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PURPOSE. To assess the effect of drusen morphometric changes and choroidal vascular
modifications on retinal sensitivity (RS) evaluated through microperimetry in intermedi-
ate age-related macular degeneration (iAMD).

METHODS. A retrospective review of 18 iAMD patients (18 eyes) with a 12-month follow-
up was performed. Eye-tracked spectral-domain optical coherence tomography was
obtained, with automatic segmentation of the outer retinal layer (ORL) delineating the
drusen area from the external limiting membrane to Bruch’s membrane and outer nuclear
layer (ONL) thickness maps adjusted manually, as needed. Advanced retinal pigment
epithelium analysis was also performed with a ZEISS PLEX Elite 900. Microperimetry
obtained under mesopic conditions was overlaid with the corresponding thickness maps
with Fiji software. The choroidal vascularity index (CVI) was calculated in the subfoveal
b-scan and volumetric in the central 1-mm subfield.

RESULTS. A reduced central ONL thickness was strongly associated with RS decline at the
same region (r = 0.69, P = 0.002) and globally (r = 0.80, P < 0.001) at baseline, but also
at 1 year in the central subfield (central: r = 0.70, P = 0.001). One-year subfoveal CVI
variation, differently from volumetric CVI, directly influenced the central (r = 0.64, P =
0.004) and global RS (r = 0.59, P = 0.009), indicating that a CVI reduction negatively
affected RS. A greater volumetric CVI within central 1-mm was associated with ORL
thickening at 1 year (r = 0.61, P = 0.008).

CONCLUSIONS. Progressive degeneration of the ONL is related to irreversible photoreceptor
dysfunction in iAMD. Likewise, choroidal vascular modifications are associated with a
significant functional decline in the central region and diffusely.

Keywords: drusen remodeling, age-related macular degeneration,microperimetry, drusen
regression, spectral-domain optical coherence tomography, retinal sensitivity, choroidal
vascularity index

Age-related macular degeneration (AMD) is a progres-
sive disease where the accumulation of drusen/basal

linear deposits and/or subretinal drusenoid deposits (SSDs)
play a crucial role in the progression to end-stage compli-
cations with a substantial loss of retinal pigment epithe-
lium (RPE) and photoreceptors.1 Drusen dynamic remod-
eling characterized by growth and formation of new drusen
or drusen regression with a reduction in number and
volume are part of the physiologic drusen life-cycle lead-
ing to macular complications.2–4 At early stages, the elevated
RPE of the drusen is relatively intact, but progressively it
becomes thinner and less pigmented, allowing the visual-
ization of drusen as yellowish lesions.5,6 With time, drusen
may fade and disappear, leaving an irregular mottling of the
RPE. These changes were initially thought to not account
for any functional implications unless pigment epithelium
detachment or geographic atrophy occurs.3 However, it has
been widely demonstrated that intermediate AMD exhibits

a significant decline of visual function appreciable through
microperimetry, particularly by using scotopic or dark adap-
tion microperimetry, as the rod function is affected first.7–15

Microperimetry has provided a more detailed assessment
of macular function, and its reproducibility with topograph-
ical correspondence is considered an important advantage
when measuring functional changes longitudinally.7,16–18

Microperimetric alterations can be useful in discriminating
between early and intermediate AMD stages,19 as it helps to
detect subtle functional changes not demonstrable through
a conventional visual acuity test.12 Despite this, the potential
functional impact of drusen dynamic changes, which can be
considered part of physiologic remodeling in intermediate
AMD, has not, to our knowledge, been investigated using
microperimetry.

The present work was devoted to understanding whether
and how morphometric changes induced by drusen
morphometric modifications and choroidal microvascular
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insufficiency impact the cone–rod function as assessed by
retinal sensitivity using microperimetry. Particularly, this
hypothesis was evaluated by correlating 1-year morphomet-
ric changes in the outer retina thickness, including the outer
nuclear layer (ONL) and outer retinal layer (ORL) delimiting
drusen area, and choroid with retinal sensitivity obtained
with mesopic microperimetry in the central 3 mm of eyes
with intermediate AMD. Further, we aimed to provide an
estimation of drusen remodeling in intermediate AMD over
a 1-year follow-up through optical coherence tomography
(OCT).

MATERIALS AND METHODS

This pilot study was a retrospective, observational chart
review of patients 50 years of age or older who were
graded as stage 3 AMD according to the international grad-
ing system for AMD.20 They were followed for a minimum of
12 months. The study adhered to the tenets of the Declara-
tion of Helsinki and approved by the institutional review
board committee at the IRCCS- Bietti Foundation, Rome,
Italy.

Inclusion criteria were the presence of complete medi-
cal records, fundus autofluorescence (FAF), spectral-domain
optical coherence tomography (SD-OCT), optical coherence
tomography angiography (OCTA), and fluorescein angiog-
raphy (FA) or indocyanine green angiography as needed.
Exclusion criteria were severe ocular media opacities inter-
fering with the multimodal visualization of the drusen and
other significant ophthalmic pathologies.

Eyes with conventional drusen characterized by multi-
ple RPE elevations with variable internal reflectivity on
OCT B-scans were analyzed.21 Reticular pseudodrusen
(RPD), also known as subretinal drusenoid deposits (SDDs),
were recognized as conical or flat hyperreflective deposits
within the RPE and the boundary between the inner and
outer segments of photoreceptors, better seen on infrared
reflectance.22 Eyes presenting with a pure RPD/SDD pheno-
type in the absence of drusen were not considered in the
present analysis. The main reasons for this decision reside
in the technical limitations in delineating their area, consid-
ering their configuration and anatomical locations. Also,
RPD/SDDs may affect the mesopic and scotopic retinal sensi-
tivity more profoundly than conventional drusen, leading to
a biased interpretation of the results.23

Imaging

All patients underwent SD-OCT scans with images obtained
using a SPECTRALIS HRA+OCT (Heidelberg Engineering,
Heidelberg, Germany). OCT scan patterns were acquired
with a minimum of a 20° × 20° rectangle centered on
the fovea and 25-line B-scans spaced 235 μm apart and
composed of 50 averaged frames. Baseline scans served as
reference, and all subsequent images were acquired using
a follow-up mode to ensure reproducibility. Segmentation
errors were adjusted by a single experienced operator (SF).
FAF was also obtained during the same examinations (488-
nm excitation, 500- to 680-nm barrier filter light transmis-
sion, 30° × 30°) using the SPECTRALIS HRA+OCT. Swept-
source OCT angiography (PLEX Elite, Carl Zeiss Meditec,
Jena, Germany) was performed using a 6 × 6-mm scan
pattern centered on the fovea. The scans were processed
through the Advanced RPE analysis tool that calculates the

drusen area and volume in the 3-mm and 5-mm circles
centered on the fovea.

Microperimetry was performed using the Macular
Integrity Assessment system (MAIA; CenterVue S.p.A.,
Padova, Italy) under mesopic conditions using a customized
grid of 33 stimuli around the central 10°, a white background
illumination of 4 asb (1.27 cd/m2), Goldmann III stimuli
with a projection time of 200 ms, and a 4-2 staircase strat-
egy. Retinal sensitivity maps (dB) were automatically calcu-
lated by the software, which also provided an estimation
of the bivariate contour ellipse area (BCEA) encompassing
63% and 95% of fixation points (±1 SD and ± 2 SD, respec-
tively). Microperimetry was performed twice within 1 week
to rule out potential learning effects in each patient after a
brief training session, and the second test was used for the
analysis. Tropicamide 1% was used to dilate the pupil in the
selected eye.

Image Analysis

Macular thickness values within the Early Treatment of
Diabetic Retinopathy Study (ETDRS) grid were calculated
using the automated segmentation provided by the SPEC-
TRALIS software. Each OCT macular cube was segmented
using the “All” layers mode, allowing us to obtain two differ-
ent customized segmentations that were used to calculate
the outer retina morphometric remodeling over time. ORL
thickness maps were generated by an algorithm segment-
ing between the outer boundary of the external limiting
membrane (ELM) and Bruch’s membrane (BrM), not reflect-
ing the anatomical outer retina extending from the outer
plexiform layer (OPL) and the RPE. Likewise, the ONL thick-
ness calculated by the OCT software was delineated between
the outer boundary of the OPL and the inner boundary of the
ELM, corresponding anatomically to the Henle’s fiber layer
and ONL.24

The ORL thickness maps quantitatively estimated the
average thickness values (μm) and the volume (mm2) for
each ETDRS quadrant. The changes in ORL maps repre-
sented outer retina morphometric modifications from the
ELM to BrM and served as an indirect surrogate of drusen
changes in terms of average thickness values (μm) and
volume (mm2) between year 1 (Y1) and baseline (Y0) (Fig.
1). The advanced RPE analysis algorithm is a new, validated,
automated mechanism for drusen assessment that provides
quantitative values for drusen area and volume in the 3-mm
and 5-mm circles centered on the fovea (Fig. 1).25

Both RPE analysis and calculation of the ORL thickness
maps were performed at the initial examination (Y0) and
after 1 year of follow up (Y1). However, the ORL thickness
and volumetric maps allowed more accurate overlap, with
the microperimetry test providing quantitative values of the
central ETDRS ring representing the central 1-mm area and
the 3-mm parafoveal ring being comprised of four areas:
temporal, superior, nasal, and inferior (excluding the central
1 mm). Perifoveal ETDRS rings (6 mm) were excluded from
the analysis to allow accurate overlap with the spatial distri-
bution of the projection points of the microperimetric exam-
ination (Fig. 2).

The thickness quantitative maps were overlaid with the
corresponding microperimetric maps using Fiji software
(Fig. 2). Considering the possible variation in stimuli projec-
tions on the fundus photographs, the overlaid map was
built to obtain the same number of points for each sector
considered. The estimation was based on a trend found on
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FIGURE 1. Morphometric analysis of ORLs and drusen. (A) Near-infrared with superimposed ORL colorimetric map with ETDRS circle
diameters (1, 3, 6 mm) at baseline. The ORL map is delineated between the ELM and BrM, as shown on OCT B-scans. (B) ORL thickness
map after 1-year follow-up. The insets display the average thickness (mm) and volume (mm2) at baseline (orange) and at 1 year (green).
(C) Advanced RPE analysis obtained using the ZEISS PLEX Elite at baseline. The algorithm measures elevations of the RPE as shown on OCT
B-scan segmentation (RPE–BrM). (D) Advanced RPE analysis output overlaid on the infrared image after 1 year. The insets (right) represent
the RPE profile colorimetric map at baseline and at 1-year follow-up.

several images, where the final map contained five points
within the central 1-mm subfield and six points for each
parafoveal sector (4 parafoveal ETDRS sectors × 6 points
each = 24 parafoveal points). Therefore, four points located
in the perifoveal sectors were excluded from the analysis;
further details are shown in Figure 2.

The choroidal vascularity index (CVI) defines the propor-
tion of the vascular component in the choroid by calculating
the ratio of the luminal area compared to the total choroidal
area. This index was calculated through post-processing
with Fiji 2.1.0/1.53.c26 using a methodology previously
described by Sonoda et al.27 The CVI was obtained through
the subfoveal horizontal B-scan enclosing the parafoveal
rings (3 mm in length). Volumetric estimation of the CVI
within the central 1-mm subfield for a total of 180 B-scans
was performed by applying the Cavalieri principle of stere-
ology analysis, as previously described on adjacent OCT

scans.28–30 In brief, the volume of two adjacent OCT scans,
considered as a segment, was determined using the follow-
ing equation:

Vol = d

(
Ax + Ax+1

2

)

where Vol is the CVI volume within a segment constituted
by two consecutive OCT scans (x and x + 1); d is the
distance between adjacent slices (in μm); A is the CVI area;
and x is the OCT scan number. Volumetric CVI was then
calculated by summing the volumes of individual segments
spanning the central 1-mm on the ETDRS ring; for further
details, see Figure 3. If both eyes were eligible, only one
eye was randomly selected, generating a random allocation
sequence. Even values were assigned to the right eye and
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FIGURE 2. Imaging analysis. (A) ORL thickness map obtained using Heidelberg SPECTRALIS software that delineates the drusen profile
between the outer boundary of the ELM and BrM, as detailed in B. (C) Microperimetry examination obtained at baseline under the mesopic
condition composed of 33 points projected on the central 10°. The microperimetry examination was overlaid (using Fiji 2.1.0/1.53.c) on
near-infrared reflectance using the ETDRS map as a reference to analyze the 1-mm central subfield and parafovea. Perifoveal ETDRS rings
(6 mm) were subtracted from the analysis to allow an optimal overlap between microperimetric examination and thickness maps. (E) Retinal
sensitivity points analyzed in the central 3 mm (enclosed in the blue rectangle) and (F) their projection on subfoveal OCT B-scans.

odd values to the left eye using an online random sequence
generator.

Statistical Analysis

The quantitative variables were expressed as mean ± stan-
dard deviation The normality of distribution was veri-
fied through the Shapiro–Wilk test. Paired t-tests or the
Wilcoxon test were used to calculate differences within the
same population. Unpaired t-tests or the Mann–Whitney
U test were used to assess differences between groups at
a given time point. Spearman’s rank correlation coefficient
was calculated to determine the relationships between vari-
ables. The delta difference refers to the net change between
the final thickness values and the initial value (delta =
finalthickness – initialthickness). The absolute value, |x|, is the
value with regard to its sign (absolute change = |finalthickness
– initialthickness|). The power analysis for Spearman’s rank
correlation was conducted in G-POWER 3.1.9.631 using an
alpha of 0.05 and a power of 0.80 for a two-tailed test.
Because Spearman’s rank correlation is computationally
identical to Pearson’s product–moment coefficient, power
analysis was conducted using the protocol for estimating
power for Pearson’s correlation. A Spearman’s rank corre-

lation coefficient with 18 participants would be sensitive
to effects of r = 0.60. This means the study would not be
able to reliably detect correlations smaller than r = 0.60.
All calculations were carried out using SPSS 26.0.0.0 (IBM,
Chicago, IL).

RESULTS

A total of 18 eyes of 18 consecutive patients (11 females
and seven males) with a mean age of 68.4 ± 8.6 years
were included in the present study. No significant changes in
terms of best-corrected visual acuity, retinal thickness (ORL
and ONL maps), drusen volume (mm2), retinal sensitivity,
BCEA at 63% and 95%, and CVI were identified in the overall
population at 1-year follow-up, as outlined in Supplemen-
tary Material 1. The mean retinal sensitivity change in the
overall population was −0.22 dB/y (95% confidence inter-
val [CI], −0.85 to 0.41). The mean ORL delta change% at
1 year was 5%(95%CI:−0.11 to 0.21), which was significantly
greater in terms of mean absolute change (19%, 95%CI:0.03–
0.34; Wilcoxon test P = 0.0002) in the central 1 mm. In
the parafovea region, the 1-year mean dynamic remodeling
(delta%) was 1% (95% CI, −0.03 to 0.05; P = 0.53 compared
to central region), significantly lower than the mean
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FIGURE 3. CVI calculation. (A) Subfoveal CVIs were calculated on the subfoveal scans enclosing the parafovea (3-mm in length). (B) CVIs
were obtained through post-processing with Fiji 2.1.0/1.53.c; the yellow area covered the total choroidal area considered for the analysis. The
index calculates the ratio of the luminal area compared to the total choroidal area. (C) Volumetric CVIs were calculated on five consecutive
OCT B-scans within the central 1-mm subfield at each follow-up time by applying the Cavalieri principle of stereology analysis. (D) Two
adjacent OCT B-scans represent a segment. The volume is calculated on a segment using the equation reported (right side), which considered
the distance (d) between scans and the CVI area between two consecutive B-scans (x and x + 1). The volumes calculated on each segment
were summed to obtain the entire volume of the luminal and total choroidal area to calculate the CVIs.

absolute change (4.8%; 95% CI, 0.01–0.09; P = 0.01).
However, the absolute net change was greater within the
central region than parafovea (−14%; P= 0.005). The drusen
area calculated within 3 mm showed a significant increase
at 1 year (P = 0.04) (Fig. 4). Subfoveal and volumetric 1-mm
CVIs were similar at baseline (P = 0.62) but differed at last
follow-up (P = 0.02) and in terms of delta changes (P =
0.03) at 1 year.

Associations Between Morphometric Factors and
Functional Parameters

The variation (delta) of the central (1 mm) ORL thickness
was associated with variation in retinal sensitivity in the
central subfield (r = −0.51, P = 0.03). Likewise, the delta
changes in drusen area at 3 mm was associated with final
central retinal sensitivity (r = −0.50, P = 0.03) and CVI vari-
ation (r = −0.51, P = 0.03); the same was true for delta
volume at 3 mm and central retinal sensitivity at 1 year (r =
−0.48, P = 0.04). However, the reliability of these correla-

tions is uncertain, as the smallest effect size was a correlation
coefficient cutoff of r = 0.60.

The baseline central ONL thickness was directly asso-
ciated with final retinal sensitivity in the corresponding
central subfield (Spearman’s rho, r = 0.69, P = 0.002), nasal
parafovea (r = 0.67, P = 0.002), and global retinal sensitiv-
ity (r = 0.80, P < 0.001). Central ONL thickness at 1 year
demonstrated a strong association with both central (r =
0.86, P < 0.001) and global (r = 0.84, P < 0.001) retinal
sensitivity, as shown in Figure 4. These associations indicate
that ONL thinning in the central 1-mm subfield is directly
associated with a decline in retinal sensitivity in the same
subfield, but it also influences global retinal sensitivity. This
direct relationship is particularly evident at 1-year follow-up
(Fig. 4).

Subfoveal delta CVI variation was directly associated with
final central sensitivity (Spearman’s rho, r = 0.64, P = 0.004)
and global retinal sensitivity (r = 0.59, P = 0.009), indicat-
ing that a reduced subfoveal CVI overtime reflects a decline
of function at 1 year. These findings were also corrobo-
rated by the evidence of a direct association between delta
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FIGURE 4. Influence of changes in drusen area and ONL thickness on retinal sensitivity. (A) Bar graph showing changes in drusen area
within 3 mm and 5 mm at baseline and at 1 year (*P < 0.05). Error bars represent standard error of the mean (SEM). Scatterplots demonstrate
that global retinal sensitivity variation at 1 year was directly influenced by central ONL thickness (1 mm) at baseline (B) and at 1 year (C) as
determined by Spearman’s rank correlation coefficient (r). Likewise, global retinal sensitivity at 1 year was directly associated with central
ONL thickness (1 mm) at baseline (D) and after 1 year (E).

subfoveal CVIs and delta global retinal sensitivity (r = 0.70,
P < 0.001). Moreover, subfoveal CVI variation was highly
associated with a greater parafoveal net change in retinal
sensitivity (r = −0.80, P < 0.001). Scatterplots of the signif-
icant correlations between subfoveal CVIs and retinal func-
tion, expressed as retinal sensitivity, are shown in Figure 5.

The analysis of the volumetric CVI calculated within the
central B-scans spanning a 1-mm circle (Fig. 3) demonstrated
that a greater baseline volumetric CVI was related to a larger
central ORL thickness at the last visit (r = 0.61, P = 0.008). A
greater volumetric CVI at baseline was also associated with
a larger ORL central subfield change in terms of absolute
values (r = 0.64, P = 0.004). Likewise, a greater CVI at 1
year was associated with a larger ORL absolute change in the
parafovea (r= 0.64, P= 0.005). Figure 5 displays scatterplots
showing the associations between volumetric CVI and ORL
average thickness, reflecting drusen morphometric changes.

Subanalysis of Morphofunctional Variations
According to Drusen Remodeling

An ORL net reduction, indicating drusen resorption, was
observed in eight of 18 eyes (44.4%; four males and four
females) with a mean age of 68.4 ± 8.45 years, and drusen
growth was observed in 10 of 18 eyes (55.5%; seven females
and three males) with a mean age of 68.4 ± 9.18 years.
Patients were homogeneous for the demographic character-
istics of age (P = 0.69) and gender (P = 0.38). The rate
of ORL change in the central subfield at 1 year was −12%
(−16.25 μm, P = 0.89), whereas eyes with ORL thicken-
ing presented a significant percentage change of +18.3%
(+17.3 μm, P = 0.005). Eyes with ORL thinning presented
a greater delta difference in global retinal sensitivity
(−0.81 dB/y; 95% CI,−1.9 to 0.29) than eyes with ORL thick-
ening (0.26 dB/y; 95% CI, −0.49 to 1.01; P = 0.04). This
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FIGURE 5. Spearman’s rank correlation coefficient (r) was used to assess the associations among CVIs, retinal sensitivity, and ORLs. Subfoveal
CVI variation (delta) influenced (A) central retinal sensitivity at 1 year and (B) global retinal sensitivity variation (delta) and negatively
influenced (C) parafoveal retinal sensitivity net changes in terms of absolute values. Volumetric CVIs at baseline correlated with (D) final
central ORLs thickness and (E) central ORL thickness net changes, whereas volumetric CVI at 1 year was associated with (F) parafoveal ORL
thickness net variation.

difference was not statistically significant when considering
the 0.01 level (two-tailed). In eyes with drusen resorption,
the central region corresponded to a greater loss of retinal
sensitivity (−1.5 dB/y; 95% CI, −3.32 to 0.33) compared to
eyes with drusen growth (0.5 dB/y; 95% CI, −0.46 to 1.46;
P = 0.02).

DISCUSSION

The present study investigated retinochoroidal morphome-
tric factors associated with retinal sensitivity decline by
using topographical correspondence within the central and
parafoveal ETDRS regions. Drusen are dynamic elements
that can exhibit growth with the formation of new drusen
and/or regress over time, leaving ultrastructural modifi-
cations of the RPE and photoreceptors.2 Less commonly,
drusen can disappear without leaving residual changes.3,32

On histopathology, two distinct regression patterns have
been described as characterized by gradual fading with a
loss of material, leading to a moth-eaten appearance, espe-

cially in younger patients. In older patients, the hyalinized
amorphous content tends to become coarsely granular with
degenerative changes in the RPE.33

Smith and coworkers2 defined dynamic drusen activity
as creation plus resorption, which they estimated over a
2-year interval using semi-automated digital analysis applied
to color fundus photographs. The authors argued that, as the
total dynamic changes were more remarkable than abso-
lute change (|new drusen – resorbed drusen|), it may
indicate that creation and resorption are not simultane-
ous. The model considered a 6-mm region cropped after
registration with the major retinal vessels on the color
fundus photographs. In contrast, in the present study, the
net change is referred to as a thickness change in the
drusen area of each ETDRS subfield, with the greatest
change evident in the central 1-mm. The thickness approach
in estimating drusen change may reveal more accurately
the different degrees of drusen regression and growth on
a vertical plane with respect to BrM. Therefore, the net
change results from a balance between different evolution-
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ary stages, with drusen thickening or thinning usually domi-
nant within the same eye. However, the use of advanced RPE
analysis suggests promising results in terms of predicting
morphofunctional variations in the 3-mm area but should
be confirmed in larger studies with a longer follow-up.

The association between ONL thickness and retinal sensi-
tivity in our cohort was consistent with the previous liter-
ature, demonstrating that photoreceptor loss is directly
proportional to ONL thinning. The progressive decline of
ONL is considered to be the result of physical displace-
ment induced by drusen that can contribute to photorecep-
tor degeneration.34 Another possible explanation is neural
remodeling occurring after photoreceptor degeneration.
Loss of rod cells stimulates the recruitment of microglia in
the outer nuclear layer, resulting in generalized cell killing
and the formation of glial sealing, cell migration, neural loss,
and rewiring. The cellular loss also involves rod bipolar and
horizontal cells.35–37

Histopathological correlates of geographic atrophy
confirmed the presence of ONL thinning corresponding with
atrophic zone locations.38 The association of ONL with reti-
nal sensitivity has already been reported in eyes with inter-
mediate AMD, supporting the suggestion that ONL thickness
represents a possible surrogate of cone–rod dysfunction.39,40

The progressive ONL thinning was recently considered to be
a predictive factor for conversion toward geographic atro-
phy or macular neovascularization, with faster thinning in
the atrophic progressors.41

Another mechanism is represented by gradual vascular
impairment associated with the extension of drusen and
other sub-RPE deposits, with choriocapillaris degeneration
being observable from the onset of AMD.42,43 It has been
suggested that choriocapillaris ischemic changes represent
one of the main pathogenetic mechanisms resulting in later
macular complications.44–47 Recently, choriocapillaris flow
deficits were shown to be associated with reduced retinal
sensitivity as revealed through scotopic microperimetry.48

Because estimation of choriocapillaris flow voids may suffer
from overlying structural changes, such as drusen, that may
attenuate the OCTA signal, the accuracy and validity of such
an approach are still under debate.49 Alternatively, other
OCT parameters have been largely used to assess choroidal
microvasculature status. These parameters include choroidal
thickness and the newer CVI, which has demonstrated high
reproducibility and validity in estimating pathophysiological
variations of the human choroid.50–52

In our series, subfoveal CVI variations are directly asso-
ciated with retinal sensitivity changes, indicating that the
modifications of choroidal vasculature reflect a progressive
photoreceptor dysfunction as AMD progresses. Agrawal and
coworkers53 demonstrated the usefulness of subfoveal CVI
as a reliable indicator of the choroidal status of the entire
posterior pole. Accordingly, our findings are relevant to char-
acterizing the CVI parameter with the greatest impact on reti-
nal sensitivity and thus valuable for future larger predictive
studies.

The analysis of volumetric CVI within the central 1 mm
correlated with variations of ORL, reflecting drusen status
but not retinal sensitivity; a greater volumetric CVI was asso-
ciated with a larger drusen thickness. This preliminary result
may indicate that dilated choroidal tissue at baseline could
precede drusen growth at 1 year, whereas choroidal thin-
ning anticipates drusen regressive changes at 1 year. This is
further supported by the previous evidence that choroidal
modifications measured through CVI demonstrate a bipha-

sic trend with an initial thickening, followed by a decreasing
thickness in a second phase with AMD progression.50

Active remodeling of drusen may be accompanied by
both drusen growth and regression at different locations
within the same eye.54 For this reason, in our series, patients
were divided into two different subgroups according to
drusen growth and regression, using as reference the volu-
metric thickness map in the central subfield, where the
greatest mean difference thickness change between groups
was appreciated (−33.4 μm/y). Our preliminary findings
may indicate that drusen resorption may be accompanied
by a significant decline of retinal sensitivity compared with
drusen growth. These hypotheses need to be confirmed in
a larger sample and possibly with a scotopic approach in
performing microperimetry. In fact, scotopic microperimetry
is considered superior to mesopic exams for evaluating the
function of rods in intermediate AMD, which may precede
cone impairment in the early stages of AMD, especially in the
parafoveal regions.11,54–56 However, cone-mediated central
pre-ganglionic element dysfunction has been demonstrated
to accompany rod dysfunction, mainly at the foveal and
parafoveal locations in the early stages of AMD.57–60 The
topographic correspondence of visual dysfunction within
the central 3-mm diameter of the macula was recently
demonstrated through a novel biomarker reflecting the slow
return to retinal sensitivity following a bright stimulus, the
so-called delayed rod-mediated dark adaption. The contra-
diction with regard to the central regional relationship of
rod-mediated dysfunction has been explained as compro-
mised transport through the choriocapillaris and BrM being
more prominent in this anatomical location, thus affecting
the retinoid resupply route.24,61

The longitudinal change of mesopic sensitivity in inter-
mediate AMD was between −0.35 and −0.42 dB/y in previ-
ously published reports,12,40 similar to the results obtained
in our overall population analysis (−0.22 dB/y). However,
when analyzing eyes with drusen resorption, the global
retinal sensitivity reduction was more pronounced (−0.81
dB/y), particularly when analyzing the central 1-mm region
(−1.5 dB/y) and the temporal parafovea (−1.13 dB/y). The
negative association between drusen volume and retinal
sensitivity for both mesopic and dark-adapted microperime-
try was recently demonstrated, highlighting the possible
structural changes induced by drusen volume.62 However,
this evaluation did not consider the dynamic changes char-
acterizing the drusen lifecycle as did our study; thus, our
results can contribute to our understanding of how struc-
tural changes over time progressive and affect the integrity
of the photoreceptor band known to be related with retinal
sensitivity measured through microperimetry.

Recent evidence has shown that microperimetric sensi-
tivity and low luminance deficits are poor predictors for
AMD progression by themselves when analyzing patients
with large drusen, especially when comparing these findings
with the presence of pigmentary on fundoscopy.63,64 This
may be consistent with making a distinction between growth
and regression as two different parts of the drusen life-cycle.
Pigmentary changes seen on fundus examination may result
from profound RPE–basal lamina alterations, with a loss of
overlying photoreceptor bands and associated hypertrans-
mission on OCT B-scans,46 possibly coexisting with some
degree of fading or regression of drusen elements.

Limitations of the present study include its retrospec-
tive nature, the small sample size, and the relatively short
time interval of 1 year that may limit the detection of a
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significant drusen remodeling, including the development
of macular complications. Another limitation related to the
retrospective design is represented by the density of the
OCT pattern (25 lines spaced 235 μm), which may under-
estimate subtle changes in drusen volume. The small cohort
size and the relatively short follow-up may account for the
large inter-individual differences and small intra-individual
changes over time. With a large sample size, it would
be interesting to explore whether differences exist among
different drusen subtypes, particularly by considering the
role of RPD/SDDs as a covariate. In addition, it is possi-
ble that the use of scotopic microperimetry could have
revealed more interesting insights on functional variations in
response to drusen modifications. Despite these limitations,
our results confirm that ONL thickness represents a surro-
gate biomarker of cone–rod impairment, reflecting cone
functionality as detected through microperimetry. Moreover,
the choroidal fluctuations follow changes in retinal sensitiv-
ity, indicating that the choroidal vascular status is an inte-
gral part of a degenerative process that occurs before late
complications with a significant functional impact. Drusen
regression is a physiological end-stage of the drusen life-
cycle that can produce fatal photoreceptor damage and/or
RPE impairment with detectable photoreceptor dysfunction
before macular complications development. Therefore, this
evolutionary stage may deserve more careful monitoring
and attention. All of the different methods used to evalu-
ate drusen changes over time indicate that most structural–
functional variations occur in the central region between 1
and 3 mm. The most important morphological parameter
associated with a functional decline is central outer nuclear
thickness, but central ORL and drusen area within 3 mm also
seem to be promising indicators. More interestingly, choroid
vascularity influenced the morphometric variations of the
outer retina and even retinal sensitivity. Further studies are
essential to determine whether or not early functional alter-
ations may predict morphological and functional prognosis.
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