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Introduction
Age-related macular degeneration (AMD) is the leading cause of irreversible
blindness worldwide.

Drusen are a hallmark of AMD and have important clinical implications.
We recently quantified drusen using OCT and found the RPE, photoreceptor
and outer nuclear layer (ONL) thickness above drusen is reduced compared to
drusen-free areas.

When compared to manual measurements recorded for the same lesions
(Rogala, et al. 2015), semi-automated segmentation showed discrepancies
between the RPE+PR and ONL measurements. However, when combined,
overall loss in these 3 layers was not significantly different between the two
measurement methodologies (Fig. 2C). Similar findings were seen with
confluent drusen (Fig. 2B, D).

We also assessed whether changes in retinal thickness remained following
drusen regression. In the photoreceptor layer, there was a significant recovery
in thickness post-regression but for the ONL, thickness post-regression was still
significantly thinner than adjacent, drusen-free areas (Fig. 4).

New OCT segmentation software means these changes may be more easily
quantified and reveal new information on the natural history of drusen.

Purpose
To determine how retinal thinning relates to the natural history of
drusen using automated segmentation software.

Methods
Drusen selection: Single druse (n=125), confluent drusen (n=45) and regressing
druse (n=49) were identified from 122 early/intermediate AMD patients (Ferris
et al 2013) seen at Centre for Eye Health, Sydney from 2010-15.

Figure 4: (A) Example of druse pre- and post-regression in a 70 year old male with intermediate AMD. (B) Percentage change
in thickness of each retinal layer above drusen pre- and post-regression (column graph; n = 49) and the relative difference
between each time-point, graphed as a difference plot. ***: p < 0.001

Automated segmentation: Layers were segmented using the segmentation
algorithm provided by Spectralis SD-OCT Viewing software. Incorrect
segmentation was manually adjusted when required (termed semi-automated
segmentation).
Data analysis: Thickness measurements were expressed as percentage
difference compared to measurements made 150µm from the drusen edge.

Results
Automated segmentation was poor for the outer retinal layers (RPE, ISe, ELM)
directly above drusen. Segmentation was mostly accurate for nearby, druse-free
areas except for the RPE layer (Fig. 1).

Conclusions
Figure 2: Percentage change in retinal layer thickness above (A) single, isolated druse and (B) confluent drusen using semiautomated segmented images. Values from semi-automated segmentation were then compared to those obtained manually for
the same lesions (Rogala, et al. 2015) for (C) single, isolated druse and (D) confluent drusen. All columns represent the mean ±
SEM. * = p < 0.05, ** = p < 0.01, *** = p < 0.001. Images to the left indicate the location of each layer measured. Note, some
layers from semi-automated segmentation were pooled together for comparison with Rogala et al. 2015.

We then assessed whether changes in retinal thickness were linear with drusen
growth. We found a weak correlation between ONL thinning and increased
drusen width but a moderate correlation between ONL thinning and increased
drusen height (Fig. 3).

• Automated segmentation algorithms still require manual quality
control when assessing drusen.
• Corrected segmentation can detect thinning of the outer retina
above drusen similar to manual measurements.
• As drusen grow, they further thin the ONL and this change is best
correlated with drusen height.
• The ONL remains abnormal following drusen regression suggesting
drusen may have permanent structural effects on the retina.
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Figure 1: Examples of (A) Incorrect segmentation of multiple outer retinal layers or (B) some only part of the retinal layer at the
druse site.

After incorrect segmentation was amended, we found total retinal thickness
above isolated druse was reduced compared to nearby drusen-free areas (Fig.
2A). This reduction was due to thinning of the RPE, photoreceptor and ONL.
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