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AGE-RELATED RETENTIONAL
AVASCULAR PIGMENT EPITHELIAL
DETACHMENT VIEWED WITH

INDOCYANINE GREEN ANGIOGRAPHY
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Purpose: Age-related scattered hypofluorescent spots on late-phase indocyanine green
angiography (ASHS-LIA) might represent hydrophobic neutral lipid deposits in the Bruch
membrane. This study aimed to report retentional avascular pigment epithelial detachment
(PED) associated with ASHS-LIA.

Methods: Patients aged =50 years who presented a single avascular serous PED with-
out soft drusen or any other retinal or choroidal diseases were retrospectively included.
Pigment epithelial detachment was classified as retentional, effusional, or mixed PED
based on indocyanine green angiography. Multimodal images were qualitatively and quan-
titatively evaluated.

Results: This study included 74 eyes of 57 patients. Retentional PED, effusional PED,
and mixed PED accounted for 91.9%, 4.1%, and 4.1%, respectively. All PEDs were located
in the macular region. Seventeen (29.8%) included patients had bilateral PEDs and all were
retentional PEDs with a high level of bilateral consistency in the characteristics of PED and
ASHS-LIA. All retentional PEDs were within the bounds of ASHS-LIA. The area of
retentional PED increased with the ASHS-LIA grade (P = 0.030).

Conclusion: Most age-related avascular serous PEDs are retentional PEDs. The location
and area of retentional PEDs are consistent with the distribution of ASHS-LIA. These
findings suggest that the hydrophobic neutral lipid deposits in the Bruch membrane might
be involved in the pathogenesis and be a therapeutic target in age-related retentional

avascular PED.
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erous pigment epithelial detachment (PED) is

defined as an abnormal accumulation of fluid under
the retinal pigment epithelium (RPE).! In elderly
patients, serous PED is frequently accompanied by
choroidal neovascularization and may cause severe
vision loss.2 However, serous PED has been observed
in the absence of choroidal neovascularization in
elderly individuals.! The common cause for avascular
serous PED could be central serous chorioretinopathy
or idiopathic. The current treatment of avascular
serous PED is limited because its classification and
pathogenesis have not been fully revealed.’—>

Previous studies have speculated two possible
mechanisms of the formation of avascular serous
PED in elderly people. One is that an alteration in
choroidal vascular permeability might cause the
occurrence of serous PED, which is considered a
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variant of central serous chorioretinopathy.®” This
kind of PED manifests as PED with choroidal vascular
hyperpermeability (CVH) on indocyanine green angi-
ography (ICGA). Another potential mechanism is that
lipid deposition in the Bruch membrane (BrM) with
aging might form a hydrophobic barrier, resulting in
the retention of fluid between the RPE and BrM.>3
However, in patients without drusen, there was no
clinical evidence to support this speculation.>*

In our previous studies, we reported a kind of
specific hypofluorescent spots on late-phase ICGA
called age-related scattered hypofluorescent spots on
late-phase ICGA (ASHS-LIA), with no corresponding
abnormalities detected by other multimodal imaging
techniques.'® ASHS-LIA is mainly located in the mac-
ular region, and can extend to the optic disk or even
the whole posterior pole; the occurrence and grade of
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ASHS-LIA increase with age.'® According to its cor-
relation with age, distribution, confluent feature, and
relationship with soft drusen, ASHS-LIA might repre-
sent a correlate of subclinical diffuse lipid deposits in
BrM: basal linear deposit (BLinD).!! Basal linear
deposit is a thin layer of neutral lipids consisting of
the same membranous material as soft drusen but in a
different form.!2? In our clinical observation, ASHS-
LIA frequently appeared in eyes with avascular serous
PED in elderly patients.

The purpose of this study was to describe the
clinical features of avascular serous PED using
multimodal imaging, to investigate the relationship
between avascular serous PED and ASHS-LIA, and to
classify the subtypes of age-related avascular serous
PED.

Methods

Patients

This retrospective study was approved by the
Institutional Review Board of Zhongshan Ophthalmic
Center. All the research and data collection methods
complied with the Declaration of Helsinki.

We reviewed the data of consecutive patients
diagnosed with serous PED between October 2017
and October 2020 at Zhongshan Ophthalmic Center.
The inclusion criteria were age =50 years and the
presence of a single avascular serous PED in the study
eye. Serous PED was diagnosed based on the follow-
ing multimodal imaging manifestations: a yellowish-
orange, circular or ovoid detachment of the RPE on
color fundus photography (FP); intense early hyper-
fluorescence and progressive dye pooling on fundus
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fluorescein angiography (FFA); hypocyanescence or
late dye pooling on ICGA; and a smooth, domed
RPE elevation over an optically hyporeflective space
on optical coherence tomography (OCT).!

The exclusion criteria were as follows: 1) evidence
of choroidal neovascularization or polypoidal choroi-
dal vasculopathy (PCV) on FFA, ICGA, OCT, or OCT
angiography (OCTA) in the study eye; 2) soft drusen
in either eye; 3) PED with RPE leakage sites or diffuse
RPE atrophy, multiple small PEDs, or a history of
central serous chorioretinopathy; 5) other concomitant
diseases, such as inflammatory chorioretinal disease,
choroidal tumors, glaucoma, or trauma; and 6) history
of ophthalmologic intervention procedures performed
on the study eye, such as laser coagulation, vitrec-
tomy, antivascular endothelial growth factor injection,
or photodynamic therapy.

Image Acquisition and Analysis

All the included patients underwent a complete
ophthalmic examination: best-corrected visual acuity
examination, anterior segment examination, fundus
biomicroscopy and multimodal imaging examinations,
including FP (FF450 plus; Carl Zeiss, Germany or
TRC-50X, Topcon, Japan), fundus autofluorescence,
FFA, ICGA, infrared reflectance, OCT (Spectralis;
Heidelberg Engineering, Heidelberg, Germany), and
OCTA (RTVue 100; Optovue, Fremont, CA). The
duration of ICGA for all study eyes was at least 30
minutes. OCT scans were performed on single high-
definition vertical and horizontal lines across the
center of the fovea with a 30° area. Forty-nine B-scans
that covered an area of 30° x 25° centered on the fovea
were also obtained for all eyes. The OCTA scanning
area was captured in high-definition 6 mm X 6 mm
sections centered on the fovea.

All the multimodal images were independently
reviewed by two trained retinal specialists (Y.S. and
X.Z). If the two retinal physicians held different
opinions, discrepancies were referred to a third retinal
specialist (F.W.) for final determination.

ASHS-LIA was defined as the presence of hypo-
cyanescent spots on late-phase ICGA, clearly seen 30
minutes after dye injection.!® ASHS-LIA showed a
regular arrangement pattern with possible confluence
and no corresponding abnormalities on color FP, fun-
dus autofluorescence, FFA, and OCT. According to
the affected region, ASHS-LIA was divided into three
grades: Grade 1, macular region; Grade 2, macular
region and region around the optic disk; and Grade
3, throughout the posterior pole.!® Because ASHS-
LIA has binocular symmetry,'3> we referred to late-
phase ICGA images of both eyes to make a
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determination when the grading or the confluence of
ASHS-LIA might be interfered by substantial PED in
the macular region.

Choroidal vascular hyperpermeability was defined
as round or irregular hypercyanescence with blurred
contours that appeared approximately 5 minutes after
indocyanine green injection.'#

Three subtypes of included avascular serous PEDs,
namely, retentional PED, effusional PED, and mixed
PED, were differentiated according to different mani-
festations on ICGA. The names of the PED subtypes
were derived from the key feature of a hypothesis
investigated in this study about the mechanism under-
lying PED formation. Retentional PED was defined as
serous PED surrounded by ASHS-LIA but without
CVH. Effusional PED manifested as serous PED adja-
cent to or above CVH but without surrounding ASHS-
LIA. Mixed PED was defined as serous PED with both
surrounding ASHS-LIA and associated CVH.

The qualitative assessment included evaluation of
the following characteristics: the presence and conflu-
ence of ASHS-LIA; the grade of ASHS-LIA and the
presence of CVH; pachychoroidal features (dilated
choroidal vessel lumen with a thinner inner choroidal
layer on OCT within the area of CVH on ICGA)
within or near the PED; and hyperpigmentation within
the PED area and subretinal fluid (SRF) based on
OCT. Hyperpigmentation was defined as clumps of
gray or black pigment as seen in FP that corresponded
to blocked fluorescence on dye angiography, and
hyperreflective foci on the RPE with a shadow on
OCT imaging.!>'® The quantitative assessment
included analysis of the subfoveal choroidal thickness
(SFCT), the maximum PED height, and PED area. The
SFCT and maximum PED height were measured on
OCT using the Distance Measurement tool of the
Spectralis system.!” The PED area was determined
by demarcating the borders of the PED on ICGA.

Statistical Analysis

Statistical analysis was performed by using Statis-
tical Package for the Social Sciences for Windows
Ver. 25.0 (SPSS, Inc, Chicago, IL). One-way analysis
of variance was performed to compare continuous
variables among grades of ASHS-LIA. The chi-square
test or Fisher exact test was used to compare
categorical variables, when appropriate, among grades
of ASHS-LIA. Trend analysis was used when multi-
modal imaging features showed a trend with the grade
of ASHS-LIA. The paired-samples T-test, McNemar
test, and the Wilcoxon signed-rank test were used to
analyze differences between left and right eyes in
patients with bilateral PED for continuous variables,

categorical variables, and polytomous variables,
respectively. Correlation and consistency were ana-
lyzed between left and right eyes in cases of bilateral
involvement. P values <0.05 were considered indica-
tive of significance.

Results

Seventy-four eyes of 57 Chinese patients with
avascular serous PED were included in this study.
The patient age ranged from 50 to 81 years, with a
mean (+SD) age of 66.5 + 7.0 years. Males accounted
for 63.2% (36 patients). Among the 74 eyes with avas-
cular serous PED, the mean best-corrected visual acu-
ity was 0.29 = 0.19 logMAR (Snellen equivalent: 20/
39), and the mean (xSD) SFCT was 275.0 + 81.4 pum.
Of included eyes, retentional PED, effusional PED,
and mixed PED accounted for 91.9% (68 of 74 eyes),
4.1% (3 of 74 eyes), and 4.1% (3 of 74 eyes), respec-
tively. Figures 1 and 2 show representative multimodal
images of retentional PED and effusional PED, respec-
tively. All the included cases of PED were single PED
located in the macular region.

Manifestations of Different Subtypes of Avascular
Serous Pigment Epithelial Detachment

The clinical features of different subtypes of
avascular serous PED are shown in Table 1. The
patients in the retentional PED group with an average
age (xSD) of 66.9 + 7.2 years were older than the
patients in the effusional PED (64.3 + 5.8 years) and
mixed PED (63.0 £ 3.6 years) groups. Males ac-
counted for 60.8%, 100.0%, and 60.7% of the
patients in the retentional, effusional, and mixed
PED groups, respectively. The mean PED area
(£SD) was largest in the retentional PED (11.7 =
7.7 mm?) group, followed by the effusional PED
(7.8 = 6.6 mm?) and mixed PED (6.1 + 8.7 mm?)
groups. However, the mean SFCT (+SD) in the reten-
tional PED group (273.6 = 81.0 um) was smaller than
that in the effusional PED (291.7 + 115.8 wm) and
mixed PED (284.3 + 87.4 um) groups, and pachy-
choroidal features that were observed on OCT ac-
counted for 0% (0 eyes), 100% (3 eyes), and
100.0% (3 eyes) of the eyes in the retentional, effu-
sional, and mixed PED groups, respectively. The
average maximum PED height was 473.9 + 227.9,
517.7 = 209.8, and 420.0 + 463.7 um in the reten-
tional, effusional, and mixed PED groups, respec-
tively. Hyperpigmentation within the PED area was
present in 79.4%, 66.7%, and 33.3%, and SRF was
present in 53.1%, 33.3%, and 33.3% in the retention-
al, effusional, and mixed PED groups, respectively.
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Retentional Pigment Epithelial Detachment Eyes
with Different Age-Related Scattered
Hypofluorescent Spots on Late-Phase Indocyanine
Green Angiography Grades

In 68 eyes with retentional PED, ASHS-LIA could
be divided into three grades according to the different
regions affected (Figure 3). As Table 2 shows, the
mean age significantly increased with the ASHS-LIA
grade in patients with retentional PED, from 62.7 + 6.6
to 68.7 £ 6.9 and 69.9 + 6.3 years for Grades 1, 2, and
3, respectively (P = 0.006; Grade 1 vs. Grade 2, P =
0.007; Grade 1 vs. Grade 3, P = 0.004; Grade 2 vs.
Grade 3, P = 0.607). All the retentional PED areas
(100%) were within the bounds of ASHS-LIA. Con-
fluent ASHS-LIA in the macula was detected in 56 out
of 68 eyes (82.4%), of which 17 eyes (81.0%), 22 eyes
(73.3%), and 17 eyes (100.0%) were found to have
Grade 1, 2, and 3 ASHS-LIA, respectively (P =
0.079). The mean area (xSD) of PED with Grade 1,
2, or 3 ASHS-LIA was 8.1 +5.9, 129 + 8.2, and 14.1
+ 7.6 mm?, respectively (P = 0.030; Grade 1 vs. Grade
2, P =0.028; Grade 1 vs. Grade 3, P = 0.016; Grade 2
vs. Grade 3, P = 0.592), significantly increasing with
the grade (P for trend = 0.020). No significant differ-
ence was found among ASHS-LIA grades in sex, max-
imum PED height, SFCT, hyperpigmentation, or SRF.

Fig. 1. Typical multimodal
imaging of retentional PED. A.
Color FP showed a yellowish-
orange, dome-shaped elevation
in the macular region (yellow
arrow). B-F. Lack of CNV was
confirmed by FFA, ICGA, and
OCTA. B. Late-phase FFA
showed dye pooling corre-
sponding to PED (yellow
arrow). C-D. Early-phase and
mid-phase ICGA showed ovoid
hypocyanescence correspond-
ing to PED (yellow arrow) and
absence of choroidal vascular
hyperpermeability. E. Late-
phase ICGA showed PED (yel-
low arrow) surrounded by par-
tially confluent ~ASHS-LIA
(green arrowhead) in the mac-
ular region. G. OCT showed
hyporeflective space beneath
the RPE corresponding to
serous PED. No changes corre-
sponding to ASHS-LIA were
observed via color FP, FFA,
OCTA, or OCT. CNV, choroi-
dal neovascularization.

Retentional Pigment Epithelial Detachment With
Bilateral Involvement

Seventeen (29.8%) of the included patients had
bilateral involvement, and all of them were in the
retentional PED group. The characteristics of
ASHS-LIA and retentional PED were similar in
the right and left eyes (see Figure 1, Supplemental
Digital Content, http://links.Ilww.com/IAE/B695).
The bilateral grades of ASHS-LIA showed no dif-
ference (P =0.317), and high similarity was found in
the left and right eyes (r = 0.904, P < 0.001). Mac-
ular ASHS-LIA confluence (15 patients, bilateral
consistency = 88.2%) was bilaterally symmetrical.
The average PED area in the right and left eyes in
PED patients with bilateral involvement was 11.4 +
7.2 and 12.9 = 10.7 mm? (P = 0.412), respectively,
and a positive correlation was found in the PED area
between the left and right eyes (r = 0.706, P = 0.
002). The average SFCT was 275.6 = 90.2 and 258.6
+ 77.0 um (P = 0.222), respectively, and a positive
correlation was found in the PED area between the
left and right eyes (r = 0.837, P < 0.001). There was
no difference in bilateral hyperpigmentation (P = 1.
000, bilateral consistency = 82.4%) and SRF (P = 0.
687, bilateral consistency = 64.7%) between the left
and right eyes.
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In addition, with the increase in ASHS-LIA grade
from 1 to 2 in the retentional PED group, the proportion
of patients with bilateral PED increased (22.2% in Grade
1% and 45.0% in Grade 2), but with the increase from
Grade 2 to Grade 3 ASHS-LIA, this proportion
decreased (30.9% in Grade 3; P = 0.393). The fellow
eyes of patients with unilateral retentional PED exhibited
PCV (32.0%), neovascular age-related macular degener-
ation (8.0%), hard drusen (44.0%), macular geographic
atrophy (4.0%), and normal features (12.0%). The rates
of PCV and neovascular age-related macular degenera-
tion in the fellow eye increased with the ASHS-LIA
grade, accounting for 18.2%, 55.6%, and 60.0% in
Grades 1, 2, and 3, respectively (P = 0.172).

Discussion

In this study, three subtypes of age-related avascular
serous PED were differentiated according to ICGA
manifestation: retentional PED, effusional PED, and
mixed PED. More than nine out of 10 cases of
avascular serous PED were classified as retentional
PED associated with ASHS-LIA.

Serous PED can be defined as an abnormal
accumulation of fluid under the RPE. Long-term
detachment of the RPE in the macula may cause
severe vision loss. Treatments for age-related avascu-
lar serous PED are not satisfactory because its
pathogenesis has not yet been fully elucidated. The
distinctive features of retentional and effusional PEDs
indicate that the pathogenesis of age-related avascular
serous PED varies by condition.

In this study, we found that a very large proportion
of age-related avascular serous PED cases were
classified as retentional PED. Moreover, the sites of
retentional PED were all located in the macula and
within the region of ASHS-LIA, and the retentional
PED area increased with the size of the ASHS-LIA
region. Macular ASHS-LIA in eyes with retentional
PED was mostly confluent. These results imply that
the incidence and extent of retentional PED are
consistent with the density and distribution of
ASHS-LIA. ASHS-LIA manifests as uniform hypo-
cyanescence spots on late-phase ICGA.'® Our recent
studies have demonstrated that ASHS-LIA is age-
related and bilaterally symmetrical, and might repre-
sent hydrophobic neutral lipid accumulation in BrM in
the form of BLinD.!®-!1-13 Basal linear deposit is a
thin, tightly packed layer (0.4-2 wm) of lipoprotein
deposits between the basal lamina of the RPE and
the inner collagenous layer of BrM that forms during
aging.'%-2! Previous pathology studies have also dem-
onstrated that BLinD increases with age appeared to

Fig. 2. Multimodal imaging of effusional PED. A. Color FP showed a
yellowish-orange, dome-shaped elevation in the macular region (yellow
arrow). B. Late-phase FFA showed dye pooling corresponding to PED
(yellow arrow), with adjacent RPE window defect (red arrowhead). C.
Early-phase ICGA showed choroidal vasodilation adjacent (red
arrowhead) to PED hypocyanescence (yellow arrow) in the macular
region. D. Late-phase ICGA showed PED hypocyanescence (yellow
arrow) and hypocyanescence in the adjacent area (red arrowhead). E.
OCT of the PED area (green line in C) showed empty space beneath the
RPE. F. OCT of the hyperpermeability area (green line in D) showed
dilated choroidal vessel lumen with a thinner inner choroidal layer (red
arrowhead). Above the choroidal vessels, RPE atrophy corresponded to
the hyperfluorescence of the RPE window defect on FFA.

be more distributed in the macular region of the fundus
than in the peripheral region,?>=23 similar to the loca-
tion and the involved area of ASHS-LIA and reten-
tional PED. These results suggest that BLinD, the
candidate pathologic correlate for ASHS-LIA, might
play a key role in the formation of age-related reten-
tional PED.

Therefore, we hypothesized that the mechanism of
retentional serous PED may be as follows (Figure 4):
Under normal conditions, fluid flows in an overall
vitreous-to-choroid direction across the BrM because
of hydrostatic and osmotic forces.?® With aging, the
lipid deposits in BrM, especially BLinD, as a hydro-
phobic barrier might gradually cover the interfibrillar
space of the inner collagenous layer of BrM, reducing
the effective hydraulic conductivity of the BrM and
partly blocking the normal, outward fluid efflux from
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Table 1. Clinical Features of Different Subtypes of Avascular Serous PED

Retentional PED Effusional PED Mixed PED
No. of patients 51 3 3
Age, mean + SD, years 66.9 £ 7.2 64.3 +5.8 63.0 + 3.6
Sex, male, n (%) 31 (60.8) 3 (100.0) 2 (66.7)
No. of eyes 68 3 3
PED in macula, n (%) 68 (100.0) 3 (100.0) 3 (100.0)
CVH, n (%) 0 (0.0 3 (100.0) 3 (100.0)
ASHS-LIA, n (%) 68 (100.0) 0 (0.0 3 (100.0)
Maximum PED height, mean + SD, 473.9 = 227.9 517.7 + 209.8 420.0 = 463.7

um

PED area, mean + SD, mm?2 M7+7.7 7.8 +6.6 6.1 £ 8.7
SFCT, mean + SD, um 273.6 £+ 81.0 291.7 £+ 115.8 284.3 + 87.4
Pachychoroidal feature 0 (0.0 3 (100.0) 3 (100.0)
Hyperpigmentation, n (%) 54 (79.4) 2 (66.7) 1(33.3)
SRF, n (%) 34 (563.1) 1 (33.3) 1(33.3)

the RPE.?”-2° As the lipid deposits increase in BrM,
especially that with confluence, the resistance of fluid
passing through this lipid barrier at BrM exceeds the
threshold of the equilibrium of fluid flow and ulti-
mately leads to fluid retention between the basal lam-
ina of the RPE and the inner collagenous layer of BrM
(similar to a “barrier lake™), and in some cases, even
mild SRF retention.!-3%-31  This retentional PED
increases to a certain size that matches the grade of
lipid barrier and then acts as a buffer pool for hydraulic
resistance to form a new fluid flow equilibrium. How-
ever, it should be noted here that even with the pres-
ence of hydrophobic neutral lipid accumulation
beneath a retentional PED, the interchange of material
(especially the small molecules) and transport pro-
cesses through the local BrM continues to some

degree; thus, fluorescein could enter PED, causing
dye accumulation on FFA.!-2°

In addition, only retentional PED showed bilateral
involvement, and the PED area in both eyes was
consistent. This bilateral symmetry of retentional PED
also supports the role of ASHS-LIA in its pathogen-
esis. In this study, as the ASHS-LIA increased from
Grade 1 to Grade 2, the proportion of patients with
bilateral retentional PED increased, but as the ASHS-
LIA grade increased from Grade 2 to Grade 3, this
proportion decreased. We also found that in eyes with
unilateral retentional PED, the rate of PCV in the
fellow eye gradually increased. ASHS-LIA might be
involved in the pathogenesis of PCV.!3 Therefore, we
considered that the decrease in the incidence of bilat-
eral retentional PED from Grade 2 to Grade 3 ASHS-

Table 2. Clinical and Multimodal Imaging Features Among Different Grades of ASHS-LIA in Retentional PED Eyes

Grade 1 Grade 2 Grade 3 P
No. of patients 18 20 13
Age, mean = SD, years 62.7 + 6.6 68.7 + 6.9 69.9. £ 6.3 0.006"
Sex, male, n (%) 9 (50.0) 12 (60.0) 10 (76.9) 0.316F
No. of eyes 21 30 17
PED within the bounds of ASHS- 21 (100.0) 30 (100.0) 17 (100.0) NA
LIA, n (%)
Confluent ASHS-LIA in macula, n 17 (81.0) 22 (73.3) 17 (100.0) 0.079t
(%)
Maximum PED height, mean + SD, 456.0 + 194.0 504.8 + 268.4 437.6 = 179.9 0.615*
um
PED area, mean + SD, mm?2 8.1+59 12.9 + 8.2 141 +7.6 0.030*
SFCT, mean + SD, um 309.0 + 70.6 249.3+64.6 287.4+101.1 0.071*
Hyperpigmentation, n (%) 14 (66.7) 26 (86.7) 14 (82.4) 0.20871
SRF, n (%) 10 (50.0) 13 (48.1) 11 (64.7) 0.532t

P values in bold indicate P < 0.05.
*Analyzed using one-way ANOVA.

TAnalyzed using the chi-square test or Fisher exact test.

ANOVA, analysis of variance.
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Fig. 3. ICGA characteristics of
ASHS-LIA and gradation of
ASHS-LIA in serous PED. A.
Late-phase ICGA in an eye with
a normal fundus. B. ASHS-LIA
with macular confluence in an
eye with a normal fundus. C.
Retentional serous PED within
ASHS-LIA of different grades.
D. ASHS-LIA distributed in the
macular region (Grade 1). (E)
ASHS-LIA distributed in the
macular region and the region
around the optic disk (Grade 2).
(F) ASHS-LIA  distributed
throughout the posterior pole,
with partial confluence (Grade
3).

LIA may be due to the increase in PCV development
in some eyes with Grade 3 ASHS-LIA eyes.

Three eyes showed an absence of ASHS-LIA but
the presence of CVH, and were classified as having
effusional PED. Effusional PED showed larger SFCT
and dilated choroidal vessel lumen with a thinner inner
choroidal layer. The multimodal features suggest that
the mechanism of effusional PED might be different
from that of retentional PED (Figure 4). Age-related
effusional PED might be a variant of central serous
chorioretinopathy or a sign of pachychoroid disease.®
The increase in the choroidal vascular pressure
reverses the flow of fluid to a choroid-to-retina direc-
tion, increasing the mechanical stress of the RPE. The
fluid effuses from the choroid and passes through
BrM, resulting in RPE elevation.? In addition, it
should be noted that the effects of both CVH and
ASHS-LIA on mixed PED are not contradictory. Cho-
roidal compression and the lipid barrier on BrM could
both exert effects, causing fluid accumulation.

The subtypes of age-related avascular serous PED are
different not only morphologically but also in terms of the
source of fluid accumulation, which might have a
significant impact on current clinical practice. In reten-
tional PED, the treatment might be similar to the oil spill
strategy in age-related macular degeneration.'® The
effects of drugs such as statins and liver X receptor ago-
nists or laser interventions are worthy of further explora-
tion for confirmation.3® However, antivascular endothelial
growth factor therapy seems to be ineffective in the treat-
ment of avascular serous PED.>* In effusional PED, pho-
todynamic therapy showed encouraging results.®

This study has several limitations. First, as a
retrospective clinical study, selection bias is possible.
The number of eyes with effusional PED and mixed
PED in this study was limited because of their low
proportions in elderly patients. However, the avail-
able data have indicated that there were differences in
clinical characteristics among the different subtypes.
Second, this study was limited by a lack of direct
evidence of clinicopathologic correlation between
ASHS-LIA and BLinD. Despite these limitations,
our study substantively enriches our understanding of
the pathogenesis of different types of age-related
vascular serous PED, newly emphasizing the source
of fluid accumulation in PED and providing direc-
tions for research into the treatment of these subtypes.

In conclusion, this study classified age-related
avascular serous PED into three subtypes, namely,
retentional, effusional, and mixed PED, according to
ICGA manifestations. Nearly all cases of age-related
avascular serous PED were classified as retentional
PED within ASHS-LIA. Retentional PED was more
frequently bilaterally involved, and its area increased
with the ASHS-LIA grade. The results suggest that
the hydrophobic neutral lipid deposits in BrM, shown
as ASHS-LIA, might be involved in the pathogenesis
and be a therapeutic target in retentional PED.

Key words: serous pigment epithelial detachment,
age-related scattered hypofluorescent spots on late-
phase indocyanine green angiography, basal linear
deposit, lipid deposits, Bruch membrane, choroidal
vascular hyperpermeability.



1527

RETENTIONAL PED « SU ET AL

b, ° « N0
()  ° oRetentional PED o 7o)

Yo
° ® o © 0o o0
°

e e—————C

@ @4 o OOQQ

OO OO

000 00 000 O

APl

RPE
el
El

oa
acel

O O Q OQ Oog (5 F— . R . s ) ()I. .
‘ ° 0 _ .
A . * . -

;[ Normal fluid flow direction

<+ Fluid flow effusing from the choroid
@ Water and solute molecules

<= Hydrophobic neutral lipids

@ Dilated choroidal vessels

Fig. 4. Proposed pathophysiologic mechanism of retentional PED and effusional PED. A. Normal structure of the RPE, BrM, and choroid. The tri-
laminar BrM consists of the inner collagenous layer (ICL), elastic layer (EL), and outer collagenous layer (OCL). Under normal conditions, fluid flows
(green arrow) in an overall vitreous-to-choroid direction because of the osmotic gradient. Between the RPE basal lamina (RPE-BL) and ICL of BrM
(subRPE-BL space), hydrophobic neutral lipids accumulate in the form of BLinD with aging. The hydrophobic lipid barrier, especially with confluence,
diminishes the membrane porosity and thus decreases the effective hydraulic conductivity of BrM (B). The resistance of the fluid flow at BrM exceeds
the threshold level, eventually leading to fluid retention between the RPE-BL and the ICL of BrM. This retentional PED of a certain size that matches
the grade of lipid barrier plays a role as buffer pool for hydraulic resistance and forms a new equilibrium of fluid flow (C). By contrast, in effusional
PED, large choroidal vessels are dilated, and the above inner choroidal layers become thinned (D). An increase in choroidal vascular pressure generates
reverse mechanical stress from the choroid to the RPE (yellow arrow from bottom to top). The fluid effuses from the choroid and passes through BrM,
resulting in serous PED (E). ChC, choriocapillaris; ChC-BL, ChC basal lamina.
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