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Purpose: En face OCT imaging was investigated as a method for the detection and monitoring of calcified
drusen in eyes with nonexudative age-related macular degeneration (AMD).

Design: Retrospective case series of a prospective study.
Participants: Patients with nonexudative AMD.
Methods: A retrospective review was performed of same-day color fundus (CF), fundus autofluorescence

(FAF), near-infrared (NIR), and en face swept-source (SS) OCT images to identify eyes with nonexudative AMD
and calcified drusen. The appearance and progression of these lesions were compared using the different im-
aging methods.

Main Outcome Measures: Comparison between the presence of calcified drusen observed on CF images
with the detection of these lesions on FAF, NIR, and en face SS OCT images.

Results: Two hundred twenty eyes from 139 patients with nonexudative AMD were studied, with 42.7% of
eyes containing calcified drusen either at baseline or during follow-up visits. On the en face SS OCT images,
calcified drusen appeared as dark focal lesions referred to as choroidal hypotransmission defects (hypoTDs) that
were detected in the choroid using a suberetinal pigment epithelium (RPE) slab. The corresponding B-scans
showed drusen with heterogenous internal reflectivity, hyporeflective cores, and hyperreflective caps. In most
calcified drusen, choroidal hypertransmission defects (hyperTDs) were observed to develop over time around the
periphery of the hypoTDs, giving them the appearance of a donut lesion on the en face SS OCT images. These
donut lesions were associated with significant attenuation of the overlying retina, and the corresponding FAF
images showed hypoautofluorescence at the location of these lesions. The donut lesions fulfilled the requirement
for a persistent hyperTD, which is synonymous with complete RPE and outer retinal atrophy (cRORA). Six eyes
displayed regression of the calcified drusen without cRORA developing. B-scans at the location of these
regressed calcified drusen showed deposits along the RPE, with outer retinal thinning in the regions where the
calcified lesions previously existed.

Conclusions: En face OCT imaging is a useful method for the detection and monitoring of calcified drusen
and can be used to document the evolution of these drusen as they form donut lesions or foci of
cRORA. Ophthalmology Science 2022;2:100162 ª 2022 by the American Academy of Ophthalmology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Drusen are the hallmark feature of intermediate age-related
macular degeneration (AMD) and are characterized by
focal extracellular deposits between the retinal pigment
epithelium (RPE) and Bruch’s membrane.1e3 In the Age-
Related Eye Disease Study, large confluent drusen were
shown to be a high-risk feature for the progression to late
AMD, and especially for the development of geographic
atrophy (GA).4 Later, Ouyang et al5 performed a
longitudinal study using spectral-domain OCT and showed
that drusen with a heterogenous internal reflectivity were
consistently found to be predictive for the onset of local
atrophy. Similarly, Bonnet et al6 conducted a retrospective
case series using multimodal imaging, including spectral-
domain OCT, and observed that drusen with distinctive
hyperreflective pyramidal or dome-shaped structures were
present in areas of GA. They termed these lesions ghost
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drusen because these structures were in regions of atrophy.
In addition, Suzuki et al7 reported on the multimodal
imaging and histologic appearance of these atypical
drusen and referred to them as refractile drusen. They
proposed that these refractile drusen represented a stage of
drusen regression marked by the loss of RPE as these
lesions progressed to GA, and they attributed their
glistening appearance to the presence of calcium-
containing spherules. However, these previous studies did
not identify the types of lesions that preceded the formation
of these refractile drusen or the OCT characteristics of how
they progressed to GA.

Tan et al8 performed a histologic study on these drusen
with heterogenous internal reflectivity and hyperreflective
pyramidal structures and confirmed that the lesions
contained nodules that consisted mostly of crystalline
1https://doi.org/10.1016/j.xops.2022.100162
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calcium phosphate deposits. They called these deposits
calcific nodules. In addition to the histologic findings,
they conducted a longitudinal observation study using
multimodal imaging that included color fundus (CF),
fundus autofluorescence (FAF), near infrared (NIR), and
spectral-domain OCT imaging. From this study, they
found that these calcific nodules were significantly and
independently associated with progression to late AMD,
which included both the formation of GA and macular
neovascularization. In addition, they described calcified
drusen as having a hyperreflective cap along with a heter-
ogenous internal reflectivity or hyporeflective core on OCT
B-scans. Other studies have found similar results, with the
Classification of Atrophy Meetings group recognizing
calcified drusen as clinically significant lesions that have a
high association with GA developing, which is also known
as complete RPE and outer retinal atrophy (cRORA).9e13

Because of the irreversible loss of vision wherever
cRORA is located, we wanted to understand how best to
detect and observe drusen using different imaging methods
as they develop these calcific properties and progress to
atrophy. This is particularly important when identifying
patients at high risk of disease progression and for designing
clinical trials to test novel therapies that may slow the
progression or prevent the formation of cRORA.14e16

Although CF imaging is considered the gold standard for
the diagnosis of calcified drusen in AMD, more recent im-
aging technologies, such as FAF, NIR, and OCT imaging,
have advanced our understanding of AMD. These other
imaging methods have several advantages compared with
CF imaging, including the ability to detect lesions using
different optical properties of the tissue that may result in
enhanced contrast detection and may be less influenced by
media opacities such as cataracts. In particular, OCT im-
aging can provide depth-resolved information and can
localize specific anatomic changes through cross-sectional
B-scan imaging. As a result, the Classification of Atrophy
Meetings group recommended OCT as the reference method
for defining different stages of atrophy.13,17

Although the characteristics and progression of calcified
drusen have been described using OCT B-scans,5e12 we
used both B-scans and en face OCT imaging to diagnose
and observe the progression of drusen in AMD.18e24 To
date, no reports have described the characteristic features of
calcified drusen using an en face OCT imaging approach.
Compared with the laborious process of reviewing each
B-scan, the en face OCT imaging strategy allows the
reviewer to look at the entire volumetric scan at a glance,
which is similar to viewing the fundus on slit-lamp bio-
microscopic examinations and on CF, FAF, and NIR im-
ages. As a result, en face OCT images can be easily
compared with the appearance of fundus lesions when using
different imaging methods. Moreover, en face imaging
allows for the visualization of different anatomic layers by
selecting boundary-specific slabs and reviewing selected
B-scans that correspond to abnormalities detected on these
slab-specific en face images.

In previous studies, we used a sub-RPE slab positioned
from 64 to 400 mm under Bruch’s membrane to obtain en
face OCT images to identify persistent hypertransmission
2

defects (hyperTDs) that corresponded to cRORA or
GA.25e27 These persistent hyperTDs appeared as bright
areas on the en face OCT image because of increased light
transmission into the choroid where the RPE was absent or
attenuated. While studying eyes with choroidal hyperTDs,
we also identified dark foci that were the result of the
hypotransmission of light into the choroid, which we
referred to as choroidal hypotransmission defects
(hypoTDs). These hypoTDs are caused by any overlying
structure that attenuates or scatters the incident light such as
intraretinal hyperreflective foci, a thickened RPE layer,
vitelliform material, blood, a large retinal pigment epithelial
detachment, and calcified drusen.28 As soon as these foci are
identified on the en face OCT image, the cause of any
hypoTDs can then be easily revealed by reviewing the
corresponding B-scans. In this current case series, we used
en face OCT and other imaging methods to study eyes
with nonexudative AMD with the goal of identifying and
following the progression of hypoTDs associated with
calcified drusen.
Methods

This retrospective case series of a prospective study was conducted
at the Bascom Palmer Eye Institute. The imaging data used in this
report were from patients enrolled in an ongoing prospective
swept-source (SS) OCT imaging study investigating the natural
history of nonexudative AMD. The patients enrolled in this study
underwent SS OCT imaging every 3 months. In addition, each
patient underwent CF, FAF, and NIR imaging on a yearly basis.
The institutional review board of the University of Miami Miller
School of Medicine approved the study, and all patients signed an
informed consent. The study was performed in accordance with the
tenets of the Declaration of Helsinki and complied with the Health
Insurance Portability and Accountability Act of 1996.

A retrospective review of all CF, FAF, NIR, and SS OCT im-
ages obtained from June 2016 through November 2021 was per-
formed to identify calcified drusen in eyes with nonexudative
AMD. Exclusion criteria included eyes with a history of exudative
AMD, presence of diabetic retinopathy, and poor retinal image
quality. Two graders (J.L. and R.L.) independently evaluated all en
face images for the presence of calcified drusen and confirmed their
gradings with the corresponding OCT B-scans, as well as the CF,
NIR, and FAF images. Consensus gradings for the presence of
calcified drusen were reached between the 2 graders in each eye,
and any remaining disagreement was adjudicated by a senior
grader (P.J.R.), who also confirmed the consensus gradings.

Imaging Protocols

Each patient underwent CF imaging using a 50� field-of-view
centered on the fovea (TRC-50DX; Topcon Medical Systems).
At the same visit, the patient also underwent FAF imaging (30�
field-of-view centered on the fovea; HRA-II [Heidelberg Engi-
neering]), NIR imaging (30� field-of-view centered on the fovea;
HRA-II), and SS OCT angiography imaging (PLEX Elite 9000;
Carl Zeiss Meditec). The SS OCT angiography instrument had a
central wavelength of 1050 nm and a scanning rate of 100 000 A-
scans per second. In addition, only images with a 6 � 6-mm scan
pattern centered on the fovea were used in this study. This scan
pattern consisted of 500 A-scans per B-scan, with each B-scan
repeated twice at each position. Five hundred B-scan positions
were along the slow axis, resulting in a uniform spacing of 12 mm
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between A-scans and B-scans. The images were reviewed for
quality and signal strength. Scans with a signal strength of < 7
based on the instrument’s output and those with significant motion
artifacts were excluded.

SS OCT Image Processing

The SS OCT 6 � 6-mm volume scans were used to generate en
face structural images that were created using a sub-RPE slab
positioned from 64 to 400 mm under Bruch’s membrane. This en
face structural image allowed for the detection of 2 features: (1)
choroidal hyperTDs and (2) choroidal hypoTDs. On the en face
images, hyperTDs appeared as bright areas that represented regions
where increased light transmission into the choroid was present as
a result of the RPE being absent or attenuated.25e27 In contrast,
choroidal hypoTDs appeared as dark focal areas on the en face
structural image because choroidal light transmission was
decreased as a result of the presence of overlying material that
attenuated or scattered both the incident and reflected light. As a
result, a decreased or absent signal compared with the surrounding
tissue was detected by the SS OCT instrument. As previously
mentioned, the main causes of hypoTDs in eyes with AMD include
hyperpigmentation, blood, large pigment epithelial detachments,
vitelliform lesions, and calcified drusen.

All the en face images for each patient were evaluated for the
presence of focal hypoTDs, with the CF images serving as the
reference for the detection of calcified drusen. To identify the cause
of the focal hypoTDs, the corresponding B-scans were inspected
and displayed calcified drusen appearing as elevations of the RPE
with a heterogenous internal reflectivity or hyporeflective core
along with a hyperreflective cap and choroidal hypotransmission
beneath the drusen. The areas of hypoTDs on the en face image
were also closely associated with areas of choroidal hyperTDs, and
these lesions were followed up over time.

In addition to the en face structural images, a drusen volume
map was obtained using the Advanced RPE Analysis algorithm.
This is an instrument algorithm that has been validated and pro-
vides a color-coded map along with measurements of drusen vol-
ume and area.29

All images, including CF, FAF, NIR, and en face SS OCT
structural scans, were exported as JPEG files and registered and
resized manually using Adobe Photoshop (Adobe, Inc.). The
retinal vessels were used as landmarks for the manual registration
and allowed for the comparison between the different images. A
qualitative descriptive comparison was performed between the
calcified drusen seen on CF images and their appearance on FAF,
NIR, and en face SS OCT images.

Results

Two hundred twenty eyes from 139 patients with non-
exudative AMD were identified. The median age of the
patients was 78 years (age range, 56e97 years), and 65.5%
were women (91/139). Of the 220 eyes, 94 eyes (42.7%)
were found to have calcified drusen either at baseline or
during the study period. In addition, 6 eyes were observed to
show that some of the calcified drusen had regressed
without cRORA developing during follow-up, which was
confirmed on the respective CF, NIR, FAF, and en face SS
OCT images. The cases of 5 representative patients are
described, demonstrating our observations of how calcified
drusen appear on multimodal imaging and their eventual
progression to cRORA, with an emphasis on the appearance
of these lesions on en face SS OCT imaging.
Patient 1

Images obtained from a 76-year-old man with a history of
nonexudative AMD in the left eye are shown in Figures 1
and 2. Figure 1 shows the same-day en face multimodal
images of the patient’s left eye at 3 visits over a 2-year
period. The CF images served as the reference for identi-
fying calcified drusen and pigment deposits. At the baseline
visit, the CF image shows drusen with corresponding RPE
elevations on the drusen volume map (Fig 1 A, E, white
arrows). One druse can be seen on the representative B-
scan (Fig 2B, yellow arrow), and it eventually became
calcified at the 1-year and 2-year follow-up visits
(Fig 1FeO, yellow and blue arrows). In addition to the
drusen, dark spots were observed that represent
pigmentary deposits on the CF image (Fig 1A, green
arrow). On the NIR image, these pigment deposits appear
as bright foci or hyperreflective lesions (Fig 1B, green
arrow). In contrast, the en face SS OCT image displays
the pigment deposits as dark areas or hypoTDs (Fig 1D,
green arrow). On the corresponding B-scan, the pigment
deposits appear as hyperreflective foci in the retina
(Fig 2C, white arrow). At the 1-year visit, the calcified
druse presented as a bright yellow lesion with defined bor-
ders on the CF image (Fig 1F, yellow arrow). When
compared with the CF images, the NIR and the en face
SS OCT images seemed to detect the calcified druse and
pigment deposits, whereas the FAF images did not show
these lesions. On the NIR image, the calcified druse is
shown as a hyperreflective lesion (Fig 1G, yellow arrow).
On the en face SS OCT image, the calcified druse is
present as a dark area or hypoTD (Fig 1I, yellow arrow),
which is similar to the pigment deposits. However, on the
corresponding B-scans, the calcified druse contains a
hyperreflective cap with choroidal hypotransmission
beneath the lesion (Fig 2F, yellow arrow), whereas the
pigment deposits appear as hyperreflective foci in the
retina (Fig 2G, H, white arrows). At the 2-year follow-up
visit, the calcified druse was more prominent on the CF,
NIR, and en face SS OCT images (Fig 1K, L, N, blue
arrows). The corresponding B-scan shows the calcified
druse with a heterogenous internal reflectivity along with
the hyperreflective cap and choroidal hypotransmission
beneath the druse (Fig 2J, K, yellow arrows), whereas the
pigment deposits correspond to the hyperreflective foci in
the retina (Fig 2K, L, white arrows). Thus, unlike the NIR
images, the calcified druse and pigment deposits can be
distinguished on the en face SS OCT images by looking
at the corresponding B-scans.
Patient 2

Images obtained from a 73-year-old woman with a history
of nonexudative AMD in the right eye are shown in
Figures 3 and 4. Figure 3 shows the same-day en face
multimodal images of the patient’s right eye at 3 visits over
a 4-year period. At the baseline visit, the CF image showed
soft drusen that corresponded to the drusen volume map
(Fig 3A, E, white arrows). In addition, the drusen can be
appreciated on the corresponding B-scans (Fig 4C, D,
3



Figure 1. Multimodal imaging of the left eye of a 76-year-old man obtained over a 2-year period: (AeE) baseline visit, (FeJ) 1-year follow-up visit, and
(KeO) 2-year follow-up visit; (A, F, K) color fundus (CF) images, (B, G, L) near infrared (NIR) images, (C, H, M) fundus autofluorescence (FAF) images,
(D, I,N) en face swept source (SS) OCT images, and (E, J, O) drusen volume maps. AeE, Images obtained at baseline showing a soft druse that is identified
by the white arrow on the CF image (A) and corresponds to the druse on the volume map (E, white arrow). This druse ultimately became calcified, which is
shown in the 1-year and 2-year follow-up visit images. In addition, visible pigment deposits are represented by dark spots in the CF image (A, green arrow).
On the NIR image, the pigment deposits are shown as hyperreflective areas (B, green arrow). On the en face SS OCT image, the pigment deposits are
represented as dark areas or hypotransmission defects (hypoTDs) (D, green arrow). FeJ, Images obtained at the 1-year visit showing a calcified druse
appearing as a bright yellow lesion with defined borders on the CF image (F, yellow arrow). The NIR image displays the calcified druse as a hyperreflective
lesion (G, yellow arrow). The pigment deposits also appear as bright spots on the NIR image. The FAF image (H) fails to reliably identify the calcified druse
and pigment deposits. On the en face SS OCT image, the calcified druse appears as a dark area or hypoTD (I, yellow arrow). Similarly, the pigment deposits
are displayed as small hypoTDs. KeO, Images obtained at the 2-year visit showing further progression of the calcified druse, identified by the blue arrows on
the CF (K), NIR (L), and en face SS OCT (N) images.
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yellow and white arrows). These drusen ultimately became
calcified with the appearance of pigment deposits, which
first became visible at the 2-year follow-up visit
(Fig 3FeJ). On the CF image, the calcified drusen appear as
bright yellow lesions with defined borders and glistening
dots within the drusen (Fig 3F, yellow arrows), whereas
the pigment deposits are displayed as dark spots. On the
NIR images, the calcified drusen and pigment deposits are
shown as bright or hyperreflective regions (Fig 3G, yellow
arrows). On the en face SS OCT images, the calcified
drusen and pigment deposits appear as hypoTDs (Fig 3I,
yellow arrows). However, the corresponding B-scans can
distinguish between hyperreflective pigment deposits in
the retina (Fig 4H, white arrow) and the calcified drusen
that have a heterogeneous internal reflectivity along with a
hyperreflective cap (Fig 4G, yellow arrow). At the 4-year
follow-up visit, the calcified drusen had enlarged with
more lesions developing, as shown on the CF, NIR, and en
face SS OCT images (Fig 3K, L, N, blue arrows). On the
corresponding B-scans, the hypoTDs are mostly caused by
4

calcified drusen with a hyperreflective cap and
heterogenous internal reflectivity, whereas the pigment
deposits have only a minor contribution (Fig 4K, L,
yellow and white arrows). Thus, similar to the previous
patient, both the pigment deposits and the calcified drusen
are associated with the choroidal hypoTDs on the en face
SS OCT image, but they can be differentiated by
reviewing the corresponding B-scans.

Patient 3

Images obtained from a 74-year-old woman with a history
of nonexudative AMD in the left eye are shown in Figures 5
and 6. Figure 5 shows the same-day en face multimodal
images of the patient’s left eye at 3 visits over a 2-year
period. At the baseline visit, calcified drusen can be seen
on the CF, NIR, en face SS OCT images and corresponding
B-scans (Figs 5A, B, D and 6C, yellow arrows). At the 1-
year follow-up visit, atrophy could be seen forming
around the calcified drusen. This can be appreciated on the



Figure 2. En face swept-source (SS) OCT images with color-coded B-scans from the left eye of a 76-year-old man obtained at the (AeD) baseline, (EeH)
1-year, and (IeL) 2-year visits. The en face SS OCT image was created using a slab positioned from 64 to 400 mm under Bruch’s membrane. AeD, Images
obtained at the baseline visit displaying a soft druse on the corresponding B-scan that later became calcified (B, yellow arrow) and is not identifiable on the
en face image (A, yellow arrowhead). In addition, hyperreflective foci or pigment deposits can be seen at this visit (C, white arrow) and cause a hypo-
transmission defect (hypoTD) on the en face SS OCT image (A, white arrowhead). EeH, Images obtained at the 1-year visit showing a hypoTD on the en
face SS OCT image (E, yellow arrowhead) caused by the calcified druse with a hyperreflective cap on the corresponding B-scan (F, yellow arrow). In
addition, small hypoTDs on the en face SS OCT image (E, white arrowheads) are the result of pigment deposits and can be seen as hyperreflective foci in the
retina on the corresponding B-scans (white arrows in (G) and (H)). IeL, Images obtained at the 2-year visit showing hypoTDs on the en face SS OCT
image that correspond to the calcified druse (I, yellow arrowheads) and pigment deposits (I, white arrowheads). On the corresponding B-scans, the yellow
arrows identify the calcified druse with a hyperreflective cap and heterogenous internal reflectivity (J, K), whereas the white arrows identify the pigment
deposits as retinal hyperreflective foci (K, L).
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FAF image that shows areas of hypoautofluorescence
(Fig 5H, blue arrow) and on the en face SS OCT image that
displays areas of choroidal hyperTDs at the same location
(Fig 5I, blue arrow). These regions of choroidal hyperTDs
can be seen on the corresponding B-scans, along with
attenuation of the outer nuclear layer (Fig 6G, H, yellow
and white arrows). At the 2-year follow-up visit, the FAF
image displayed hypoautofluorescence in the region of the
calcified drusen (Fig 5M, red arrow), indicating that the RPE
overlying the calcified drusen and its surrounding area had
progressed to atrophy. In contrast, the en face SS OCT
image displays hyperTDs around a portion of the calcified
drusen corresponding to cRORA and hypoTDs
representing the remaining calcified drusen (Fig 5N, red
arrow). The corresponding B-scans show both the
choroidal hypertransmission around the calcified drusen
and the choroidal hypotransmission beneath the lesion
(Fig 6K, L, yellow and white arrows).

Patient 4

Images obtained from a 68-year-old woman with a history
of nonexudative AMD in the left eye are shown in Figures 7
and 8. Figure 7 shows the same-day en face multimodal
5



Figure 3. Multimodal imaging of the right eye of a 73-year-old woman obtained over a 4-year period: (AeE) baseline visit, (FeJ) 2-year follow-up visit, and
(KeO) 4-year follow-up visit; (A, F, K) color fundus (CF) images, (B, G, L) near infrared (NIR) images, (C, H, M) fundus autofluorescence (FAF) images,
(D, I,N) en face swept-source (SS) OCT images, and (E, J, O) drusen volume maps. AeE, Images obtained at baseline showing soft drusen on the CF image
(A, white arrows) that correspond to the drusen on the volume map (E, white arrows). These drusen ultimately became calcified, which was observed at the
2-year and 4-year follow-up visits. FeJ, Images obtained at the 2-year visit showing calcified drusen appearing as bright yellow lesions with defined borders
containing glistening dots (F, yellow arrows) along with pigment deposits on the CF image. The NIR image (G) shows calcified drusen and pigment deposits
appearing as hyperreflective lesions (yellow arrows). The FAF image (H) fails to reliably identify the calcified drusen or pigment deposits. On the en face SS
OCT image (I), the calcified drusen and pigment deposits appear as dark areas or hypotransmission defects (yellow arrows). KeO, Images obtained at the 4-
year visit showing the formation of more calcified drusen as shown by the blue arrows on the CF (K), NIR (L), and en face SS OCT (N) images.
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images of the patient’s left eye at 3 visits over a 2-year
period. At the baseline visit, several calcified drusen could
be seen on the CF, NIR, en face SS OCT images and cor-
responding B-scans (Figs 7A, B, D and 8BeE, yellow
arrows). At the 1-year follow-up visit, a hyperTD could
be seen around the periphery of one of the hypoTDs on the
en face OCT image (Fig 7I, blue arrow). This is referred to
as a donut lesion and is defined as hyperTDs surrounding a
hypoTD core. As mentioned in the case of patient 3, the en
face SS OCT image can detect hyperTDs around the borders
of the calcified drusen as cRORA develops, with the
remaining calcified material creating the hypoTD. In
contrast, the FAF image for this visit barely shows a
detectable hypoautofluorescent lesion at the location of the
calcified drusen because of the overlying retinal luteal
pigments (Fig 7H, blue arrow). The corresponding B-scan
displays choroidal hypertransmission around the calcified
drusen with choroidal hypotransmission beneath the lesion
(Fig 8J, white arrow). At the 2-year follow-up visit, addi-
tional donut lesions were present on the en face SS OCT
image (Fig 7N, red arrows), and these donut lesions
correspond to the regions of hypoautofluorescence seen on
6

the FAF image (Fig 7M, red arrows). Thus, atrophy of
calcified drusen creates the donut lesions that are seen on
the en face OCT images and correlate with the regions of
hypoautofluorescence on the FAF images. Corresponding
B-scans for this visit confirm the presence of choroidal
hypertransmission around the calcified drusen with
choroidal hypotransmission beneath the lesions (Fig 8L,
M, O, blue arrows).

Patient 5

Images obtained from an 82-year-old woman with a history
of nonexudative AMD in the left eye are shown in Figures 9
and 10. Figure 9 shows the same-day en face multimodal
images of the patient’s left eye at 3 visits over a 3-year
period. At the baseline visit, 4 calcified drusen were iden-
tified on the CF, NIR, en face SS OCT images and corre-
sponding B-scans (Figs 9A, B, D and 10B, C, yellow
arrows). At the 1-year follow-up visit, these calcified dru-
sen became more prominent and are identified by the blue
arrows on the CF, NIR, and en face SS OCT images (Fig 9F,
G, I). In addition, the corresponding B-scans display these



Figure 4. En face swept-source (SS) OCT images with color-coded B-scans of the right eye of a 73-year-old woman obtained at the (AeD) baseline, (EeH)
2-year, and (IeL) 4-year visits. The en face SS OCT image was created using a slab positioned from 64 to 400 mm under Bruch’s membrane. AeD, Images
obtained at the baseline visit showing soft drusen on the corresponding B-scans (yellow and white arrows in [C and D]) that are not identifiable on the en
face SS OCT image (A, yellow and white arrowheads). These drusen later became calcified. EeH, Images obtained at the 2-year visit showing that
hypotransmission defects (hypoTDs) on the en face SS OCT image (E, yellow and white arrowheads) are caused by a calcified drusen with a hyperreflective
cap (G, yellow arrow) and hyperreflective foci or pigment deposits in the retina (H, white arrow). IeL, Images obtained at the 4-year visit showing hypoTDs
on the en face SS OCT image (I, yellow and white arrowheads) that correspond to the calcified drusen with a hyperreflective cap and heterogeneous internal
reflectivity (yellow and white arrows in [K] and [L]) with a minor contribution from the retinal hyperreflective foci. For the B-scans color-coded in blue (B,
F, J), the baseline visit displays a soft drusen on the corresponding B-scan (B, blue arrow) that is not identifiable on the en face SS OCT image (A, blue
arrowhead). At the 2-year and 4-year visits, this soft drusen progressed to atrophy without appearing to develop calcific properties and displayed a
hypertransmission defect on the en face SS OCT images (blue arrowheads in (E) and (I)). Consequently, choroidal hypertransmission and attenuation of the
outer nuclear layer appear in the corresponding B-scans (blue arrows in [F] and [J]).
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calcified drusen with a hyperreflective cap and choroidal
hypotransmission beneath the lesions (Fig 10G, H, yellow
arrows). At the 3-year follow-up visit, these calcified dru-
sen had regressed without atrophy developing. This is
demonstrated by the FAF image showing no hypoauto-
fluorescence (Figs 9M, green arrows) and the en face SS
OCT image displaying no hyperTDs in the areas where
the calcified drusen existed (Figs 9N, green arrows).
However, on the corresponding B-scans, deposits along
the RPE were present in the same area where the calcified
drusen previously resided (Fig 10L, M, white arrows).
Also, attenuation of the outer nuclear layer was present in
the same region of the regressed calcified drusen. In
addition, the CF and NIR images confirmed the regression
of these lesions (Fig 9K, L, green arrows). This patient
also harbored areas of hyperTDs on the en face SS OCT
image and corresponding B-scans that seemed to develop
from drusen without calcific properties and were detected
at the time of the follow-up visits (Figs 9N, red arrows;
Fig 10MeO, blue arrows). Thus, this patient demonstrated
7



Figure 5. Multimodal imaging of the left eye of a 74-year-old woman obtained over a 2-year period: (AeE) baseline visit, (FeJ) 1-year follow-up visit, and
(KeO) 2-year follow-up visit; (A, F, K) color fundus (CF) images, (B, G, L) near infrared (NIR) images, (C, H, M) fundus autofluorescence (FAF) images,
(D, I,N) en face swept-source (SS) OCT images, and (E, J, O) drusen volume maps. AeE, Images obtained at baseline showing a calcified drusen on the CF
image (A) as a bright yellow lesion with defined borders (yellow arrow). In addition, the NIR image (B) displays the calcified drusen as a hyperreflective
region (yellow arrow). The en face SS OCT image (D) shows this calcified drusen as a hypotransmission defect (hypoTD; yellow arrow). FeJ, Images
obtained at the 1-year visit showing atrophy forming around the calcified drusen. This is displayed through the FAF image (H) showing patches of
hypoautofluorescence (blue arrow). In addition, the en face SS OCT image (I) shows hypertransmission defects (hyperTDs) in the same region (blue arrow).
KeO, Images obtained at the 2-year visit, with the FAF image (M) showing hypoautofluorescence in the entire area of the calcified drusen (red arrow),
which indicates that the retinal pigment epithelium both above and around the calcified drusen has progressed to atrophy. In contrast, the en face SS OCT
image (N) displays only hyperTDs around the lesion (red arrow) because the calcified drusen causes a hypoTD.

Ophthalmology Science Volume 2, Number 2, June 2022
that an eye can contain different types of precursor lesions
with some progressing to cRORA and others
spontaneously regressing without visible sequelae during
the follow-up period.
Discussion

Calcified drusen have been described as bright yellow le-
sions with defined borders containing glistening dots on
CF images.7e10 On OCT B-scan imaging, these lesions
have been shown to correspond to drusen with heteroge-
neous internal reflectivity or hyporeflective internal cores
along with a hyperreflective cap.5e9,30e32 In addition,
these drusen were reported to contain crystalline calcium
phosphate deposits that were called calcific nodules on
histopathologic examination.7,8 In this study, we used
multimodal imaging to observe the development and
progression of calcified drusen and showed that en face
OCT imaging is a convenient method for the detection
and monitoring of these lesions, with most of them
progressing to cRORA. From our analysis, 42.7% of
8

eyes with nonexudative AMD were found to have
calcified drusen either at baseline or during follow-up.
Thus, calcified drusen are common in eyes with AMD
and should be considered a highly predictive precursor
lesion for the development of cRORA, which is consistent
with the work of previous studies investigating calcified
drusen.5e12

On NIR imaging, calcified drusen appear as bright
hyperreflective lesions that correspond to the hypoTDs
seen on en face SS OCT imaging. However, when using
NIR imaging alone, it is impossible to distinguish between
calcified drusen and pigment deposits. In addition, FAF
imaging proved unreliable for the purpose of identifying
calcified drusen until they developed into hypoauto-
fluorescent foci consistent with cRORA. Furthermore, the
presence of macular xanthophylls can obscure the detec-
tion of atrophic calcified drusen located in the foveal re-
gion on FAF images. Although OCT B-scans can reliably
detect calcified drusen as having heterogeneous internal
reflectivity, hyporeflective cores, and hyperreflective caps,
it is a laborious process to meticulously review every B-
scan in an entire OCT raster scan. In contrast, en face OCT



Figure 6. En face swept-source (SS) OCT images with color-coded B-scans of the left eye of a 74-year-old woman obtained at (AeD) baseline, (EeH) 1-
year follow-up visit, and (IeL) 2-year follow-up visit. The en face SS OCT image was created using a slab positioned from 64 to 400 mm beneath Bruch’s
membrane. AeD, Images obtained at the baseline visit displaying calcified drusen, which are represented as a hypotransmission defect (hypoTD) on the en
face SS OCT image (A, yellow arrowhead). The corresponding B-scan (C) shows a calcified drusen with a heterogenous internal reflectivity and choroidal
hypotransmission beneath a portion of the drusen (yellow arrow). EeH, Images obtained at the 1-year visit showing hypertransmission defects (hyperTDs)
that can be observed around the calcified drusen on the en face SS OCT image (E, yellow and white arrowheads). The corresponding B-scans (G, H) show
choroidal hypertransmission and attenuation of the outer nuclear layer (ONL) next to the calcified drusen (yellow and white arrows). Because of the
calcified material within the drusen creating a hypoTD, the en face SS OCT image can display only hyperTDs around the calcified drusen. IeL, Images
obtained at the 2-year visit showing that the hyperTD has increased around the periphery of the hypoTD on the en face SS OCT image (I, yellow and white
arrowheads). Similarly, the corresponding B-scans (K, L) display choroidal hypertransmission next to the calcified drusen and attenuation of the ONL both
on top and around the calcified drusen (yellow and white arrows). In addition, the color-coded B-scan in blue (J) displays a newly formed calcified drusen
with heterogenous internal reflectivity and choroidal hypotransmission beneath the lesion (blue arrow) and corresponds to the hypoTD on the en face SS
OCT image (I, blue arrowhead).
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imaging is a simpler method for the detection of calcified
drusen because it allows the reviewer to screen the entire
volumetric scan with a single glance. As soon as the
hypoTDs are identified on the en face image, the corre-
sponding B-scans can be reviewed to confirm the presence
of calcified drusen. As a result, en face OCT imaging with
the aid of corresponding B-scans can be used as a stand-
alone method for detecting and monitoring calcified
drusen.
The ability of en face OCT imaging to identify calci-
fied drusen relies on the detection of hypoTDs that are
created by these lesions on a sub-RPE slab. The hypoTD
produced by the calcified drusen most likely results from
the calcific nodules within the drusen that attenuate or
scatter the incident and reflected light before reaching the
detector of the OCT instrument. This property of calcified
drusen was first described by Suzuki et al,7 who proposed
that the calcium nodules in the drusen create multiple
9



Figure 7. Multimodal imaging of the left eye of a 68-year-old woman obtained over a 2-year period: (AeE) baseline visit, (FeJ) 1-year follow-up visit, and
(KeO) 2-year follow-up visit; (A, F, K) color fundus (CF) images, (B, G, L) near infrared (NIR) images, (C, H, M) fundus autofluorescence (FAF) images,
(D, I, N) en face swept-source (SS) OCT images, and (E, J, O) drusen volume maps. AeE, Images obtained at the baseline visit displaying several calcified
drusen on the CF (A), NIR (B), and en face SS OCT (D) images that are depicted by the yellow arrows. FeJ, Images obtained at the 1-year visit displaying a
hypertransmission defect (hyperTD) around the periphery of one of the hypotransmission defects (hypoTD) on the en face SS OCT image (I, blue arrow).
This is known as a donut lesion, which is defined as hyperTDs surrounding a hypoTD core. This is the result of the en face SS OCT image being able to
detect hyperTDs around the borders of the calcified drusen, but not above the lesion, because the calcified material within the drusen attenuates or scatters
the incident light from the SS OCT instrument. In contrast, the FAF image (H) displays hypoautofluorescence in the entire area of the calcified drusen (blue
arrow), which demonstrates that atrophy develops both on top and around the area of the calcified drusen. As a result, donut lesions on the en face SS OCT
image represents calcified drusen that has progressed to atrophy. KeO, Images obtained at the 2-year visit showing more donut lesions that developed on the
en face SS OCT image (N) that are depicted by the red arrows. In addition, the FAF image (M) displays hypoautofluorescence in the same area as the donut
lesions (red arrows).
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reflecting surfaces that attenuate the light before it returns
to the detector. This proposal was confirmed by the
corresponding B-scans that showed choroidal
hypotransmission beneath the calcified drusen; these
features were also seen in the study by Suzuki et al.7

In addition to en face OCT imaging identifying calcified
drusen as hypoTDs, this method has the added advantage of
detecting the formation of RPE atrophy within and around
the area of the calcified drusen by the appearance of
hyperTDs. As previously reported, hyperTDs with a greatest
linear dimension of �250 mm have been shown to corre-
spond to the formation of cRORA.25e27 We observed that
atrophy first becomes detectable around the periphery of the
hypoTD, creating the appearance of a donut lesion, and
correlates with atrophy of the RPE overlying the calcified
drusen. As a result, cRORA eventually develops in the area
outlined by both the hyperTDs and hypoTDs on the en face
OCT image. This was confirmed by inspecting the corre-
sponding FAF images that showed hypoautofluorescence in
10
the same area of the calcified drusen, although the en face
OCT images only displayed hyperTDs around the hypoTDs
(Figs 5 and 7). In fact, the donut lesions correlate well with
the images shown by Suzuki et al,7 who found a generalized
loss of autofluorescence signal over the calcified drusen,
which appeared to spread across a larger area than each
druse. Because these observations verify our clinical
experience that these donut lesions progress to cRORA,
we propose to include the entire area of the donut, which
encompasses both the hyperTDs and hypoTDs, as a region
that will irreversibly evolve into conventional cRORA. As
a result, we suggest that these donut lesions should be
considered equivalent to cRORA when defining disease
progression. Natural history studies using en face OCT
imaging in eyes with AMD are currently underway to test
this proposal.

From our patients, we observed that calcified drusen
originate from soft drusen, with most of them progressing to
cRORA. We did observe in 6 patients that the calcified



Figure 8. En face swept-source (SS) OCT images with color-coded B-scans of the left eye of a 68-year-old woman obtained at (AeE) baseline, (FeJ) 1-year
follow-up visit, and (KeO) 2-year follow-up visit. The en face SS OCT image was created using a slab positioned from 64 to 400 mm beneath Bruch’s
membrane. AeE, Images obtained at the baseline visit showing several calcified drusen represented as hypotransmission defects (hypoTDs) on the en face SS
OCT image (A, yellow arrowheads). In addition, the corresponding B-scans (BeE) display these calcified drusen as having a heterogenous internal
reflectivity with a hyperreflective cap and choroidal hypotransmission beneath the lesions (yellow arrows). FeJ, Images obtained at the 1-year visit showing
that one of the hypoTDs on the en face SS OCT image has a hypertransmission defect (hyperTD) surrounding it (F, white arrowhead). This is known as a
donut lesion and is a sign that the entire area of the calcified drusen has progressed to atrophy. Consequently, the corresponding B-scan (J) shows choroidal
hypertransmission around the calcified drusen and choroidal hypotransmission beneath the lesion (white arrow). In addition, attenuation of the outer
nuclear layer encompassing the whole area of the calcified drusen is visible. KeO, Images obtained at the 2-year visit showing more donut lesions appearing
on the en face SS OCT image (K, blue arrowheads) that are identified by the blue arrows in the corresponding B-scans (L, M, O).
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drusen regressed without the formation of atrophy, which
has been reported in a previous study.10 However, B-scans
through the respective areas showed deposits along the
RPE with attenuation of the outer nuclear layer, where the
calcified drusen previously existed (Fig 10). These
deposits most likely represent remnants of the calcified
drusen. As a result, the long-term implications of these
regressed calcified drusen are being investigated in our
11



Figure 9. Multimodal imaging of the left eye of an 82-year-old woman obtained over a 3-year period (AeE) baseline visit, (FeJ) 1-year follow-up visit, and
(KeO) 3-year follow-up visit; (A, F, K) color fundus (CF) images, (B, G, L) near infrared (NIR) images, (C, H, M) fundus autofluorescence (FAF) images,
(D, I, N) en face swept-source (SS) OCT images, and (E, J, O) drusen volume maps. AeE, Images obtained at baseline displaying several calcified drusen
that are identified by the yellow arrows on the CF (A), NIR (B), and en face SS OCT (D) images. FeJ, Images obtained at the 1-year visit showing that
these calcified drusen remain and are identified by the blue arrows in the CF (F), NIR (G), and en face SS OCT (I) images. KeO, Images obtained at the 3-
year visit showing that these calcified drusen regressed without atrophy developing. This is demonstrated through the FAF image (M) displaying no
hypoautofluorescence (green arrows) and the en face SS OCT image (N) showing no hypertransmission defects (hyperTDs) in the region that the calcified
drusen existed (green arrows). Moreover, the CF (K) and NIR (L) images confirm the regression of these lesions (green arrows). In addition, this case
demonstrates that hyperTDs can form in the presence of drusen that do not appear to develop calcific features as identified by the red arrows on the en face
SS OCT image (N).
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ongoing natural history study. Interestingly, some eyes that
contained regressed calcified drusen also harbored lesions
that progressed to atrophy on en face OCT imaging.
Although explanations for why some drusen become calci-
fied and develop into cRORA remain elusive, it is intriguing
to speculate that this type of disease progression may be
associated with impairments of the underlying chorioca-
pillaris, as suggested by other studies.33e37

Limitations of this study include its relatively small
sample size and observational nature; however, the con-
clusions from the patients reported herein seem to be
consistent with our observations from an ongoing natural
history study. Although preliminary, the current report is
designed to introduce the concept that the detection of
hypoTDs on en face OCT images provides a practical and
convenient method for identifying and studying the pro-
gression of calcified drusen. This is similar to the use of
hyperTDs for detecting cRORA, which we demonstrated in
previous publications.25e27 As a result, ongoing studies
looking at the natural history and progression of these le-
sions to cRORA will use our novel imaging strategy along
12
with the more conventional multimodal imaging methods.
In addition, these observations should prove useful in
developing an automated algorithm that can identify and
quantify calcified drusen for use in clinical practice and
studies designed to assess the risk of disease progression in
eyes with AMD.

In summary, this study used multimodal imaging to
identify and characterize the evolution of calcified drusen
in eyes with nonexudative AMD. Our results support pre-
vious findings showing that these prevalent lesions are an
important risk factor for the progression of cRORA. We
also demonstrated that en face OCT imaging can detect
calcified drusen through the presence of choroidal
hypoTDs, which can progress to donut lesions and
cRORA. Although it is possible that small calcified drusen
may resolve spontaneously, most calcified drusen seem to
develop into atrophy. Thus, it remains to be determined if
these lesions represent a risk factor for disease progression
or a forme fruste of cRORA that should be excluded from
studies that test therapies designed to prevent the pro-
gression to cRORA. Regardless of whether calcified drusen



Figure 10. En face swept-source (SS) OCT images with color-coded B-scans of the left eye of an 82-year-old woman obtained at (AeE) baseline, (FeJ) 1-
year follow-up visit, and (KeO) 3-year follow-up visit. The en face SS OCT image was created using a slab positioned from 64 to 400 mm beneath Bruch’s
membrane. AeE, Images obtained at baseline displaying several calcified drusen as hypotransmission defects on the en face SS OCT image (A, yellow
arrowheads). The corresponding B-scans (B, C) display these drusen with a hyperreflective cap and choroidal hypotransmission beneath the lesions (yellow
arrows). FeJ, Images obtained at the 1-year visit showing that these calcified drusen remain, as observed on the en face SS OCT image (F, yellow ar-
rowheads), and are identified by the yellow arrows in the corresponding B-scans (G, H). KeO, Images obtained at the 3-year visit showing that the calcified
drusen regressed without the formation of atrophy or hypertransmission defects (hyperTDs) on the en face SS OCT image (K, white arrowheads). However,
on the corresponding B-scans (L, M), deposits along the retinal pigment epithelium appear in the same area where the calcified drusen existed (white
arrows) as well as attenuation of the outer nuclear layer in those regions. In addition, the en face SS OCT image displays areas of hyperTDs that did not
appear to develop from calcified drusen (K, blue arrowheads) and are identified by the blue arrows in the corresponding B-scans (MeO).
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have reached the point of no return in the progression from
drusen to cRORA, we propose that the use of en face OCT
imaging to identify and monitor calcified drusen will be a
valuable strategy for assessing the overall risk of disease
progression and for managing expectations of patients with
AMD.
13
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