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STELLATE MULTIFORM AMELANOTIC

CHOROIDOPATHY

Clinical and Multimodal Imaging Features
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Purpose: To describe the clinical and multimodal imaging features of stellate multiform
amelanotic choroidopathy (SMACH; also known as serous maculopathy due to aspecific
choroidopathy).

Methods: Retrospective observational case series of eyes presenting with SMACH.
Multimodal imaging including fundus photography, optical coherence tomography (OCT),
OCT angiography (OCTA), and indocyanine green angiography (ICGA) was analyzed.

Results: Eighteen eyes from 18 patients (mean age: 28 + 19 years) were included. The
mean follow-up duration was 9 years. Ophthalmoscopy showed a yellowish orange, dendriform
choroidal lesion. At presentation, subretinal fluid (SRF) was seen in 10 of 18 cases (56%). Eight
patients (44%) showed no evidence of SRF during a mean follow-up of 6 years. Cross-
sectional OCT showed hyperreflective fibrous-like changes within the inner choroid with
choriocapillaris flow preservation on OCTA. En face OCT showed a hyperreflective choroidal
lesion with finger-like projections oriented in a stellate configuration. On ICGA, SMACH showed
early and late hypofluorescence. None of the cases showed lesion growth.

Conclusion: SMACH seems to be a unilateral choroidopathy characterized by distinctive
multimodal imaging features. As SRF was absent in some cases, while a dendriform pattern
was a consistent finding in all eyes, the authors propose renaming this entity “stellate multiform

amelanotic choroidopathy,” a name that retains its previous abbreviation “SMACH.”

RETINA 43:1448-1461, 2023

erous maculopathy due to aspecific choroidopathy

(SMACH) is a newly described and uncommon
macular disorder first reported in a young patient by
Van Dijk and Boon in 2021." To our knowledge, only
two additional cases have been described since.? Clin-
ically, SMACH is characterized by subretinal fluid
(SRF) accumulation overlying areas of retinal pigment
epithelium (RPE) changes. Adjunctive multimodal
imaging features including fundus autofluorescence
imaging (FAF) and fluorescein angiography (FA)
show nonspecific findings related to outer retinal
and RPE alterations.! Optical coherence tomography
(OCT) is the most relevant imaging modality for the
diagnosis of SMACH and shows SRF with an irreg-
ular and thickened RPE elevated by an underlying

thickened choroid.! Importantly, a structurally altered
and hyperreflective choroid on OCT seems to be the
key feature of SMACH.! Nonetheless, a certain
degree of overlap may exist with conditions associ-
ated with SRF in young patients, such as central
serous chorioretinopathy (CSC), Best vitelliform mac-
ular dystrophy, inflammatory chorioretinopathies, or
choroidal tumors. Because limited descriptions of
SMACH exist in the literature, there is a need to
expand the clinical and multimodal imaging charac-
terization of this entity.

The purpose of this study was to describe the
clinical features, multimodal imaging findings,
treatment responses, and long-term course of
SMACH.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Methods

This is an observational, retrospective, multicen-
ter case series of patients presenting with clinical
and multimodal imaging findings compatible with
the original description of SMACH.! Each coauthor
identified cases of SMACH through the use of
patient lists, keywords, or diagnostic indicators
applied to their database from 2006 to 2022. This
study was approved by the Western Institutional
Review Board (Olympia, WA), and written
informed consent was not required because of the
retrospective nature of this study. This report
adhered to the tenets of the Declaration of Helsinki
and complied with the Health Insurance Portability
and Accountability Act.

The inclusion criteria were eyes with findings on
multimodal imaging consistent with SMACH,
defined as serous retinal detachment associated with
pigmentary changes on ophthalmoscopy, disruption
and elevation of the RPE by a thickened and
structurally altered choroid on OCT, hypofluorescent
and hyperfluorescent changes on FA, absence of focal
choroidal hyperpermeability on indocyanine green
angiography (ICGA), and absence of macular neo-
vascularization (MNV) on OCT angiography (OC-
TA).! Extramacular lesions or eyes without serous
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retinal detachment but showing a similar imaging
pattern were also included.

All patients underwent a complete ophthalmologic
examination, including measurement of the best-
corrected visual acuity (BCVA) using Snellen charts,
slit-lamp biomicroscopy, and indirect fundus ophthal-
moscopy. Color fundus photographs (EIDON AF,
Centervue Padova, Italy; Topcon TRC-50IX retinal
camera, Topcon Medical Systems, Oakland, NJ; or
Clarus 500, Carl Zeiss Meditec AG), spectral-domain
OCT (SD-OCT; Spectralis, Heidelberg Engineering,
Heidelberg, Germany), high-resolution SD-OCT pro-
totype (High-Res OCT; Heidelberg Engineering, Hei-
delberg, Germany), swept-source OCT (PLEX Elite
9000; Carl Zeiss Meditec, Inc, Dublin, CA), SD-
OCTA (CIRRUS 6000; Carl Zeiss Meditec, Inc,
Dublin, CA); and swept-source OCTA (PLEX Elite
9000; Carl Zeiss Meditec, Inc, Dublin, CA), near-
infrared reflectance imaging (NIR, Spectralis, Heidel-
berg Engineering, Heidelberg, Germany), FAF (Spec-
tralis HRA; Heidelberg Engineering, Heidelberg,
Germany or Optos, plc), and FA and ICGA (Spectralis
HRA; Heidelberg Engineering, Heidelberg, Germany)
were reviewed when available. Full-field electroreti-
nography (ERG), electro-oculography (EOG), and
microperimetry (microperimetry MP-3; Nidek, Japan)
were performed in selected cases. Genetic panel
testing for inherited retinal diseases was collected
when available.

Detailed chart reviews were performed and deiden-
tified demographic and clinical data, including ages,
genders, presenting symptoms, provisional diagnosis,
ocular and systemic medical history, laboratory inves-
tigations, ocular therapies, and baseline and final
Snellen BCVA were collected and summarized.

Quantitative and qualitative data are presented as
mean * SD and absolute and relative proportions,
respectively.

Results

Demographic Data

Eighteen eyes from 18 patients (ten men and eight
women) were included. At presentation, the mean age
was 28 * 19 years (range, 7-68 years), and the mean
BCVA was 20/25 (range, 20/200-20/20). The mean
follow-up duration was 9 years (range, 1-43 years),
and the mean BCVA was stable at the final follow-up
visit (20/25; range, 20/200-20/20). Three eyes had
BCVA <20/40 at the final follow-up visit.

Presenting symptoms included gradual vision loss in
seven patients, metamorphopsia in six patients, whereas
seven patients were asymptomatic. At presentation, the

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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suspected diagnoses included chronic CSC in four
patients, placoid chorioretinitis in two patients, Best
vitelliform macular dystrophy in one patient, inherited
retinal dystrophy in one patient, torpedo maculopathy in
one patient, choroidal osteoma in one patient, choroidal
nodule in one patient, choroidal metastasis in one
patient, amelanotic choroidal nevus in one patient,
choroidal hemangioma in one patient, unspecified

maculopathy in two patients, and unspecified choroidal
tumor in two patients. Ocular and systemic medical
history was unremarkable in all cases. Previoius ocular
treatments included photodynamic therapy (PDT, four
patients with persistent SRF >6 months) and intravi-
treal injection of anti—vascular endothelial growth factor
(anti-VEGF, three patients with persistent SRF >6
months), which all had no effect on BCVA. Laboratory

Table 1. Patient Demographics and Clinical Features

Suspected Age at Follow-up
Unpublished Diagnoses at  Presentation  Duration Presenting Baseline  Final
Cases Eye Presentation (Years) (Years) Sex Symptoms BCVA BCVA Treatments
1 oD CSsC 13 14 F Gradual vision 20/25 20/50 None
loss
2 oD CSC 19 9 M Gradual vision 20/20 20/ PDT
loss 200
Metamorphopsia
3 oS CSC 20 43 M  Gradual vision 20/50 20/40 None
loss
Metamorphopsia
4 oS Placoid 9 3 F Asymptomatic 20/20 20/20 None
chorioretinitis
5 oS Placoid 15 2 Asymptomatic 20/20 20/20 None
chorioretinitis
6 OS Best disease 7 13 Gradual vision 20/32 20/20 PDT
loss Anti-VEGF
VI
7 oD Inherited 17 2 F  Asymptomatic 20/20 20/20 None
retinal
dystrophy
8 oS Torpedo 15 6 M Asymptomatic 20/20 20/20 None
maculopathy
9 oS Choroidal 45 6 F Metamorphopsia 20/25 20/25 None
osteoma
10 oS Choroidal 40 8 F Asymptomatic 20/20 20/20 None
nodule
11 oD Choroidal 51 1 F Gradual vision 20/25 20/20 None
metastasis loss
12 oD Choroidal 29 19 M Asymptomatic 20/20 20/20 None
nevus
13 OD  Unspecified 27 4 F Gradual vision 20/30 20/30 None
maculopathy loss
14 OD  Unspecified 68 6 F Gradual vision 20/25 20/25 None
maculopathy loss
15 OS  Unspecified 51 6 M Asymptomatic 20/20 20/20 None
choroidal
tumor
Previously Suspected Age at Follow-up
Published Diagnoses at  Presentation  Duration Presenting Baseline  Final
Cases'? Eye Presentation (Years) (Years) Sex Symptoms BCVA BCVA Treatments
1 OS Choroidal 18 3 M Metamorphopsia 20/20 20/20 PDT
hemangioma Anti-VEGF
VI
2 OS Choroidal 35 1 M Metamorphopsia 20/25 20/32 PDT
tumor Anti-VEGF
3 OS CSC 30 7 M Metamorphopsia 20/20 20/20 None

BCVA, best-corrected visual acuity; CSC, central serous chorioretinopathy; F, female; IVI, intravitreal injection; M, male; OD, right eye;
OS, left eye; PDT, photodynamic therapy, VEGF: vascular endothelial growth factor.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 1. Representative cases of
stellate multiform amelanotic cho-
roidopathy (SMACH)  without
subretinal fluid on multimodal
imaging. A-D. Case 7. Patient
diagnosed with inherited retinal
dystrophy at the age of 17 years.
A. Pseudocolor fundus photogra-
phy of the right eye shows a par-
afoveal, yellowish orange,
dendriform, choroidal lesion (white
arrowhead). Note the distinctive
finger-like  projection  pointing
inferiorly (orange arrowhead). B.
On the near-infrared reflectance
image, the lesion is hyperreflective
(white arrowhead) with distinctive
hyperreflective finger-like projec-
tions pointing radially (orange
arrowheads). C. En face structural
optical ~ coherence tomography
(OCT) segmented at the level of
the choroidal lesion shows hyper-
reflective changes with distinctive
hyperreflective finger-like projec-
tions (orange arrowheads) more
numerous than seen on ophthal-
moscopy. The extent of the cho-
roidal lesion on en face structural
OCT exceeds the one assessed on
ophthalmoscopy. The green line
indicates the location of the OCT
B-scan in (D). D. Spectral-domain
OCT B-scan shows hyperreflective
fibrous-like changes of the inner
choroid (white arrowhead) result-
ing in mild anterior protrusion and
alteration of the retinal pigment epithelium (RPE). Note the relative preservation of the overlying ellipsoid and interdigitation zones and the absence of
subretinal fluid. The normal outer choroidal vasculature beneath the choroidal lesion is visible. E-H. Case 11. Patient diagnosed with choroidal metastasis at
the age of 51 years. E. Pseudocolor fundus photography of the right eye shows a subfoveal, yellowish orange, dendriform, choroidal lesion with overlying
hypopigmentary changes (white arrowhead). Note the distinctive finger-like projections pointing superiorly and inferiorly (orange arrowheads). F. On the
near-infrared reflectance image, the lesion is hyperreflective (white arrowhead) with distinctive hyperreflective finger-like projections pointing superiorly
and inferiorly (orange arrowheads). G. En face structural OCT segmented at the level of the choroidal lesion shows hyperreflective changes with distinctive
hyperreflective finger-like projections (orange arrowheads) more numerous than seen on ophthalmoscopy. The extent of the choroidal lesion on en face
structural OCT exceeds the one assessed on ophthalmoscopy. The green line indicates the location of the OCT B-scan in (H). H. Spectral-domain OCT B-
scan shows hyperreflective fibrous-like changes of the inner choroid (white arrowhead), resulting in anterior protrusion and alteration of the RPE. Note the
relative preservation of the overlying ellipsoid and interdigitation zones and the absence of subretinal fluid. The normal outer choroidal vasculature beneath
the choroidal lesion is visible. I-L. Case 4. Patient diagnosed with placoid chorioretinitis at the age of 9 years. I. Pseudocolor fundus photography of the left
eye shows a parafoveal, yellowish orange, dendriform, choroidal lesion with overlying hypopigmentary and hyperpigmentary changes (white arrowhead).
Note the distinctive finger-like projections pointing superiorly and inferiorly (orange arrowheads). J. On the near-infrared reflectance image, the lesion is
hyperreflective (white arrowhead) with distinctive hyperreflective finger-like projections pointing radially in a stellate configuration (orange arrowheads).
K. En face structural OCT segmented at the level of the choroidal lesion shows hyperreflective changes with distinctive hyperreflective finger-like pro-
jections (orange arrowheads) more numerous than seen on ophthalmoscopy. The extent of the choroidal lesion on en face structural OCT exceeds the one
assessed on ophthalmoscopy. The green line indicates the location of the OCT B-scan in (L). L. Spectral-domain OCT B-scan shows hyperreflective
fibrous-like changes of the inner choroid (white arrowhead), resulting in anterior protrusion and alteration of the RPE. Note the focal attenuation of the
overlying ellipsoid and interdigitation zones and the absence of subretinal fluid. The normal outer choroidal vasculature beneath the choroidal lesion is
visible. M-P. Case 12. Patient diagnosed with amelanotic choroidal nevus at the age of 29 years. M. Pseudocolor fundus photography of the right eye
shows a parafoveal, yellowish orange, dendriform, choroidal lesion (white arrowhead). Note the distinctive finger-like projections pointing radially in a
stellate configuration (orange arrowheads). N. On the near-infrared reflectance image, the lesion is hyperreflective (white arrowhead) with distinctive
hyperreflective finger-like projections pointing radially in a stellate configuration (orange arrowheads). The green line indicates the location of the OCT B-
scan in (P). O. Early phase of indocyanine green angiography shows a hypofluorescent choroidal lesion (white arrowhead) with distinctive hypotfluorescent
finger-like projections arranged in a stellate configuration (orange arrowheads). P. Spectral-domain OCT B-scan shows hyperreflective fibrous-like changes
of the inner choroid (white arrowheads), resulting in mild anterior protrusion and alteration of the RPE. Note the relative preservation of the overlying
ellipsoid and interdigitation zones and the absence of subretinal fluid. The normal outer choroidal vasculature beneath the choroidal lesion is visible.

work-up including complete blood count and infectious genetic testing for inherited retinal diseases was per-
disease serologies (tuberculosis, Lyme disease, toxo- formed in 4 cases, and no pathogenic mutations were
plasmosis, rubella, and cytomegalovirus) was per- found. Table 1 summarizes the demographic and clin-
formed in 3 cases and was unremarkable. Panel-based ical findings.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 2. Multimodal imaging and
high-resolution optical coherence
tomography of SMACH (Case
2). Patient diagnosed with
chronic central serous chorior-
etinopathy at the age of 17 years.
A. Confocal color fundus pho-
tography of the right eye shows a
subfoveal yellowish orange cho-
roidal lesion (white arrowhead)
with subtle orange finger-like
extensions inferiorly (orange
arrowheads). Note the fine pig-
ment stippling surrounded by
hypopigmentary changes in the
macula. B. Green-light fundus
autofluorescence image shows
hypoautofluorescence (white
arrowhead) in the macula corre-
sponding to areas of retinal pig-
ment epithelium (RPE)
disruption. C. On the near-infra-
red reflectance image, the lesion
is hyperreflective (white arrow-
head) with discrete  hyper-
reflective finger-like extensions
oriented radially in a stellate
configuration (orange arrow-
heads). Overlying areas of RPE
disruption exhibit speckled hy-
perreflectivity. D. Late phase of
fluorescein angiography shows
granular hypofluorescence and
hyperfluorescence corresponding
to RPE alterations (white arrow-
head). The green line indicates
the location of the high-resolu-
tion optical coherence tomogra-
phy (OCT) B-scan in (G). E
Early phase of indocyanine green
angiography (ICGA) shows hy-
pofluorescence of the choroidal
lesion (white arrowhead). Note
the distinctive hypofluorescent
finger-like projections arranged
in a stellate configuration
(orange arrowheads). F. Late
phase of ICGA shows mild hy-
pofluorescence  (white — arrow-
head) co-localizing with the
choroidal lesion and overlying
RPE disruption (reduced RPE
uptake). Note the absence of
choroidal ~ vascular  hyper-
permeability that could be typical
of diseases that are part of the
pachychoroid disease spectrum.
G. High-resolution OCT B-scan : .
through the fovea shows ellipsoid and interdigitation zones alteratlon RPE, and Bruch membrane (BrM) irregularities, thlckenmg, and anterior protrusion.
Note the hyperreflective fibrous-like appearance characteristic of the choroidopathy (white arrowheads). There are no pachyvessels in the Haller layer
compressing the inner choroid. The choroidal-scleral junction is visible. Posterior hypertransmission because of overlying RPE/BrM disruption is noted.
H. En face OCTA segmented at the level of the choriocapillaris shows very subtle flow signal deficits co-localizing with the choroidal lesion (white
arrowhead). 1. En face structural OCT segmented at the level of the choroidal lesion shows hyperreflective changes (white arrowhead) with distinctive
hyperreflective finger-like projections oriented radially in a stellate configuration (orange arrowheads). J. Cross-sectional OCTA with flow signal overlay.
The yellow lines indicate the segmentation used to obtain the image in (H). K. Cross-sectional OCT, with the yellow lines indicating the segmentation used to
obtain the image in (I).

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Baseline +14 years

Fig. 3. Multimodal imaging of SMACH associated with an acquired vitelliform lesion and long-term follow-up images (Case 1). Patient diagnosed
with chronic central serous chorioretinopathy at the age of 13 years. A-E. Baseline multimodal imaging performed at the age of 13 years. A. Color
fundus photography of the right eye shows a yellowish choroidal lesion (white arrowhead) underlying pigmentary changes. Note the subretinal
acquired vitelliform lesion gravitating inferiorly (yellow arrowhead). B. Blue-light fundus autofluorescence image shows speckled areas of hy-
poautofluorescence and hyperautofluorescence (white arrowhead) co-localizing with the choroidal lesion. Note the hyperautofluorescence inferiorly
corresponding to the vitelliform material deposition (yellow arrowhead). C. Early phase of indocyanine green angiography (ICGA) shows filling
delay and hypofluorescence of the choroidal lesion (white arrowhead). D. Late phase of ICGA shows hypofluorescence (white arrowhead) co-
localizing with the choroidal lesion and overlying retinal pigment epithelium (RPE) disruption (reduced RPE uptake). The green line indicates the
location of the optical coherence tomography (OCT) B-scan in (E). E. Spectral-domain OCT B-scan through the fovea shows subretinal fluid and
anterior protrusion of the RPE overlying a hyperreflective fibrous-like lesion of the inner choroid (white arrowhead). F-J. Fourteen-year follow-up
multimodal imaging performed at the age of 27 years. F. Confocal color fundus photography shows a relative stability of the size of the choroidal
lesion (white arrowhead). Note the regression of the acquired vitelliform lesion inferiorly. G. En face structural OCT segmented at the level of the
choroidal lesion shows hyperreflective changes (white arrowhead) with distinctive finger-like projections (orange arrowheads). The extent of the
choroidal lesion on en face structural OCT exceeds the one assessed on ophthalmoscopy. H. Early phase of ICGA shows filling delay and hy-
pofluorescence of the choroidal lesion (white arrowhead). Note the relative stability of the early-phase ICGA findings during follow-up. I. Late
phase of ICGA shows hypofluorescence (white arrowhead) co-localizing with the choroidal lesion and overlying RPE disruption (reduced RPE
uptake). Note the relative stability of the late-phase ICGA findings during the follow-up. There is no choroidal vascular hyperpermeability. The
green line indicates the location of the OCT B-scan in (J). J. Swept source OCT B-scan through the fovea shows persistent subretinal fluid with
disruption of the ellipsoid and interdigitation zones. The choroid is structurally altered with thickening and hyperreflectivity of the inner choroidal
stroma (white arrowhead). There are no pachyvessels, and the choroidal-scleral junction is visible. Note the relative stability of the anterior
protrusion of the RPE induced by the choroidal lesion during the follow-up.

Ophthalmoscopic Features eyes (67%), in the parafovea in five eyes (28%), and in

. L . the nasal retina in one eye (5%). The shape and size of
On funduscopic examination, all patients presented ye (5%) P

with an unilateral, yellowish orange, dendriform,
choroidal lesion underlying nonspecific hypopigmen-
tary and hyperpigmentary changes of the RPE. The
choroidal lesion was located under the fovea in 12

the choroidal lesion were variable, but distinctive
finger-like extensions pointing radially in a stellate
configuration were seen in all cases. Subretinal fluid
accumulation was observed in 10 eyes (56%) and an

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Baseline +13 years

Fig. 4. Multimodal imaging of SMACH masquerading as best vitelliform macular dystrophy and long-term follow-up images (Case 6). Patient with
a presumed diagnosis of unilateral best vitelliform macular dystrophy at the age of 7 years. A-E. Baseline multimodal imaging performed at the age
of 7 years. A. Color fundus photography of the left eye shows a yellowish orange choroidal lesion (white arrowhead). Note the distinctive finger-
like projections pointing toward the temporal periphery (orange arrowheads). Subretinal fluid is apparent with vitelliform material deposition and
areas of retinal pigment epithelium (RPE) hyperpigmentation. B. Blue-light fundus autofluorescence image shows speckled hypoautofluorescence in
the fovea surrounded by a rim of hyperautofluorescence (white arrowhead). The green line indicates the location of the optical coherence
tomography (OCT) B-scan in (E). C. Late phase of fluorescein angiography shows focal RPE leakage (white arrowhead) and blockage from mottled
RPE hyperpigmentation. D. Late phase of indocyanine green angiography shows hypofluorescence (white arrowhead) co-localizing with the
choroidal lesion and overlying RPE disruption (reduced RPE uptake). Note the distinctive hypofluorescent finger-like projections oriented radially
(orange arrowheads). There is no choroidal vascular hyperpermeability. E. Spectral-domain OCT B-scan through the fovea shows subretinal fluid
and mild anterior protrusion of the RPE by a hyperreflective fibrous-like lesion of the choroid (white arrowhead). F. Follow-up spectral-domain
OCT B-scan performed at the age of 20 years. Note the persistent subretinal fluid overlying RPE alteration. The choroidal lesion is hyperreflective
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and located in the inner choroid (white arrowheads).

acquired vitelliform lesion was seen in two eyes
(11%). No cases showed evidence of active intraocular
inflammation.

Multimodal Imaging Features

On cross-sectional OCT, the choroidal lesion
showed hyperreflective fibrous-like changes in the
inner choroid in all cases. The mean thickness of the
choroidal lesion was 125 * 90 um (range, 52-315
pm). The choroidal lesion displayed no optical shad-
owing; posterior hypertransmission was noted in eyes
with overlying disruption of the RPE/Bruch membrane
(BrM) complex. The normal outer choroidal vascula-
ture beneath the choroidal lesion and the choroidal-
scleral junction were visible in all cases. No cases
showed dilation of the choroidal vessels in the Haller
layer (pachyvessels) compressing the inner choroid
and choriocapillaris.

Adjunctive outer retinal damages included irregulari-
ties, thickening, and anterior protrusion of the RPE/BrM
complex (100%), subtle ellipsoid zone (EZ) and inter-
digitation zone (IZ) attenuation (61%), complete EZ/1Z
loss resembling outer retinal cavitation (11%), external
limiting membrane alteration (22%), outer nuclear layer
thinning (44%), and SRF (56%). An outward protrusion

of the posterior curvature of the RPE/BrM complex
adjacent to the choroidal lesion and resembling a focal
staphyloma was seen in two eyes (11%).

On OCTA, subtle flow signal deficits at the level of
the choriocapillaris co-localized with the choroidal
lesion. No cases showed evidence of MNV. En face
structural OCT segmented at the level of the choroidal
lesion showed hyperreflective changes with distinctive
hyperreflective finger-like projections oriented radially
in a stellate configuration.

On NIR, the choroidal lesion was hyperreflective
and more apparent in the absence of overlying SRF.
Hyperreflective finger-like projections oriented radi-
ally were seen in all cases. Focal hyperreflectivity
corresponding to hyperpigmentation of the RPE was
also observed.

On FAF, six eyes (33%) showed no alterations,
seven eyes (39%) showed speckled hypoautofluores-
cence associated with disruption of the photoreceptor
and RPE layers, and three eyes (17%) showed a
hyperautofluorescent rim associated with acquired
vitelliform lesions and SRF.

FA showed granular hypofluorescence and hyperfluor-
escence corresponding to mottled RPE alterations in all
cases. Late focal staining and focal leakage were seen in 7
(39%) and 3 cases (17%), respectively. ICGA showed

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 5. Multimodal imaging of SMACH associated with foveal optical
gap on optical coherence tomography (Case 3). Patient diagnosed with
chronic central serous chorioretinopathy at the age of 20 years. A. Near-
infrared reflectance image of the left eye shows a hyperreflective lesion
with typical hyperreflective finger-like projections (orange arrowheads)
arranged in a stellate configuration. B. Blue-light fundus auto-
fluorescence image shows speckled hyperautofluorescence (white
arrowhead) co-localizing with retinal pigment epithelium (RPE) mot-
tling. C. Spectral-domain optical coherence tomography (OCT) B-scan
through the fovea shows a hyperreflective fibrous-like choroidal lesion
located in the inner choroid (white arrowhead), resulting in anterior
protrusion and alteration of the RPE. Note the focal interruption of the
ellipsoid and interdigitation zones in the fovea resembling outer retinal
cavitation or “optical gap.” There are no dilated outer choroidal vessels
in the Haller layer (pachyvessels). The normal outer choroidal vascu-
lature beneath the choroidal lesion is attenuated but still visible, and the
choroidal—scleral junction is apparent. The inset is the near-infrared
reflectance image, with the green line indicating the location of the OCT
B-scan.

delayed filling with early phase and late-phase hypofluor-
escence. The distinctive finger-like projections were
hypofluorescent. There was no observable disparity in
both the extent and the degree of hypofluorescence on
ICGA between the cases with and without SRF. No cases
showed MNV or focal choroidal hyperpermeability on
mid-to-late-phase ICGA. Figures 1-7 illustrate the multi-
modal imaging findings of SMACH.

ERG, EOG, and Microperimetry Features

Full-field ERG and EOG were performed in 4 cases
and were normal. Retinal sensitivity on microperimetry
over the choroidal lesion was assessed in one eye and
showed a mild decrease compared with adjacent areas of
normal retina.

Evolution of SMACH over Time

During the follow-up period, the size and shape of
the choroidal lesion remained stable in all cases.
During a mean follow-up of 6 years (range, 2—19

1455

years), eight patients (44%) showed no evidence of
SRF or resolved SRF on OCT and FAF imaging,
respectively (Figure 1). Seven patients (39%) showed
spontaneous fluctuations of SRF volume on OCT (Fig-
ures 3 and 4). None of the cases developed MNV.
Treatments including PDT (4 eyes, 22%) and intravi-
treal anti-VEGF injections (3 eyes, 17%) showed no
effect on SRF.

Discussion

In this report, we describe characteristic clinical and
imaging features of a series of 18 cases of SMACH
which, to our knowledge, includes all known cases to
date (15 unpublished cases and three previously
reported).! Clinically, SMACH is characterized by a
yellowish orange multiform choroidal lesion. Distinc-
tive OCT features include hyperreflective fibrous-like
changes located in the inner choroidal stroma, result-
ing in anterior protrusion of the RPE/BrM and outer
retinal alterations. Typical finger-like projections ar-
ranged in a stellate configuration are best seen on
NIR, ICGA, and en face OCT imaging and should
be considered in making the diagnosis. OCTA shows
minimal alteration of the choriocapillaris overlying the
choroidal lesion. Adjunctive imaging modalities,
including FAF and FA, show nonspecific changes
related to outer retinal and RPE disruption. Long-
term follow-up shows stability of the choroidal lesion.
Visual acuity was overall preserved, although three
eyes had BCVA <20/40 and one patient had marked
progressive visual impairment (from 20/20 to 20/200
after 14 years of follow-up). SRF accumulation shows
spontaneous fluctuations in volume and has been
found to be unresponsive to treatment (i.e., PDT and
intravitreal anti-VEGF injections). Absence of SRF in
eight patients (44%) with no visual symptoms may
suggest a preclinical asymptomatic stage of SMACH.
Nonetheless, one patient followed for 19 years did not
develop serous retinal detachment (Case 12). There-
fore, “Serous Maculopathy due to Aspecific CHoroid-
opathy” may be more appropriately referred to as
“Stellate Multiform Amelanotic CHoroidopathy.” This
change in nomenclature allows for keeping the original
acronym SMACH proposed by Van Dijk and Boon.!

Patients’ demographic and clinical characteristics
showed that SMACH may be associated with vision
loss related to SRF accumulation and outer retinal
disruption predominantly in young patients. Therefore,
SMACH may masquerade as chorioretinal conditions
typically seen in patients in their 20s to 40s, including
early-onset CSC,3> inherited retinal diseases, inflam-
matory chorioretinopathies, and choroidal tumors.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 6. Multimodal imaging of
a large asymptomatic SMACH
(Case 5). Patient diagnosed
with placoid chorioretinitis at
the age of 15 years. A. Pseu-
docolor fundus photography of
the left eye shows a parafoveal,
yellowish orange, dendriform,
choroidal lesion (white arrow-
head) with subtle orange finger-
like extension inferiorly
(orange arrowhead). Note the
fine pigment stippling in-
ferotemporal to the fovea. B.
On near-infrared reflectance
image, the lesion is hyper-
reflective  (white arrowhead)
with distinctive hyperreflective
finger-like extensions oriented
radially in a stellate configura-
tion (orange arrowheads). C.
Green-light ~ fundus  auto-
fluorescence image shows min-
imal hypoautofluorescent
changes co-localizing with the
choroidal lesion and pigmentary
alterations (white arrowhead).
D. Late phase of fluorescein
angiography shows granular
hypofluorescence and hyper-
fluorescence corresponding to
retinal  pigment  epithelium
(RPE) alterations (white
arrowhead). E. Early phase of
indocyanine green angiography
shows hypofluorescence of the
choroidal lesion (white arrow-
head). Note the distinctive hy-
pofluorescent finger-like
projections arranged in a stellate
configuration (orange arrow-
heads). F. En face structural
optical coherence tomography
(OCT) segmented at the level of
the choroidal lesion shows hy-
perreflective changes with dis-
tinctive hyperreflective finger-
like projections oriented radi-
ally in a stellate configuration
(orange  arrowheads).  G.
Cross-sectional OCT angiogra-
phy, with the red lines indicat-
ing the segmentation used to
obtain the image in (F). H.
Swept-source  OCT  B-scan
through the fovea shows ante-
rior protrusion of the RPE by a
hyperreflective fibrous-like
lesion of the inner choroid

.
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(white arrowheads). There are no pachyvessels in the Haller layer compressing the inner choroid. The choroidal—scleral junction and the normal outer
choroidal vasculature beneath the choroidopathy are visible. Note the relative preservation of the ellipsoid and interdigitation zones and the absence of

subretinal fluid. The green line indicates the location of the OCT B-scan.

Especially, detection of the choroidal lesion on oph-
thalmoscopic examination may be hindered by over-
lying SRF and pigmentary changes. Nonetheless,
imaging and diagnostic testing were not consistent
with any of these diseases. None of the eyes with
SMACH presented with features suggestive of pa-

chychoroid disease spectrum, including pachyvessels
compressing the inner choroid on cross-sectional OCT
or focal choroidal hyperpermeability on mid-to-late-
phase ICGA, thereby excluding CSC.%7 Moreover,
we observed a focal increase in choroidal thickness
on OCT related to the choroidal lesion rather than
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Fig. 7. Multimodal imaging of
extramacular SMACH (Case
15). Patient diagnosed with
unspecified choroidal tumor at
the age of 51 years. A. Montage
of color fundus photographs of
the left eye shows a large yel-
lowish orange choroidal lesion
(white arrowhead) in the nasal
retina and sparing the macula.
Note the distinctive finger-like
projections pointing toward the
nasal periphery (orange arrow-
heads). B. Spectral-domain
optical coherence tomography
(OCT) B-scan shows a hyper-
reflective fibrous-like choroidal
lesion located in the inner cho-

roid (white arrowhead). Note the focal attenuation of the overlying ellipsoid zone and interdigitation zone. There are no dilated outer choroidal vessels
in the Haller layer (pachyvessels). The normal outer choroidal vasculature beneath the choroidal lesion is attenuated but still visible, and the choroidal—
scleral junction is apparent. C. Near-infrared reflectance image of the left eye shows a hyperreflective lesion in the nasal retina (white arrowhead). The
green line indicates the location of the OCT B-scan displayed in (B). D. Spectral-domain OCT B-scan shows a hyperreflective fibrous-like choroidal
lesion. Note the prominent anterior protrusion and alteration of the retinal pigment epithelium (white arrowhead). E. Near-infrared reflectance image of
the left eye shows a hyperreflective lesion in the nasal retina. The green line indicates the location of the OCT B-scan displayed in (D).

congestion of the choroidal vasculature as seen in
CSC.%7 This finding was supported by our imaging
analysis showing subtle flow signal deficits of the cho-
riocapillaris on OCTA and a choroidal filling delay
with mild late hypofluorescence on ICGA. SMACH
may also be misinterpreted as inflammatory placoid
chorioretinitis. However, none of the cases showed
intraocular inflammation or expansion of the choroidal
lesion over time. Placoid chorioretinitis typically
shows hyporeflectivity and loss of the normal inner
choroidal architecture on OCT, massive choriocapilla-
ris flow signal deficits on OCTA, and intense hypo-
fluorescence on early phase and late-phase ICGA.®
Alternatively, inherited retinal diseases were also con-
sidered in view of the early detection of the retinal
changes, the presence of outer retinal cavitation on
OCT, and hyperautofluorescent changes on FAF.
Foveal cavitation or “optical gap” on OCT is a distinc-
tive finding of cone dystrophy, including achromatop-
sia, ABCA4-related retinopathy, and occult macular
dystrophy.”~'! Similarly, hyperautofluorescent rims
and vitelliform material gravitating inferiorly have
been reported in Best vitelliform macular dystrophy.!?
However, our cases were strictly unilateral and non-
progressive, and no patients had a positive family his-
tory for inherited retinal disease. As further
confirmation, available genetic testing found no path-
ogenic mutations, and full-field ERG and EOG per-
formed in selected cases were not suggestive of
panretinal photoreceptor or RPE dysfunction. Finally,
the clinical course and multimodal imaging features of
SMACH lacked the defining findings of other reported
choroidal and scleral lesions, including amelanotic
choroidal nevus and melanoma, choroidal osteoma,

choroidal metastasis, circumscribed choroidal heman-
gioma, choroidal lymphoma, or focal scleral nod-
ule.!31* Table 2 summarizes the characteristic
multimodal imaging features of SMACH and its dif-
ferential diagnoses.!3-28

The pathogenesis of SMACH is unclear. The early
onset of detection (youngest patient: 7 years old) and
relative stability of the lesion size may suggest a
congenital dysgenesis of the choroid. Progressive
alteration of the choriocapillaris and RPE by the
choroidal lesion may be the cause of SRF accumula-
tion. The mechanisms of SRF accumulation may
parallel those of choroidal naevi, where a mass effect
on the choriocapillaris results in increased intravascu-
lar hydrostatic pressure and fluid transudation.?® Focal
RPE leakage, as seen in three eyes (17%), can be
interpreted as damage to the outer blood-retinal bar-
rier, which may also promote SRF accumulation.?®
The staphyloma-like changes adjacent to the choroidal
lesion seen in two eyes (11%) may result in abnormal
choroidal blood flow, RPE dysfunction, and sub-
sequent SRF accumulation.?® Importantly, 8 cases
(44%) with minimal alterations of the outer retina
showed no evidence of SRF, suggesting that alter-
ations of the retinal and choroidal structures must
reach a critical threshold for SRF accumulation. In the
absence of clinicopathologic correlation, the nature of
this choroidopathy remains elusive. Nonetheless, it
may represent a variant of more common amelanotic
choroidal tumors, including choroidal nevus. An
amelanotic choroidal nevus is commonly distin-
guished by the presence of a yellowish, ill-defined,
round-shaped choroidal lesion, which may exhibit
overlying drusen, pigment clumps and a halo of
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Table 2. Characteristic Multimodal Imaging Features of SMACH and Differential Diagnoses

Etiology Multimodal
Imaging

SMACH

Amelanotic Choroidal
Nevus1 3,15-18,28

Amelanotic Choroidal
Melanoma‘l&‘l 517-19

Choroidal
Osteoma3.20:21

Color fundus
photography

Optical coherence
tomography

En face optical
coherence
tomography

Fundus
autofluorescence

Near-infrared
reflectance

Fluorescein
angiography

Indocyanine green
angiography

Optical coherence
tomography
angiography

Natural course and
complications

Yellowish orange
dendriform choroidal
lesion (100%)

Subretinal fluid (59%),
acquired vitelliform lesion
(12%)

Hyperreflective fibrous-like
changes of the inner
choroid (100%)

Anterior protrusion of the
RPE (100%)
Subretinal fluid (59%)

Hyperreflective lesion
(100%)

Hyperreflective finger-like
projections oriented
radially (100%)

Nonspecific speckled
hyperautofluorescence
(41%)

Normal (35%)

Hyperreflective lesion
(100%)

Hyperreflective finger-like
projections oriented
radially (100%)

Nonspecific granular
hypofluorescence and
hyperfluorescence
(100%)

Early and late
hypofluorescence (100%)

Hypofluorescent finger-like
projections oriented
radially (100%)

No choroidal vascular
hyperpermeability (100%)

Subtle flow signal deficits of
the choriocapillaris
(100%)

No evidence of choroidal
neovascularization
(100%)

Nonprogressive

Spontaneous fluctuations of
the subretinal fluid

Yellowish, ill-defined,

round-shaped choroidal

lesion

Possible overlying drusen,

pigment clumps, and

halo of depigmentation

Gently domed smooth-

surfaced choroidal mass

Choriocapillaris thinning

Posterior optical
shadowing

Hyperreflective lesion
repelling the normal
choroidal vasculature

Normal or nonspecific
stippled
hypoautofluorescent
and
hyperautofluorescent
changes

Hyperreflective round-
shaped lesion

Nonspecific granular
hypofluorescence and
hyperfluorescence

Early and late
hypofluorescence

Decrease flow signal of the

choriocapillaris

Possible growth and
melanoma
transformation

Choroidal nevus-

associated subretinal
fluid and choroidal
neovascularization

Elevated yellowish
choroidal mass with

subretinal fluid, orange

pigment, and absence
of drusen

Elevated choroidal lesion
with subretinal fluid,
shaggy
photoreceptors, and
disruption of the
overlying retina

Choriocapillaris
compression

Posterior optical
shadowing

Hyperreflective lesion
repelling the normal
choroidal vasculature

Confluent
hyperautofluorescence
with
hypoautofluorescent
lacunae

Hyperreflective lesion

Early blockage and late

hyperfluorescent spots

“Double circulation”
pattern

Intralesional vascularity

Compression of the
choriocapillaris and
choroid

Tumor growth

Retinal detachment

Systemic metastasis

Yellow-orange calcified
plaque with sharp
margins

Flat, dome, or undulating
choroidal mass with
hyperreflective
horizontal lines (bone
lamella and cement
line), hyporeflective
horizontal and vertical
tubules (vascular
channels) and
speckled appearance
(spongy trabecular or
compact bone)

Variable reflectivity

Normal or nonspecific
stippled
hypoautofluorescent
and
hyperautofluorescent
changes

Hyperreflective lesion

Early patchy
hyperfluorescence
and late diffuse
staining

Early and late
hypofluorescence

Fine vascular network
within the tumor

Tumor growth

Choroidal
neovascularization,
subretinal fluid, and
outer retinal atrophy
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(Continued)

Etiology Multimodal

Imaging Choroidal Metastasis'322

Circumscribed Choroidal
Hemangioma3.23-25

Choroidal

Lymphoma'3:26.27 Focal Scleral Nodule'

Color fundus
photography

Soft yellow choroidal
mass with subretinal
fluid

Optical coherence
tomography

Elevated hyporeflective
choroidal lesion with an
irregular surface
(“lumpy bumpy”
appearance) and
disruption of the
overlying retina

Choriocapillaris

surface

Reddish orange, round-
to-oval choroidal lesion

Elevated hyporeflective
choroidal lesion with
smooth, gently sloping

Intralesional expansion of

Yellowish white round-
shaped scleral lesion
with an orange halo
(“helioid appearance”)

Intrascleral lesion with a
dome-shaped, nodular
or volcanic
configuration

Yellow patchy choroidal
infiltration

Hyporeflective choroidal
thickening with
different surface
appearance (placid,
rippled, seasick)

Inward compression of Compression of the

compression choroidal vessels the choroid overlying
without compression of choriocapillaris and
the choriocapillaris choroid
Posterior optical Disruption of the overlying Disruption of the overlying
shadowing retina, subretinal and retina and subretinal
intraretinal fluid fluid

En face optical Hyporeflective lesion Hyporeflective Hyporeflective infiltration  Hyporeflective lesion
coherence multilobular pattern
tomography
Fundus Nonspecific Nonspecific Hypoautofluorescent and Hypoautofluorescent and
autofluorescence hypoautofluorescent hypoautofluorescent hyperautofluorescent hyperautofluorescent
and and spots (“leopard spots” changes
hyperautofluorescent hyperautofluorescent or “giraffe skin” pattern)
changes changes
Near-infrared Hyporeflective lesion Hyporeflective lesion Hyporeflective and Hyperreflective lesion
reflectance hyperreflective
changes
Fluorescein Early blockage and late Early hyperfluorescence  Hypofluorescent and Early hyperfluorescence
angiography staining with pinpoint and late staining hyperfluorescent spots and late staining

leakage

(inverted pattern
compared with fundus

autofluorescence)
Indocyanine green Early hypofluorescence Early filling of the lesion,  Early and late Early and late
angiography and late patchy staining intense mid-phase hypofluorescence hypofluorescence
hyperfluorescence, and
late central
hypofluorescence
(“wash-out”)

Optical coherence Absence of intrinsic

tomography vascularity of worms” and
angiography Compression of the “spaghetti-like”
choriocapillaris and patterns)
choroid
Natural course and Tumor growth and Choroidal
complications invasion

Intrinsic vascularity (“bag

neovascularization,
subretinal fluid,
intraretinal fluid, and
outer retinal atrophy

Absence of intrinsic
vascularity

Compression of the
choriocapillaris and
choroid

Poorly progressive
(possible growth and
spontaneous
regression)

Subretinal fluid and outer
retinal atrophy

Compression of the
choriocapillaris and
choroid

Tumor growth and
invasion

Subretinal fluid and outer
retinal atrophy

depigmentation.'®  Cross-sectional OCT typically
demonstrates a smoothly contoured, dome-shaped
choroidal mass with posterior shadowing, and OCTA
exhibits alteration of the choriocapillaris.!>?8
Although amelanotic choroidal naevi may present with
hyperreflective characteristics on NIR, the presence of
hyperreflective, radially oriented finger-like projec-
tions has not, to our knowledge, been reported.'©
Appropriate therapeutic management cannot be
provided owing to the limited number of cases

reported. None of our cases demonstrated positive
responses to therapeutic interventions, including PDT
and intravitreal anti-VEGF injections. Moreover,
spontaneous fluctuation of the SRF was noted in some
untreated cases. Our long-term follow-up findings
suggest that this choroidopathy is not progressive.
Long-term visual prognosis may be influenced by the
amount of central outer retinal alterations that can
increase over time in some patients. Additional
treatments may be required for specific complications,
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including MNV, although this complication was not
observed in this cohort.

Limitations of this study include the relatively few
patients, the retrospective nature, and the lack of
complete multimodal imaging evaluation in some
cases. However, SMACH is a very recently described
entity, and we believe our study may help identify
other cases.

In conclusion, we expand the description of a
recently reported clinical entity abbreviated
“SMACH?” and propose revised nomenclature (Stel-
late Multiform Amelanotic CHoroidopathy) that
more precisely fits its clinical spectrum, including
an absence of SRF in 44% of known cases. SMACH
is characterized by a unique imaging pattern lacking
the defining features of other known choroidal
lesions. Patients with SMACH may present with
early-onset vision loss related to SRF accumulation
and foveal outer retinal disruption. SMACH may
masquerade as other early-onset macular diseases,
including CSC, inherited retinal diseases, inflamma-
tory chorioretinitis, and choroidal tumors. Eyes with
SMACH can be identified noninvasively based on a
combination of multimodal imaging modalities,
especially NIR, cross-sectional and en face OCT.
Angiographic evaluation may further aid in estab-
lishing the diagnosis of this rare clinical picture. A
high index of suspicion is required to recognize
SMACH and avoid unnecessary investigations and
inappropriate treatments.

Key words: multimodal imaging, optical coherence
tomography, SMACH, stellate multiform amelanotic
choroidopathy.
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