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Abstract
Purpose

Create a new diagnostic and therapeutic framework for patients with
Exudative Age-Related Macular Degeneration (ARMD) and choroid imag-
ing biomarkers of non-neovascular choroidal pathology who have persis-
tent neovascular exudation during the course of monotherapeutic interven-

tions.
Methods

Retrospective, longitudinal case series study of 25 eyes from 23 patients
with the referral diagnoses of treatment resistant Exudative ARMD who
had persistent neovascular exudation despite various monotherapies. Inclu-
sion criteria required choroidal imaging biomarkers of non-neovascular
pathology including a thickened subfoveal choroid (greater than 300 mi-
crons) and vessels (subjectively dilated choroidal vessels in Haller’s layer)
on Optical Coherent Tomography (OCT), choroidal neovascularization on
IVFA and OCT Angiography (OCTA), as well choroidal leakage noted on
indocynanine green videoangiography (ICG). Treatment consisted of OC-
TA and ICG - Directed Photodynamic Therapy (PDT) Triple Therapy,
hereafter described as Combination Therapy, to areas of choroidal hyper-
permeability and choroidal neovascularization. Combination therapy con-
sisted of an anti-Vascular Endothelial Growth Factor (VEGF) intravitreal
injection on Day 0 followed by half-fluence PDT and 2 mg intravitreal tri-

amcinolone acetonide on Day 3-14.
Results

All study patients had treatment resistant Exudative ARMD defined as per-
sistent subretinal and/or intraretinal fluid during their course of monothera-
peutic interventions. Complete resolution of all exudation occurred in 23

eyes (92.0%) at 8 weeks. The mean duration of action was 155.6 weeks,
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with 72.0% of eyes leak free greater than 100 weeks. The mean vision at baseline was 0.46 £ 0.42
LogMAR, best corrected visual acuity (BCVA). 8 weeks after treatment, the vision was 0.35 + 0.38
LogMar, an improvement of over one line, and this was maintained at one year. The baseline central
subfield thickness (CST) was 296.4 + 136.1 microns and improved by 111.4 + 105.4 microns at 8

weeks after treatment. Treatment duration was negatively associated with the Caucasian race.
Conclusions

Patients with subretinal and/or intraretinal fluid secondary to Exudative ARMD should have a com-
plete baseline multimodality imaging study to confirm the presence of neovascularization and whether
choroidal hyperpermeability coexists. This study shows that patients with Exudative ARMD and per-
sistent neovascular exudation despite monotherapuetic interventions often have choroidal biomarkers
of non-neovascular choroidal pathology and that ICG and OCTA-directed PDT Triple Therapy resulted
in complete resolution of all exudation in 92.0% of patients at 8 weeks with a reduction in central sub-
field thickness (CST) of 111.4 microns. The vision improvement at 8 weeks was 0.11 = 0.38 LogMar
and was sustained over 1 year. The mean duration of action was 155.6 weeks, with 72.0% of eyes leak
free greater than 100 weeks. Additionally, this study shows that the treatment that addresses both
pathological processes is successful and should be considered as a primary protocol when the bi-
omarkers are present at baseline or as a secondary protocol if indeed the neovascular leakage is persis-

tent despite monotherapy.
Summary

Patients with an Exudative ARMD with persistent neovascular exudation despite anti-VEGF monother-
apy and who have imaging biomarkers of non-neovascular choroidal pathology often have two patho-
physiological processes: choroidal hyperpermeability and angiogenesis. A proposed framework pro-
vides the rationale for OCTA and ICG-directed PDT Triple Therapy which successfully resolves 92%

of the leakage that was persistent after various monotherapeutics.
Introduction

The identification of selective angiogenic pathways mediated by Vascular Endothelial Growth Factor
(VEGF) A, Placental Growth Factor (PIGF) and Angiopoietin 2 (Ang2) in patients with Exudative
ARMD, represent an inflection point in the diagnosis and management of a family of blinding macular
disease. Ferrara’s foundational research in 1989 ', as well as Folkman and other investigators in the
field of oncology % revealed the importance of VEGFA in the neovascular and exudative process.
Aiello *showed its relationship to the pathophysiology of neovascular and exudative complications.
and supported * the concept of blocking VEGF as a potential therapeutic target. The development of the
first anti-VEGFA treatment, the monoclonal antibody bevacizumab, which received FDA approval for
cancer treatment in 2004 ° followed by anti-VEGFA drugs for retinal disease, specifically pegaptanib
6 ranibizumab ® and brolucizumab ° , anti-VEGF and anti-PIGF drugs, specifically aflibercept'® , and
the bispecific anti-VEGF and anti-Ang2 drug, specifically faricimab'' represented an important first

step towards creating a personalized approach to treating neovascularization and subsequent exudation.

Although anti-VEGF therapy is extremely safe and effective, a wide variability of clinical response is
common and has been summarized by Ting Yap, et al '*. Their metanalysis of fifty studies concerning
the treatment of neovascular ARMD showed that the pooled prevalence of retinal fluid was 41.4% at
one year and 47.4% at two years. Additionally, 17.6% of patients never achieved complete intraretinal

and/or subretinal fluid resolution during the trials with an extreme levels of variability ranging from
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4.1% with faricimab to 33.9% with bevacizumab.

Variability can be partially explained by the heterogeneity of the treatment population of patients with
Exudative ARMD. Schmitz-Valckenberg'® highlighted that "determining the causes of a broadly de-
fined multifactorial disease without attempting to further classify its clinical manifestations is a far too
simplistic approach and has likely hampered progress in ARMD research." Kato'* described four phe-
notypes in patients with subretinal macular neovascularization: 1) drusen-associated neovascular
ARMD (nARMD) composed of patients with soft drusen and type 1 or 2 choroidal neovascularization,
2) polypoidal choroidal vasculopathy (PCV), a phenotype that had polypoidal dilations of type 1 cho-
roidal neovascularization, however, did not have soft drusen, 3) retinal angiomatous proliferation
(RAP), a group composed of Type 3 choroidal neovascularization, and 4) pachychoroid choroidal
vasculopathy (PNV), a group of patients without soft drusen who had biomarkers of an abnormal cho-
roid, namely choroidal thickening and large vessels on OCT, peripheral RPE tracks on autofluores-
cence (AF), and choroidal leakage on ICG. He further shows that patients with PNV and PCV did not
present with soft drusen, one of the critical criteria for the diagnosis of Age-Related Macular Degener-
ation "° . This heterogeneity would appear to be material to classic landmark clinical studies on ARMD
as their inclusion criteria allowed patients as young as 50 years old and, more importantly, did not re-
quire the presence of soft drusen. Additionally, the presence of varied phenotypes in a heterogenous
study population is important as adjunctive PDT has been shown to be important to accomplish exu-
dative and neovascular resolution in patients with PCV '® and in patients with nARMD neovasculari-
zation'’, both Type 1 and 2, when arteriolarized through the PDGF-mediated addition of small muscle

and pericytes, the presence of which is well document in animal studies "' .

This paper examines the importance of phenotypic segmentation of patients with Exudative Maculopa-
thy and shows the importance of multimodality imaging biomarkers to completely identify the patho-
logical processes that are present. This paper will show that non-neovascular pathologic choroidal im-
aging biomarkers when paired with persistent neovascular exudation following various monotherapuet-
ic interventions are a signal that further evaluation with multimodality imaging is indicated and that
treatment protocols that include suppressing choroidal hyperpermeability are important. This paper
examines the fourth phenotype as outlined by Kato that includes patients without soft drusen and which
was characterized by Pang® as pachychoroid neovasculopathy. The purpose of this paper is not to liti-
gate the concept of pachychoroid which is quite controversial due to the myriad of variable definitions
and unclear relationship to a spectrum of disease processes *'. The purpose of this paper is to show that
non-neovascular choroidal pathology may be present concurrently with angiogenesis and must be rec-

ognized and subsequently treated.

This paper proposes a framework that segments patients with neovascular exudation and imaging bi-
omarkers of non-neovascular choroidal pathology based on age and pathologic mechanism. Each eye
might present as a different segment and, in addition, each eye might have simultaneous patterns of

one or more segments.
Methods

This study is a single center, retrospective review of 23 patients conducted in the Department of Oph-
thalmology, Atrium Health Wake Forest Baptist, with the referral diagnosis of treatment failure Exuda-
tive ARMD reviewed during the years 2016 to 2021. Treatment failure is defined as persistent sub-
retinal or intraretinal fluid four weeks after the last monotherapeutic intervention. Inclusion criteria

included subretinal and/or intraretinal fluid on OCT, the absence of soft drusen, choroidal imaging bi-
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omarkers including a thickened choroid (greater than 300 microns) with pachyvessels (as defined sub-
jectively as large choroid vessels), ICG hyperflourescence, IVFA leakage in a non-specific pattern
even if there were areas of an acute smokestack pattern of leakage, and OCTA evidence of choroidal
neovascularization. In addition, the patient needed to be over 45 but less than 75 years old, a visual
acuity between 20/20 and 5/200, and an intraocular pressure (IOP) less than 25 mm Hg. Exclusion cri-
teria include the presence of myopic, histoplasmosis, or traumatic choroidal degeneration, angioid
streaks, previous vitrectomy, optic neuropathy, diabetic retinopathy (edema or neovascular), traction

maculopathies, and allergies to IVFA, ICG, dilating agents, PDT, or anti- VEGF medications.

Study patients were examined for visual acuity, slit lamp examination and intraocular pressure (IOP).
Multimodality imaging including Spectral Domain OCT, IVFA and ICG angiography (HRA+OCT,
Spectralis, Heidelberg Engineering, Heidelberg, Germany) were used for analysis. OCTA (Heidelberg

Engineering) was used to determine the presence of choroidal neovascularization.

The treatment protocol included the intravitreal injection of ranibizumab (Lucentis, Roche), 0.5 mg per
0.05 ml or bevacizumab (Avastin, Roche) in one patient, 1.25 mg/0.05ml on Day 0, followed by PDT
with verteporfin (Visudyne, Bausch and Lomb) and triamcinolone acetonide (Triescence, 2 mg per 0.05
ml, Bausch and Lomb) 3-14 days later. PDT was applied as half-fluence, based on time of exposure,
with verteporfin (Visudyne), at a dose of 6 mg/meter square, with an infusion over 10 minutes. 15
minutes after the start of the infusion. A laser light at 689nm was delivered at a power of 25 J/cm
square with an intensity of 300 mW/cm square over 42 seconds to each target spot which was based on

ICG hyperflourescence and/or OCTA evidence of CNV that corresponded to clinical exudation.

Patients were assessed at baseline and followed every 4 weeks for two visits, then every 8 weeks after
combination therapy until week 52. Best corrected visual acuity measurements were converted to loga-
rithm of the minimum angle of resolution (logMAR). In addition, IOP, OCT and OCTA were measured
on each follow up exam. IVFA and ICG were performed in all patients at baseline and whenever recur-

rent leakage recurred.

The primary outcome of this study is the proportion of eyes with complete reabsorption of subretinal
fluid (defined as treatment success) at 8 weeks after treatment. Secondary outcomes include change in

central subfield thickness (CST), duration of treatment effect, change in visual acuity and IOP.

Informed Consent was not obtained in this retrospective review. Institutional Review Board approval

was obtained. This research adhered to the tenets of the Declaration of Helsinki.
Analysis

Baseline characteristics and pre/post treatment measurements are presented as mean + standard devia-
tion for continuous variables and number (percent) for categorical variables. Changes in visual acuity,
CST, and extrafoveal CST (nonCST) were assessed with a paired t-test. Those with severe choroidal
hyperpermeability were compared to those with less than severe choroidal hyperpermeability using the
Student’s t-test. Duration in weeks of treatment success per eye was modeled as a function of fixed
effects for age, race/ethnicity, AF location, chronic CME, and OCTA, and a random effect for partici-
pant in a multivariable mixed effects regression model. Statistical significance was set at an alpha of
0.05.

Results

25 eyes from 23 patients referred with the diagnosis of treatment failure Exudative Age-Related Macu-

lar Degeneration were evaluated in this retrospective study. A thickened subfoveal choroid with an EDI
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greater than 300 microns as well as pachyvessels (subjectively dilated choroidal vessels in Haller’s
layer) were found in all 25 eyes (100.%). The mean Enhanced-Depth Imaging (EDI) of baseline sub-
foveal measurements was 460.0 + 140.3 microns. Choroidal hyperfluorescence due to choroidal hyper-
permeability was identified on ICG imaging in all 25 eyes (100.0%). Choroidal neovascularization
(CNV) was found in all 25 eyes (100.0%) of this patient population. All 25 of the eyes (100.0 %) had
simultaneous pathological processes consisting of choroidal hyperpermeability and angiogenesis, pre-

sent.

The mean vision at baseline was 0.43 = 0.41 LogMAR best corrected visual acuity (BCVA). The mean
baseline CST was 304.7 + 126.9 microns. The auto-fluorescence imaging shows central discontinuity
in 7 eyes (28.0%), peripheral changes in 13 (52.0%), and both in 5 (20.0%).

Treatment prior to referral included several monotherapies including reduced fluence PDT in 5 eyes
(20.0%), anti-VEGF injection(s) in 19 eyes (76.0%), systemic mineralocorticoid antagonists in 4 eyes
(16.0%), macular thermal laser in one eye (4.0%), and micropulse subthreshold laser in 5 eyes (20.0%).
10 eyes (40.0%) had multiple treatment, however at no time was a combination of treatments em-
ployed. The treatment consisted of OCTA and ICG-Directed PDT Triple Therapy as described previ-
ously. Following one application, subretinal exudation resolved completely in 23 of the eyes (92.0 %)
after 4 weeks and was maintained at 8 weeks. BVCA improved one line (0.11 +/- 0.20 LogMar) after
treatment and was maintained at one year. The CST improved by 111.0 + 105.9 microns at 8§ weeks.
The time between treatments has lasted a mean of 155.6 + 97.4 weeks. The duration was segmented
( Figure 1) into a first tertile (less than 100 weeks) in 7 eyes (28.0%), a second tertile (between 100 and
200 weeks) in 9 eyes (36.0%), and a third tertile (greater than 200 weeks) in 9 eyes (36.0%). Duration
of action as a continuous variable in patient specific (Table 1) data shows a statistical relationship
between long duration of action and non-white patients as well as a tendency in younger patients. At
the eye level, those with longer duration of action had a more significant visual improvement, as well
as peripheral autoflourescent changes. Predictors of duration of treatment using multivariable regres-
sion analysis at the eye level shows (Table 3) shows a tendency for white patients and those with

chronic CME to have a shorter duration of treatment effect.
Discussion

This article outlines a unique framework (Table 4) that segments patients with macular subretinal exu-
dation, neovascularization, and imaging biomarkers of non-neovascular choroidal pathology, based on
pathophysiology as well as age. This framework leverages the importance of choroidal hyperpermea-
bility and angiogenesis as simultaneous pathological processes and is critical to understanding the pol-

ymorphic nature of patient populations that we call Exudative ARMD.

Group 1 is a cohort of young patients that have subretinal exudation, the biomarkers of choroidal pa-
thology, however do not have neovascularization. Group 1 is included in this framework because pa-
tients with simultaneous angiogenesis and increased permeability found in Groups 2-4 often have signs
of stigmata from previous disease, namely the peripheral RPE tracking and retinal atrophy consistent
with previous choroidal hyperpermeability, which typically is from acute CSCR. The majority of these
patients in Group 1 are 25-45 years old, are predominantly male, and are patients that have been diag-
nosed as Acute CSCR or Pachychoroid with Central Serous Retinopathy as described in the Pachycho-
roid Spectrum of Disease.”’ Group 1 patients have serous detachments of the retina and RPE due to a

pathognomonic focal leak in the Retinal Pigment Epithelium (RPE) as diagnosed on IVFA culminating
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Figure 1. Histogram of duration

Table 1. Associations between participant-level variables and duration of treatment. Duration is
a continuous variable, but is separated into low, medium, and long duration for illustration
Low duration LMoi:igil:iI:rzlltlgm Overall 1
(G 100week) ] (100-415.1 weeks) N=p3 | Prvalue
N=18
Sex 0.9274
Male 3 (60.0%) 10 (55.6%) 13 (43.5%)
Female 2 (40.0%) 8 (44.4%) 10 (56.5%)
Age 70.8 £12.6 59.5£11.9 61.9+£12.1 0.1607
Age 0.1896
<62 1 (20.0%) 11 (55.6%) 12 (52.2%)
> 62 4 (80.0%) 7 (44.4%) 11 (47.8%)
Race/ethnicity 0.0160
White 5(100.0%) 14 (77.8%) 19 (82.6%)
Non-White 0 (0.0%) 4 (22.2%) 4 (17.4%)
Cigarettes 0.9748
None 2 (40.0%) 13 (72.2%) 15 (65.2%)
Past/Current 3 (60.0%) 5(27.8%) 8 (34.7%)
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Table 2. Associations between eye-level variables and duration of treatment. Duration is a continuous variable,
but is separated into low, medium, and long duration for illustration.

Low duration (4.3- Medil}m and Long |Overall P-value
100 weeks) duration N=25
Pre-VA 04+0.3 0.5+04 04+04 0.7469
Change in VA 0.05+0.1 0.10+£0.2 0.10£0.2 0.0306
Steroid (J) 0.7481
None 0 (0.0%) 7 (38.9%) 7 (28.0%)
Nonoral/oral 7 (100.0%) 11 (61.1%) 18 (72.0%)
Imaging biomarkers
EDI 502.0 £196.3 443.6 £133.6 460.0 £151.6 |0.8164
Pre-Treatment CST 376.7 £181.7 276.7 +£90.0 304.7 £126.9 |0.7919
Chronic CME 0.8028
0 4 (57.1%) 18 (100.0%) 22 (88.0%)
1 3 (42.9%) 1 (0.0%) 3 (12.0%)
PPP CNV 0.9324
0 6 (85.7%) 17 (94.4%) 23 (92.0%)
1 1 (14.3%) 1 (5.6%) 2 (8.0%)
RPED 0.5937
0 7 (100.0%) 16 (88.9%) 23 (92.0%)
1 0 (0.0%) 2 (11.1%) 2 (8.0%)
AF location (V)
Central 2 (28.6%) 5(27.8%) 7 (28.0%)
Peripheral 4 (57.1%) 9 (50.0%) 13 (52.0%) ]0.07
Both 1 (14.3%) 4 (22.2%) 5(20.0%) 0.4857
AF severity (W) 0.1269
Mild/Moderate 5(71.4%) 17 (94.4%) 22 (88.0%)
Severe 2 (28.6%) 1 (5.6%) 3 (12.0%)
ICG 0.9355
12 3 (42.9%) 5(27.8%) 8 (32.0%)
3/4 4 (57.1%) 13 (72.2%) 17 (68.0%)
OCTA 0.9741
None/1 2 (28.6%) 10 (55.6%) 12 (48.0%)
2/3 5 (71.4%) 8 (44.4%) 13 (52.0%)
Group 1 0.436
0 2 (28.6%) 2 (11.1%) 4 (16.0%)
1 5 (71.4%) 16 (88.9%) 21 (84.0%)
Group 2 ——-
0 0 (0.0%) 0 (0.0%) 0 (0.0%)
1 7 (100.0%) 18 (100.0%) 25 (100.0%)
Group 3 0.7606
0 6 (85.7%) 17 (94.4%) 23 (92.0%)
1 1 (14.3%) 1 (5.6%) 2 (8.0%)
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Group Poly 0.436
0 2 (28.6%) 2 (11.1%) 4 (16.0%)

5(71.4%) 16 (88.9%) 21 (84.0%)
100% Resolve 0.7696
0 2 (28.6%) 0 (0.0%) 2 (8.0%)
1 5(71.4%) 18 (100.0%) 23 (92.0%)

Table 3. Predictors of duration at eye-level in multivariable analysis. Duration (weeks) modeled as a function of
fixed effects for predictors below and a random effect for participant in a mixed effects regression model.

Variable Estimate (95% CI) P-value
Age (years) -0.5(-44,2.5) 0.750
Race/Ethnicity (ref: white)

Non-white 93.5(-7.5, 189.6) 0.0818
AF Location (ref: central)

Peripheral/both -25.5(-70.8, 28.9) 0.576
Chronic CME (ref: absent)

Present -68.6 (-143.3, 15.5) 0.228
OCTA (ref: O or 1)

2o0r3 -27.9 (-21.8, 55.5) 0.428

Table 4. Pachychoroid/Exudative Maculopathy Framework

PRIMARY PATHOPHYSIOLO-

AGE NAME GY
GROU 25.45 ACUTE CENTRAL SEROUS CHORIORETI- CHOROIDAL HYPERPERMEA-
P1 ) NOPATHY BILITY
GROU 45-75 CHRONIC CENTRAL SEROUS CHORI- CHOROIDAL HYPERMEABIL-
P2a ORETINOPATHY ITY AND ANGIOGENESIS
GROU
P 2b 45-75 PACHYCHOROID NEOVASCULOPATHY ANGIOGENESIS
GROU EXUDATIVE AGE-RELATED MACULAR
P3 OVER 75 DEGENERATION ANGIOGENESIS
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in the “smokestack” late leakage pattern emanating from a finite number of leak sites *>. The OCT
shows increased choroidal thickness and pachyvessels and the ICG imaging shows areas of hyperfluo-
rescence that correspond to areas of OCT subretinal leakage.”® Varying degrees of RPE atrophy may be
noted. The presence of peripheral involvement is pathognomonic for this cohort.?* Central RPE dam-
age is typically secondary, i.e. the leakage migrates under the fovea from extramacular sources, and
correlates well with vision loss. The absence of soft drusen and choroidal neovascularization is crucial

to this Group assignment. The primary pathophysiological process is choroidal hyperpermeability.

Group 2 also have subretinal exudation, imaging biomarkers of non-neovascular choroidal pathology,
however, in addition, have neovascularization. This cohort is older than Group 1, typically encompass-
ing the ages of 45-75, has an equal male/female distribution, and has Type 1 choroidal neovasculariza-
tion often requiring OCTA imaging for visualization where it manifests in a continuum from a

» 23 sign to a prominent mature neovascular membrane, observed best with OCTA. The

“double layer
IVFA shows diffuse leakage consistent with the Type 1 occult neovascularization, and must be differ-
entiated from the focal, pinpoint leaks found in Group 1. Autofluorescence often displays a central or

peripheral disease process, unlike Group 1 which is always peripheral.

This group can be divided into two phenotypes. Group 2a have many of the characteristics of Group
1, i.e. choroidal hyperpermeability, however the exudation is chronic and CNV is present. Many of
them have been referred as Exudative ARMD but share more characteristics of Acute CSCR, i.e. pe-
ripheral pigmentary tracks. Many of the Group 2a patients are consistent with the diagnosis of Chronic
CSCR. Group 2b is similar to the Pachychoroid with Neovasculopathy cohort described within the
Pachychoroid Spectrum of Disease framework.”' The process has submacular RPE changes and the
absence of peripheral RPE changes as is seen in Group 2a. Despite the thick choroid and pachyvessels,
ICG leakage is not prominent, however is present, therefore angiogenesis is the primary process. The

patients in this study are all included in Group 2a and 2b.

Patients in Group 3 have the subretinal exudation, imaging biomarkers of choroidal pathology and cho-
roidal neovascularization. They are typically over 75 and fall into the group that we call Exudative
ARMD. This cohort has soft drusen and exudation that can be either intraretinal, subretinal or sSubRPE.
Hemorrhage is not uncommon and neovascularization can be of any type. Like Group 2b, the process is
central — the autofluorescence will show submacular changes. The IVFA is variable depending on the
neovascular phenotype. The ICG may show varying degrees of hyperflourescence as well as arteriolar-
ized neovascularization of Type 1 or 2 or a characteristic Type 3 Retinal Angiomatous Proliferation
(RAP) lesions. Occasionally, peripheral tracks are present which probably indicate a Group 1 presenta-

tion earlier in life. The main pathological process in Group 3 is angiogenesis.

Group designation does not represent distinct phenotypes. It is hypothesized that they represent a con-
tinuum of macular exudative disease that starts in younger patients with choroidal hyperpermeability
and ends in a disease process dominated by angiogenesis. Several Groups may be present simultane-
ously in one eye. For example, there may be peripheral tracks (Group 1) in an eye that has choroidal
neovascular membrane present (Groups 2a or 3). This was suggested by Fung” who noted that his old-
er cohort frequently had a history of Acute CSCR and that the development of choroidal neovasculari-
zation occurred a mean of 139 months after the former diagnosis (range 7-365 months). Other patients
have a specific Group diagnosis(es) in one eye and another Group diagnosis, often asymptomatic, in

the contralateral eye.
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Figure 2 outlines a 52 year old Latino male, previously treated unsuccessfully with eplerenone (Inspra)
and multiple anti-VEGF injections in both eyes. He was referred with the diagnosis of Exudative
ARMD with a possible CSCR component due to his gender and age. He had chronic exudation, left eye
greater than right eye, with macular atrophy left eye and subsequent vision loss. Autofluorescence of
each eye reveal prominent peripheral discontinuity with classic gravitational tracks. Additionally, cen-
tral changes are present in the left eye consistent with the macular atrophy and vision loss. IVFA of
both eyes showed widespread extrafoveal exudation with areas of non-specific occult leakage as well
as focal leaks. ICG hyperfluorescence shows diffuse choroidal leakage in both eyes. OCT showed a
thickened choroid and pachyvessels with the OCTA revealing areas of “double-layer” sign. This patient

had simultaneous Group 1 and Group 2a diagnoses.

Figure 3 shows another patient with the referring diagnosis of Exudative ARMD with the possibility of
CSCR due to her young age. She is a 52 year old Caucasian female who had been unsuccessfully treat-
ed with a series of single therapies: half fluence PDT, anti-VEGF intravitreal injections, and micropulse
laser. Group 2a is the diagnosis in each eye. Figure 4 shows a 63 year old white male referred to as
Exudative ARMD with a suggestion of Chronic CSCR due to his gender and age. This patient had a

chronic serous detachment that did not respond to anti-VEGF monotherapy.

OCTA and ICG-directed PDT Triple Therapy was applied in all patients with complete resolution in
92% of the patients at 4 weeks then maintained at 8 weeks. The patients who did not respond had base-
line chronic CME as noted in the OCT. Targeting of the PDT was always directed to areas of choroidal
neovascularization (from OCTA) and ICG hyperfluorescence corresponding to the extent of the serous

detachment (Figure 5).

Patients with exudative maculopathy have historically been differentiated by age. Those who are
younger, are given the diagnosis of Acute CSCR especially when pinpoint leakage is noted on IVFA,
hyperflourescence on ICG, and there is an absence of soft drusen on OCT. Patients with Acute CSCR
have historically been observed due to the likelihood of spontaneous resolution. Daruich 27 found
that spontaneous resolution occurred in 83.9% of patients, with those with choroidal thickness over 500
microns, RPE elevation over 50 microns, and patient age over age 40 more likely to have suboptimal

resolution.

Following the success of PDT after the TAP study for Exudative ARMD? in 2000, PDT became the
treatment of choice for Acute CSCR following a pilot study done by Lai, et al. > where half dose PDT
with verteporfin was chosen to mitigate potential choroidal hypoperfusion and subsequent toxicity as-
sociated with full fluence dosing. The mechanism for PDT is directed towards occluding the hyperper-
meable choriocapillaris endothelial cells via swelling, fragmentation, and detachment from its base-
ment membrane with eventual occlusion without alterations to the RPE and retina.*® .Yannuzzi *' out-
lined the use of ICG for targeted PDT to imaged areas of choroidal hyperpermeability in 2003. Anti-
VEGF injections alone have not been found to be more effective than observation in the treatment of
Acute CSCR™.

The diagnosis and treatment of Chronic CSCR is less clear. Daruich ** attempted to clarify whether
Chronic CSCR was merely the persistence of subretinal fluid past a certain time period, i.e. 4-6 months,
with or without treatment, by segmenting patients with long standing Chronic CSCR based on history
and clinical presentation and not just duration of exudation. She examined the ambiguity between exu-
dation that ‘persisted’ greater than 4 months (non-resolving or “persistent” CSCR) as opposed to leak-

age that resolved and then recurred (“Recurrent” CSCR) due to new leakage sites. Lastly, she ques-
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Figure 2. (A) right eye show autofluorescent discontinuity with peripheral tracks. (B) left

eye show similar changes however central changes are present. (C), (D) OCT/EDI shows
pachychoroid, pachy vessels, varying degrees of subretinal and intraretinal fluid, right eye
(C), left eye (D). (E) IVFA right eye shows non-specific extrafoveal occult leakage. (F)
ICG right eye with ICG hyperfluorescence and corresponding leakage. (G) IVFA leakage,
left eye with several focal leaks amongst wider areas of non-focal leakage. (H) ICG shows
diffuse hyperfluorescence corresponding to IVFA leakage. (I) OCT shows two images of
the left macula with the “double layer sign” superior and a visible Type 2 neovascular
membrane inferior, thickened choroid, and subretinal fluid and (J) with corresponding OC-

TA scans showing neovascularization.
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Figure 3. (A),(B) autofluorescent discontinuity, peripher-
al, right eye, (A), left eye, (B). (C),(D) OCT shows pachy-
choroid, pachy vessels, intraretinal and subretinal fluid,
right eye (C), left eye (D). (E) right eye IVFA with tem-
poral occult and pinpoint leakage, (F) right eye ICG
shows hyperfluorescence. (G) left eye shows nonspecific
leakage nasally with corresponding ICG leakage (H). (I)
shows OCTA with early CNV superior macula that is

associated with the serous detachment of the macular.
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Figure 4.(A) Left shows autofluorescent changes, central
and inferior, of the right eye. (B) Autofluorescent changes
in the left eye which are much milder. (C) OCT right eye
shows the thick choroid and serous detachment of the
macula. (D) OCTA shows pachychoroid, double layer sign
with neovascularization and serous detachment of the
macula of the left eye. (E) IVFA of the right eye shows
hypofluorescence from the subretinal fluid, however there
are no leakage sites. (F) ICG of the right eye shows

hyperfluorescence centrally and peripherally.

Figure 5. (A) right eye OCT showing thick choroid, “double layer” sign,
and serous detachment of the macula (B) right eye, s/p ICG and OCTA
targeted PDT Triple Therapy (C) shows the IVFA targets (D) shows the
ICG image revealing the two PDT targets with mapping of serous de-

tachment (white arrow).
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tioned the important question of whether Chronic CSCR is a different disease than Acute CSCR as

opposed to a persistent exudation past a designated time period.

The question of the exact nature of Chronic CSCR and how it differs from Acute CSCR has been best
characterized by Spaide ** who noted that an older cohort had a higher degree of bilateral disease, an
equalized male/female ratio, a larger percentage of IVFA leakage that was diffuse, and the clinical find-
ings of a higher concentration of CNV. Fung ** first showed the association between Chronic CSCR
and Type 1 neovascularization with a study of 22 patients with Type 1 choroidal neovascularization
who had characteristics more indicative of Chronic CSCR as opposed to Exudative ARMD. Savastano
et al. *® utilizing OCTA, reviewed 175 eyes with Acute and Chronic CSCR. No CNV were found in
patients with Acute CSCR, however, CNV was found in 39.2% of all patient with Chronic CSCR and
were all Type 1. Pang *° described three patients with Type 1 neovascularization without evidence of
previous central serous chorioretinopathy findings. She named this cohort Pachychoroid with Neovas-
culopathy and placed them into the Pachychoroid Spectrum of Disease framework. These patients are
similar to the patients in the presented framework described in Group 2b. Chronic CSCR is more likely
than Acute CSCR to have submacular RPE atrophy and photoreceptor deterioration,®’ and cystoid dete-

rioration ¥

Photodynamic therapy for Chronic CSCR has been studied by randomized clinical trials which showed
half-fluence PDT’s anatomic superiority over ranibizumab with complete exudative resolution occur-
ring after one treatment (75% at three months in the pilot study and 88.9% in the second study).*® The
PLACE study had a randomized arm treated with\ Half-Dose PDT which resulted in 67.2% of patients
with complete exudative resolution.* Haga looked at three year response data in patients with Chronic
CSCR treated with half-fluence PDT *'. 81% of patients had sustained exudative resolution. Van Rijs-
sen ** noted that successful PDT responses were more likely if the patient was female, younger, had
intense ICG hyper-fluorescence, better baseline visual acuity, and had focal leakage on IVFA as op-

posed to diffuse nonspecific leakage.

The concept of using anti-VEGF in Chronic CSCR was first described by Hage*. Bae *’ compared the
use of ranibizumab versus half-fluence PDT in a randomized controlled study. 88.9% of eyes treated
with PDT had complete resolution of exudation compared to 31.1% of the anti-VEGF treated group

after the first treatment.

Micropulse laser for Chronic (CSCR) was first proposed by Bandelo.* The PLACE study had a High
Density Subthreshold Micropulse Laser (HSML) treatment arm *° with complete resolution of exuda-
tion of 28.8% at 8 weeks. PLACE Report #3 segmented patients with Chronic CSCR into those who
had fluorescein leakage that was either focal or diffuse *°, the former with a 38% response to HSML at

8 months compared to the latter where the resolution of leakage was 21%.

Bousquet *® proposed a pilot study to use eplerenone, a mineralocorticoid receptor antagonist, to treat
Chronic CSCR and found that 40.5% of patients had complete exudative resolution at 6 months when
treated with eplerenone or spironolactone. Kim *’ showed a 69% resolution of exudation with spirono-

lactone.

This paper illustrates that all ‘older patients’ with exudative maculopathy and who are found to have
neovascular exudation and imaging biomarkers of non-neovascular choroidal pathology should not be
automatically diagnosed as having Exudative ARMD especially when soft drusen are absent. Careful
evaluation to determine whether treatment for choroidal hyperpermeability is mandatory for successful

exudative resolution. If ICG hyperflourescence is present, PDT or anti-metabolite antagonist therapy
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will be necessary to treat the exudation. Additionally, if neovascularization is present, either as a

“double layer” *°

sign or frank neovascularization on OCTA, the patient will require anti-VEGF treat-
ment as well. If both are present, then the patient will need combination therapy as described above.
This paper also illustrates that those with the diagnosis of Chronic CSCR should have a careful exami-

nation for the presence of CNV which may only be found on OCTA.

OCTA and ICG-directed PDT with verteporfin has been used both as a primary and rescue therapy for
Exudative ARMD in patients with mature/arteriolarized neovascularization'’ or polypoidal dilatation '®

of the neovascular tissue.

This study creates a hypothesis that the failure of monotherapy in patients with neovascular exudation
and choroid imaging biomarkers of non-neovascular choroidal pathology in the absence of drusen
whether they have been diagnosed as Exudative ARMD or Chronic CSCR, occurs when there is a fail-
ure to recognize that both choroidal hyperpermeability and angiogenesis are occurring simultaneously.
This paper offers an important insight for Exudative ARMD clinical trials that use the lower age limit
at 50 and do not require soft drusen to be included in their protocol criteria. It is likely that there might

be patients with choroidal hyperpermeability in the study population.

Dariuich is likely correct in her hypothesis that Chronic CSCR is a different disease than Acute CSCR.
I believe that there very well might be a continuum over years and that ARMD risk genes present in

different phenotypes depending on age of the patient and the duration of the disease process.
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