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Purpose: To perform an unsupervised machine learning clustering of patients with
punctate inner choroidopathy (PIC) and provide new insights into the significance of
pachychoroid disease features in PIC eyes.

Methods: Retrospective multicenter study, including 102 eyes from 82 patients
diagnosed with PIC. Demographics, clinical data, and multimodal imaging, including
fundus photography, optical coherence tomography, and indocyanine green angiography,
were collected. Clusters of eyes were identified, and multilevel logistic regression analysis
was performed to compare between-group differences.

Results: Using 17 clinical features, two distinct clusters of patients with PIC were
identified. Cluster 1 patients were characterized by older age, high myopia, myopic
maculopathy features, thin choroids, multiple lesions, and a higher likelihood of developing
patchy chorioretinal atrophy. Cluster 2 consisted of younger age, emmetropia or low
myopia, thick choroids, choroidal vascular hyperpermeability on late-phase indocyanine
green angiography, and high prevalence of focal choroidal excavation. These features
exhibited significant differences (P < 0.05) between the two clusters.

Conclusion: While PIC typically affects young myopic female patients with thin choroids,
a subset of patients with PIC exhibits features associated with pachychoroid disease.
Considering the potential influence of choroidal venous insufficiency on PIC manifestations
and secondary complications, we propose the term “punctate inner pachychoroidopathy”
to characterize this distinct subtype of PIC.

RETINA 43:1960-1970, 2023

Punctate inner choroidopathy (PIC)/idiopathic mul-
tifocal choroiditis is an inflammatory condition
that predominantly affects young, healthy female
patients with myopia and thin choroids.! The charac-
teristic features of acute PIC lesions include multiple
gray-yellow chorioretinal spots corresponding to hy-
pofluorescent lesions on indocyanine green angiogra-
phy (ICGA) and hyperreflective material splitting the
retinal pigment epithelium/Bruch membrane (RPE/
BrM) complex on optical coherence tomography
(OCT).23 Acute PIC lesions may exhibit transient
reversible photoreceptor alterations akin to a multiple
evanescent white dot syndrome (MEWDS)-like reac-
tion or secondary MEWDS.#> Regression of active
PIC lesions leads to punched-out chorioretinal atro-

phy, often resembling myopic patchy atrophy.® Active
PIC has been associated with an increased risk of
macular neovascularization (MNV).”

The pachychoroid disease spectrum includes a
heterogeneous group of disorders characterized by
choroidal vascular alterations on multimodal imaging
(MMI), including dilated choroidal veins (pachyveins),
inner choroidal thinning, and increased choroidal
thickness on OCT, and choroidal vascular hyperper-
meability on late-phase ICGA.® Recent investigations
involving ultra-widefield ICGA and en face OCT of
the vortex vein system have suggested choroidal
venous insufficiency as a common pathophysiologic
pathway.” We observed patients with MMI features
of  pachychoroid disease developing active
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inflammatory lesions resembling PIC. Some of these
patients also presented with focal choroidal excavation
(FCE), an OCT finding previously linked to pachych-
oroid disease.'® We hypothesized that these patients
might represent a distinct subtype of PIC, character-
ized by unique demographics, MMI findings, and
complications that differ from classic PIC.

In this study, we used an unsupervised machine
learning technique to investigate the existence of
different clusters of patients with PIC. The identifica-
tion of distinct clinical patterns can enhance our
understanding of the pathophysiology, natural pro-
gression, and treatment outcomes of chorioretinal
conditions, including PIC. Furthermore, recognizing
these atypical patterns could reduce the risk of
complications associated with misdiagnosis and de-
layed treatment.

Methods

This observational cohort study included patients
with PIC consecutively seen at two tertiary referral
centers, the Vitreous Retina Macula Consultants of
New York and the Department of Ophthalmology of
the San Raffaele Scientific Institute in Milan, from
2005 to 2023. The Western Institutional Review Board
(Olympia, WA) and the San Raffaele Institutional
Review Board approved this study and waived written
informed consent because of the retrospective, non-
interventional design. This report adhered to the tenets
of the Declaration of Helsinki and complied with the
Health Insurance Portability and Accountability Act.

Eligible patients were identified using the electronic
health records codes for “multifocal choroiditis” or
“punctate inner choroidopathy.” Patients with active
PIC lesions documented on OCT at any available vis-

From the *Vitreous Retina Macula Consultants of New York,
New York, New York {Department of Ophthalmology, NYU Gross-
man School of Medicine, New York, New York iDepartment of
Ophthalmology, IRCCS San Raffaele Scientific Institute, Milan,
Italy; and §School of Medicine, Vita-Salute San Raffaele University,
Milan, Italy.

Supported by The Macula Foundation Inc, New York, NY. P.
Ramtohul was supported by The Philippe Foundation.

None of the authors have any conflicting interests to disclose.

All the authors contributed to the conception or design of the
work, the acquisition, analysis, and interpretation of data, drafting
the work, and revising it critically for intellectual content. Each
coauthor has seen and agrees with how his or her name is listed.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s Web site
(www.retinajournal.com).

IntRIS Meeting 2023, Los Angeles.

Reprint requests: Maria Vittoria Cicinelli, MD, Department of
Ophthalmology, IRCCS Ospedale San Raffaele, University
Vita-Salute, Via Olgettina 60, Milan 20132, Italy; e-mail: cicinelli.
mariavittoria@hsr.it

its were included. Active PIC lesions were defined as
subretinal isoreflective/hyperreflective material split-
ting the RPE/BrM complex, RPE/BrM interruption
with posterior choroidal hypertransmission, and focal
choroidal thickening with loss of the normal choroidal
architecture.!!-!? Patients with systemic inflammatory
or infectious diseases causing PIC-like lesions (e.g.,
tuberculosis, histoplasmosis, syphilis, or sarcoidosis)
and those with conditions causing choroidal vascular
hyperpermeability on ICGA (e.g., choroidal tumors,
recent ocular surgery, uncontrolled diabetes, or sys-
temic hypertension) were excluded. Patients without
OCT data or those with extensive outer retinal and
choroidal atrophy (>2 disk diameters) in the macula
at the first visit were also excluded.

All patients had undergone complete ophthalmo-
logic examinations, including measurement of the
best-corrected visual acuity using Snellen charts, slit-
lamp biomicroscopy, indirect fundus ophthalmoscopy,
and multimodal retinal imaging. Color fundus photo-
graphs (EIDON AF, Centervue Padova, Italy or Top-
con TRC-50IX retinal camera, Topcon Medical
Systems, Oakland, NJ or Optos plc, Dunfermline,
Scotland), spectral-domain OCT (SD-OCT, Spectralis,
Heidelberg Engineering, Heidelberg, Germany), high-
resolution SD-OCT prototype (High-Res OCT, Spec-
tralis, Heidelberg Engineering, Heidelberg, Germany),
OCT angiography (OCTA, PLEX Elite 9000, Carl
Zeiss Meditec, Inc, Dublin, CA), near-infrared reflec-
tance imaging (Spectralis, Heidelberg Engineering,
Heidelberg, Germany), fundus autofluorescence imag-
ing (Spectralis HRA, Heidelberg Engineering, Heidel-
berg, Germany or Optos, plc, Dunfermline, Scotland),
fluorescein angiography, and indocyanine green angi-
ography (ICGA, Spectralis HRA, Heidelberg Engi-

neering, Heidelberg, Germany or Optos, plc,
Dunfermline, Scotland) were reviewed when
available.

Detailed chart reviews were performed, and deiden-
tified demographic and clinical data, including age at
PIC diagnosis, sex, and refractive error, were
collected.

Multimodal Imaging Evaluation

Two retinal specialists (M.V.C. and P.R.) separately
evaluated the MMI at the two centers. Enhanced depth
imaging SD-OCT scans were used to manually
measure the subfoveal choroidal thickness (SCT) and
assess foveal involvement of PIC lesions, the devel-
opment of patchy chorioretinal atrophy,'? focal cho-
roidal thinning, and subretinal fibrosis after regression
of the PIC lesion.'* SD-OCT volumes were reviewed
for the presence of FCE, defined as a concavity in the
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choroid without posterior staphyloma or scleral ecta-
sia, and late-phase ICGA for choroidal vascular hyper-
permeability, defined as hyperfluorescent areas
associated with dye leakage unrelated to MNV. Color
fundus photography was used to assess the number of
active PIC lesions (single or multiple lesions), the
presence of ‘“chrysanthemum lesions” (gray-yellow
central lesion surrounded by satellite pale dots),!>
and the presence of peripheral lesions associated with
PIC, including punched-out chorioretinal scars and
curvilinear streaks (Schlaegel lines).'® The grading
of ophthalmoscopic features typical of myopic macul-
opathy, including tessellated fundus, diffuse or patchy
chorioretinal atrophy, and lacquer cracks, was per-
formed according to the classification system proposed
by Ohno-Matsui et al.!” The occurrence of MNV or
secondary MEWDS was recorded at any of the avail-
able visits.

Statistical Analysis

Statistical calculations were performed with the
open source programming language R. Descriptive
statistics were reported as the mean = SD or frequency
and proportions for continuous or categorical vari-
ables, respectively.

First, a principal component analysis (PCA) was
used to reduce the dimensionality of the data set, and
the Kaiser—Meyer—Olkin test was used to validate
PCA as the data reduction method. For PCA, the
FactoMineR R package was used,'® and all the
numeric variables were scaled to zero mean and unit
variance to make them comparable. Principal com-
ponents with an eigenvalue (measure of the amount
of variation contained by each principal component)
>1 were retained. The correlation between each
variable and the first two principal components was
illustrated by a correlation plot, in which positively
correlated variables were shown as arrows in the
same circle quadrants and negatively correlated var-
iables were grouped on opposite quadrants. The
length of each arrow corresponded to the squared
coordinates (cosine squared, cos?) and was pro-
portional to the variable representation on the prin-
cipal components.

Then, from the geometric space created in PCA, the
patients were divided into clusters using the unsuper-
vised machine learning algorithm k-means (stats R
package), according to the Euclidean distance between
each item and the corresponding centroid of prede-
fined clusters. The optimal number of clusters was
determined with the NbClust R package, which pro-
vided 30 indices for assessing the number of clusters
by varying all combinations of cluster numbers, dis-

tance measures, and clustering methods. Venn dia-
grams illustrated the identified clusters and their
overlaps, and the Dunn index was used for internal
cluster validation.! Missing data were imputed with
the ClustImpute R package.

Demographic and clinical characteristics were com-
pared between the identified clusters with a multilevel
logistic regression analysis to interpret the effects of
influencing factors on cluster definition. The patients’
identification number was used as the random intercept
to account for simultaneous recording from two eyes
of the same patient. P-values lower than 0.05 were
considered statistically significant.

Results

Demographics and Clinical Data

A total of 102 eyes from 82 patients (mean age 42.0
* 13.7 years) were included. Nine patients had only
one visit available for review, and the average follow-
up for the remaining patients was 58 * 46 months.
Most of the included patients were female patients
(79.4%) and had myopia (—8.01 = 5.4 diopters) and
a tessellated fundus (67.6%). Foveal involvement was
observed in 59.8% of eyes on SD-OCT, and signs
suggestive of MNV were present in nearly two-thirds
of the eyes (62.7%). Subfoveal choroidal thickness
showed considerable variation (from 23 to 470 pm)
with a mean of 178 = 106 um. Focal choroidal exca-
vation was detected in 19 eyes (18.6%). Table 1 sum-
marizes the demographics and clinical data of all
patients with PIC.

Principal Component Analysis and
Cluster Definition

Seventeen variables were analyzed using the PCA
analysis based on data availability, clinical signifi-
cance, and previous literature review. The Kaiser—
Meyer—Olkin test indicated a good scenario for using
PCA as a data reduction technique, with a Kaiser—
Meyer—Olkin value of 0.73 for the overall sample.
Six principal components with eigenvalues > 1 were
identified, explaining 66% of the data variance (see
Figure 1A, Supplemental Digital Content 1, http://
links.lww.com/IAE/C52). The first principal compo-
nent (PC1), which accounted for the highest propor-
tion of variance (26.6%), did not show any original
variables with a loading magnitude of 30% or higher
(see Table 1, Supplemental Digital Content 2, http://
links.lww.com/IAE/C53). The correlation plot in
Figure 1A shows the relationships between the vari-
ables used in the PCA analysis.
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Table 1. Demographic and Clinical Characteristics of all
Patients with PIC

Overall (N = 102

Eyes)

Age (years)

Mean (SD) 42.0 (13.7)

Median [min, max] 40.5 [14.0, 77.0]
Sex

Female 81 (79.4%)

Male 21 (20.6%)
Refraction (diopters)

Mean (SD) —8.01 (56.4)

Median [min, max] —8.00 [—23.0, 2.50]

N/A 3 (2.9%)
Tessellated fundus

No 33 (32.4%)

Yes 69 (67.6%)
Lacquer cracks

No 61 (59.8%)

Yes 41 (40.2%)
Number of lesions

Single 41 (40.2%)

Multiple 61 (59.8%)
Peripheral lesions

No 59 (57.8%)

Yes 19 (18.6%)

N/A 24 (23.6%)
Foveal involvement

No 41 (40.2%)

Yes 61 (59.8%)
SCT (pm)

Mean (SD) 178 (106)

Median [min, max] 157 [23, 470]
MNV

No 38 (37.3%)

Yes 64 (62.7%)
FCE

No 83 (81.4%)

Yes 19 (18.6%)
Chrysanthemum lesion

No 87 (85.3%)

Yes 15 (14.7%)
Secondary MEWDS

No 74 (72.5%)

Yes 28 (27.5%)

Choroidal vascular
hyperpermeability

No 46 (45.1%)

Yes 18 (17.6%)

N/A 38 (37.3%)
Subretinal fibrosis

No 62 (60.8%)

Yes 40 (39.2%)

Patchy chorioretinal atrophy after
PIC lesion regression

No 41 (40.2%)

Yes 61 (59.8%)
Choroidal thinning after PIC lesion

regression

No 74 (72.5%)

Yes 28 (27.5%)

N/A, not available.

Clinical Characteristics of Punctate Inner
Choroidopathy Clusters

Based on 17 indices, the optimal number of clusters
identified was 2 (see Figure 1B, Supplemental Digital
Content 1, http:/links.Iww.com/IAE/C52). Cluster 1
consisted of 65 eyes (64%) of 52 patients, while cluster
2 included 37 eyes (36%) of 30 patients (Dunn index =
0.32) (Figure 1B). Notably, the clustering was symmetric
in all 82 patients. Comparisons of the clinical character-
istics between the two clusters are presented in Table 2.
Eyes in clusters 1 and 2 significantly differed in age
(mean years, 45.5 vs. 35.8 years, P-value = 0.02), refrac-
tive error (mean diopter, —10.5 vs. —3.89, P-value = 0.
02), and SCT (mean pm, 120 vs. 281, P-value < 0.001).
Patients in cluster 1 showed a higher prevalence of mul-
tiple lesions in the posterior pole (81.5% vs. 21.6%, P-
value = 0.04) and a higher rate of patchy chorioretinal
atrophy (78.5% vs. 27.0%, P-value = 0.04) after regres-
sion of PIC lesions. Cluster 1 also exhibited a higher
occurrence of myopic maculopathy features, with tessel-
lated fundus and lacquer cracks seen in 95.4% and 61.
5% of the eyes, respectively (Figure 2). Choroidal vas-
cular hyperpermeability and chrysanthemum lesions
were seen more frequently in cluster 2 (12.3% vs. 43.
2%, P-value < 0.001, and 1.5% vs. 37.8%, P-value < 0.
001, respectively) (Figure 3). Focal choroidal excavation
was exclusively found in cluster 2 (0% vs. 51.4%) (Fig-
ures 4, 5). Although not statistically significant, cluster 2
showed a higher rate of subretinal fibrosis (33.8% vs. 48.
6%, P = 0.3) after the regression of PIC lesions.

Discussion

Cluster analysis is a valuable method for identifying
patterns in large data sets and grouping them based on
similarities without prior knowledge of the number or
nature of the subgroups. In our study, we used
unsupervised machine learning and cluster analysis
to identify two distinct clinical clusters among patients
with PIC. Patients in one cluster were characterized by
older age, highly myopic refractive error, myopic
maculopathy features, thin choroids, multiple lesions,
and higher tendency to develop patchy chorioretinal
atrophy. The other cluster featured patients of younger
age, with emmetropia or low myopia, thicker choroids,
choroidal vascular hyperpermeability on ICGA, chry-
santhemum lesions, and a higher frequency of FCE and
subretinal fibrosis. These clinical and MMI character-
istics of cluster 2 include those seen in the pachychoroid
disease spectrum, leading us to propose a new subtype
of PIC called “punctate inner pachychoroidopathy.”
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opment of patchy chorioretinal atrophy in highly myo-
pic eyes (Figure 2).” Conversely, PIC lesions have
never been explicitly described in eyes with pachych-
oroid disease. Although the mean choroidal thickness
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Table 2. Demographic and Clinical Characteristics of all Patients with PIC According to Clusters

Cluster 1 (N = 65 Eyes) Cluster 2 (N = 37 Eyes) P

Age (years)
Mean (SD)
Median [min, max]
Sex

45.5 (13.6)
44.0 [21.0, 77.0]

35.8 (11.7)
34.0 [14.0, 62.0]

0.02*

Female 52 (80.0%) 29 (78.4%) 0.5
Male 13 (20.0%) 8 (21.6%)

Refraction (diopters)
Mean (SD) —10.5 (4.35) —3.89 (4.12) 0.02*
Median [min, max] —10.4 [-23.0, —2.50] —4.00 [-13.5, 2.50]

Tessellated fundus
No 3 (4.6%) 30 (81.1%) <0.001*
Yes 62 (95.4%) 7 (18.9%)

Lacquer cracks
No 25 (38.5%) 36 (97.3%) 0.01*
Yes 40 (61.5%) 1(2.7%)

Number of lesions
Single 12 (18.5%) 29 (78.4%) 0.04*
Multiple 53 (81.5%) 8 (21.6%)

Peripheral lesions
No 52 (80.0%) 28 (75.7%) 0.7
Yes 13 (20.0%) 9 (24.3%)

Foveal involvement
No 29 (44.6%) 12 (32.4%) 0.4
Yes 36 (565.4%) 25 (67.6%)

SCT (pm)
Mean (SD) 120 (65.1) 281 (81.2) <0.001*
Median [min, max] 110 [28.0, 300] 277 [110, 470Q]

MNV
No 26 (40.0%) 12 (32.4%) 0.5
Yes 39 (60.0%) 25 (67.6%)

FCE
No 65 (100%) 18 (48.6%) N/A
Yes 0 (0%) 19 (561.4%)

Chrysanthemum lesion
No 64 (98.5%) 23 (62.2%) <0.001*
Yes 1 (1.5%) 14 (37.8%)

Secondary MEWDS
No 47 (72.3%) 27 (73.0%) 0.9
Yes 18 (27.7%) 10 (27.0%)

Choroidal vascular
hyperpermeability
No 57 (87.7%) 21 (56.8%) <0.001*
Yes 8 (12.3%) 16 (43.2%)

Subretinal fibrosis
No 43 (66.2%) 19 (51.4%) 0.3
Yes 22 (33.8%) 18 (48.6%)

Patchy chorioretinal atrophy after
PIC lesion regression
No 14 (21.5%) 27 (73.0%) 0.04*
Yes 51 (78.5%) 10 (27.0%)

Choroidal thinning after PIC lesion
regression
No 43 (66.2%) 31 (83.8%) 0.1
Yes 22 (33.8%) 6 (16.2%)

*Statistically significant.
N/A, not assessed.

in patients of cluster 2 (i.e., punctate inner pachychor-
oidopathy) was <300 um, it was significantly higher
than of those in cluster 1 and may exceed the choroidal

thickness expected in a data set of myopic eyes.!” In
addition, the prevalence of choroidal vascular hyper-
permeability, which is an ICGA signature of choroidal

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 2. Representative case of
PIC associated with myopic
maculopathy (cluster 1) and pat-
chy chorioretinal atrophy devel-
opment. A. Color fundus
photography of the right eye of a
myopic female patient in her 40s
(refractive error: —10.00 diop-
ters) shows myopic maculopathy
features, including tessellated
fundus and patchy chorioretinal
atrophy in the macula and peri-
papillary area. The green and
blue lines indicate the location of
the OCT B scans displayed in
(C-G) and (H-L), respectively.
The time point is displayed. B.
At the 18-year follow-up, con-
focal color fundus photography
shows new-onset patchy cho-
rioretinal atrophy and enlarge-
ment of preexistent atrophic
areas in the macula. The green
and blue lines indicate the loca-
tion of the OCT B scans dis-
played in (C-G) and (H-L),
respectively. The time point is
displayed. C-G. Tracked OCT B
scans through the superior mac-
ula (green lines in A and B)
show the natural course of pat-
chy chorioretinal atrophy devel-

01/2023

04/2009

opment in myopic maculopathy. Note the absence of RPE and outer retinal atrophy at baseline (white arrowhead in C). Development and enlargement
of patchy chorioretinal atrophy (white arrowheads in E and G) are preceded by recurrent episodes of PIC lesions (orange arrowheads in D and F)
characterized by subretinal isoreflective material splitting the RPE/BrM complex. The time points are displayed. H-L. Tracked OCT B scans through
the fovea (blue lines in A and B) show the natural course of patchy chorioretinal atrophy development in myopic maculopathy. Note the subtle posterior
signal hypertransmission indicative of RPE/BrM complex alteration at baseline (white arrowhead in H). Development and enlargement of patchy
chorioretinal atrophy (white arrowheads in J and L) are preceded by recurrent episodes of PIC lesions (orange arrowheads in I and K) characterized by
subretinal isoreflective material splitting the RPE/BrM complex. The time points are displayed. Note the asynchronism of PIC lesions in different

macular locations.

venous congestion or insufficiency,?° significantly dif-
fered between the two clusters. This observation sup-
ports that PIC can occur in eyes with a preexistent
choroidal venous insufficiency. While the Standardi-
zation of Uveitis Nomenclature Working Group
defined PIC as a multifocal disease,?! our study dem-
onstrated that most patients displaying pachychoroid
disease featured a singular lesion. Our results align
with a recent study that outlined the occurrence of
solitary lesions within the spectrum of PIC.??
Choroidal venous insufficiency may play a role in
the pathogenesis of FCE.>3 Venous insufficiency may
create a proinflammatory environment or cause defec-
tive clearance of inflammatory cells and cytokines,
eliciting local inflammation.?* The effect of venous
hypertension on the state of leukocyte activation has
been investigated in patients with lower extremity
venous insufficiency.?* Leucocytes “trapped” into the
circulation of legs during venous hypertension acquire
an activated profile. Histologic studies of the skin in
patients with chronic venous disease showed perivas-
cular infiltration of the capillaries of the most superfi-

cial part of the dermis with monocytes, macrophages,
and connective tissue proteins, including fibrin.?
Hence, we hypothesized that choroidal venous insuf-
ficiency may predispose to local inflammation, clini-
cally presenting as PIC.

Focal choroidal excavation can occur in pachych-
oroid disease spectrum, inherited retinal dystrophies,
or inflammatory chorioretinal diseases.”® In these
patients, FCE is believed to derive from BrM defects
and choroidal scarring, atrophy, and contraction at the
site of a previous traumatic, degenerative, or inflam-
matory process.”” Focal choroidal excavation can
complicate up to 20% of eyes with PIC lesions.?® In
our series, FCE was found in 100% of cluster 2
patients and none in cluster 1, suggesting that pa-
chychoroid disease features are a prerequisite to FCE
formation. In eyes with PIC lesions, focal inflamma-
tory infiltration of the inner choroid and disruption of
the RPE/BrM complex may be initiating or exacerbat-
ing factors for FCE development. In our series, some
patients with FCE showed no signs of chorioretinal
inflammation at the first visit and only developed
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Fig. 3. A representative case of punctate inner pachychoroidopathy (cluster 2) with chrysanthemum lesions and secondary MEWDS. A. Early phase of
ICGA of the right eye shows multiple hypofluorescent lesions consistent with PIC (orange arrowheads). Note the dilated choroidal veins in the superior
macula (green arrowhead). B. Late-phase ICGA of the right eye shows multiple areas of choroidal vascular hyperpermeability (green arrowhead). Note
the late hypofluorescence surrounding the PIC lesions (red arrowhead) suggestive of secondary MEWDS (reduced retinal pigment epithelium uptake).
C. Optical coherence tomography (OCT) B scan shows a subretinal hyperreflective material splitting the RPE/BrM complex and associated with
posterior signal hypertransmission and loss of the normal choroidal architecture (orange arrowhead). Note the diffuse increased choroidal thickness in
the macula with pachyvessels compressing the inner choroid. The ellipsoid zone and interdigitation zone in the vicinity of the PIC lesions are disrupted
(red arrowhead), which suggests secondary MEWDS. D. Fundus autofluorescence imaging of the right eye shows multiple hypoautofluorescent
chrysanthemum lesions (orange arrowheads). Note the area of hyperautofluorescence surrounding the PIC lesions (red arrowhead) and suggestive of
secondary MEWDS. E. Midphase fluorescein angiography of the right eye shows hyperfluorescent chrysanthemum lesions (orange arrowheads). Note
the area of hyperfluorescence surrounding the PIC lesions (red arrowhead) suggestive of secondary MEWDS. F. Early-phase ICGA of the left eye
shows a discrete hypofluorescent lesion in the fovea (white arrowhead). Note the dilated choroidal veins in the superior macula (green arrowhead). G.
Late-phase ICGA of the left eye shows multiple areas of choroidal vascular hyperpermeability (green arrowhead). H. OCT B scan through the fovea
shows a focal choroidal excavation (white arrowhead). 1. Near-infrared reflectance image of the right eye with the green line indicating the location of
the OCT B scan displayed in (C). J. Near-infrared reflectance image of the left eye with the green line indicating the location of the OCT B scan
displayed in H.

PIC lesions during the follow-up period (from months
to years) (Figure 5). In these patients, FCE may be
erroneously diagnosed as idiopathic or secondary to
noninflammatory  conditions. Moreover, several
authors have reported MNV associated with idiopathic
FCE, advocating choroidal hypoperfusion, RPE
stretching, and RPE/BrM damage as eliciting fac-
tors.?? We suspect some of these MNV cases were
inflammatory and developed at the site of a previous
asymptomatic or subclinical PIC lesion. We advocate
scrutinizing multimodal imaging for signs suggestive
of PIC because prompt recognition and treatment are

essential to avoid irreversible damage related to dis-
ease relapse. Long-term follow-up may also be war-
ranted to detect active PIC lesions and MNV in eyes
with FCE.3°

Interestingly, we found no significant difference in
the occurrence of secondary MEWDS between the two
clusters. This may suggest that the pathogenesis of
secondary MEWDS is not influenced by choroidal
venous insufficiency. Secondary MEWDS has been
described in the course of active PIC lesions, and
disruption of the RPE/BrM and loss of the subretinal
immune privilege have been suggested as promoting
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Fig. 4. Representative case of
punctate inner pachychoroidop-
athy (cluster 2) and focal cho-
roidal excavation formation. A.
Color fundus photography of the
left eye of a myopic female
patient in her 20s (refractive
error: —3.00 diopters) shows a
chrysanthemum lesion charac-
terized by a gray-yellow central
lesion surrounded by satellite
pale dots. Note the reduced fun-
dus tessellation suggestive of
increased choroidal thickness
and the absence of myopic mac-
ulopathy features. The time point
is displayed. B. Corresponding
horizontal OCT B scan through
the fovea shows a subretinal hy-
perreflective material  splitting
the RPE/BrM complex and
associated with posterior signal
hypertransmission and loss of the
normal choroidal architecture
(orange arrowhead). Note the
diffuse  increased  choroidal
thickness in the macula with pa-
chyvessels compressing the inner
choroid. The ellipsoid zone and
interdigitation zone in the vicin-
ity of the PIC lesion are dis-
rupted, which suggests
secondary MEWDS. The SCT is
noted. C. At the 4-year follow-
up, confocal color fundus pho-
tography shows hypopigmentary
changes in the macula. The time
point is displayed. D. Corre-
sponding horizontal OCT B scan
through the fovea shows a focal
choroidal excavation (white
arrowhead) at the site of the
previous PIC lesion. Note the
restoration of the ellipsoid zone/
interdigitation zone bands in the
macula. The SCT is noted. E. At
the 5-year follow-up, confocal
color fundus photography shows

SCT=3855um

SCT=335um

a recurrent chrysanthemum lesion in the macula. The time point is displayed. F. Corresponding horizontal OCT B scan through the fovea shows a
recurrence of subretinal hyperreflective material splitting the RPE/BrM complex and associated with posterior signal hypertransmission and loss of the
normal choroidal architecture (orange arrowhead). The SCT is noted. G. One week after the recurrent PIC lesion and under oral corticosteroid (1 mg/
kg/day), confocal color fundus photography shows progressive healing of the PIC lesion. The time point is displayed. H. Corresponding horizontal
OCT B scan through the fovea shows a reduction of the inflammatory hyperreflective material splitting the RPE/BrM complex (orange arrowhead).
Note the paradoxical increased choroidal thickness under oral corticosteroid. The SCT is noted. I. At the 7-year follow-up, confocal color fundus
photography shows residual hypopigmentary changes in the macula. The time point is displayed. J. Corresponding horizontal OCT B scan through the
fovea shows a focal choroidal excavation (white arrowhead). The SCT is noted.

factors.*¢ Secondary MEWDS usually starts in the
vicinity of PIC lesions and shows secondary centrifu-
gal spreading. Subsequent incremental amplification
of the photoreceptor inner and outer segment-specific
insult may account for the extension of the hyperauto-
fluorescent spots and the ellipsoid zone/interdigitation
zone disruption on fundus autofluorescence imaging
and OCT imaging, respectively.'!

Regarding treatment, corticosteroids have shown
efficacy in controlling active PIC lesions.>! However,
the presence of inflammatory chorioretinal conditions

in eyes with preexisting pachychoroid disease features
presents a challenge in therapeutic drug selection and
monitoring. Corticosteroid usage is a risk factor of
central serous chorioretinopathy, and it may precipitate
fluid drainage imbalance in eyes with pachychoroid
disease features. In our series, all eyes presenting with
active PIC lesions were treated with systemic or local
corticosteroids and showed positive responses without
subretinal fluid accumulation. Owing to the prompt
resolution of active PIC lesions in eyes with pachych-
oroid disease features, we believe that there is a
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Baseline

+3 years +3 years

Fig. 5. Punctate inner pachychoroidopathy (cluster 2) associated with preexistent focal choroidal excavation and pachychoroid disease features. A. At
baseline, confocal color fundus photography of the right eye shows subtle hypopigmented changes of the RPE in the fovea (white arrowhead). The time
point is displayed. B. Corresponding horizontal SD-OCT B scan through the fovea shows a focal choroidal excavation (white arrowhead). Note the
diffuse increased choroidal thickness in the macula with pachyvessels compressing the inner choroid. The time point is displayed. C. Magnified view of
the focal choroidal excavation on SD-OCT (white arrowhead). Note the continuity of the ellipsoid zone. D. En face SS-OCTA segmented at the level of
the choriocapillaris shows subtle flow signal deficits (white arrowhead) colocalizing with the focal choroidal excavation. The time point is displayed. E.
At the 3-year follow-up, confocal color fundus photography of the right eye shows a PIC lesion (orange arrowhead). The time point is displayed. F.
Corresponding horizontal high-resolution SD-OCT (High-Res OCT) B scan through the fovea shows a discrete subretinal hyperreflective material
splitting the RPE/BrM complex at the site of the focal choroidal excavation (orange arrowhead). Note the posterior signal hypertransmission. The time
point is displayed. G. Magnified view of the PIC lesion colocalizing with the focal choroidal excavation on High-Res OCT (orange arrowhead). Note
the disruption of the ellipsoid zone band and the focal RPE/BrM complex interruption. H. En face SS-OCTA segmented at the level of the chorio-
capillaris shows an enlargement of the flow signal deficits colocalizing with the PIC lesion (orange arrowhead). The time point is displayed. SS-OCTA,
swept-source OCT angiography

definite benefit in treating these patients with cortico- Key words: punctate inner choroidopathy, pa-
steroids when indicated. Moreover, reduced choroidal chychoroid, choroidal venous congestion, white spot
thickness, often regarded as a sign of resolved choroi- syndromes, cluster analysis.

dal inflammation,?> may not be a suitable indicator of
treatment response in patients with punctate inner
pachychoroidopathy.

The strengths of this study are the relatively large
sample size and advanced statistical analysis. Limi-
tations include the retrospective nature, incomplete
MMI data in some cases, and lack of standardized
follow-up. The k-means clustering algorithm also has
potential limitations. First, it assumes prior knowl-
edge of the data and the appropriate number of
clusters. Second, the results obtained are sensitive
to the initial random selection of cluster centers,
which may lead to different clustering results on
different algorithm runs. Finally, it is susceptible to
outliers and data ordering.

In summary, phenotypic cluster analyses suggested
two PIC subtypes defined principally by the presence
or absence of pachychoroid disease features. A
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