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Abstract

Aim To describe the frequency of

neovascular age-related macular degeneration

(nAMD) in second eyes of patients

undergoing ranibizumab therapy in their first

eye and to evaluate the patterns of optical

coherence tomography (OCT) abnormalities

in fellow eyes before nAMD.

Method Patients who developed choroidal

neovascularization (CNV) in the second eye

while on treatment for the first eye were

identified. OCT scans of the second eyes,

performed before the onset of CNV, were

retrospectively examined and graded.

Frequency of second eye involvement was

estimated and patterns of progression of OCT

abnormalities were described and classified.

Results In all, 65 out of 749 consecutive

patients required ranibizumab in their second

eye for treatment-naı̈ve nAMD over a

2-year period. The mean interval from

commencement of ranibizumab in first eye to

conversion in second eye was 12 months

(2–35.5 months). There were three patterns of

CNV development: group A (12%, n¼ 8) had

no OCT abnormalities in the second eye just

before developing CNV; group B (38%, n¼ 25)

had no abnormalities at baseline but

developed OCT changes more than one visit

before conversion and group C (50%, n¼ 32)

had OCT changes from baseline, which did

not progress until just before conversion.

Conclusion Patients with retinal pigment

epithelial elevation without sub-retinal fluid

on OCT in their fellow eyes have a high risk of

progression to require therapy within a 2-year

period. An anticipatory approach may be

warranted, but a small group with completely

normal OCT appearances can still develop

lesions between visits.
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Introduction

The development of neovascular age-related

macular degeneration (nAMD) is a devastating

event for elderly patients especially when both

eyes are affected.1,2 Although simultaneous,

bilateral development is rare, sequential

development of nAMD in one eye followed

by the second, fellow eye after a variable time

interval is unfortunately, quite common. From

the data on patients enroled in large prospective

clinical trials, it has been estimated, that 72.4%

of patients have unilateral nAMD at study

inception and still have good vision in their

fellow eyes. In such patients who present with

unilateral nAMD, the risk of second eye
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involvement in their good, fellow eyes has been

estimated to be between 2 and 30% per year.1,3–6 This

means that, in our clinical practice, a high proportion of

patients present to us with unaffected, fellow eyes

that are at a high risk of developing nAMD.

Recently, the visual prognosis for patients diagnosed

with nAMD has been vastly improved by the

development of intravitreal anti-vascular endothelial

growth factor agents such as ranibizumab.7–9 Given that

better visual outcomes are associated with better baseline

visual acuities and that health-related quality of life

scores are correlated to the better seeing eye,10–12 it is

important to strive to diagnose nAMD early and initiate

prompt treatment as any delay can result in poorer visual

outcomes.13

Early diagnosis of nAMD remains a clinical challenge.

A better understanding of the clinical markers of early

choroidal neovascular membrane (CNV) formation

should help to address this need. In a recent study

looking at early markers of CNV formation in second

eyes of patients undergoing regular follow-up, Cachulo

et al14 found that abnormalities on indocyanine green

and fluorescein angiography were detectable before

the clinical diagnosis of active CNV. However, as the

majority of patients who are at the highest risk of

developing nAMD in their second eyes are undergoing

regular first eye treatment and having their good, fellow

eyes checked regularly by optical coherence tomography

(OCT), it may be more pragmatic if OCT changes that

precede the formation of active CNV can be recognised

and used as markers of imminent CNV formation. To our

knowledge there are no published studies that have

looked at the OCT features of eyes that go on to develop

CNV. The purpose of this study was therefore to try and

evaluate the frequency of nAMD occurring in the fellow

eyes of consecutive patients receiving intravitreal

ranibizumab for their first eyes and also to describe the

speed and patterns of any OCT changes before the

development of nAMD with an intention to classify

OCT features seen in fellow eyes before a decision to

commence treatment.

Methods

The patient database of the nAMD treatment programme

at our hospital was used to identify all patients who

received bilateral injections of ranibizumab from

September 2008 to September 2010. This criterion would

have captured patients who developed nAMD in their

second eyes while on treatment for unilateral nAMD.

The case notes and all available OCT scans of these

patients were retrospectively reviewed and data

collected on the exact time point when intravitreal

ranibizumab was commenced in second affected eyes

of all patients. Because of the retrospective design it was

not possible to adopt standard diagnostic imaging

criteria of second eye CNV based on retinal imaging.

Instead the time point of second eye involvement was

taken as the visit at which the decision was made to

commence intravitreal ranibizumab for the second eye.

This time point or the conversion visit was easily

obtainable by reviewing the case notes retrospectively.

The time interval between baseline visit (visit at which

the first eye received first injection of ranibizumab) and

the conversion visit at which decision to commence

second eye treatment was calculated in months

(mean and range).

All OCTs scans performed on fellow eyes before the

conversion visit were collated. For each patient the

second eye OCTs on every visit from baseline to the

visit at which decision to commence treatment were

retrospectively analysed. These OCTs were qualitatively

graded for changes in the retinal pigment epithelium

(RPE) layer and the outer retinal layers from visit to visit

before the conversion visit. In particular the scans were

graded in terms of how early any RPE and outer layer

changes appeared during the course of follow-up:

(1) Just before the conversion visit.

(2) On follow-up after the baseline visit.

(3) Since the baseline visit.

This grading approach should have enabled an evalua-

tion of the speed and pattern of OCT changes in

second eyes over all visits before the conversion visit.

We also attempted to grade OCT scans for changes that

occurred between the conversion visit and the visit just

before it. Quantitative change in retinal thickness was

calculated between these two visits just before

commencement of therapy using the thickness

measurement tool on the OCT machine software

(Eye Explorer, Heidelberg, Germany). Qualitative

changes in OCT scans occurring from the visits

immediately before conversion and the conversion visits

were categorised broadly according to the following

categories:

(1) No change.

(2) New RPE elevation or worsening of existing RPE

abnormality.

(3) New or worsening of existing changes in outer

neural retinal layers (thickening, sub- or

intra-retinal fluid).

(4) New or worsening of existing changes in both RPE

layer and outer neural retinal layers.

Any angiogram performed at the conversion visit was

also graded retrospectively for signs of active leakage.

The frequency at which the progressive OCT signs

were confirmed on angiogram was determined.
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Results

Over the period of 2 years, 749 patients were commenced

on ranibizumab monotherapy for the first time in at least

one eye. Five patients who did not have CNV secondary

to nAMD were excluded (three RAP only lesions, one

myopia, one macular dystrophy). Of the remaining

744 patients, 671 patients received unilateral treatment to

the same eye throughout and 73 patients received

treatment to a second affected eye at some point on

follow-up. Of these 73 patients (19 male, 54 female), 2 of

them presented with bilateral CNV and received bilateral

treatment from the outset and 6 of the second eyes

had previous PDT. The remaining 65 (8.7%) patients

who required commencement of injections to a

treatment-naı̈ve, second affected eye at some point

during the follow-up period were included in the study.

Their mean age was 79.3 (SD±8.4) years. The median

time interval between OCT scans was 8 weeks (range:

2–14 weeks), indicating that the fellow eyes had OCT

scans quite frequently. The time interval from baseline

visit to second eye conversion visit was variable, ranging

from 2 to 35.5 months (mean: 12 months). At the time of

diagnosis of nAMD in second eyes, the mean acuity in

those second eyes was 20/80 or þ 0.6 (SD±0.3) logMAR

units.

Speed and pattern of OCT changes from baseline to

conversion visit

The distribution of patients obtained by classifying

second eye OCT changes according to the speed of onset

of RPE and outer retinal changes before their conversion

visits are shown in Figure 1. In group A (n¼ 8, 12%),

patients had no detectable OCT change in their fellow eye

from baseline until the conversion visit at which active

CNV was diagnosed, that is, very sudden onset

(Figure 2a). In group B (n¼ 25, 38%) there was a normal

OCT appearance at baseline but the patients developed

RPE elevation on subsequent visits, which slowly

progressed to develop signs of leakage (Figure 2b).

In group C (n¼ 32, 50%), there was an abnormal OCT

appearance at baseline, which was typically seen as an

elevation of the RPE layer but without any sub- or intra-

retinal fluid nor leakage on angiography to suggest active

leakage. However, on follow-up, lesions in this group

Follow up OCT

Baseline OCT

Groups

nAMD in
Second Eyes

n=65

A
(n=8, 12%)

Normal

Normal

B
(n=25, 38%)

Normal

RPE elevation
present,

Sub-retinal fluid
not present 

C
(n=32, 50%)

RPE elevation
present,

Sub-retinal
fluid not present

RPE elevation
present,

Sub-retinal
fluid not present

Figure 1 The different patterns of second eye SDOCT CNV
development and how many patients there are per group, with a
summary of the features present on OCT.

Figure 2 Three different patterns of OCT changes before the development of wet AMD indicated by presence of sub-retinal fluid.
All OCT scans were taken at the same point with a line scan going through the fovea. (a) (i) Baseline with normal looking RPE,
(ii) month 11 showing normal appearance immediately before development of CNV and (iii) month 13 showing RPE elevation and
sub-retinal fluid (*). (b) (i) Baseline with normal looking RPE, (ii) month 3 immediately before development of CNV, showing RPE
detachment but no sub-retinal fluid, and (iii) month 4 showing progression of RPE elevation and sub-retinal fluid (*). (c) (i) Baseline-
showing the abnormal appearance of an elevation of the RPE layer, but without any sub- or intra-retinal fluid, (ii) month
5- immediately before CNV development showing an abnormal RPE but no sub- or intra-retinal fluid, (iii) month 6 showing RPE
elevation with sub-retinal fluid (*).
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slowly developed signs of leakage to trigger the

diagnosis of nAMD and commencement of therapy

(Figure 2c).

In summary, in terms of speed and pattern of second

eye conversion 12% of patients had sudden and

unpredictable onset of CNV even from the OCT scan

performed very shortly before the conversion. However,

in 57 out of 65 cases (88%; groups B and C) active nAMD

developed slowly in the second eyes by way of

progression from wide based sub-RPE lesions, which

appeared as elevations of the RPE band on OCT. These

lesions were detectable easily on OCT scans but did not

develop signs of leakage until a variable length of

follow-up had passed.

Quantitative and qualitative changes in OCT scans

occurring just before conversion visit

Overall, the average retinal thickness in the central

subfield zone was greater at the conversion visit

compared with the visit prior (Table 1). In group A, the

central retinal thickness increased by 110 mm from a mean

of 273 mm before conversion to 383 mm at conversion.

In group B, the central retinal thickness increased by

9mm from 351 to 359 mm. In group C, the retinal thickness

increased by 56 mm from 348 to 404 mm. Using the

descriptive criteria for comparing OCT scans the majority

of patients had changes between the scan immediately

before conversion visit and the visit at which conversion

was diagnosed. The distribution of the types of recent

changes is shown in Table 1. In group A, most of the

changes involved changes in RPE layer. Detailed

inspection of OCT scans performed just before the onset

of nAMD in this group did not show any early OCT

markers that could be reliable in predicting the imminent

onset of nAMD (as shown in Figure 2a). In groups B and

C where patients had pre-existing changes in RPE layer

the majority of changes on conversion were associated

with outer neural retinal layers. In total, 31 out of

65 patients (47%) had fluorescein angiography

performed to confirm active leakage.

Discussion

The high risk of nAMD developing in the unaffected,

fellow eyes of patients who have had CNV in their first

affected eye has been well established at rates of about

12% per year.1,3,5 The lower rate of 8.7% of patients

developing nAMD in second eyes found in our study

was probably due to the variable length of follow-up,

which was inevitable in such a retrospective study.

Nevertheless, the quantification of the proportion of

patients with bilateral involvement in this study serves to

highlight not only the burden on health care providers,

with about 1 in 10 patients needing intensive treatment

and visual rehabilitation for bilateral visual loss at any

one time in a service of this nature but also the impact

of visual loss on a sizeable proportion of elderly

individuals.14 Therefore, even though there is no proven

value of a large-scale population screening programme

for nAMD in patients with early age-related

maculopathy15 the goal of early and accurate diagnosis

of second eye conversion, using well-developed OCT

criteria in very high-risk patients undergoing first eye

treatment is intuitively of great public health importance.

From the analysis of the speed and pattern of OCT

changes in our study, it appears that second eye

conversion was unpredictable in only a small proportion

of patients resembling those in group A (12%). However,

in a large proportion of cases, there was RPE elevation

or disturbance, without outer neural retinal changes

evident in many visits before the diagnosis of second eye

conversion. Also, in the analysis of the visits just before

conversion, a large proportion of conversions were

Table 1 The mean central retinal thickness just before conversion, and at the point of conversion to nAMD

Central retinal thickness Group A Group B Group C
N¼ 8 (12%) N¼ 25 (38%) N¼ 32 (50%)

Mean CRT at visit immediately before nAMD conversion 273mm 351mm 348mm
Mean CRT at diagnosis of nAMD 383mm 359mm 404mm

Type of OCT change just before conversion Number of patients
No change 0 7 3
RPE layer change only 5 1 1
Outer retinal layer change only 2 6 16
RPE layer and outer retinal layer change 1 11 12

Active leak confirmed on FFA 5 10 16

The mean central retinal thickness just prior to conversion, and at the point of conversion to nAMD. The table also shows qualitative OCT differences

between the conversion visit and the visit before conversion.
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associated with changes in the RPE contour or height.

This finding means that there could be some opportunity

to diagnose second eye conversion in a large proportion

of cases by looking for small progression in RPE contours

or elevation rather than waiting for sub/intra-retinal

fluid to be visible, which is the current practice among

most clinicians.

In this retrospective study, second eye conversions

were not confirmed with fluorescein angiography in

about half of cases. In all the cases that had angiography,

we were able to identify fluorescein leakage. The absence

of fluorescein confirmation in a large proportion of cases

would be unlikely to alter our conclusions on the OCT

changes before and on conversion of second eyes, which

was the primary aim of this study. It can only be assumed

that in those cases without fluorescein angiograms, the

clinician was confident in making the diagnosis of

nAMD in the second eyes on OCT findings alone. This

could be in keeping with recent studies suggesting that

spectral domain OCT may be very reliable for CNV

diagnosis.16,17 In this regard, the findings from our study

that most conversions involved changes in the RPE layer

visible on OCT, the OCT may well prove to be of greater

value than angiography in confirming very early

neovascular change.

Our data also revealed another interesting observation.

Almost all second eyes surveyed had sub-retinal fluid on

OCT at the time the diagnosis of nAMD was made. This

diagnostic behaviour is probably in keeping with

common teaching and practice. Given that a high

number of cases, such as those in group B and C exhibit

progressive OCT changes before the appearance of sub-

retinal fluid, it is reasonable to question whether this

diagnostic behaviour ought to be challenged particularly

when Shona et al12 have found that earlier treatment of

CNV leads to improved visual outcome.

There are limitations with our study with its

retrospective design. First, the lack of a strict follow-up

protocol and not all patients had monthly visits. This

may have affected our estimation of the average time to

second eye conversion. In the absence of similar studies

in the literature, we adopted a very basic grading system

to evaluate OCT changes both in term of speed and the

visit-to-visit changes before conversion. Future

prospective studies may be able to improve on our basic

grading criteria. This limitation probably did not affect

our main observations as a majority of patients had some

form of RPE change before conversion and could

potentially be helped if, as a result of this initial study, we

are able, in the future, to change our practice and

diagnose and treat second eye nAMD earlier.

In conclusion, we found that bilateral ranibizumab

therapy is commonly required for nAMD and a

significant proportion of patients require ranibizumab

therapy to the second eye within 2 years of their first

injection. The presence of RPE elevation on OCT in the

fellow eye should alert the clinician that there is a high

chance that ranibizumab therapy would need to be

initiated in the second eye within a 2-year period. Such

patients will benefit from very regular OCT checks or

may even benefit from ranibizumab therapy in the

presence of progression of RPE elevation without sub-

retinal fluid although this remains to be proven in

controlled studies. This study could provide justification

for future studies to evaluate the benefit of screening

systems and OCT criteria for unaffected, fellow eyes

in these, highly vulnerable group of patients.
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