be influenced by the relatively high level of

BCVA and macular sensitivity at baseline, which is a

common finding in these pathologies. Nevertheless, it

may be suggested that long-standing PED and thus

impaired nutrition to the RPE and photoreceptor cells

has already resulted in irreversible damage. This is

supported by the finding that no correlation could be

found between a reduction in PED volume and

functional parameters, although, in some eyes, a scan

imaging appeared to show a restoration of the integrity

of outer retinal layers.

Generally, SD-OCT proved to be a valuable tool to

image morphologic features of retinal disease in non-

vascular PED. Owing to the all location raster mode, it is

the first imaging technique allowing for a precise

quantification of PED volume and retinal volume, which

can be used for a reliable follow-up during anti-VEGF

therapy.

In addition, this is the first report of the effect of

intravitreal injections with ranibizumab for treatment of

avascular PED secondary to AMD using a prospective

standardized protocol. In conclusion, these data suggest

a primary involvement of VEGF in the pathophysiology

of PED even in cases without angiographic signs of a

CNV. Therapy with ranibizumab may have an effect on

temporarily decreasing the volume of PED secondary to

AMD, in a slowly progressive pattern but no sustained

effect over the 1-year observation period without

re-injections could be observed. Even if the specific role

of VEGF in serous/drusenoid non-vascularized PED

is not known, we suspect this reduction of PED volume

to be mediated by the anti-permeability and anti-

inflammatory effects of ranibizumab. Importantly, this

morphologic effect seems to be irrelevant for improving

retinal function in the foveal center or the overall

macular area as measured with BCVA and

microperimetry.

It has to be considered that these results are based on

an interventional, uncontrolled case series including a

limited number of patients. As the effect of ranibizumab

on non-vascular PED may be intrinsic smaller compared

to PED in other forms of neovascular AMD, larger

studies evaluating this question are needed. Such

investigation is also needed to identify possible side

effects such as RPE rips, which are a pathognomonic

finding during the natural course of the disease.
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