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PURPOSE. The purpose of this study was to identify a precise location of deep capillary
plexus (DCP) injury in acute macular neuroretinopathy (AMN) lesions using multimodal
imaging.

METHODS. En face structural optical coherence tomography (OCT) images were manually
segmented to delineate outer retinal AMN lesions involving the ellipsoid zone and inter-
digitation zone. AMN lesion centroid was calculated, and image distortion was applied
to correct for Henle fiber layer (HFL) length and orientation. The resulting image was
registered with the corresponding en face OCT angiography (OCTA) image segmented at
the DCP and structural OCT volume before grading for vascular and structural features,
respectively.

RESULTS. Thirty-nine AMN lesions from 16 eyes (11 female patients, mean age 34 ± 4
years) were analyzed. After correcting for HFL anatomy, in 62% of AMN lesions, the
centroid co-localized with a capillary vortex (pattern 1); flow defects were detected in
33% of lesions (pattern 2); and in 5% of lesions no specific pattern could be identified
(pattern 3). The detection of a specific pattern increased after correcting the projection of
AMN lesion for HFL anatomy (28% vs. 5%, P = 0.04). Outer nuclear layer thickness was
lower in the centroid area in 10 (29%) AMN lesions from 6 patients, all corresponding to
lesions fitting pattern 2 (r = 0.78, P < 0.001).

CONCLUSIONS. AMN lesions might be a result of DCP impairment at the level of the capil-
lary vortex or draining venule. In eyes with AMN, the location of outer retinal changes
associated with DCP ischemia appears to be influenced by the length and orientation of
HFL.

Keywords: acute macular neuroretinopathy (AMN), Henle’s fiber layer (HFL), deep capil-
lary plexus (DCP), optical coherence tomography angiography (OCTA)

Acute macular neuroretinopathy (AMN) is a rare condi-
tion, first reported by Bos and Deutman1 who described

a case series of young women with paracentral scotomas
corresponding to dark-reddish, wedge-shaped macular
lesions in ophthalmoscopy. Multimodal imaging enabled
increased detection sensitivity of this entity and provided
important insights into the associated structural retinal
changes. Corver et al.2 showed an enhanced detection
of AMN lesions using confocal scanning laser ophthal-
moscopy infrared reflectance (SLO-IR; 810 nm). Using time-
domain optical coherence tomography (OCT), Feigl and
Hass3 showed that, contrary to initial belief, AMN lesions
seemed to be confined to the outer retinal layers rather

than the superficial layers.4 Analyzing the OCT features of 2
patients examined within the first 2 days of symptom-onset,
Fawzi et al. observed that outer plexiform layer (OPL) hyper-
reflectivity preceded the disruption of outer photoreceptor
bands and subsequent outer nuclear layer (ONL) thinning.5

In a case report of a 26-year-old woman with paracentral
scotomas secondary to AMN, Hansen et al. demonstrated an
excellent anatomic correspondence among areas of reduced
microperimetry sensitivity, SLO-IR hyporeflectivity, attenua-
tion of spectral domain OCT (SD-OCT) band #2 (the ellip-
soid zone [EZ] or inner segment/outer segment [IS/OS] junc-
tion), and OCT band #3 (the “OS/RPE” - now called the
interdigitation zone [IZ]), and selective cone photoreceptor
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(as opposed to rod) loss with adaptive optics scanning light
ophthalmoscopy.6

The retinal OPL is composed of synapses among photore-
ceptors, bipolar cells, and horizontal cells.7 This region
has a high concentration of photoreceptor mitochondria
and is sustained by the deep capillary plexus (DCP).8,9

The photoreceptors’ axons, together with outer Müller cell
processes, form the Henle fiber layer (HFL). The HFL is
obliquely oriented in relation to the photoreceptor outer
segments (OS) within the central 15 degrees of the macula
because of both foveal pit development and IS/OS squeezed
together while the large cone pedicles are attached to the
centrifugally spreading bipolar cells.10,11 Therefore, in the
perifovea, bipolar and ganglion cells are displaced from the
position of the photoreceptors that feed the receptive field
center.12 Damage to the OPL can result in photoreceptor
axon injury, which in turn can produce OS disruption that
is laterally displaced from the site of OPL injury. The advent
of OCT angiography (OCTA) has increased our understand-
ing of AMN, with some studies suggesting a role of DCP
ischemia in AMN.5,13 However, to the best of our knowl-
edge, the impact of the radially oriented HFL on the areas of
OS disruption has not been described.5,11 In this study, we
aimed to explore the effect of HFL length and orientation
on the location of outer retinal changes resulting from DCP
ischemia in eyes with AMN.

METHODS

This was a retrospective case series from three tertiary retina
referral centers. Written informed consent was obtained
from each participant and local institutional review board
approval was obtained from the Western Institutional
Review Board (Olympia, WA, USA) and Comissão de Ética
para a Saúde do Instituto de Oftalmologia Dr. Gama
Pinto (Lisbon, Portugal). A waiver was also granted from
the University of Rochester Ethics Committee (Rochester,
NY, USA) for the retrospective usage of anonymized data
acquired during routine clinical practice. This study adhered
to the tenets of the Declaration of Helsinki and complied
with the Health Insurance Portability and Accountability Act
of 1996.

Inclusion criteria consisted of patients with a clinical diag-
nosis of AMN imaged with dense structural OCT volumes
(interscan distance 11–30 μm) and OCTA (interscan distance
6 or 10 μm) covering the full extent of each AMN lesion.
The diagnostic criteria for AMN included a history of one or
more acute paracentral scotoma corresponding to hypore-
flectivity with near infrared reflectance (NIR) and hyper-
reflectivity of the ONL associated with EZ and IZ disrup-
tion with OCT. Exclusion criteria consisted of eyes with
retinal diseases other than AMN and specific AMN lesions
with a diameter larger than one average disk diameter.14 A
cutoff value for specific AMN lesions size was used given
that larger lesions may represent the confluence of multiple
smaller ones, which could confound a precise analysis of
DCP features per AMN lesion.5

For each eligible patient, the complete medical records
were reviewed. Data collection included patient age, sex,
concomitant systemic and ocular disorders, medications,
and baseline Snellen visual acuity (VA) using the Snellen
chart. Snellen VA was converted to logarithm of the mini-
mum angle of resolution (logMAR) for statistical analysis.
All patients underwent complete ophthalmologic examina-
tions, including slit lamp biomicroscopy, ophthalmoscopy,

and multimodal retinal imaging. NIR and SD-OCT were
acquired using the SPECTRALIS OCT (Heidelberg Engineer-
ing, Heidelberg, Germany). Four patients (36%) also under-
went high resolution (High-Res OCT; Heidelberg Engineer-
ing) with 3 μm axial resolution. OCTA was acquired using
the High-Res OCT device, the PLEX Elite 9000 (Carl Zeiss
Meditec, Inc., Dublin, CA, USA) and/or the Avanti RTVue
XR (Optovue Inc., Fremont, CA, USA). AMN lesions were
identified based on structural OCT B-scans from the first
evaluation. The OCTA and structural OCT from the last
observation were considered for the analysis of DCP features
and evaluation of ONL thickness, respectively.

Each OCTA and structural OCT study was reviewed
and automated segmentations of the OPL, external limit-
ing membrane (ELM), EZ, and IZ were verified and manu-
ally corrected, when needed. OCTA projection artifacts were
removed using the manufacturer’s algorithms and the en face
images of the DCP were exported. With structural OCT B-
scans, an ONL thickness map (distance between OPL and
ELM) was exported and en face structural OCT was manu-
ally segmented to evaluate the reflectivity of the photore-
ceptor OS (segmentation between EZ and IZ). NIR, en face
OCTA, ONL thickness maps, and en face OCT images were
registered using the plugin Landmark Correspondences for
Fiji (US National Institutes of Health, Bethesda, MD, USA) by
selecting six corresponding points for each pair of images
and using a similarity algorithm.15 The resulting aligned en
face OCT images were used to manually segment areas of
EZ/IZ disruption using the pencil tool of Fiji. The centroid
of AMN lesions was identified using the “centroid script”
command, and the area of each lesion was transformed
with respect to HFL anatomy, using a code designed in
MATLAB version R2019b (The MathWorks Inc., Natick, MA,
USA 2019). The code used to transform the images is
publicly available.16 HFL length and orientation were calcu-
lated along the horizontal meridian for each point of the
segmented region, as previously described by Drasdo et
al. (Drasdo displacement).10 Radial displacement values for
any other meridians were obtained by a linear interpola-
tion between values of the horizontal meridian with the
same distance from the foveal center in a polar coordi-
nate system. Finally, processed images were merged into
3 distinct composites per eye: image composite 1 (NIR +
OCTA + AMN lesions); image composite 2 (NIR + OCTA +
transformed AMN lesions); and image composite 3 (NIR with
ONL thickness maps + AMN lesions). A graphical represen-
tation of the different image processing steps is shown in
Supplementary Figure S1.

The investigational version v.6.12.4.710 of Heidelberg
Eye Explorer (Heidelberg Engineering) was used for regis-
tration of structural OCT with image composite and for
grading purposes. AMN lesions were categorized accord-
ing to their shape (wedge versus round-shaped) and size
(larger or smaller than half a standardized disk diame-
ter — i.e. medium or small, respectively). OCTA images
were evaluated for the presence of capillary vortices or
flow defects spanning the centroid of AMN lesions. Struc-
tural OCT horizontal and vertical B-scans were inspected
for draining venules or absence of capillaries within AMN
lesions. Draining venules were defined using structural OCT
as large vessels (diameter ≥15 μm) traversing the inner
nuclear layer (INL) with a vertical or oblique orientation
angled toward a superficial vessel.17 The INL/OPL bound-
ary was compared among AMN lesions and other areas to
inspect for the absence of DCP capillaries (i.e. round-shaped
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FIGURE 1. Correcting for Henle’s fiber layer (HFL) anatomy when correlating deep capillary plexus (DCP) features with changes in
inner segment photoreceptor anatomy. (A) In an eye with acute macular neuroretinopathy (AMN), hyporeflective lesions on near-infrared
reflectance (NIR) correspond to areas of inner segment photoreceptor disruption. DCP features of a lesion measuring less than one average
disk diameter (white arrow) were further analyzed with superimposed en face OCTA of the DCP (B, C) with corresponding magnified insets
(D, E). D AMN lesion (cyan contour) direct projection on the DCP, without accounting for HFL anatomy, fails to show a draining venule near
the lesion centroid (cyan dot). E After correcting the projection of the AMN lesion for HFL anatomy (yellow contour), there is a convergence
of DCP capillaries near the lesion centroid (yellow dot). (F) OCT B-scan spanning the centroid of AMN lesion uncorrected for HFL anatomy
shows ellipsoid zone (EZ) and interdigitation zone (IZ) disruption in the absence of specific DCP features (cyan inset). (G) After accounting
for HFL anatomy, the OCT B-scan shows a draining venule (yellow arrow) crossing the inner nuclear layer in the centroid of the AMN lesion
(yellow inset).

hyperreflective structures seen with OCT B-scans). Structural
OCT and OCTA were evaluated by two groups of graders
(image composite 1 = ML and VN and image composites
2 and 3 = DC and PR). Disagreements over readings were
resolved by open adjudication. Figure 1 shows an example
of the impact of correcting an AMN lesion for HFL length and
orientation while grading DCP features. The distribution of
ONL thickness in AMN lesions was evaluated in color-coded
maps using the plot profile function of Fiji. The intensities of
the pixels corresponding to ONL thickness were evaluated
in the centroidal axes (major and minor). When the distribu-
tion of values followed a U-shape in both axes, the centroid
was considered to have a lower ONL thickness than the rest
of the lesion. An example of the evaluation process of ONL
thickness is available in Supplementary Figure S2.

An exploratory analysis of the demographic, clinical, and
imaging features was conducted. Continuous variables are
presented as mean ± standard deviation (SD) or median
± interquartile range (25th percentile and 75th percentile),
as appropriate. The distribution of categorical variables in
distinct samples was compared using the chi squared test.
The kappa statistic was used to test inter-rater reliability
and Spearman’s rank correlation coefficient used to evalu-
ate the strength and direction of association between two
ranked variables. Statistical analyses were performed using
IBM SPSS Statistics for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

A total of 39 AMN lesions from 16 eyes (11 female patients)
were evaluated. The mean age in the cohort was 34 ± 4

years (range = 20–50 years). The mean BCVA was 0.10
± 0.06 logMAR (range = 0–1 logMAR; Snellen equivalent
20/25). The median interval between onset of symptoms
and first evaluation was 12 days (interquartile range = 6–
42 days). In 3 patients, the first evaluation was within the
first 5 days after symptoms onset (early AMN). The median
follow-up between diagnosis and last examination was 8
weeks (interquartile range = 6–23 weeks). In 6 cases (55%),
AMN occurred within 2 weeks after a presumed viral infec-
tion, and 7 patients (64%) were taking oral contraceptive
medications. The Table summarizes demographic and clini-
cal findings.

For the purpose of statistical analysis, imaging findings
were grouped into 3 patterns: pattern 1 = capillary vortex at
the centroid of the AMN lesion with OCTA and a correspond-
ing draining venule arising from the center of the vortex
with structural OCT B-scan (Fig. 2); pattern 2 = flow defect
at the centroid of the AMN lesion with OCTA and unde-
tectable capillaries with structural OCT B-scan (Fig. 3); and
pattern 3 = lesions in which no specific pattern could be
found.

Analysis of AMN lesions after correction for HFL anatomy
(image composite 2) showed that 24 lesions (62%) fit pattern
1 and 13 lesions (33%) fit pattern 2. In two cases (5%),
a specific pattern could not be assigned (pattern 3). In
cases graded as pattern 2, the projection of corrected AMN
lesions was encircled by capillary vortices in all cases
(Fig. 4).

The comparison between the grading of image compos-
ite 1 (NIR + OCTA + non-transformed AMN lesion) and
composite 2 (NIR + OCTA + transformed AMN lesion)
showed a strong level of agreement (kappa = 0.831, P <
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TABLE. Demographic and Clinical Data

Baseline Visual Acuity
Case
no.

Age,
y Sex

Eye of
Lesion

AMN
Lesions*

Number OD OS

Interval Between
First Symptoms
and Imaging, d

Interval Between
First Symptoms

and Last Visit, wk

Recent
Viral-Like
Illness†

Oral
Contraceptives

Systemic
Diseases

1 23 F OU 3 20/20 20/20 5 5 Yes Yes None
2 30 F OU 1 20/20 – 3 8 Yes Yes None
3 41 F OU 4 20/60 20/200 12 271 Yes Yes None
4 20 F OU 3 20/20 20/25 42 6 No‡ Yes None
5 33 F OS 3 – 20/20 7 23 No Yes None
6 38 F OS 3 – 20/25 17 48 No Yes Sarcoidosis
7 50 F OD 1 20/20 – 7 19 No Yes None
8 34 F OU 4 20/20 20/20 51 7 Yes No None
9 27 F OU 9 20/20 20/20 5 13 Yes Yes None
10 33 F OS 3 – 20/20 56 8 Yes Yes Sjögren

Syndrome
11 44 F OD 1 20/30 – 6 15 No No None

AMN, acute macular neuroretinopathy; F, female; OU, oculus uterque; OS, oculus sinister; OD, oculus dexter.
* AMN lesions with a size inferior to one standard disk diameter (1500 μm).
† Patient reported presumed acute viral-like illness (unexplained fever and/or dehydration managed conservatively or with non-steroidal

anti-inflammatory drugs) in the 2 weeks preceding AMN symptoms.
‡ Positive polymerase chain reaction test for coronavirus disease 2019 (COVID-19) 2 weeks prior to AMN first symptoms.

0.01) for both pattern 1 and pattern 2 lesions. There was a
significant decrease in the prevalence of pattern 3 lesions
after correcting for HFL anatomy (12 [28%] vs. 2 [5%], P =
0.04).

The ONL thickness map was evaluated in 35 out of the
39 AMN lesions from 9 patients with a follow-up period

longer than 6 weeks. For 10 of these lesions (29%) from
6 patients, ONL thickness was lower in the centroid area
compared to any other part of the AMN lesion (Fig. 5).
All of these lesions corresponded to pattern 2 (r = 0.78,
P < 0.001). In the remaining 25 lesions, we did not find a
specific pattern of ONL thickness distribution.

FIGURE 2. Acute macular neuroretinopathy (AMN) pattern 1: convergence of deep capillary plexus (DCP) capillaries at the lesion centroid.
(A) Near infrared reflectance image shows multiple AMN lesions. The green arrow indicates the area corresponding to the high-resolution
OCT B-scan. (B) The image of the DCP shows the projection of one of the AMN lesions corrected for Henle’s fiber layer anatomy (yellow).
A magnified view of the OCTA image (inset) shows a convergence of capillaries at the centroid of the AMN lesion (yellow dot). (C) A
high-resolution OCT B-scan spanning the centroid of the AMN lesion shows a draining venule arising from the AMN lesion (inset). The DCP
draining venule is identified by the yellow arrow (inset). The presence of the central draining venule may indicate reperfusion after initial
DCP impairment.
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FIGURE 3. Acute macular neuroretinopathy (AMN) pattern 2: absence of deep capillary plexus (DCP) capillaries at the lesion centroid.
(A) Near infrared reflectance image of the fundus shows two hyporeflective round-shaped AMN lesions. The green arrow indicates the area
corresponding to the high-resolution OCT B-scan. (B) The image of the DCP shows the projection of the AMN lesions corrected for Henle’s
fiber layer anatomy (yellow). A magnified view of the inset from the OCTA shows a flow defect near the centroid (yellow dot) of the AMN
lesion. (C) High-resolution OCT B-scan through the centroid of the AMN lesion shows the conspicuous absence of capillaries at the level of
the posterior inner nuclear layer (corresponding to the DCP) overlying the AMN lesion (inset; capillary bare area, white arrowheads). For
comparison, normal DCP capillaries (yellow arrowheads, inset) can be seen directly to the left and right of the capillary bare area of the
AMN lesion (white arrowheads, inset). The absence of the central draining venule indicates a more severe DCP perfusion deficit.

FIGURE 4. Acute macular neuroretinopathy (AMN) pattern 2: demonstrating encircling of the lesion by capillary vortices of the deep capillary
plexus (DCP). (A) A near infrared reflectance image of the fundus shows one petaloid-shaped hyporeflective AMN lesion. The green arrow
indicates the area corresponding to the OCT B-scan. (B) An OCT B-scan spanning the centroid of the AMN lesion shows a capillary bare
area surrounded by two draining venules (green arrowheads, inset). (C) En face optical coherence tomography-angiography (OCTA) image
of the DCP shows various capillary vortices (colored arrowheads) encircling the flow defect at the centroid of the AMN lesion.
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FIGURE 5. Outer nuclear layer (ONL) thickness in acute macular neuroretinopathy (AMN) lesions featuring persistent flow defects in optical
coherence tomography angiography (OCTA) analysis. (A) Near infrared reflectance image of the fundus superposed with en face OCTA
image of the DCP and AMN lesions corrected for Henle’s fiber layer anatomy (yellow). (B) The B-scans corresponding to the green line
in panel A shows a U-shaped pattern of ONL atrophy (inset). (C) Color thickness map superposition with uncorrected AMN lesion shows
that ONL thickness is lower in the centroid of AMN lesion (dark green line indicates the area corresponding to the inset in mosaic B).
(D) Magnified view of the inset shows a non-vertical correspondence (dashed line) between the point where ONL is lower (green arrowhead,
centroid of uncorrected AMN lesion) and the capillary bare area in structural OCT (white arrowhead, centroid of corrected AMN lesion).
DCP capillaries are pointed using yellow arrowheads and enable a direct comparison between normal capillaries and capillary bare areas
(white arrowheads).

DISCUSSION

In our analysis of 39 outer retinal lesions from 16 eyes
with AMN, we identified 2 distinctive patterns of DCP alter-
ations on OCTA and structural OCT B-scans co-localizing
with individual AMN lesions. In nearly two thirds of AMN
lesions, a central DCP draining venule was present (pattern
1), whereas in the remaining lesions there were central
DCP flow defects within the lesion (pattern 2). Importantly,
the detection of these patterns was significantly enhanced
when correcting for physiological HFL radial orientation
when correlating the outer retinal lesions of AMN with
DCP anatomy. These findings support a role in the impair-
ment of the capillary vortices and draining venules in the
pathophysiology of AMN and demonstrate the importance
of accounting for HFL anatomy (namely, the obliqueness of
the photoreceptor axons and Müller cell fibers outside the
foveola) when studying this entity.

Our findings are consistent with those of prior inves-
tigators who suggested that vascular events involving the
DCP are involved in AMN.13,18–24 Various studies have shown
an association between absent or low-intensity flow within
the DCP and photoreceptor disruption in other entities,
including diabetic retinopathy, Purtscher’s retinopathy, reti-
nal venulitis, and retinal venous occlusive disease.25–27 These
observations appear to support that, although photorecep-
tors receive most of their nutritional support from the
choroidal circulation, impairment of the DCP can cause
photoreceptor inner segment loss, likely through axonal
degeneration or Müller cell disruption.5,22 The microcir-
culation within the human DCP has recently been evalu-
ated using novel high-resolution imaging, showing inflow
from intermediate capillary plexus (ICP) small arterioles and
outflow through draining venules.17,28 This in series connec-

tion hypothesis is supported by animal studies that demon-
strated a watershed zone between the retinal and choroidal
circulations at the OPL level,29 and has been used to advo-
cate for a vascular etiology in AMN.30,31

Our findings suggest that AMN lesions of less than one
disk diameter co-localized with a capillary vortex in approx-
imately 60% of the cases (pattern 1). This observation may
have implications regarding mechanisms in diseases involv-
ing the DCP. The anatomic features of the DCP have been
addressed recently using confocal microscopy.28 The authors
showed that DCP capillaries had a mean diameter of 6.9 μm
and a laminar arrangement with numerous loops converg-
ing and forming a central draining venule, giving a vortex-
like appearance.28 Blood rheology in capillary plexuses is
complex and determined by the interactions among plasma,
geometry of the network, dynamics of blood cells, and the
vessel wall.32 Experimental studies have shown that flow
velocity, hematocrit, and oxygen extraction are all reduced
when plasma viscosity increases.32 Others have shown that
flow speed in the murine retina is affected by vascular
branching morphology.33 Whether the geometrical arrange-
ment observed in capillary vortices and changes in blood
viscosity secondary to oral contraceptives or viral infec-
tions impact oxygen delivery in the DCP has not yet been
addressed.34,35 We believe that this topic should be further
studied, as it is likely to expand our understanding of the
mechanisms involved in some AMN cases.

Another important finding in this study was the identifica-
tion of DCP flow defects in approximately 30% of the cases
(pattern 2). The detection of flow defects using OCTA has
been used to support the hypothesis that capillary injury
at the level of the DCP may be the primary etiology in
AMN.13,19,20,24 Using projection-resolved OCTA in a series
of 5 eyes, Chu et al.13 found reduced DCP flow signal over
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5 AMN lesions and partial flow restoration within up to 6
weeks in the cases with follow-up. This finding coincided
with the transition from OPL/ONL hyper-reflectivity to thin-
ning of the ONL seen with structural OCT. The authors
suggested that this could be explained by a transient vaso-
occlusive event followed by reperfusion.8 For this reason,
our OCTA analysis was based on images acquired at the last
follow-up available for each patient (median of 8 weeks).
Our observations of flow defects that did not resolve within
the follow-up period and the absence of structures resem-
bling capillaries with structural OCT B-scans suggest a last-
ing vascular injury in the centroid of some AMN lesions. Our
inability to detect draining venules over areas of flow defects
may suggest that whatever is causing capillary damage
may also be affecting the corresponding draining venules.
However, interestingly, we detected capillary vortices and
corresponding draining venules around the perimeter of the
areas of flow defects. This seems to suggest that the DCP
patterns herein described reflect different degrees of insult
to capillary vortices, with pattern 2 being the more severe.
The findings in pattern 2 might be interpreted as a decreas-
ing gradient of flow changes expanding centrifugally from
the location of the primary event (the centroid) toward the
nearby draining vortices (see Fig. 4). If this hypothesis is
correct, one would expect photoreceptor loss to be higher in
the centroid of AMN lesions. Although limited to 10 lesions
from 6 eyes, our analysis of ONL thickness maps supports
this assumption and showed a strong inverse correlation
(r = 0.78, P < 0.001) between areas with flow defect and
ONL thickness, with the lowest ONL thickness noted at the
centroid of these AMN lesions.

Strengths of this study included the correction for HFL
Z-shape and high-quality images, including the use of High-
Res OCT technology in four patients (36%). The High-Res
OCT device allows the acquisition of OCT images with 3 μm
axial resolution, which is double that of standard commercial
SD-OCT devices and enables precise identification of retinal
capillaries and venules.17

Limitations addressable in future studies include the
small sample size and the lack of uniform follow-up dura-
tions. Imaging studies have demonstrated lateral extension
of outer retinal changes in the first weeks after symptom
onset in patients with AMN, likely representing the fusion
of small adjacent lesions into larger ones.5 Earlier imaging
in some of the cases in our series might have impacted
the lesion number and size. Additionally, the current study
excluded seven AMN lesions that were larger than one disk
diameter, so the generalizability of our findings to larger
AMN lesions is unclear. However, given that larger AMN
lesions may represent the gradual confluence of multiple
smaller ones, analyzing the centroid of such larger lesions
would pose methodological challenges and concerns. Drain-
ing venules are small structures with a median vascular
diameter of 20 μm with OCT B-scans.17 Thus, using struc-
tural OCT raster scans with an interscan distance greater
than 20 μm might have impacted their detection. We also
recognize the possibility of incorrect retinal layer segmen-
tation. Although the segmentation of the retinal layers rele-
vant for the study purpose was verified manually, we cannot
exclude inaccuracies. ONL thickness was defined as the
distance between the lower limit of the OPL and the ELM. As
HFL exhibits directional reflectance, non-uniform OCT pupil
light entry or HFL changes secondary to the AMN disease
process may increase the reflectivity of this layer, making it
more difficult to distinguish from the OPL.7 For this reason,

we excluded 4 out of the 39 AMN lesions fromONL thickness
analysis.

Overall, this study supports the idea that adjusting for
the displacement of bipolar and ganglion cells from the
position of the cones in the perifovea may be relevant for
a better understanding of AMN pathophysiology. Although
there is already literature debating whether applying Drasdo
displacement is necessary for structure-function relation-
ships in glaucoma, to the best of our knowledge, this is
the first application of this concept for better understand-
ing AMN.10,36,37 It should also be noted that the correc-
tion used to analyze the outer retinal lesions was based
on the histologic measurements of HFL available in the
literature, which are limited to the horizontal meridian.10

We also acknowledge that differences in retinal magnifica-
tion were not included in this process, nor were the char-
acteristics of the foveal cones (foveal pit size and peak
foveal cone density) taken into account in our analyses.
Thereby, our approach did not consider inter-person and
inter-meridian variability, which would be necessary for a
more precise transformation of the data and thus impact
the accuracy of our results.12 However, to the best of
our knowledge, an algorithm able to perform a personal-
ized correction for HFL anatomy using noninvasive imaging
has not been yet been developed.7,11,12 Whereas corrected
AMN lesions showed good correspondence to areas of DCP
nonperfusion, suggesting that the calculi were adequate (see
Fig. 4), this does not exclude the possibility of confirma-
tion bias. Finally, our study did not aim to determine the
specific mechanisms contributing to the development of
AMN. Although our findings support the involvement of the
DCP in AMN pathophysiology, they do not shed any light
on whether DCP involvement is the primary event (i.e. vaso-
occlusive) or secondary to OPL damage (i.e. an inflammatory
event).

In conclusion, we observed a high prevalence of either
a capillary vortex or flow defects within the centroid of
AMN lesions. AMN lesions associated with flow defects
were associated with lower ONL thickness values during
the follow-up period. These associations could not be
detected without correcting the projection of outer reti-
nal changes in the DCP for HFL anatomy. Our analysis
supports a distal insult at the level of the capillary vortices
in AMN.
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