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Multimodal Imaging Features and Clinical
Relevance of Subretinal Lipid Globules
PEDRO FERNÁNDEZ-AVELLANEDA, K. BAILEY FREUND, REEKINGK.WANG,QINGHUAHE,QINQINZHANG,
SERENA FRAGIOTTA, XIAOYU XU, GERARDO LEDESMA-GIL, YOSHIMI SUGIURA, MARK P. BREAZZANO,

LAWRENCE A. YANNUZZI, SANDRA LIAKOPOULOS, DAVID SARRAF, AND ROSA DOLZ-MARCO
� PURPOSE: To describe the presence of subretinal lipid
globules (SLG), analyze the multimodal imaging features
inherent in their optical properties, and provide a means
to distinguish them from other retinal structures and clin-
ical signs.
� DESIGN: Retrospective cohort study.
� METHODS: The clinical data and multimodal imaging
features of 39 patients (49 eyes) showing SLG were eval-
uated. Patients underwent color fundus photography,
near-infrared reflectance (NIR), spectral-domain (SD)
and swept-source (SS) optical coherence tomography
(OCT) and OCT angiography. In vitro phantom models
were used to model OCT optical properties of water, min-
eral oil, and intralipid droplets and to investigate the opti-
cal mechanisms producing hypertransmission tails
beneath SLG.
� RESULTS: The SLG were not visible in color fundus
photographs or in NIR images. With both SD- and SS-
OCT B-scans, SLG appeared as 31-157 mm, round,
hyporeflective structures demonstrating a characteristic
hypertransmission tail previously described with lipid
globules found in the choroid and in neovascular mem-
branes. Similarly, with en face OCT, SLG appeared as
small, round, hyporeflective structures. SLG were
encountered most often in eyes with neovascular age-
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related macular degeneration (AMD) that had type 1
macular neovascularization (MNV) (91.1%). Of those
eyes, 93.3% were receiving intravitreal antivascular
endothelial growth factor (VEGF) therapy (median of
15 injections) with a mean follow-up of 52.6 months.
The number of prior injections positively correlated
with the number of SLG. The detection of MNV pre-
ceded the presence of SLG in 66.7% of cases. En face
OCT showed that, in many eyes (49%), SLG appeared
in clusters of >10. In 38.8% of eyes, SLG were found
overlying type 1 MNV, and in 44.9% of eyes, often those
with more numerous SLG, the SLG were located near the
lesion border. In 2 eyes with AMD followed for nonexu-
dative type 1MNV, SLGwere detected prior to the detec-
tion of other imaging signs of exudation. SLG were
observed in several other exudative macular diseases.
Phantom models demonstrated that the hypertransmis-
sion tail beneath SLG is related to a lensing effect pro-
duced by these hyporeflective spherical structures.
� CONCLUSIONS: SLG are a newly recognized OCT
feature frequently seen in eyes receiving intravitreal
anti-VEGF therapy for type 1 MNV due to AMD.
OCT B-scans show SLG as small, round, hyporeflective
structures with a characteristic hypertransmission tail.
This OCT signature is influenced by the OCT focal
plane, and it relates to reduced signal attenuation through
oil and a lensing effect created by a higher refractive index
compared to surrounding tissue. (Am J Ophthalmol
2021;222:112–125. � 2020 Elsevier Inc. All rights
reserved.)

L
IPIDS ARE BIOMOLECULES CHARACTERIZED BY THEIR

solubility in nonpolar organic solvents and insolu-
bility in water. Lipids are essential structural compo-

nents of cell membranes; they play key roles in normal
retinal function and provide energy. In those roles, they
are vital for neuronal transmission andmetabolic activities.
Lipid distribution in the retina varies according to retinal
topography (macula or peripheral retina) and patient
age.1,2

In 1966, Friedman and Smith3 described lipid globules
within the anterior choroid of both normal eyes and eyes
with various retinal diseases by using light microscopy
and special staining methods. More recently, Querques
and associates4 proposed the term ‘‘choroidal cavern’’ to
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describe an optical coherence tomography (OCT) finding
within the choroid of eyes with geographic atrophy due
to age-related macular degeneration (AMD).4 The
choroidal caverns appeared as hyporeflective round struc-
tures without a hyper-reflective border in areas devoid of
vessels. Indocyanine green angiography and OCT angiog-
raphy (OCTA) failed to show vascular flow within these le-
sions. The authors suggested that these structures may
correspond to ‘‘ghost vessels’’ previously described by
Mullins and associates5 and Biesemeier and associates.6

Dolz-Marco and associates,7 reported similar hyporeflective
OCT structures in eyes with a wider range of diagnoses,
which included not only geographic atrophy but neovascu-
lar AMD, central serous chorioretinopathy, and in appar-
ently normal eyes of healthy patients.7 These structures,
identified in both the choroid and the sub-retinal pigment
epithelium (sub-RPE) space, showed a characteristic
hypertransmission tail on OCT B-scans. Based on a histo-
logical analysis of lipid globules in eyes of human donors
and multimodal imaging characteristics of choroidal and
sub-RPE caverns in vivo, the authors hypothesized that
choroidal and sub-RPE caverns were lipid-rich structures,
likely the OCT equivalent of the lipid globules previously
described by Friedman.7

This study investigated the multimodal imaging features
of similar hyporeflective structures believed to represent
small spherical lipid globules found in the subretinal space.
The optical properties of lipid producing a characteristic
OCT hypertransmission tail in both these lesions and
choroidal and sub-RPE lipid globules were modeled in 2
in vitro phantom experiments. Based on this study’s find-
ings, the term ‘‘subretinal lipid globules (SLG)’’ was origi-
nated for this new finding, and the relationship between
the appearance of SLG and the timing of anti-VEGF injec-
tions as a clinical surrogate for exudation were explored.
METHODS

THIS STUDY FOLLOWED THE TENETS OF THE DECLARATION

of Helsinki, and complied with theHealth Insurance Porta-
bility andAccountability Act of 1996, and was approved by
the Western Institutional Review Board (Olympia, WA,
USA). Written informed consent was obtained from all
participants. Participants in this study were recruited
from volunteers who agreed to be examined and met the
eligibility criteria described below at the Vitreous Retina
Macula Consultants of New York (New York, NY, USA)
between July 2017 and January 2019.

� PARTICIPANTS: This was a retrospective review of the
clinical and multimodal imaging data from patients with
SLG detected on cross-sectional optical coherence tomog-
raphy (OCT). All patients were seen in the offices of the
Vitreous Macula Consultants of New York. Patients were
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included if spectral domain (SD)-OCT B-scans showed
SLG appearing as small, round, hyporeflective lesions in
the subretinal space with a characteristic tail of posterior
hypertransmission. Additionally, all SLG showed the
following imaging characteristics previously described for
lipid globules found in other retinal tissues7: 1) color fundus
photographs (CFP) were not visible; 2) fundus autofluores-
cence (FAF) was isoautofluorescent; 3) near infrared reflec-
tance (NIR) was isoreflective; 4) en face OCT with SLG
included within the segmentation boundaries were round,
hyporeflective lesions; 5) en face OCT with segmentation
boundaries positioned posterior to the SLG within their
hypertransmission tails showed round areas of relative
hyperreflectivity; and 6) en face OCTA appeared as an ab-
sent flow signal.
For each patient, demographic information, including

age, sex, and race, was obtained from their electronic
health record. Information regarding best-corrected visual
acuity (BCVA) and ocular and medical comorbidities
were also obtained (blood pressure, dyslipidemia, diabetes,
smoking habit; medication usage, including statins; and
cardiovascular events).
In eyes for which longitudinally tracked SD-OCT was

available, following the first detection of SLG, all prior
and subsequent SD-OCT volumes were analyzed. In order
to classify SLG as static or dynamic structures, a longitudi-
nal evaluation for the presence and location of SLG was
performed for each numbered OCT B-scan within the
tracked SD-OCT volumes. The temporal relationship be-
tween the presence of SLG and concomitant exudative
AMD findings was analyzed. For this analysis, exudation
in the context of neovascular AMD was defined as subreti-
nal and/or intraretinal fluid present on OCT and judged to
be due to MNV with or without associated hemorrhage or
clinically visible lipid. The MNV lesion type and the char-
acteristics of the treatment with intravitreal antivascular
endothelial growth factor (VEGF) therapy (drug used and
number of injections) were recorded. When classifying
SLGs according to location overlying or at the border of
the MNV lesion, the B-scan from the first visit, when
both SLG and MNV were identified, was used. En face
OCTwas used to verify SLG location with respect toMNV.

� MULTIMODAL IMAGING: All eyes with SLGs were
imaged using CFP, FAF, NIR, and SD -OCT. Most eyes
had also been imaged with en face swept source (SS)-
OCT and en face SS-OCT angiography (OCTA). Color
images were recorded using the TRC-50DX fundus camera
(Topcon Medical Systems, Paramus, NJ, USA) and the
Eidon confocal true color fundus camera (Centervue,
Padova, IT). Long-wavelength FAF images were acquired
using the TRC-50DX fundus camera (Topcon) using a con-
ventional halogen lamp, a 580-nm band-pass filter (band-
width, 500-610 nm), and a barrier filter of 695 nm
(bandwidth, 675-715 nm). Short-wavelength autofluores-
cence, NIR, and SD-OCT images were obtained using a
113F SUBRETINAL LIPID GLOBULES



TABLE 1. Summary of Clinical and Demographic
Characteristics for the Present Cohort

Variables Data

Number of patients 39

Number of eyes 49

Females 18 (46.2)

Whites 37 (94.4)

Bilateral 10 (28.6)

Medical history

Hypertension 23 (59)

Hypercholesterolemia 16 (41)

Diabetes 4 (10.3)

Statin use 13 (33.3)

Smoking 14 (35.9)

Systemic comorbidities

Cardiovascular disease 11 (28.2)

Cancer 8 (20.5)

Thyroid disease 5 (12.8)

Stroke/TIA 3 (8.6)

Osteoporosis 2 (7.7)

IBD 2 (5.1)

PKD 1 (2.6)

BCVA ¼ best-corrected visual acuity; IBD ¼ inflammatory

bowel disease; logMAR¼ logarithm of theminimum angle of res-

olution; PKD ¼ polycystic kidney disease; TIA ¼ transient

ischemic attack.

Data are presented as: Number (%).
Spectralis HRA-OCT machine (Heidelberg Engineering,
Erlangen, GM). The raster scanning protocols used were
both ‘‘fast’’ 25 B-scans, each consisting of 512 A-scans
and ‘‘dense’’ 1,024 A-scans 349 B-scans. In all cases,
OCT scans were eye-tracked with follow-up mode acti-
vated. For SS-OCT and en face SS-OCT, en face SS-
OCTA images and flow B-scans Plex Elite 9000 (Carl Zeiss
Meditec, Dublin, California, USA) were used. Acquisition
protocols of 3 3 3- or 6 3 6-mm volume cubes were used.

� LIPID GLOBULES PHANTOM EXPERIMENT: Two separate
in vitro phantom experiments were performed. The first
explored relationships between globule size and the optical
properties of materials. Two different tube sizes were used: a
tube with an inner diameter of 375 (large) and one with a
50-mm (small) diameter. Those tubes were filled with 3
different materials. Water was used to simulate fluid, min-
eral oil to simulate lipid globules, and a 20% intralipid so-
lution (flowing scattering particles) to simulate blood
within vessels, whereas titanium dioxide (TiO2) 0.3%
was used as the background scattering. An SD-OCT scan
was performed in the lumens of the tubes to see the
behavior of the different materials inside. For SD-OCT, a
1,340-nm central wavelength and a 92- kHz scan rate
were used.8 The scanning pattern consisted of 400 A-
114 AMERICAN JOURNAL OF
line 3 400 B-scan 3 8 repetition. The second experiment
was performed in order to demonstrate the relationship be-
tween the refractive index (RI) of oil and a lensing effect
seen on OCT B-scans.9,10 Various oil types were tried.
Olive oil, clove oil, and cinnamon oil were dispersed in a
scattering agar gel phantom that was stirred until the
agar jelled. Olive oil has an RI range of 1.44-1.47. Cinna-
mon oil has an RI range of 1.59-1.62. The average RI of
retinal tissue is approximately 1.38. SD-OCT imaging
was performed using different focal planes.

� STATISTICAL ANALYSIS: The quantitative variables
were expressed as mean 6 standard deviation. In the case
of non-normal distribution, means were reported with
95% confidence intervals (CI). Logarithm minimal angle
of resolution (logMAR) visual acuity was calculated using
the procedure outlined by Holladay.11 The distribution
normality was verified using the Shapiro-Wilk normality
test. The x2 test was used to compare categorical variables,
whereas the paired t-test was used to assess differences be-
tween 2 time points. The Spearman rank correlation or
Kendall tau coefficient were calculated to determine the
relationship between ordinal variables. P values less than
.05 were considered statistically significant, and P < .001
was highly statistically significant. All calculations were
carried out using SPSS version 20 software (SPSS,
Chicago, Illinois, USA).
RESULTS

A TOTAL OF 49 EYES OF 39 PATIENTS AT A MEAN 75.1 6 9.2

years of age met inclusion criteria. A total of 94.4% of
the patients were white, and 46.2% were female. In
28.6% of cases, SLG were bilateral. BCVA at the baseline
visit was 0.29 6 0.2 logMAR (median, 0.3; Snellen equiv-
alent, 20/40). Mean duration of follow-up until SLG
appearance was 2.8 years (95% CI, 1.9-3.8; median, 2
years). At the most recent examination, BCVA was 0.3
6 0.25 logMAR (median, 0.3; Snellen equivalent, 20/
40). Differences between BCVA at first and last visits
were not significant (paired t-test, P ¼ .51). Demographic
data are shown in Table 1.

� MULTIMODAL IMAGING FEATURES OF SUBRETINAL
LIPID GLOBULES: SLG were not visible on CFPs, FAF, or
NIR. On SD-OCT B-scans, SLG appeared as well-
delineated, round, hyporeflective structures measuring 31-
157 mm. SLGs were always identified between the ellipsoid
zone (EZ) and the RPE/Bruch membrane complex. A char-
acteristic hypertransmission tail was detected in all cases
(100%).
En face SS-OCT was available for 42 eyes with SLG

(85.7%) (Figure 1). A custom-segmented slab of the
EZ þ interdigitation zone (IZ) using ‘‘RPE-fit’’ as the upper
FEBRUARY 2021OPHTHALMOLOGY



FIGURE 1. Multimodal imaging characteristics of SLG in an eye with type 1 MNV due to age-related macular degeneration. (A) A
63 6-mm en face OCT angiogram shows type 1 MNV. (B) A 6 3 6-mm en face OCT projection showing hyporeflective SLG (yel-
low circles) in the subretinal space. (C) A 6 3 6-mm en face OCT projection showing hyper-reflective round areas (yellow circles)
representing the hypertransmission tails each SLG. The purple dashed lines in A1, B1, and C1 indicate the segmentation boundaries
used for the corresponding en face projections. MNV[macular neovascularization; OCT[ optical coherence tomography; SLG[
subretinal lipid globules.

TABLE 2. Topographic Features of SLG with Spectral-

Domain or Swept-Source OCT B-Scans and Swept-Source

en face OCT

Characteristics Subjects (n ¼ 44 eyes)

Number of SLG

>10 24 (49)

6-10 10 (20.4)

2-5 10 (20.4)

1 5 (10.2)

Distribution

Cluster 35 (71.4)

Diffuse 14 (28.6)

Location with respect to MNV

Overlying 19 (38.8)

Marginal 8 (16.3)

Both 22 (44.9)

MNV ¼macular neovascularization; OCT ¼ optical coherence

tomography; SLG ¼ subretinal lipid globules.

Values are numbers (%).
and lower segmentation boundaries revealed the SLG to be
hyporeflective circular spots in 41 eyes (97.6%), whereas
adjustment of the slab through the sclerochoroidal junc-
tion beneath the SLG demonstrated hyper-reflective circu-
lar spots corresponding to their hypertransmission tails (41
eyes, 97.6%). Neither en face OCTA nor OCTA B-scans
demonstrated flow signal within the SLG.

The number of SLG detected with en face OCT was
greater than 10 in nearly half the cases (24 cases, 49%),
as reported in Table 2, which summarizes the main topo-
graphic findings. The occurrences of new SLGs were iden-
tified overlying and at the borders of the MNV lesions (r ¼
0.53; P < .001). The occurrence of SLG as clusters was
related to an increasing number of SLG (r ¼ 0.42; P ¼
.003). Longer MNV follow-up after diagnosis was associ-
ated with SLG located overlying and at the border of the
MNV lesion (r¼ 0.33; P¼ .02). Area measurements of in-
dividual SLG were less than <0.01 mm2 and could not be
accurately measured.

� CLINICAL ASSOCIATIONS OF SUBRETINAL LIPID GLOB-
ULES: The majority of eyes (45 eyes, 92% of patients)
had MNV lesions secondary to AMD. In 4 eyes with
SLG (8.0%) multimodal imaging showed no evidence of
MNV lesions including 1 eye (2.0%) with central serous
chorioretinopathy (Figure 2), 1 eye (2.0%) with a
choroidal hemangioma (Figure 3), and 2 eyes (4.0%)
with nonexudative atrophic AMD. In the eyes with
neovascular AMD, 41 (91.1%) had type 1 MNV lesions
(Table 3), 3 aneurysmal (polypoidal) type 1 MNV
(6.7%), and 1 type 2 MNV lesion (2.2%). MNV lesions
appeared prior to the appearance of SLG in 30 eyes
(66.7%), within a mean of 24 months (95% CI, 10.7-
VOL. 222 IMAGING AND CLINICAL FEATURES O
37.2) from the onset of treatment to the first detection of
SLG. In 13 eyes (28.9%), SLG were detected at the same
visit as when MNV was observed. Only in 2 eyes (4.4%)
were SLG detected prior to the MNV lesion. A treat and
extend regimen (TER) protocol was used in 42 of 45 eyes
(93.3%) with MNV lesions, and of those eyes, 41 eyes
(97.61%) showed evanescence of SLG after intravitreal
therapy on cross-sectional SD-OCT. The mean total
follow-up for those cases was 52.6 months (95% CI: 40.5-
115F SUBRETINAL LIPID GLOBULES



FIGURE 2. Multimodal imaging characteristics of SLG in an eye with type 1 MNV due to neovascular age-related macular degen-
eration AND pachychoroid disease features. (A) Near-infrared reflectance image with an expanded image (inset). (A1) SD-OCT B-
scan corresponding to the red arrow. (A2)OCTB-scan corresponding to the green arrow. (A1 andA2) show hyporeflective SLGwith
characteristic hyper-reflective tails. (B) A 63 6-mm en face OCT projection of the outer retina (purple dashed lines [B1]) shows the
SLG as hyporeflective round lesions (yellow circles). (C) A 6 3 6-mm en face OCT projection of the choroid (purple dashed lines
[C1]) shows hyper-reflective round areas (yellow circle) representing the hypertransmission tails of the overlying SLG. (D) A 63 6-
mm en face OCT angiography projection (purple dashed lines [D1]) shows flow signal within type 1 macular neovascularization.
MNV[ macular neovascularization; SD-OCT[ spectral-domain optical coherence tomography; SLG[ subretinal lipid globules.
64.7; median, 43 months), with a mean cumulative number
of 23 injections (95% CI: 16.04-30.03; median, 15 injec-
tions). Intravitreal aflibercept (2.0 mg/0.05 ml) was used
in 28 treated eyes (66.7%), whereas 14 eyes (33.3%) initi-
ated treatment with ranibizumab (0.5 mg/0.05 ml), and
were switched to aflibercept (2.0 mg/0.05 ml) during the
follow-up period. The cumulative number of SLG corre-
lated with the total number of anti-VEGF injections (r ¼
0.43; P¼ .002). SLGwere observed in 2 eyes (4%) with un-
treated type 1 MNV due to AMD (identified with SS-
OCTA) that lacked any other findings of exudation
(Figure 4). In those 2 eyes, more typical signs of exudation
occurred at 31 months and 92 months after the first detec-
tion of SLG.

� LIPID GLOBULES PHANTOM EXPERIMENT: The first
experiment (Figure 5) used the large tube size (375 mm in-
ner diameter). The signal below 20% intralipid was atten-
uated, and a flow artifact was detected (suspended
scattering particles in motion),12 whereas in the case of wa-
ter and mineral oil, the signal below was enhanced
compared to the background tissue at the same level, and
116 AMERICAN JOURNAL OF
no flow artifact was observed. After the tube with the 50-
mm inner diameter was used, both water and intralipid
showed an increased signal below. However, in the case
of water, hypertransmission of the underlying OCT signal
was observed, which was different from the projection arti-
facts caused by intralipid scattering solution. One impor-
tant limitation was found due to the surface tension; it
was difficult if not impossible to introduce mineral oil
into the small tube with the current facilities. This is why
only water was used at the time of filling 50-mm diameter
tubes.
In the second experiment (Figure 6), the transparent ag-

gregates formed by accumulation of oils (oil droplets) were
used. Their RI (>1.44) was higher than that of the sur-
rounding tissue (w1.38). When imaged by OCT, they
were hyporeflective (dark, looking like a ‘‘cavity’’). Howev-
er, such droplets can cause a lensing effect in OCT imaging.
Accordingly, this lensing effect was dependent on the po-
sition of the oil droplet relative to the OCT focal plane.
Above the OCT focal plane, the oil droplet strengthened
the focus, shortened the effective OCT focal length, and
led to a short and highly reflective tail below the droplet
FEBRUARY 2021OPHTHALMOLOGY



FIGURE 3. SLG in an eye with a circumscribed choroidal hemangioma. (A) Color confocal true color montage image shows a
choroidal hemangioma with surrounding subretinal exudation. (B) Near-infrared reflectance image with a green arrow indicating
the location and direction of the swept-source optical coherence tomography (SS-OCT) B-scan shown in (C). SS-OCT shows mul-
tiple hyporeflective round SLG with the characteristic hyper-reflective tails (yellow arrows) near the border of exudation at the infe-
rior margin of the tumor. (D) A 6 3 6-mm en face OCT projection of the outer retina (purple dashed lines (D1) shows the SLG as
hyporeflective round lesions (yellow circles). (E) A 63 6-mm en face OCT projection of the inner choroid (purple dashed lines [D1])
shows hyper-reflective round areas (yellow circles) representing the hypertransmission tails of the overlying SLG. (F) A 63 6-mm en
face OCT angiography projection of the deeper choroid (segmentation lines not shown) shows a ‘‘bag of worms’’ pattern of flow signal
within the vascular tumor. SLG [ subretinal lipid globules; SS-OCT [ swept-source optical coherence tomography.

TABLE 3. Macular Neovascularization Subtypes
Accompanying the Presence of Subretinal Lipid Globules

Subjects
(stronger OCT reflectance). At the OCT focal plane, there
was not a significant effect. Below the OCT focal plane, the
oil droplet will refocus the defocused light and form a long
tail, with reflections stronger than the surrounding tissue.
This focal plane reflection could be compared to RPE.
MNV Subtypes (n ¼ 45 eyes)

Type 1 41 (91.1)

PCV/AT-1 3 (6.7)

Type 2 1 (2.2)

MNV ¼ macular neovascularization; PCV/AT-1 ¼ polypoidal

choroidal vasculopathy/aneurysmal type 1 macular

neovascularization.

Values are number (%).
DISCUSSION

TOTHEAUTHORS’ KNOWLEDGE, THIS IS THE FIRST CLINICAL

description of lipid globules in the subretinal space, referred
to here as ‘‘subretinal lipid globules’’ (SLG). Multimodal
imaging showed that SLG demonstrated imaging features
similar to lipid globules described previously in the choroid,
sclera, and associated with type 1 MNV lesions (Figure 7).7

These clinical observations are supported by in vitro OCT
and OCTA phantom experiment results.

Hyporeflective spaces in the choroid imaged with OCT,
first described by Querques and associates as choroidal cav-
VOL. 222 IMAGING AND CLINICAL FEATURES O
erns,4 were thought to represent sclerotic vessels or ‘‘ghost
vessels.’’ Based on an indirect correlation of in vivo clinical
imaging with the ex vivo histologic data from 2 indepen-
dent case series of donor eyes, Dolz-Marco and associates
117F SUBRETINAL LIPID GLOBULES



FIGURE 4. Subretinal lipid globules in an eye with non-exudative neovascular age-related macular degeneration and SDD. (A1)
Near-infrared reflectance image with an expanded image (inset) showing characteristic hyporeflective target lesions corresponding
to SDD. (A2) Spectral-domain OCT shows a round hyporeflective subretinal lipid globule with a hypertransmission tail overlying
a shallow retinal pigment epithelium elevation harboring nonexudative type 1 macular neovascularization. Yellow arrows indicate
SDD. (B1) A 63 6-mm en face OCT projection with segmentation of the outer retina (purple dashed lines [B2]) shows the hypore-
flective subretinal lipid globule (yellow circle). (C1) A 6 3 6-mm en face OCT projection with segmentation of the deep choroid
(purple dashed lines [C2]) demonstrates a hyper-reflective round area (yellow circle) representing the hypertransmission tail of
the overlying SLG in B1. OCT [ optical coherence tomography; SDD [ subretinal drusenoid deposits.
proposed that choroidal caverns are lipid rich dynamic
structures7 representing the OCT signature of the
choroidal lipid globules first described by Freidman and
Smith in 1966.3 Findings from this study show similar
hyporeflective spherical lesions in the subretinal space
sharing similar imaging features of lipid globules found in
other ocular tissues. Although choroidal caverns likely
represent choroidal lipid globules, SLG are found in a
different anatomic compartment, have a narrower range
in size, a more consistent spherical shape, and more tran-
sient nature than choroidal caverns.

A comprehensive analysis of multimodal imaging was
performed which demonstrated that, similar to sub-RPE
and choroidal lipid globules, SLG were not detected with
routine color fundus photography, NIR, and FAF.7 As with
lipid globules elsewhere, SD-OCT B-scans displayed SLG
as round hyporeflective structures with a characteristic tail
of hypertransmission. In all eyes, the area of individual
SLG was <0.01 mm2, the lower limit of detection for the
OCTdevices used in this analysis. These small areameasure-
ments are consistent with data previously reported by Fried-
118 AMERICAN JOURNAL OF
man and Smith3 and by Dolz-Marco and associates.7 With
OCT, hyper-reflective dots were rarely noted in association
with SLG indicating an absence of inflammation, which is
consistent with the histologic findings of sub-RPE and
choroidal lipid globules.7 In most cases, a cluster of >_10
SLG was identified overlying or contiguous with type 1
MNV lesions. En face OCT images illustrated the optical
properties of SLG. Using a custom segmentation of the EZ
and IZ, these spherical structures displayed small hyporeflec-
tive circular areas with en face projection and hyperreflectiv-
ity when the segmentation was displaced more posterior,
closer to the sclerochoroidal junction, due to the capture
of the hypertransmission tail posterior to each lesion.
The origin of OCT reflectivity occurs at interfaces be-

tween materials of different refractive indexes.7,13 The op-
tical properties of any structure relate to its size, shape, and
refractive index, and to the scanning wavelength parame-
ters. Particle size influences OCT behavior. Particles with
smaller diameter enhance light transmission leading to
greater signal penetration or ‘‘hypertransmission.’’ Hyper-
transmission can also relate to a lensing effect from small
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FIGURE 5. PhantomOCT andOCTA experiment using water, mineral oil (simulating subretinal lipid globules), and 20% intralipid
(simulating blood) to demonstrate optical properties related to particle size. (A) Large tube (375-mm inner diameter). OCT B-scans
using a 1,340 nm wavelength light through a large lumen filled with the 3 different materials. The structural OCT-B scan signal (top
panels) below water and mineral oil are enhanced (hypertransmission) compared to the background tissue at the same depth level.
With OCTA (bottom panels), a flow artifact is observed with intralipid due to SSPiM that is not seen with water or mineral oil.
(B) Small tube (50-mm inner diameter). Similar findings were observed, but the surface tension of mineral oil precluded its introduc-
tion into the smaller tubes. OCT[ optical coherence tomography; OCTA[ optical coherence tomography angiography; SSPiM[
suspended small particles in motion.
optically clear particles (globules or droplets)14 with a
spherical shape. Boschi and associates15 studied the optical
properties of lipid droplets and concluded that their spher-
ical geometry and homogenous content reduced light ab-
sorption and scattering, resulting in low light dispersion.
The refractive index of any substance relative to its sur-
rounding medium influences light scattering in ocular tis-
sues. This variable relates to the absorption properties of
the material being scanned. Water and lipid enable ample
transmission of light due to low absorption coefficients
compared to blood.7,13 Differences in scanning light wave-
length also influence optical properties resulting in vari-
ability according to the OCT device. Light attenuation
due to absorption may be negligible in SLG using wave-
lengths of 840, 1,060, or 1,310 nm. Light attenuation sur-
rounding lipid globules is strong. In addition, the
hyporeflective nature of globules facilitates the passage of
light. The combined effect of the optical features described
above results in the posterior hypertransmission tail seen
below SLG. This posterior hyperreflectivity is more pro-
nounced with SD-OCT (center wavelength: 840 nm)
versus SS-OCT (center wavelength: 1,060 nm) devices,
as scattering strength of tissue and blood is much greater
with the former. The longer wavelength of SS-OCT, how-
ever, results in greater forward scattering than the shorter
wavelength of SD-OCT. Therefore, projection artifacts
occurring with SS-OCTA are more evident than with
SD-OCTA. However, projection artifacts are also depen-
dent on the backscattering by posteriorly located tissue,
and SS-OCTA has weaker backscattering than the SD-
OCT.
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In order to demonstrate how optical properties related to
tissue composition can influence the appearance of hyper-
transmission tails posterior to SLG, 2 phantom experi-
ments were performed. The first experiment was intended
to show the influence of particle properties on optical
display. As surface tension prevented mineral oil from be-
ing introduced into the 50-mm tube, findings were based
on the similar behavior of water and oil in larger tubes. A
scanning wavelength of 1,310 nm was used, which has
less scattering strength at the surrounding material as
well as in blood. To address these limitations, a second
experiment was performed to clarify parameters which
could influence the appearance of hypertransmission tails
posterior to SLG. Hyporeflective oils which have an RI
of >1.45, higher than retinal tissue (RI ¼ 1.38), created
a lensing effect which was related to their position with
respect to the OCT focal plane. Hypertransmission tails
of oil droplets anterior to the focal plane were shorter
and more intense, whereas those of oil droplets posterior
to the focal plane were wider and less prominent
(defocused).
The characteristic multimodal imaging properties of

SLG, which were validated in the phantom experi-
ments, provided essential information to differentiate
hyporeflective SLG from other common hyporeflective
subretinal structures such as the subretinal fluid (SRF)
and outer retinal tubulation (ORT). While both SRF
and the lumens of ORT appear hyporeflective on
OCT, neither entity shows a prominent hypertrans-
mission tail (Figure 8). Another subretinal finding
potentially mistaken for SLG is refractile drusen
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FIGURE 6. Phantom experiment to demonstrate lensing effects due to RI of oil as an explanation of the hyper-reflective tail posterior
to SLG. (A) Transparent aggregates formed by accumulation of different oil-like materials (oil droplets) were used. (B) Olive, clove,
and cinnamon oils were dispersed in a scattering agar-gel phantom by stirring before the agar jelled. (C) OCT was performed using
different focal planes (D), supporting our hypothesis that, based on oil’s hyporeflective content and RI (>1.45) higher than retinal
tissue’s RI (1.38), a lensing effect should occur with OCT imaging. This lensing effect was dependent on the location of oil droplets
with respect to the OCT focal plane. (E) If oil droplets were above the focal plane, they strengthened the focus and shortened the
effective OCT focal length, leading to a short and highly reflective tail below the droplet (for stronger OCT reflectance, see yellow
arrows in F). At the OCT focal plane, there was no significant lensing effect. Below the OCT focal plane, the oil droplets l refocused
the defocused light, seen as a longer hypertransmission tail with stronger reflectivity than surrounding tissue (red arrows [F]). (G) Oil
droplets showed the same optical behavior. OCT [ optical coherence tomography; RI [ refractive index; SLG [ subretinal lipid
globules.
containing hyporeflective cores composed of hydroxy-
apatite.16 Although hypertransmission may also occur
beneath refractile drusen due to overlying RPE and
120 AMERICAN JOURNAL OF
outer retinal atrophy, these lesions, unlike SLGs, are
readily identified with color fundus photographs and
NIR.
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FIGURE 7. Optical coherence tomography B-scans show lipid
globules with hypertransmission tails located in various ocular
tissues. (A) Subretinal space (subretinal lipid globule). (B)
Within type 1 macular neovascularization (lipid globule). (C)
Within the choroid (choroidal cavern, Friedman lipid globule).
In this series, most eyes with SLG were receiving a TER
regimen of intravitreal anti-VEGF therapy for type 1 MNV
due to neovascular AMD. The SLGs were identified as
overlying or near the margins of the type 1 lesions. Our
data suggested that SLG may be associated with more
mature lesions which often show large central vessels
with smaller vessel loops near their margins on OCT.17–
19 The SLG in these eyes were dynamic lesions,
reabsorbing and reappearing, often in the same area. In 2
eyes (4%) SLG were identified in association with type 1
MNV without any additional signs of exudation. The
presence of type 1 MNV in eyes with nonexudative
AMD has been confirmed with histopathologic studies
and OCTA, and is referred to as nonexudative or
quiescent MNV.20–26

New SLG in eyes with type 1 MNV treated with anti-
VEGF therapy were often identified near the border of
more mature lesions, with the number of SLGs increasing
with the number of prior anti-VEGF injections. Sarks
and associates27 showed that the exudative component of
MNV is not covered by pericytes in many eyes that
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received frequent intravitreal anti-VEGF injections.
Reduced permeability due to pericytes is more likely to
occur at the central mature vessels than in the more newly
formed vessels near the lesionmargin.28 In some eyes, SLGs
were observed to resolve following treatment and could
recur in the absence of subretinal fluid (Figure 9). These au-
thors hypothesized that SLG might have served as a
biomarker of early disease activity29; however, the present
methods could not confirm this potential and future study
may explore the relationship of SLG and disease activity
in neovascular AMD.
In the present cohort of eyes with AMD and SLGs, only

2 eyes had no evidence ofMNV. Those eyes had various de-
grees of outer retinal atrophy (ORA) and RPE atrophy with
ORA (RORA). The low prevalence of SLG in non-
neovascular cases is not surprising; however, structural
damage to the RPE and choroidal vessels, unrelated to
angiogenesis, could occasionally lead to exudative or tran-
sudative OCT finds such as subretinal fluid and SLG. SLG
were also detected in eyes with central serous chorioretin-
opathy (CSC) and choroidal hemangioma. In pachychor-
oid diseases, including CSC, choroidal vascular
hyperpermeability (CVH), and compression of the inner
choroidal by dilated Haller’s layer vessels have been
described.30 Sakurada and associates30 described multiple
large choroidal lipid globules in eyes with pachychoroid
diseases, with most found adjacent to pachyvessels in re-
gions of CVH. Dysfunction of the RPE pump function
helping to maintain the outer blood retinal barrier could
contribute to both subretinal fluid and SLG present in
some eyes with pachychoroid diseases.
Although the presence of SLGmay represent a basic pro-

cess of exudation, more complex mechanisms could also be
involved. It has been reported that a lack of glucose and
lipid at the level of the photoreceptors can induce a signal
for neovascularization.31 New vessels may proliferate in or-
der to compensate for this relatively ischemic environ-
ment, leading to exudative complications. Lipoprotein
lipase (LPL) is present in highly vascularized structures.32,33

This molecule catalyzes the hydrolysis of plasma triglycer-
ides to provide a greater supply of fatty acids to the photo-
receptors when energy demands increase. These lipids can
provide a source of energy to the photoreceptors and this
process could contribute to an apparent protective effect
of type 1 MNV.34–36

Limitations of this study include a retrospective design,
relatively small sample size, and lack of data regarding the
general prevalence of SLG in eyes with AMD or the other
diagnoses in which they were identified. Furthermore, as a
retrospective study of randomly chosen cases, there could
be an ascertainment bias leading to the preferential selec-
tion of eyes with type 1 MNV lesions versus other lesion
types. OCT caliper measurements of SLG was limited to
the x and y axes, precluding SLG volume measurements.
Moreover, the areas were reported as <0.01 mm,2 which
was at the lower limit of the OCT device. The number of
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FIGURE 8. Distinguishing SLG from other hyporeflective subretinal materials. (A1-A5) Representative case demonstrating imaging
characteristics of subretinal fluid. (A1)NIRwith corresponding optical coherence tomography B-OCT scan (red arrow [A2]). Subre-
tinal fluid is present (yellow arrows) due to the presence of type 1 macular neovascularization confirmed by en face OCTA (A3). En
face OCT helps demonstrate the absence of a prominent hypertransmission tail as the hyporeflective area (yellow circle) seen with
segmentation of the outer retina (A4) does not appear as a hyper-reflective area when the segmentation boundaries are moved into the
choroid (A5). B1-B5. Representative case shows imaging characteristics of a calcified drusen. (B1) Red arrow in NIR shows the loca-
tion and direction of the B-OCT scan shown in (B2). OCT B-scan shows a calcified drusen with a hyporeflective core composed of
hydroxyapetite. A mild hypertransmission tail due to attenuation of outer retinal layers. (B3) OCT B-scan with flow signal overlay
(red) shows no flow signal within the drusen. With en face OCT, the calcified drusen appears hyporeflective (yellow circle) with seg-
mentation of the outer retina (B4) but does not appear as a hyper-reflective area when the segmentation boundaries are moved into the
choroid (B5). C1-C5. Representative cases show imaging features of ORT. (C1) NIR reflectance shows ORT as well-defined finger-
like extensions of relative hyporeflectivity into a large hyporeflective area of macular atrophy. (C2) OCTB-scan showsORTs (yellow
arrows) as round structures with hyporeflective lumens surrounded by hyper-reflective borders. The ORTs are located within the
outer nuclear layer rather than the subretinal space. With en face OCT, ORTs appear as tubular structures with segmentation of
the outer retina (C4). ORTs are not apparent when the segmentation boundaries are moved into the choroid (C5). NIR [ near-
infrared reflectance; OCTA [ optical coherence angiography; ORT [ outer retinal tubulation; SLG [ subretinal lipid globules.
SLG identified with en face OCT analysis could vary with
the device used (SD or SS), and only en face SS-OCT im-
ages were used in the present study. In the first phantom
experiment, mineral oil could not be introduced into 50-
mm tubes due to surface tension, and only a 1,310 nmwave-
length light was used which produces less scattering of light
122 AMERICAN JOURNAL OF
by blood and the surrounding tissue. Although the second
phantom experiment demonstrated that oil could repro-
duce the hyper-reflective tail which is related to a lensing
effect due to its refractive index, a histopathological anal-
ysis will be required to validate the lipid composition of
these hyporeflective round particles.
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FIGURE 9. Representative case of type 1 MNV due to neovascular age-related macular degeneration associated with mild exudative
changes managed with and intravitreal anti-vascular endothelial growth factor therapy on a treat-and-extend regimen. (A) A 6 3 6-
mm en face optical coherence tomography angiography shows neovascular flow signal within subfoveal type 1 MNV. B. NIR of the
same eye. (B1-B4) show eye-tracked B-OCT scans (corresponding to the red arrow in NIR) at various time intervals following treat-
ment. Both SRF and SLGs (yellow arrows) are present with an extended treatment interval (B1). At 1 week after treatment (B2), no
SRF or SLGs are detected. With a shortened treatment interval (B3), SRF is slightly reduced, but the SLG appears similar to the B1
time point. A at 1 week, the next injection (B4), both SRF and SLGs have again cleared. MNV [ macular neovascularization;
NIR [ near-infrared reflectance; SLG [ subretinal lipid globules; SRF [ subretinal fluid.
Despite these limitations, this study provides new and
relevant clinical information and opens new opportunities
for further investigations. Prospective studies determining
the prevalence of these lesions over the range of both
neovascular and non-neovascular AMD phenotypes could
be of value. Furthermore, determining timelines of devel-
opment of SLG versus SRF could serve to improve the
treatment strategies for MNV due to AMD.36

In summary, this study broadens the location spectrum of
lipid globules to include the subretinal space. We propose
the term subretinal lipid globules (SLG), which refers to
their content, shape, and location. Lesion composition
and multimodal imaging properties, including a character-
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istic tail of hypertransmission, were validated through
in vitro phantom experiments demonstrating a lensing ef-
fect of the SLG. However, a histological analysis is lacking
to confirm the precision of the term SLG.We described the
essential multimodal imaging features which differentiate
SLG from other common retinal findings, including SRF.
In eyes with more mature type 1 MNV, SLG may precede
the detection of fluid, serving as a parameter of biological
activity that could impact anti-VEGF treatment proto-
cols.37 Further investigation is warranted to confirm the
specific composition of SLG, their relationship to choroidal
caverns, and to assess their potential to serve as a clinical
biomarker for disease activity.
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