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PURPOSE. The purpose of this study was to evaluate the correlation between quantity of
intraretinal hyperreflective foci (HRF) in the eye with intermediate AMD and progression to
late AMD.

METHODS. Volume optical coherence tomography (OCT) scans from 114 eyes of 114 patients
were retrospectively reviewed. HRF were assessed both qualitatively and quantitatively. Five
sequential en face slabs from midretina were thresholded to isolate the HRF. These five slabs
were recombined, and HRF area was measured in the whole 6 3 6-mm image (HRFTOT) and
within the central 3-mm (HRF3mm) and 5-mm (HRF5mm) regions. These measurements were
correlated with the development of late AMD (defined as choroidal neovascularization [CNV]
and/or complete RPE and photoreceptor atrophy [cRORA]) after 1 year of follow-up.

RESULTS. HRF area in all three regions showed significant correlations with progression to late
AMD: R ¼ 0.610 for HRF3mm, R ¼ 0.622 for HRF5mm, and R ¼ 0.614 for HRFTOT (all P <
0.001). Correlations remained significant with progression to cRORA alone, though not for
progression to CNV alone. While qualitative assessment of HRF (i.e., presence of HRF: yes or
no) also showed a significant correlation with progression to late AMD (R ¼ 0.454, P < 0.001)
and atrophy alone (R ¼ 0.445, P < 0.001), they were weaker than by HRF quantification.

CONCLUSIONS. The area of HRF from en face OCT in eyes with intermediate AMD correlates
with the 1-year risk of progression to late AMD, and in particular with the development of
atrophy.

Keywords: age-related macular degeneration, optical coherence tomography, intraretinal
hyperreflective foci, age-related macular degeneration progression

AMD is the leading cause of central vision loss among elderly
individuals in the developed countries.1 AMD is a

progressive neuroretinal disease in which the probability of
progression from intermediate stages to advanced AMD (i.e.,
geographic atrophy [GA] and choroidal neovascularization
[CNV]) at 5 years can be as high as 27%, rising to 43% when
subjects have advanced AMD in the fellow eye.2

Although effective treatments are now available for CNV,
there is no effective therapy for GA, with several agents having
failed trials or still under assessment for preventing progression
of GA.3 Rather than attempting to intervene after atrophy has
already developed, it may be preferable to prevent the
development of late AMD. As such, identification of all factors
that may impact the development of advanced AMD is of
critical importance.

Over the past 20 years, optical coherence tomography
(OCT) has become an indispensable tool for the evaluation of
patients with AMD owing to its ease of acquisition and high
axial resolution providing excellent visualization of retinal

morphology. Recently Lei et al.4 proposed a simple OCT-based
scoring system for progression of AMD, and one of the features
considered as an important risk factor for late AMD was the
presence of intraretinal hyperreflective foci (HRF).

HRF are defined as discrete, well-circumscribed lesions with
equivalent or higher reflectivity than the RPE band on OCT and
typically associated with hyperpigmentation on color fundus
photograph.5 It has been demonstrated that there is a highly
specific spatial correlation of HRF with the apex of drusen6

and/or subretinal drusenoid deposits (SDD)4 and that HRF
overlying drusen are associated with an increased risk of
atrophy at that location.7

The AREDS2 Ancillary SD-OCT Study reported that GA
lesions detected at 2 years were significantly correlated with
the presence of HRF and with a greater number of HRF at
baseline.8 To our knowledge, however, there have been no
previous assessments that have precisely quantified these HRF
in the macula. In this study, we retrospectively reviewed en
face OCT images of intermediate AMD eyes and utilized a
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semiautomated method to quantify HRF in the macular area.
We correlated HRF quantity with drusen volume (DV) and
ellipsoid zone (EZ) normalized reflectivity, which are well-
established markers of AMD progression9,10 and photoreceptor
damage,11–13 respectively. We then evaluated the correlation
between HRF quantity and progression to advanced AMD after
1 year.

METHODS

In this retrospective study, we collected and analyzed spectral
domain (SD)-OCT images of consecutive patients with inter-
mediate AMD14 acquired at the Doheny Eye Centers between
2010 and 2015. The fovea-centered 512 3 128 cubes (6 3 6
mm) acquired with a SD-OCT tomography system (Cirrus HD-
OCT; Carl Zeiss Meditec, Dublin, CA, USA) were selected and
evaluated by two certified readers in order to ensure their high
quality.

Eligible patients had intermediate AMD (determined by
clinical examination and confirmed by OCT) at least in one eye
and no evidence of any other pathology involving the macula.
Eyes with nonvisually significant vitreoretinal interface disease,
such as a subtle epiretinal membrane only visible by OCT, were
not excluded. All eligible patients needed to have follow-up for
at least 12 months, including OCT imaging. When both eyes
were eligible, the right eye was chosen for analysis.

Data collection was approved by the institutional review
board (IRB) of the University of California – Los Angeles
(UCLA). The study was performed in accordance with the
Health Insurance Portability and Accountability Act and
adhered to the principles of the Declaration of Helsinki. A
waiver of informed consent was granted by the IRB for this
retrospective analysis.

OCT Grading

All study eyes were assessed at baseline and follow-up for DV,
EZ normalized reflectivity, and HRF presence and quantity. The
DV within 3- and 5-mm circles centered on the fovea were
automatically generated by the instrument software (Cirrus
Advanced RPE analysis software, v. 8.0; Carl Zeiss Meditec).9,10

En face EZ normalized reflectivity was measured using a
previously reported procedure.11 Briefly, the en face image of
the EZ (slab 21 lm thick with inner boundary located 45 lm
above the RPE reference) was exported, and the mean

brightness was calculated as the mean gray level in the circle
region of interest (cROI) centered on the fovea (2-mm radius);
this value was then normalized using the reflectivity of the
vitreous (in the cROI) and retinal nerve fiber layer (RNFL) (in a
region of interest on the nasal sector [nROI; area of 1.11 mm2])
as dark and bright reference standards, respectively, using the
following formula:

EZ normalized reflectivity ¼
EZ mean reflectivity cROI½ � � Vitreous mean reflectivity cROI½ �

RNFL mean reflectivity nROI½ � :

ð1Þ

As the repeatability of the DV algorithm and EZ normalized
reflectivity calculation have been reported previously,11,15 they
were not reassessed in the present study.

Using conventional reading center practices, HRF was
deemed present if the grader had >90% confidence that it
was present in at least one B-scan. For HRF quantification in
eyes that had HRF present, five consecutive en face slabs from
the inner limiting membrane to the inner surface of RPE, each
representing 20% of the retinal thickness, were extracted and
imported into software (ImageJ version 1.50; National Insti-
tutes of Health, Bethesda, MD; available at http://rsb.info.nih.
gov/ij/index.html).16 To isolate the areas of HRF, a threshold
determined by the standard deviation of the en face image of
the midretina slab from a normal database was applied to each
retinal slab:

HRF ¼
Xi; j¼672

i; j¼1

I i; jð Þ.Imean þ 2SD; ð2Þ

where Imean indicates the mean value of the entire image; i, j

represents the row and column indices of the image with a
maximum value of 672 3 672 in the nominal 6 3 6-mm images;
and SD is the standard deviation of the midretina en face slab
obtained from normal data (20 eyes of 20 healthy subjects).
This threshold, applied to normal eyes, allows an almost
complete disappearance of the structure with a brightness
below that of the RPE (Fig. 1).

The use of five consecutive thin slabs instead of a single
thick slab spanning from the RNFL to the EZ was utilized
because thinner slabs are better suited for depicting coplanar
structures with less risk of superimposition of axially aligned
structures compared with thicker sections.17 After the
binarization, the five slabs were manually refined and
confirmed by inspection of corresponding B-scans. The manual
adjustments of the en face slabs were important to ensure that
hyperreflective artifacts such as large vessel walls or portions
of the RNFL did not confound the HRF measurement (Fig. 2).

After creating a virtual stack with the five slabs, images were
combined using the software function ‘‘Z-project,’’ with the
selection of ‘‘Max Intensity’’ as the projection type. The
resultant image was binarized using the Otsu thresholding
method, and the HRF were measured using the ImageJ
function ‘‘Analyze Particles.’’ We set the plugin to measure
all the particles in the binarized image, regardless of size and
circularity (parameters of inclusion were size: 0 to infinity;
circularity: 0–1). The output gives information about the count
and characteristics (total area, average size, and percentage of
total area) of the HRF. HRF were measured in the whole image
(HRFTOT) and in the central 3-mm (HRF3mm) and 5-mm
(HRF5mm) areas (Fig. 3). Interoperator repeatability of HRF
measurements was tested in 40 eyes randomly selected among
patients with HRF present at baseline.

In the follow-up visits, presence of atrophy or possible CNV
were considered to be evidence of AMD progression. Atrophy

FIGURE 1. En face midretina slabs of a normal subject (A) and an
intermediate AMD patient (B). The corresponding B-scans (C, D),
respectively, reveal the presence of HRF in the AMD patient
corresponding to the hyperreflective spots in the en face scan. The
application of our thresholding method reveals almost no pixels
selected in the control image (yellow pixels) (E) but a good selection of
the HRF in the AMD patient (yellow pixels) (F).
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(complete RPE and outer retinal atrophy or cRORA) was
defined using the Classification of Atrophy Meeting (CAM)
criteria18 as hypertransmission of OCT signal into the choroid
(at least 250 lm in diameter) with an overlying RPE defect and
thinning of the outer retina. A pigment epithelial detachment
was considered suspicious for CNV based on its shape
(irregular elevation), heterogeneous internal reflectivity, and/
or presence of exudation (intraretinal, subretinal, sub-RPE
fluid).19 In this analysis, all cases considered to have CNV also
had evidence of exudation. OCT angiography was not
obtained.

All OCT analyses were performed by two trained, certified
Doheny Image Reading Center OCT graders (MN, WF). The

first grader reviewed all cases; the second grader independent-
ly reviewed a randomly selected sample of 40 study eyes to
assess the intergrader repeatability. Any case of disagreement
was assessed by open adjudication. If no consensus was
reached, the grading protocol dictated that a final decision was
to be made by the emeritus medical director of the reading
center (SRS).

Statistical Analysis

All analyses were performed using statistical software (SPSS
Statistics v 21.0; IBM Corp., New York, NY, USA). Interoperator
repeatability was assessed calculating the intraclass correlation

FIGURE 2. Manual refinement of en face slab (A) before quantitative analysis. After the thresholding (B), any signals from vessels (*) or nerve fiber
layer (NFL) (#) were removed, retaining only signals derived from HRF (white arrows), as verified by inspection of corresponding B-scans (C, D).
The resulting en face image where only signals from HRF are highlighted (yellow pixels) (E).

FIGURE 3. Five consecutive en face slabs from the inner limiting membrane to the inner surface of the RPE, each representing 20% of the retinal
thickness, were analyzed after applying a threshold (left); after a manual refinement, images were summed and HRF areas were analyzed (right).
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coefficients (ICC). Comparison between groups of patients
was made using a Mann-Whitney test. The Wilcoxon signed
ranked test was used to assess the difference in the HRF areas;
DV and EZ normalized reflectivity between baseline and 1 year
of follow-up.

The correlation between all HRF measurements and
progression to late AMD at 1 year was analyzed using
Spearman’s q test.

The same method was used to correlate HRF3mm with DV
within a 3-mm circle and with EZ normalized reflectivity,
respectively, and to correlate HRF5mm with DV within a 5-mm
circle at both baseline and follow-up. Comparisons between
significant correlations were made with Fisher’s r to z

transformation and then by comparing the z scores for
statistical significance by determining the observed z test
statistic.

P values less than 0.05 were considered statistically
significant.

RESULTS

Baseline Characteristics

One hundred fourteen eyes of 114 patients (48 males) with
intermediate AMD met eligibility criteria for the study. Mean
age was 77.54 6 8.54 (range, 68–87). At baseline, mean DV
was 0.6 6 0.85 mm3 within the 3-mm circle and 0.79 6 1.03
mm3 within the 5-mm circle, while EZ normalized reflectivity
was 0.61 6 0.11. HRF were present in 58 eyes (50.8%) and
mean HRF area was 0.0194 6 0.0475 mm2 (median, 0; range,
0–0.315), 0.0259 6 0.0826 mm2 (median, 0.002; range, 0–
0.792), and 0.0280 6 0.096 mm2 (median, 0.0035; range, 0–
0.952) for HRF3mm, HRF5mm, and HRFTOT, respectively. The
cohort was further divided into two subgroups according to
the presence of HRF. Patients with HRF had significantly higher
values of DV in both 3- and 5-mm circle areas (0.84 6 0.88 and
1.09 6 1.09 mm3, respectively) compared to subjects without
HRF at baseline (0.36 6 0.75 and 0.49 6 0.87 mm3,
respectively), with P < 0.001 for both regions. In contrast,
there was no difference between the two groups for EZ

normalized reflectivity: 0.59 6 0.11 in the presence of HRF
and 0.63 6 0.11 in the absence of HRF (P ¼ 0.15).

1-Year Characteristics

At 1 year, mean DV was 0.58 6 0.79 mm3 within the 3-mm
circle and 0.79 6 0.95 mm3 within the 5-mm circle. No
significant difference was found for DV values between
baseline and 1 year. EZ normalized reflectivity was 0.58 6
0.13, which was significantly reduced from baseline value (P¼
0.01).

HRF were now present in 67 study eyes (58.7%), and the
mean HRF area was 0.0238 6 0.0354 mm2 (median, 0; range,
0–0.514), 0.0356 6 0.0723 mm2 (median, 0.003; range, 0–
0.794), and 0.0391 6 0.0798 mm2 (median, 0.004; range, 0–
0.874) for HRF3mm, HRF5mm, and HRFTOT, respectively. All HRF
area values at 1 year had increased significantly from baseline
values (P¼ 0.017 for HRF3mm, P¼ 0.013 for HRF5mm, and P¼
0.002 for HRFTOT). All HRF, DV, and EZ reflectivity results are
summarized in Table 1.

Correlations

HRF3mm showed a significant positive correlation with DV in
the 3-mm circle both at baseline (R ¼ 0.342, P < 0.001) and
after 1 year (R ¼ 0.378, P < 0.001). There was a negative
correlation between EZ normalized reflectivity and HRF3mm

that was significant at both visits (R ¼�0.364, P < 0.001 at
baseline and R¼�0.312, P¼ 0.004 at 1 year). HRF5mm showed
a significant correlation with DV in the 5-mm circle (R¼ 0.354,
P < 0.001 at baseline and R¼0.341, P < 0.001 after 1 year). No
significant differences were found for each correlation
between the two visits (Table 2).

Among the cohort, 68 eyes did not progress to late AMD
after 1 year of follow-up (group A), while nine eyes (7.9%) and
37 eyes (32.4%) developed CNV (group B) and cRORA (group
C), respectively, resulting in the total number of 46 eyes
(40.3%) that progressed to late AMD (Fig. 4).

HRF areas at baseline for each group are reported in Table 3.
Group C was significantly different from group A (P < 0.001

for all HRF areas) and group B (P¼ 0.027, P¼ 0.017, and P ¼
0.017 for HRF3mm, HRF5mm, and HRFTOT, respectively), while

TABLE 1. Pairwise Longitudinal Comparison of the Mean Intraretinal HRF Areas, DV, and EZ Normalized Reflectivity per Study Eye From Baseline to
1 Year of Follow-up

Baseline, Mean 6 SD 1 Year, Mean 6 SD P Value

HRF3mm, mm2 0.0194 6 0.0476 0.0238 6 0.0354 0.017

HRF5mm, mm2 0.0259 6 0.0827 0.0356 6 0.0723 0.013

HRFTOT, mm2 0.0280 6 0.0961 0.0391 6 0.0798 0.002

DV 3-mm, mm3 0.6 6 0.85 0.58 6 0.79 0.64

DV 5-mm, mm3 0.79 6 1.03 0.79 6 0.95 0.95

EZ reflectivity 0.61 6 0.11 0.58 6 0.13 0.01

P values were determined by the Wilcoxon signed ranked test. SD, standard deviation.

TABLE 2. Spearman’s q Correlation Between HRF Areas and EZ Reflectivity and DV in 3-mm and 5-mm Circle Areas

Baseline 1 Year

P ValuesHRF3mm HRF5mm HRF3mm HRF5mm

DV 3-mm R ¼ 0.342 (P < 0.001) – R ¼ 0.378 (P < 0.001) – 0.576

DV 5-mm – R ¼ 0.354 (P < 0.001) – R ¼ 0.341 (P < 0.001) 0.523

EZ reflectivity R ¼ �0.364 (P < 0.001) – R ¼ �0.312 (P ¼ 0.004) – 0.566

Progression rate to late-stage AMD
R, Spearman’s correlation coefficient. P values in the third column were determined after Fisher’s r to z transformation, comparing the z scores

for statistical significance.
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no significant differences were found between HRF areas in
group A versus group C (P¼ 0.06, P¼ 0.206, and P¼ 0.253 for
HRF3mm, HRF5mm, and HRFTOT, respectively) (see Fig. 5).

Presence of HRF showed a significant correlation with
progression to either cRORA or CNV (R¼ 0.454, P < 0.001) or
cRORA alone (R¼ 0.472, P < 0.001). No correlation was found
with CNV development after 1 year (R ¼ 0.023, P ¼ 0.8).
Spearman coefficient values for progression to late AMD were
R¼ 0.667 (P < 0.001) for HRF3mm, R¼ 0.632 (P < 0.001) for
HRF5mm, and R ¼ 0.612 (P < 0.001) for HRFTOT.

Correlations remained significant when considering pro-
gression to atrophy alone (R¼ 0.692 (P < 0.001), R¼ 0.674 (P
< 0.001), and R¼ 0.657 (P < 0.001) for HRF3mm, HRF5mm, and
HRFTOT, respectively), but not for progression to CNV alone (R
¼ 0.611 [P ¼ 0.908], �0.021 [P ¼ 0.824], and �0.027 [P ¼
0.777]). Correlation between HRF and progression to late AMD
are shown in Table 4 and Figure 6.

Comparisons between correlations revealed a significant
difference between all HRF area measurements and a simple
qualitative assessment (i.e., HRF present versus absent) for
both progression to late AMD (P < 0.001) and to atrophy alone
(P < 0.001).

Receiver Operating Curve Analysis

Nonparametric receiver operating characteristic (ROC) curves
were generated for HRF areas and development of late AMD

and cRORA (Fig. 5). Prognostic accuracy of these parameters
was determined by calculating the area under the curve (AUC)
for each ROC curve.

With respect to progression to late AMD, ROC AUC values
(standard error; 95% confidence interval [CI]) were 0.86 (0.04;
0.78–0.93), 0.85 (0.04; 0.77–0.93), and 0.84 (0.04; 0.76–0.92)
for HRF3mm, HRF5mm, and HRFTOT, respectively.

With respect to progression to cRORA, ROC AUC values
were 0.89 (0.04; 0.81–0.96), 0.89 (0.03; 0.82–0.96), and 0.88
(0.04; 0.81–0.95) for HRF3mm, HRF5mm, and HRFTOT, respec-
tively. These values indicated good prognostic accuracy for all
HRF areas to predict the progression to late AMD and in
particular to cRORA. Sensitivity and specificity plots as a
function of HRF area threshold points were generated (Fig. 5).

Intergrader and Interoperator Repeatability

The unweighted j value for intergrader repeatability was 0.87
(35/40) for HRF presence and 0.72 (29/40) for late AMD
progression. In all the cases with discrepancy between graders,
consensus could be achieved following open adjudication and
discussion between the two graders, without need for reading
center medical director review. Good agreement was also
observed for quantitative HRF assessment for all three regions
considered: ICC ¼ 0.904 (95% CI: 0.888–0.937) for HRF3mm;
ICC ¼ 0.888 (95% CI: 0.851–0.925) for HRF5mm, and ICC ¼
0.878 (95% CI: 0.855–0.937) for HRFTOT.

FIGURE 4. (A, B) Baseline and 1-year OCT fundus photos of a subject who developed to complete RPE and photoreceptor atrophy (cRORA). (C)
The en face map of the intraretinal HRF as obtained with the method described in the text. (D, E) The corresponding B-scans passing through the
area of cRORA at baseline and after 1 year. (F, G) The baseline and 1-year OCT fundus photos of a subject who developed CNV. (H) The en face map
of the HRF. (I, J) The macular B-scans passing through the area of CNV at baseline and after 1 year.

TABLE 3. Baseline Mean Values of Intraretinal HRF Areas in All the AMD Cohort Divided by Outcome of Progression: No Progression, Progression to
CNV, Progression to Complete RPE, and Photoreceptor Atrophy (cRORA)

HRF3mm, mm2 HRF5mm, mm2 HRFTOT, mm2

No progression, n ¼ 68 0.002 6 0.005 0.003 6 0.007 0.004 6 0.008

Progression to CNV, n ¼ 9 0.021 6 0.04 0.021 6 0.04 0.022 6 0.041

Progression to cRORA, n ¼ 37 0.051 6 0.71 0.068 6 0.134 0.073 6 0.16
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DISCUSSION

The main objective of this study was to determine whether
quantitative measurements of areas of HRF could improve the
prediction of progression to late AMD compared to qualitative
assessments. Several in vivo OCT studies have suggested that
HRF in intermediate AMD eyes may represent the migration of
activated RPE cells into the inner retinal layers.5,8,20,21 This
hypothesis was supported by some laboratory studies that
demonstrated the potential ability of RPE cells to migrate when
induced by cytokines and other inflammatory mediators in
response to oxidative damage and complement activation.22,23

Previous studies7,24 showed that HRF in AMD were
associated or colocalized with the drusen apex and showed
an increased association with RPE atrophy at baseline,24 or if
atrophy was not already present, with an increased risk of
developing atrophy at that location.7 Christenbury et al.8

suggested that the association between HRF and drusen
becomes more significant over time with an increasing number
of HRF associated with increasing drusen and atrophy. These
findings would suggest a potential interest in quantifying the
HRF in order to improve the predictability of the disease
progression.

The method described in the present study allows the
measurement of the HRF in the 6 3 6-mm OCT macular cube in
a semiautomated fashion. Good repeatability was achieved
using this approach despite the need for manual refinement
and confirmation of proper slab positioning, particularly for
the more superficial slabs where large retinal vessels could
interfere with assessment of HRF. Such refinements to
eliminate these superficial vessels are generally not necessary
in the central part of the image and likely account for the
higher repeatability for the HRF3mm compared with the other
measurements. Moreover, it should be noted that the inter B-
scan distance was 46.9 lm, and thus very small HRF could still
be missed despite the use of our en face method.

It is worth mentioning that the quantification of intraretinal
HRF may be useful not only for AMD but also for other diseases

in which HRF are present and can have prognostic value. For
example, in central serous chorioretinopathy, although their
precise nature is unclear, it has been hypothesized that HRF
may be extravasated lipoproteins, activated microglia with
phagocytized photoreceptor, or possibly intraretinally migrated
RPE.25 Nevertheless, their presence and number have been
associated with the recurrence of the disease and its visual
outcome.26,27

In diabetic retinopathy, HRF could be a sign of lipid and/or
protein extravasation28 or may represent activated microglial
cells.29 In both cases their quantification may be useful to
monitor the progression of the retinopathy and its response to
treatmanent.30

The semiautomated method for HRF quantification devel-
oped in this study may be helpful for systematic analysis of this
features in the setting of clinical trials and clinical research. In
our study, we demonstrated a significant correlation between
HRF quantity and DV, both at baseline and after 1 year, with no
significant difference between the two visits. It is of interest
that while there was a significant increase in HRF after 1 year,
along with the appearance of RPE atrophy, no difference was
found in DV. This may be because new drusen appeared as
others collapsed and evolved into atrophy. This may also
suggest that during a particular drusen’s life cycle, several HRF
could migrate sequentially at different times until atrophy
eventually developed at that location. Lei et al.4 previously
noted that the development of atrophy in the setting of HRF
was unsurprising, since migration of the RPE into the retina
may leave gaps in the normal RPE monolayer. A closer localized
follow-up of these lesions evaluating the quantity of HRF
overlying specific drusen may further clarify this point.
Another potential explanation that may explain the indepen-
dent increase in HRF despite stable DV is the presence of SDD.
SDD have also been associated with HRF,4 and since they are
not detected by the DV volume algorithm, they could have
contributed to the HRF increase over time.

FIGURE 5. Box plots of (A) HRF3mm, (B) HRF5mm, and (C) HRFTOT at baseline for patients with intermediate AMD with no progression, progression
to CNV, or progression to complete RPE and photoreceptor atrophy (cRORA) after 1 year of follow-up. P values derive from a Mann-Whitney test
between each group, with P < 0.05 being statistically significant.

TABLE 4. Spearman’s q Correlation Between HRF Areas and Progression to Late AMD (Atrophy or CNV)

HRF3mm HRF5mm HRFTOT HRF Yes/No

Progression to late AMD R ¼ 0.667 (P < 0.001) R ¼ 0.632 (P < 0.001) R ¼ 0.612 (P < 0.001) R ¼ 0.454 (P < 0.001)

Progression to CNV R ¼ 0.011 (P ¼ 0.908) R ¼ �0.021 (P ¼ 0.824) R ¼ �0.027 (P ¼ 0.777) R ¼ 0.023 (P ¼ 0.8)

Progression to atrophy R ¼ 0.692 (P < 0.001) R ¼ 0.674 (P < 0.001) R ¼ 0.657 (P < 0.001) R ¼ 0.445 (P < 0.001)

R, Spearman’s correlation coefficient; P, two-tailed P value.
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FIGURE 6. ROC curves for intraretinal HRF area for prediction of late AMD (A) or complete RPE and photoreceptor atrophy (cRORA) (B)
progression after 1 year of follow-up. An AUC of 0.5, corresponding to the diagonal line in each ROC plot, indicates diagnostic accuracy no better
than chance, while greater values indicate better diagnostic performance, with a value of 1.0 being perfect. Sensitivity and specificity plots as a
function of HRF3mm (C, D), HRF5mm (E, F), and HRFTOT (G, H). The intersection of sensitivity and specificity curves for each parameter is (C) 0.0005
mm2, (D) 0.005 mm2, (E) 0.005 mm2, (F) 0.009 mm2, (G) 0.007 mm2, (H) 0.01 mm2.
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Since it has been demonstrated that HRF are associated with
photoreceptor thinning,31 we anticipated that there would be
a correlation between HRF and EZ normalized reflectivity. EZ
reflectivity values found in our intermediate AMD patients at
baseline are comparable to values found previously by Borrelli
et al.11 (0.61 6 0.09). In our cohort, this value significantly
decreased over time, possibly indicating a progression in
photoreceptor damage.

Presence of a significant correlation between HRF and EZ
reflectivity seems to be consistent with the hypothesis that the
more intraretinal HRF are present, the more advanced is the
damage. Shadows or signal attenuation produced by HRF at the
level of photoreceptors on en face images may have influenced
the EZ reflectivity and may be responsible for the observed
correlation. On the other hand, the absence of a significant
difference in EZ reflectivity between patients with or without
HRF would seem to at least partially exclude this possibility.

Lei et al.4 demonstrated that the presence of HRF is the
strongest individual predictor for AMD progression compared
with DV ‡ 0.03 mm3 in the central 3-mm area, hyporeflective
foci within a drusenoid lesion, and SDD. In our study,
measuring HRF quantity instead of simply evaluating its
presence seemed to increase the strength of the correlation
with progression to late AMD with an R value as high as 0.667
for HRF3mm. A similar significant correlation was observed for
progression to atrophy alone at 1 year. We found no significant
correlation between HRF quantity and rate of progression to
CNV after 1 year of follow-up. This observation would seem to
be contrary to our previous publications showing that HRF
commonly precede the development of type 3 neovasculariza-
tion.4,32 Our present study may have been underpowered, as
the event rate for CNV development was low. Further
investigation with a large sample and a longer prospective
analysis may help to clarify this point. Indeed, the correlations
and predictive power of HRF for both cRORA and CNV may
have been enhanced with longer follow-up and the develop-
ment of more events over time. On the other hand, the 1-year
progression rate is of value as it may be most relevant to the
development of future clinical trials that may be aimed at
preventing the development of late AMD.

Our study has several limitations that should be considered
when assessing our findings. First, since the cohort was
collected retrospectively, the study is subject to selection bias.
Second, it may not be reasonable to presume that all HRF are
evidence of pigment migration (either RPE cells and/or free
melanosome and/or glial cells that have captured released
pigment). In the context of eyes that developed CNV, it is
possible that some HRF may have been features of exudation.
Third, our HRF quantification method is not yet fully
automated and does require some manual refinement to
exclude large retinal blood vessels. Despite this, we observed
a high-level of intergrader repeatability. However, for this to be
a clinically useful tool, a fully automated solution will be
necessary. Fourth, the lack of axial length data for each eye
might have affected the measurements of the HRF since it was
not possible to scale each image correctly. However, we
believe that it is unlikely that the strong correlations observed
in this study could be attributed only to an effect of the axial
length.

Our study also has several strengths, including the use of
the same OCT device and scanning protocol for all subjects
and the use of certified reading center graders for all
assessments.

In summary, the quantification of macular HRF in patients
with intermediate AMD correlates with photoreceptor damage
and the 1-year risk of AMD progression, in particular with
cRORA/GA. The amount of macular HRF using en face OCT
images may have a potential clinical use in evaluating patients’

prognosis and selecting high-risk patients for enrollment in
clinical trials.
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