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Abstract
Purpose To assess the rate of change in macular drusen load in fellow eyes of patients with unilateral neovascular age-
related macular degeneration (AMD) to evaluate whether the change in drusen load determines the onset and type of
choroidal neovascularisation (CNV).
Methods Subjects with unilateral neovascular AMD with a minimum of 2 years follow-up were identified retrospectively
from the hospital electronic database. Drusen count, area and volume measurements at the macula of the contralateral eye
were recorded using the commercial software on the Topcon 3D OCT-2000 devices over the previous 2 years. The mean rate
of change of these parameters over time was compared between fellow eyes that converted to various CNV subtypes and
those that did not.
Results Two hundred forty-eight patients met the inclusion criteria. Of these patients, 179 patients did not progress to neo-
vascular AMD (Group 1) while 69 patients converted (Group 2) at the end of 2 years follow up. Mean drusen volumes and
drusen areas increased significantly in Group 2 in the 2nd year by 0.031mm3 (p < 0.001) and 0.572 mm2 (p= 0.002),
respectively. However, there was no difference in the rate of change between the two groups at year 1. Furthermore, for each 0.1
mm increase in the cubed root of baseline mean drusen volume increases the odds of progressing to CNV by 40% (95% CI 1.2–
1.6; p < 0.001). The increase in drusen volume was higher in the occult CNV group compared to classic CNV (p= 0.048).
Conclusion A significant increase in mean drusen volume occurs in eyes in the preceding 12 months prior to conversion to
neovascular AMD and this change is more significant in eyes with occult CNV.

Introduction

Drusen are extracellular focal deposits that accumulate
between the basal lamina of the retinal pigment epithelium
(RPE) and the inner collagenous layer of the Bruch’s
membrane. They appear as yellowish white deposits on
biomicroscopy and colour fundus photographs and have a
predilection for the macula [1, 2].

Drusen vary in size. They are the hallmark of age-related
macular degeneration (AMD). The classification of AMD is
based on the size of drusen [3]. Small drusen or druplets
defined as ≤63 µm in size have a low risk of progression to

advanced AMD. Early AMD is characterised by the pre-
sence of medium-sized drusen (>63 µm to ≤125 µm). The
presence of large drusen defined as size of >125 µm or more
categorises the eye to having intermediate AMD [3, 4].
These eyes with intermediate AMD are at risk of progres-
sion to advanced AMD developing either choroidal neo-
vascularisation (CNV) or geographic atrophy (GA) or both
[5, 6]. The risk of development of CNV in the second eye in
patients with unilateral advanced AMD is variable and can
range from 20 to 50% over 5–10 years [7–9]. When con-
sidering the CNV subtypes, occult CNV are more likely to
be associated with intermediate drusen than pure classic
CNV that may occur in eyes with no or small drusen [10].
We evaluated the mean change in drusen load in eyes that
convert to neovascular AMD to study whether the change in
drusen volume may be a risk factor for conversion to neo-
vascular AMD, especially in eyes with occult CNV.

Although size and area of large drusen are established
risk factors, the course of each druse within the macula vary
and therefore a global measure of drusen load may be a
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more appropriate risk factor of AMD. Optical coherence
tomography (OCT) provides in vivo cross-sectional images
of different retinal structures, that is, analogues to the his-
tological structure. Recently developed spectral-domain
OCT (SD-OCT) technology provides real-time, high-
resolution images of the macular area in two and three
dimensions [11, 12]. Using automated segmentation algo-
rithms, SD-OCT is also able to delineate drusen and long-
itudinally track changes in macular total drusen count,
global area and volume occupied by drusen in AMD eyes
[13–15].

The SD-OCT algorithm defines drusen as a degree of
deformity in the RPE [13, 16, 17]. Consequently, small
drusen are not detected by OCT as they do not elevate RPE
layer considerably. As a result, drusen count and area are
underestimated by SD-OCT compared to fundus photo-
graphy [16, 18, 19]. However, the volume of drusen is
measured reliably by SD-OCT, which render this technique
superior to colour fundus photography [15].

The ability of SD-OCT to measure drusen count, area
and volume encouraged some groups of researchers to study
the effect of these parameters on disease progression to
advanced AMD (CNV or GA). Several reports have been
published in this regard with variable results [20–24]. Most
of these studies have been evaluated using the Cirrus OCT
(Zeiss, USA) algorithm. The Topcon SD-OCT also has an
in-built automated drusen analysis algorithm but has very
limited publications on its use. Moreover, the detection limit
of drusen is different with Cirrus OCT compared to Topcon
OCT. As Topcon OCT is widely used in daily practice, it is
important to evaluate whether the Topcon drusen analysis
algorithm provides the same outcomes as other similar
algorithms over time. In this study, we quantified the drusen
load in terms of numbers, area and volume using the
automated Topcon drusen analysis algorithm in fellow eyes
of patients with unilateral neovascular AMD.

Our objectives were to evaluate whether the change in
drusen count, area or volume as measured using the auto-
mated drusen analysis algorithm can predict conversion to
CNV and if so, whether any of these parameters predicted
the type of CNV.

Methods

Data collection

This retrospective study was approved by Moorfields
Review Board (ROAD 17/004) for evaluation of data and
images obtained in routine clinical practice. The research
followed the tenets of the Declaration of Helsinki. Informed
consent was not required for this study. Patients with uni-
lateral neovascular AMD and early or intermediate AMD in

the fellow eye who were imaged using SD-OCT in both
eyes over 2 years were identified from the hospital database.
Those patients were divided into two groups: non-
progressors who did not convert from early/intermediate
to advanced AMD (n= 179); and those who progressed to
wet AMD (n= 69). In Group 1, the OCT scans taken at
baseline, year 1 and around the 2-year follow-up were used
for the analysis. In Group 2, the OCTs used in the analysis
included those performed up to 2 years prior to the last
clinic visit before the development of CNV. Eyes with GA
were excluded from the study as we know from a previous
study that drusen volume was a predicator of conversion to
CNV and not GA [25]. Also, eyes with, vitelliform lesions,
other macular pathology or poor quality OCT scan images
were excluded from the study.

OCT scans

All eyes had three SD-OCT scan images (baseline, year 1
and year 2) using 3D OCT-2000 (Topcon, Tokyo, Japan).
The 3D OCT-2000 had a 6 µm axial image resolution and
imaging speed of 18,000 axial scans per second. On the 3D
OCT-2000, the 3D macular scan used was 128 line raster
with 512 A-scans each, within 6 × 6 mm2. Automated
quantification of drusen count, area and volume within the
6-mm cube centred on the fovea were obtained using the
Topcon software version 2.00. The algorithm on 3D OCT-
2000, which was validated in a previous study [14], defines
drusen based on calculating the difference between the
elevated RPE caused by drusen and a virtual line repre-
senting the presumed Bruch’s membrane. This study also
showed that small drusen were poorly detected. Topcon 3D
OCT-2000 has a smallest drusen detection limit of 340 µm
[26].

Fundus fluorescein angiography (FFA)

Available FFA images of patients that converted to neo-
vascular AMD were graded for CNV subtypes. As pure or
predominantly classic and occult CNV were the most
common CNV subtypes compared to retinal angiomatous
proliferation (RAP), the drusen volume change at the visit
prior to the conversion was compared between eyes that
converted to classic versus occult CNVs.

Statistical analysis

Baseline characteristics were analysed using descriptive
statistics. Normality was tested by the Shapiro–Wilk Test.
As the data was not normally distributed and to adjust for
baseline drusen parameters, we transformed the drusen area
and volume to square root and cubic root as previously
reported [15, 20–22]. We also assessed the variables that
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influenced the change in drusen parameters over the 2 years
and the gradient of change over 1 and 2 years. The baseline
measurements were also analysed as predicators of pro-
gression to CNV using logistic regression analysis. Change
in drusen count, area and volume measurements from
baseline to year 1 (first year) and from year 1 to year 2
(second year) were compared between the two groups with
the Mann–Whitney U test. We also compared drusen
parameter change in the eyes that converted to occult or
classic CNV using independent-samples t-test. Statistical
analysis was performed using the SPSS software (version
24) and a p-value of ≤0.05 was considered statistically
significant.

Results

Patients

After reviewing the medical records of 1671 patients who
were treated with anti-VEGF therapy at Moorfields Eye
Hospital between August 2008 and September 2016, 248
patients who met the inclusion criteria were identified. In
particular, we required 2 years of follow-up data to study
the change in drusen parameters at 12 and 24 months pre-
ceding the onset of CNV in the fellow eye. We excluded all
patients who did not have an OCT scan done at 12 ±
2 months and 24 ± 2 months follow-up. We also excluded
patients with at least one of the following: SD-OCT scans
with an instrument image quality metric <30; scans with
poor foveal centration and presence of artefacts. Among the
248 patients involved in the study, 161 (65%) were females
and 87 (35%) were males with a mean age of 73.5 years
(SD, 8.6). One hundred ninety-nine had intermediate AMD
and 49 had early AMD. These eyes were divided into two
groups: non-CNV-developed eyes (72%, n= 179) and
CNV-developed eyes (28%, n= 69).

Baseline drusen count, area and volume
measurements

At baseline, the mean (SD) drusen count, drusen area
and drusen volume were 6.58 (7.1), 1.42 mm2 (1.85) and

0.06 mm3 (0.09), respectively. The square root drusen area
and cube root drusen volume were 0.9231 mm (0.76) and
0.288 mm (0.2), respectively. Baseline drusen count, square
root area and cube root volume measurements were com-
pared between the two groups (69 CNV-developed eyes
versus 179 non-CNV-developed eyes) using the Mann–
Whitney U test. These three baseline drusen parameters
(count, area and volume) were greater in CNV-developed
eyes than non-CNV-developed as shown in Table 1.

Predication of progression to CNV based on baseline
drusen measurements

Baseline count, area and volume measurements as well as
age and sex were assessed as predictors of progression to
CNV (Table 2). Logistic regression analysis of these drusen
measurements revealed that baseline volume was a
significant predictor for developing CNV at 2 years of
follow-up. Each 0.1 mm increase in the cubed root of
baseline drusen volume increases the odds of progressing to
CNV by 40% (95% CI 1.2–1.6; p < 0.001).

Change in drusen measurements over two time
points (year 1 and year 2)

We also compared the change rate of drusen count, area and
volume measurements between the two groups (progressed
to CNV (Group 2) and non-progressed (Group 1)) during
the 1st year and 2nd year using Mann–Whitney U test
(Table 3). The change rate between the two groups in the

Table 1 Comparing baseline
drusen count, area and volume
between eyes that developed
CNV and eyes that did not
develop

Drusen measurements Non-CNV-developed eyes
(n= 179)

CNV-developed eyes
(n= 69)

p-Value

Mean drusen count (SD) 5.42 (6.67) 9.57 (7.41) <0.001

Mean drusen square root area
(SD)

0.8101 mm (0.79) 1.2162 mm (0.58) <0.001

Mean drusen cube root volume
(SD)

0.2499 mm (0.21) 0.3870 mm (0.14) <0.001

Table 2 Assessing predictors for CNV progression using logistic
regression analysis

Odds ratioa 95% CI p-Value

Age 1.067 1–1.1 <0.001

Sex 2.02 1–3.7 0.027

Drusen count 1.078 1–1.1 <0.001

Square root drusen area, 0.1 mm
increase

1.069 1–1.1 <0.001

Cube root drusen volume, 0.1 mm
increase

1.4 1.2–1.6 <0.001

aOdds ratios not adjusted
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2nd year was statistically significant, particularly drusen
volume (p= 0.019) and area (p= 0.027). However, the rate
of change between the two groups in the 1st year was not
statistically significant. Change in drusen morphology is
shown in Fig. 1.

Figure 2 shows the gradient at which the overall drusen
volume changed in the two groups and the data shows that
the total drusen volume increases steeply in the year pre-
ceding the development of CNV.

We also compared the change in these drusen parameters
in eyes that converted to neovascular AMD. Fifty patients
had FFA and the CNV subtypes include 16 (32%) classic
and predominantly classic CNV, 32 (64%) occult CNV and
2 (4%) RAP. As RAP lesions were rare, we compared the
differences in drusen parameters between the classic and
occult subtypes. While drusen parameters were alike in both
CNV groups, the rate of change of drusen volume was
higher in the occult group in the year preceding the devel-
opment of CNV (p= 0.048).

Discussion

This study confirms that an acceleration of total drusen
volume on SD-OCT occurs prior to the conversion to
neovascular AMD in the fellow eyes of patients with uni-
lateral neovascular AMD. This accelerated increase in total
drusen volume occurs in the year preceding the onset of

CNV. The mean rate of increase in cube root drusen volume
is 0.05 mm in the year preceding the development of CNV,
compared with the first year follow-up of the same group as
well as the non-CNV-developed group that had a mean
growth rate of cubic root drusen volume to be 0.02–0.03
mm per year. The cube root transformation of drusen
volume and the square root transformation of drusen area
were performed to eliminate the dependence of the
drusen growth rate on the baseline drusen size. This can
be applied to clinical practice because we can counsel
patients more accurately about the time to second eye
involvement.

The study also shows that the patients with increased
drusen growth rate may form an enriched cohort for clinical
trials evaluating preventive measures for the development
of CNV as the event rate for this cohort will be higher than
recruiting any patient with unilateral CNV when the
reported probability of occurrence of CNV in the fellow eye
is only around 10–12% per year. It will also shorten the
duration of the clinical trial. A previous study on drusen
volume showed that recruiting patients with a baseline
volume of >0.03 mm3 or 0.31 mm cube root volume in the
central 3 mm diameter would result in 50% showing an
increase in baseline volume and would enrich a prevention
trial cohort and shorten the trial duration [23]. Adding a
parameter of drusen growth rate of 0.05 mm cube root
volume across 6 mm diameter of the macula centred at the
fovea will further reduce the sample size.

Table 3 Comparing the change
in drusen count, area and
volume between the two groups
in the first and second year

Group 1 (n= 179) Group 2 (n= 69) p-Value

Year 1 Count change 1.15 1.33 0.484

Square root area change 0.12 (0.27) 0.11 (0.24) 0.902

Cube root volume change 0.02 (0.08) 0.02 (0.07) 0.834

Year 2 Count change 0.69 1.64 0.052

Square root area change 0.12 (0.27) 0.19 (0.27) 0.027

Cube root volume change 0.03 (0.09) 0.05 (0.07) 0.019

Fig. 1 Change in drusen volume from baseline to 2 years. Shown here
are the foveal scans for the subjects with the greatest and least change
from baseline to year 2 for each cohort. The yellow is what the Topcon

OCT designated as drusen volume for the scan. Not that least change
could also be a decrease in volume (top set)
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In addition, this study shows that the rate of change of
drusen volume was higher in eyes that developed occult
CNV in the year preceding the development of CNV. There

was no difference in other drusen parameters in terms of
drusen count, area and volume. Previous studies reported
that the clinical features in the fellow eye correlate with the
type of CNV in the affected eye in AMD patients with
unilateral CNV [10, 24]. Abugreen et al. [10] found that the
fellow eyes of occult CNV have significantly more severe
AMD features compared to the eyes with classic CNV.
Sivaprasad et al. [24] showed that there is an association
between the proportion of occult CNV in the affected eye
and the severity of the disease in the fellow eye of Cauca-
sians compared to the Chinese patients.

To our knowledge, our study is the first in being used 3D
OCT-2000 algorithm to study drusen quantification long-
itudinally and the largest study (sample size) of drusen
volume for AMD patients who developed CNV (n= 69).
This could be one of the strengths of our study as the
Topcon commercial software is available for everyone to
use, rather than a specific research centre developed
software.

Limitations of this study are the use of commercially
available software that does not allow user correction of
segmentation. While theoretically a limitation, this limita-
tion is surpassed by the essential nature of the work. It is
essential understanding for clinical care as SD-OCT
segmentation and drusen identification correction are not
currently cost/time-effective in clinical practice. Therefore,
understanding of change based on ‘raw’ outputs is needed.
Additionally, the inherent differences between devices
make comparisons between devices not possible and
therefore requires each device to be independently verified.
These differences result in two categories of differences.
First, we did not subdivide drusen measurements into
smaller macular subfield within the total macular field of 6
mm cube as the algorithm did not permit this analysis.
Updated versions of this software are anticipated to provide
this analysis. However, the study shows that the results
obtained on drusen volume in 6 mm cube parallels that
obtained in 3 mm central macula and can be used as a
predictor of CNV. We also did not adjust for other known
risk factors of disease progression such as smoking, raised
BMI and genetic factors. We also excluded a large pro-
portion of patients for whom scans were not available at the
strict time-points planned for this study. The rationale for
establishing a standardised 2-year follow-up interval was
based on 2-year study endpoints, which showed that a

Fig. 2 Mean volume and change from baseline to year 2 in those with
and without CNV. a Shows the mean drusen volume, error bars or
SEM. b Shows the distributions of drusen volumes. While on average
that with CNV had more drusen volume this was not absolute with the
ranges overlapping nearly entirely. c On average those who went on to
develop CNV had a greater increase in drusen volume, however again
there was considerable overlap with those who did not
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greater baseline drusen volume was predicative of an
increased 2-year progression to CNV [25].

In summary, this study has shown that drusen volume
growth rate across a 6 mm macula cube using the automatic
Topcon drusen analysis software may be used as a predictor
for conversion to CNV especially occult type. Serial OCTs
over a shorter time interval may provide better information
than the two time points that we have chosen.

Summary

What was known before

● Baseline drusen volume appears to be a significant risk
factor for progression to late AMD.

What this study adds

● Drusen volume and its growth rate are higher in the
preceding 12 months prior to conversion to neovascular
AMD, particularly occult type, than those did not
develop CNV. These findings may be used as a predictor
for conversion to CNV using SD-OCT.
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