Int J Ophthalmol,
Tel:8629-82245172

Vol. 8, No. 3, Jun.18, 2015
8629-82210956

www. 1JO. cn
Email:ijopress @163.com

+Clinical Research-

Focal choroidal excavation: a preliminary interpretation

based on clinic and review

Guang-1ur Liu*, Bing Lin’, Xin-Quan Suwr, Zi-fang HHe’, Ji-Rong L, Rong Zhou’, Xiao-Ling L

/

'School of Optometry and Ophthalmology and Eye Hospital,
Wenzhou Medical University, Wenzhou 325000, Zhejiang
Province, China

*Department of Ophthalmology, Affiliated People's Hospital
to Fujian University of Traditional Chinese Medicine, Fuzhou
350004, Fujian Province, China

‘Department of Ophthalmology, China-Japan Friendship
Hospital, Beijing 100029, China

Co—first authors: Guang-Hui Liu and Bing Lin
Correspondence to: Xiao-Ling Liu. School of Optometry
and Ophthalmology and Eye Hospital, Wenzhou Medical
University, Wenzhou 325000, Zhejiang Province, China.
Ixl@mail.eye.ac.cn
Recevied: 2014-06-10 Accepted: 2014-11-18

Abstract

e AIM: To describe the clinical and imaging
characteristics associated with focal choroidal excavation
(FCE), analyze the possible complication, and interpret

its probable etiopathogenesis.
e METHODS: Retrospective descriptive case series of 37

eyes of 32 patients with FCE. Findings of spectral -
(SD -OCT),
fluorescein angiography, indocyanine green angiography,

domain optical coherence tomography

and clinical features were analyzed.
e RESULTS: All patients were Chinese. Five patients

(15.6%) were bilaterally involved. Patients” ages ranged
from 7 to 66y. Refractive error ranged between +2.0 D
and 11.0 D. Mean best —corrected visual acuity was 0.6
(range, 0.1 to 1.2). Fundus examinations exhibited mild-
moderate localized pigmentary disturbances in the
corresponding area of 17 eyes. Fluorescein angiography
performed in 18 patients showed varying degrees of
hyperfluorescence and hypofluorescence related to a
range of retinal pigment epithelium (RPE) alterations.
Indocyanine green angiography performed in 7 patients
showed hypofluorescence at the excavation. SD -OCT
demonstrated choroidal excavation in all 37 eyes.
Twenty -nine eyes showed a single lesion of FCE, and
three eyes showed 2-3 separated lesions. Fifteen eyes

showed separation between the photoreceptor tips and

RPE consistent with nonconforming FCE. Central serous
(CSC, n =1) and
neovascularization (CNV, /7=1) developed during follow-up.

chorioretinopathy choroidal

e CONCLUSION: FCE could be interpreted as congenital
dysplasia RPE,
choriocapillaris, and photoreceptor associated with the

focal choroidal involving the

faulty anatomy. The abnormal anatomy of FCE was
similar to anatomy at risk of CSC and CNV.
e KEYWORDS: focal choroidal excavation; dysplasia;

optical coherence tomography; etiology
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INTRODUCTION

I n 1959, Klien ™ was the first to described a focal
concave-shaped  chorioretinal anomaly with an

undifferentiated retinal pigment epithelium (RPE) and

choriocapillaris in histopathological images of the cadaver
eye of an infant. In 2006, a similar chorioretinal change was
the first observed 4z wvo using optical coherence
tomography (OCT), and Jampol e72/ ? defined it as a new
entity using the term "choroidal excavation".

In 2010, Liu &7 2/ initially proposed the disease may result
from the minor, imperfect closure of the embryonal fissure in
and Abe e 2/ ¥

hypothesized that choroidal excavation might stem from a

view of the clinical observation,

microcyst in the superficial choroidal layer. In 2011, the
entity was first named as focal choroidal excavation (FCE)P.,
According to the separation between the photoreceptor tips
and RPE, FCE was classified into nonconforming and
conforming FCE. In this report, malformative, dystrophic,
and inflammatory hypotheses were briefly noted to explain
the etiopathogenesis®.

In 2012, FCE accompanied by choroidal neovascularization
(CNV) were presented 7, and it was suggested that more
attention to follow-up was warranted even if the lesion
seemed stable. In 2013 and 2014, two reports of FCE with
(CSC) ® and CNV P
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contributed to our new understanding of FCE and other
reports provided further detailed clinical and imaging
characteristics!'*'".

Thus far, only limited cases of FCE detected by OCT have

been documented &

even though the morphological
abnormality of choroidal excavation has been well described.
The etiologic and pathologic mechanisms underlying this
condition remains unclear, and further observation and
interpretation is needed.

We present an expanded spectrum of 32 cases (37 eyes) with
FCE detected by spectral-domain OCT (SD-OCT). We show
new imaging findings of clinical and imaging features, give a
novel hypothesis for the probable mechanism for this entity
based on our literature review, and propose focusing attention
on the abnormal anatomy of FCE similar to the risk of CSC
and CNV.

SUBJECTS AND METHODS

All the procedures were approved by the Ethics Committee
of Wenzhou Medical University, carried out in accordance
with the Declaration of Helsinki. All patients undergoing
(FA) or
angiography (ICGA) provided written informed consent. A

fluorescein  angiography indocyanine green
retrospective review of 37 eyes was performed in 32 patients
with FCE. All patients were Chinese and were examined at
the Affiliated Eye Hospital of Wenzhou Medical University
and China-Japan Friendship Hospital. The patients were
followed up for 2 to 43mo. None of the patients had a history
of trauma, posterior uveitis, or prior retinal or choroidal
infection.

FCE was defined as a reflex curve alteration of the
RPE-choriocapillary band in a 2D image or as a choroidal
excavation in a 3D image detected in a SD-OCT scan
analyzed by a single investigator, without the evidence of a
posterior staphyloma or scleralectasia. All patients underwent
a detailed clinical examination, including best-corrected
visual acuity (BCVA), refraction, slit-lamp, intraocular
pressure, ophthalmoscopy, and fundus photography. SD-OCT
was performed with a Topcon 3D-OCT-1000 (Topcon,
Tokyo, Japan) and Spectralis OCT (Heidelberg Engineering,
Heidelberg, Germany) using 3D-macula or a 99-horizontal
(6 X6 mm area). The depth of FCE was
manually measured. FA and ICGA were performed using the
(HRA2; Heidelberg

line protocol

Heidelberg retina angiography 2
Engineering, Heidelberg, Germany).
RESULTS

The patients' demographic and clinical features are
summarized in Table 1. Seventeen of 37 eyes were right eyes
and 20 were left eyes. Nineteen eyes were myopic. Nine eyes
achieved a BCVA of 1.0 or better. CSC was observed in 4
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Table 1 Features of 32 patients with FCE
Features

Patients (n=32)

Mean age (range, a) 33.6 (7 to 66)

F (%) 12 (37.5)
Race (Chinese, %) 32 (100)
Unilateral involvement (%) 27 (84.4)
Complaint of symptoms (%) 18 (60)
Nonconforming type involvement (%) 15 (46.9)
Complication (%)

CNV 7(21.9)

csc 4(12.5)
Refractive error (range, D) 2.0to-11.0D

Mean BCVA (range) 0.6 (0.1to 1.2)

eyes and one case developed during the followed-up since
our first examination for FCE. CNV was observed in 7 eyes
and 1 of them developed during the follow-up. No patient
had any other significant ocular manifestations. None of the
patients had a history of any medical illness or medication
use that seemed relevant to their choroidal and retinal
findings, and none of the patients reported a family history of
retinal disease. Twelve of the eyes were identified during
routine eye examinations. Eleven eyes presented with retinal
diseases and 7 with metamorphopsia or decreasing visual
acuity. Six eyes were referred from an optometry clinic
because their BCVA was less than normal, and one eye was
found coincidentally in one of our staff.

In most patients, the presence of FCE was not clearly evident
on routine clinical examination. B-scan ultrasonography
showed no microphthalmia. Funduscopy and color
photography showed mild-moderate localized pigmentary
disturbances in the corresponding area of 17 eyes, while 9 of
the eyes had no remarkable changes (Figures 1-5) and 11
eyes had fundus manifestations corresponding with CSC and
CNV. Fluorescein angiography was performed in 18 patients
and showed varying degrees of hyperfluorescence and
hypofluorescence relating to a range of pigmentation
alterations (Figures 2, 3). ICGA was performed in 7 patients
and showed hypofluorescence at the excavation (Figure 3).
For all patients, the use of SD-OCT imaging was necessary to
detect FCE. All the 37 eyes demonstrated reflex curve
changes of the RPE-choriocapillary band in 2D image or
choroidal excavation in 3D image. Twenty-nine eyes showed
one lesion of the FCE, and 2 eyes showed 2 separate lesions
(Figure 5). The remaining one eye showed 3 separate lesions
(Figure 1).

All the excavations were located around the horizontal raphe.
Thirty-seven of the 41 lesions were found in the fovea or
juxta-fovea region, and the normal foveal contour was
maintained, except in patients who also had CSC or CNV.
Four lesions, which were the 2" or 3" lesion in the involved
eye, were located extrafoveally (Figures 1, 5).
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Figure 1 A 24-year—old woman with bilateral FCE was observed in the clinic for a pre—pregnancy physical examination and
presented with BCVA of 1.2 in both eyes A, E: Fundus photographs showed normal pigment in the fovea. B, F: Fluorescein angiography
showed irregular slight hyperfluorescence in the macula. C, G: The OCT images of the topographic map showed a bowl-shaped choroidal
excavation with a depth of 182-210 wm. C, D: OCT showed three choroidal excavations in the macula of the right eye. One appeared in
temporal to the fovea and the other appeared in inferotemporal to the fovea, with a reflex curve alteration of the RPE-choriocapillary band
and IS/OS junction. The third was located just beneath the fovea. The band of the OS and IS/OS junction was blurred at the excavation, while
the bands of ELM were fairly preserved. The hyporeflective space between the RPE and photoreceptors suggests it was nonconforming. H:
The choroidal excavation was under the fovea and involved the outer retinal layer up to the ONL. The band of OS tips disappeared at the
excavation, while the bands of ELM and IS/OS junction were preserved. The retinal layers from the OPL to RNFL were almost undisturbed.
High reflex, with a density similar to fibrosis, was observed beneath the RPE-choriocapillary band at the excavation. (A, B, C, D: Right eye.
E, F, G, H: Left eye).

The affected structures in the excavation generally included  cases, the layer from the outer plexiform layer (OPL) to the
the RPE-choriocapillary band, the inner segment/outer  retinal nerve fiber layer (RNFL) was undisturbed (Figure 1).
segment (IS/OS) junction, the external limiting membrane = However, in 1 eye, the excavation involved the OPL besides
(ELM), and the outer nuclear layer (ONL), which followed  the retinal structures mentioned above. In the areas that were

the contour of the choroidal excavation. In most of these  affected, the OPL appeared thickened compared with the
515
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Figure 2 A 29 -year —old man with a nonconforming FCE in the left eye A: The lesion showed mild pigment disturbance. B:
Fluorescein angiography demonstrated punctiform hyperfluorescence. C: The RPE, IS/OS junction, ELM, ONL, OPL, and INL followed the
curve of the choroidal excavation, with separation between the photoreceptor tips and RPE. The sclerochoroidal junction appeared smooth
and undisturbed. High reflex, with a density similar to fibrosis, was observed beneath the RPE-choriocapillary band at the excavation.

Figure 3 A 26-year—old man with FCE associated with CNV in the right eye A: A color photograph showing a macular hemorrhage.
B: Fundus autofluorescence imaging revealed irregular hypo-autofluorescence in the fovea and speckled hyper-autofluorescence inferior to the
fovea. C, F: Fluorescein angiography demonstrated irregular hyperfluorescence inferior to the fovea that was related to classic CNV in the
carly phase, with dye leakage in the late phase. D, E: Indocyanine green angiography showed hypofluorescenceat the fovea. G, H, I: The OCT
images demonstrated increased thickness at the macula, with a focal choroidal excavation in both the vertical (H) and horizontal (T) scans.
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Figure 4 A 40-year—old woman with a FCE accompanied by CSC in left eye A: A color photograph revealed pigment disturbance at
the macula. B, C: Fluorescein angiography demonstrated spot hyperfluorescence superonasal to the fovea, with dye leakage in the late phase.
D, E, F: The OCT image showed the serous detachment between the sensory retina and the RPE. The RPE followed the contour of the
choroidal excavation in both the vertical (E) and horizontal (F) scans.

Figure 5 A 7-year-old boy with FCE in the right eye A, B: Volume scans of OCT demonstrated two lesions. One nonconforming
lesion appeared temporal to the fovea, with a reflex curve alteration of the RPE-choriocapillary band, IS/OS junction, ELM, ONL, and OPL.
C, D: The other conforming lesion was located beneath the fovea. The band of OS, IS/OS, and ELM junction disappeared at the excavation,
while the bands of OPL were fairly preserved. High reflex, with a density similar to fibrosis, was observed beneath the RPE-choriocapillary

band at the excavation.

unaffected retina. The inner nuclear layer (INL) above the  There was a separation between the photoreceptor tips and
excavation was also part of the excavation and followed the  the RPE in 15 eyes (nonconforming FCE). For two patients,

alteration of the reflex curve in this eye (Figure 2). the conforming lesion and the nonconforming lesion
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coexisted in the same eye (Figures 1, 5), an unusual finding
that has not been reported previously. In other 4 cases, four
eyes with CSC had a serous neuroepithelial detachment over
the excavation (Figure 4). Seven eyes with FCE had CNV
originated from the vicinity of the margin of excavation.
None of the eyes showed any staphyloma of sclerochoroidal
bands on the OCT scan, which appeared smooth. In some
cases, high reflex, with a density similar to fibrosis, was
observed beneath the RPE-choriocapillary band at the
excavation (Figures 1, 2).

DISCUSSION

The etiologic and pathologic mechanism underlying FCE
remains unclear. Based on clinical data and review, we
hypothesized FCE could be an entity arising from the focal
faulty differentiation of the chorioretina, a developmental
disorder, because of the lack of a history of any related ocular
disease and the occurrence of a new case in a child.

As documented in the embryology literature ™, the RPE and
presumptive sensory retina appear in the Swk, followed by
the occurrence of the choroidal vasculature in the 7wk and
photoreceptors in 3mo. The RPE is one of the earliest retinal
structures to develop and differentiate!, and is believed to be
involved in the development and differentiation of the
choroid and retina later . It has been demonstrated in a
mouse!*'” and in the human that the RPE is necessary for
the normal morphogenesis of the sensory retina and choroid.
Most notably, in 1959, Klein [ reported a case of suspected
retinoblastoma in a 2-month-old infant. Aside from 2 large
flat white lesions around the optic disk, additional 6 small
whitish retina lesions in her right eye were observed
When 19 months old, she died from

bronchopneumonia and her right eye was

clinically.
analyzed
histopathologically. The final pathological diagnosis of the
large lesions was atypical choroidal coloboma. The small
lesions revealed a  circumscribed concave-shaped
chorioretinal anomaly, in which the RPE was poorly
differentiated, the choriocapillaris underlying the RPE was
rudimentary, and the neural retinal layers overlying the RPE,
particularly the photoreceptors, had some degeneration. To
our knowledge, Klein's ™ is the only histopathological report
of focal concave-shaped chorioretinal anomaly reported in an
infant up to now, and shows most similar chorioretinal
alteration with FCE.

The RPE, choriocapillaris, and photoreceptor are three
substructures involved in FCE 2. Based on Klein's "
"neuroectodermal"  theory, we speculated that the
development of FCE may be due to the faulty differentiation
of the choroiretina. However, it is difficult to explain the
localization of FCE, which is typically located in the
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perifovea around the horizontal raphe. An alternative
possibility we suggested was that FCE may be regarded as
atypical coroidal coloboma that arises due to the minimal
defective closure of the embryonal fissure. When there is a
good apposition in a normal-sized optic cup, the failure of
closure, accompanied by the aberrant differentiation of the
RPE, can lead to a small defect in a normal-sized eye!™. The
failure of RPE differentiation can result in lesions in which
multiple structures are malformed ', Histologically, these
lesions may be deficient in the RPE, the overlying sensory
retina, the underlying choroid ', or even the whole retina.
Clinically, the subtype and visual prognosis of the lesion
varies and depends on the severity, location, and other
complications. A large lesion involving the macula may lead
to severe impairment of vision. A small lesion involving
limited tissue may interfere less with vision and may show
minimal thinning of the choriocapillaris or varying degrees of
pigment clumping along the line of fissure closure!™.

Mini lesions beneath the RPE are difficult to detect by
conventional examination. The OCT, especially SD-OCT,
provides high quality images of the retina and choroid with
an axial resolution of approximately 5 pwm P In the FCE
cases reported in our study and the previous literature™', the
choroidal excavation involved the choriocapillaris and RPE
in the foveal or perifoveal region, and the lesions had a
thickened photoreceptor cell layer and the attenuation or
absence of IS/OS junction and photoreceptor cell tips ¥. We
recently noted that OPL following the contour of the
excavation appeared thickened, while the layers from OPL to
RNFL were previously reported to be normal B2 The
alterations observed by OCT have been confirmed by other
imaging modalities. Hypo-autofluorescence indicates the loss
of RPE activity in the lesion, and hypofluorescence of ICGA
suggests the presence of impaired choroidal circulation®™*',
Based on the shapes of the lesions of the structures involved,
Margolis ez 2/ defined two types of choroidal excavation,
conforming and nonconforming. He suggested the possibility
of progressing from the conforming to nonconforming type
when the normal choroid becomes thinner with age and the
stress between the photoreceptor chips and RPE increases
with time. However, no association between the diameter or
depth of the excavation and the patients' ages was presented,
and apparently none of the cases progressed from the
conforming to nonconforming type during the 6-66mo of
follow-up!". Additionally, in our study, we observed different
phenotypes of this defect with greater age diversity. In the
current report, this age-related interpretation may not be able
to accurately illustrate the occurrence of the nonconforming

type in children, especially the co-occurrence of the
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Table 2 Literature review of the clinical features of choroidal excavation

[2-13,19]

Author Eyes/Cases (n) Agerange  Sex (M/F; n) Race (n) Myopia cases ()
Jampol et al™ 1/1 62 0/1 N.A. 1
Liu et al™ 13/11 19-42 4/7 Asian (Chinese) =2
Abe et al™ 1/1 29 1/0 Asian (Japanese) 1
Margolis et al ! 13/12 22-62 4/8 White 6; Asian 4; Hispanic 1; Black 1 =17
Kobayashi et al 1/1 57 0/1 Asian (Japanese) 1
Katome ez al 1" 3/2 34-58 1/1 Asian (Japanese) 2
Ellabban et a/™® 9/9 35-76 6/3 Asian (Japanese) 9
Xu et al™”! 15/12 26-64 6/6 Asian (Chinese) 6
Kumano et a/ ' 2/2 39-41 2/0 Asian (Japanese) 2
Obata et g/ 21/17 25-70 10/7 Asian (Japanese 16; Chinese 1) 16
Wakabayashi et a/ ' 3/3 33-38 0/3 Asian (Japanese) 2
Savastano er al'"! 3/3 49-60 12 Non-Asian =2
Say et al*? 1/1 48 0/1 Non-Asian N.A.
Summary 86/75 19-76 35/40 Non-Asian 13; Asian 62 =51

conforming and nonconforming FCE in the same eye of a
child (Figure 5). Alternatively, it is plausible that dysplasia
leads to various degrees of lesions and that choroidal
excavation can demonstrate the various phenotypes inherent
to it.
Aside

inflammation and infection as possible etiologies were

from developmental and age-related origins,
proposed for FCE B but FCE lacks a history of any related
ocular diseases and keeps relatively stable course, its OCT
manifestation resembles the histopathological images of
Klein's case " and one case occurred in early childhood. In
view of that, congenital focal choroidal dysplasia would be a
more appropriate name for the entity if earlier onset age is
collected and longitudinal study is evidenced in the future.

In addition to the changes observed by OCT, several clinical
features have been assessed based on the present study and
literature review ="' that enable us to better understand
FCE. The FCE generally presents unilaterally but can be
observed bilaterally, with an approximately 16% bilateral
occurrence (Table 2). The patients examined by routine eye
examination may be asymptomatic P, but most patients
presented to the clinic with complaints of visual disturbance.
In FCE patients, the degree of metamorphopsia 57113,
central scotoma ™, or decreasing visual acuity ™' varied.
Ophthalmoscopy and fundus photography are nonessential
for FCE diagnosis, even if some eyes shows varying degrees
of foveal or perifoveal pigmentary disturbances. Pigmentation
within the lesion can range from a mild "reddish" or
"yellowish" hypopigmentation to pigment mottling in macula.
In the previous reports of 86 eyes of 75 patients, all of the
patients were adults when FCE was diagnosed (Table 2).
This is similar to the present study, where 29 of our patients

were adults. However, an earlier age of diagnosis was

confirmed in a child aged 7 in our study (Figure 5), which
suggests that FCE may occur in earlier age of childhood and
the etiology of FCE may be due to a congenital factor since
the lack of any acquired factors presented in this child and
also in other FCE patients. FCE shows an ethnic predilection.
All of our patients were Chinese, which was in accordance
with the Asian preponderance (82%) reported in previous
publications (Table 2). Kumano e72/" suggested that ethnic
risk factors and inheritance patterns are related to FCE.
Although all the reported cases lack the relevant disease
history and family history, at least 68% of FCE patients also
had myopia (Table 2). Most of our patients also presented
with myopia. However, it has been reported that the
choroidal thickness of patients with hyperopic to moderately
myopic eyes are not obviously different from that in healthy
subjects when adjusted for age, refractive error, and/or race.
The choroidal thickness was only greater than that of the
control group in highly myopic eyes"". This may suggest that
refractive error is a risk factor for the development of FCE or
may be associated with FCE, rather than being an etiological
factor for the condition.

So far, 7 patients of FCE had a concurrent diagnosis of CSC
based on the previous study ', In our study, we presented
additional 4 cases with co-occurred CSC. Although the
generalized choroidal vascular disturbances of FCE, such as
choroidal vascular dilation, choroidal vascular
hyperpermeability, and multifocal hyperfluorescence and
hypofluorescence ', are believed to be similar to what are
often observed in CSC!"*?), the role of FCE in the occurrence
of CSC is not confirmed at the present time. According to
Ellabban e7 2/ ™, none of their CSC patients showed new
occurrence of FCE during the disease course, and none of the
eyes showed resolution of FCE during their follow up. At
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least, it suggests that CSC may not necessarily causatively
relate to the onset of FCE. In our cases, 4 eyes were
accompanied by CSC and 1 of them developed a secondary
serous retinal detachment above the area of excavation 30mo
after the first visit, which was consistent with CSC in OCT
and the FA image. It seems that FCE has a possible role in
the onset of this special concurrent CSC. Yet precise
interpretations cannot be determined until further
population-based studies are completed.
While FCE generally maintains a stable natural course, a
secondary CNV can be main cause for a visit to the
clinic B In the current study, seven eyes with FCE had
CNV and one of them developed CNV during the 28mo
follow-up. The results emphasize the possibility of FCE as a
risk factor for CNV. However, the reason for this risk is not
clear. Commonly, CNV could be due to the degeneration of
RPE in age-related macular degeneration! and the break of
Bruch's membrane (BM) in other diseases, such as angioid
streaks'” or pathologic myopia®®.. In Klien's! case, absence
of BM behind circumscribed areas of faulty differentiation of
RPE was revealed. Previous studies of FCEP' have explored
several changes in the choroidal excavation, such as the
aberrant choroidal circulation defined by FA and ICGA,
thinned choroid, and defects of the RPE-BM-choriocapillary
complex defined by OCT, which share the anatomic features
of CNV risk factors. So it is believed that besides bad
circulation, a defect of the BM should also be considered a
risk factor for the development of CNV in FCE %%, Due to
the anatomic abruption of BM or anatomic disruption of
RPE-BM-choriocapillary complex, CNV may develop. This
type of CNV is similar to that which is secondary to PM and
angioid streaks. It seems that cases frequently defined as
idiopathic in many patients with FCE should be reconsidered,
especially in younger patients. In view of the risk of
developing CNV, it is suggested that more attention should
be given to FCE patients over the long term.
In conclusion, FCE could reflect the aberrant differentiation
of choroiretina, which involves the dysplasia of the RPE,
choriocapillaris, and photoreceptors. However, our
preliminary interpretation of FCE as congenital focal
choroidal dysplasia is not conclusive and requires further
support. It is notable that FCE present similarity with the
anatomical risk of CSC and CNV. More histopathological
studies are needed to further elucidate the pathogenesis of
FCE and to define the long-term prognosis.
ACKNOWLEDGEMENTS
The authors thank Wei-Wei Zheng, Xiao-Lin Jia and
Ting-Ye Zhou for the OCT scan and fundus photography.

520

Foundation: Supported by the Natural Science Foundation
Grant of Zhejiang Province, China (No. LY 12H12007)
Conflicts of Interest: Liu GH, None; Lin B, None; Sun
XQ, None; He ZF, None; Li JR, None; Zhou R, None; Liu
XL, None.

REFERENCES

1 Klien BA. The pathogenesis of some atypical colobomas of the choroid.
Am J Ophthalmol 1959;:48:597-607

2 Jampol LM, Shankle J, Schroeder R, Tornambhe P, Spaide R F, Hee MR.
Diagnostic and therapeutic challenges. Zetzzz 2006;26(9):1072-1076

3 Liu XL, Sun XQ, Sun ZH, Jia XL. Characteristics of three—dimensional
optical coherence tomography in congenital zonal choroidal dystrophy. €%z
J Optometry Ophthalmol Vis Ser2010;12(3):221-223

4 Abe S, Yamamoto T, Kirii E, Yamashita H. Cup-shaped choroidal
excavation detected by optical coherence tomography: a case report. Zetiz
Cases and Brref Rep 2010;4(4):373-376

5 Margolis R, Mukkamala SK, Jampol LM, Spaide RF, Ober MD, Sorenson
JA, Gentile RC, Miller JA, Sherman ], Freund KB. The expanded spectrum
of focal choroidal excavation. Aze/ Oplitthlmol/ 2011;129(10):1320-1325
6 Kobayashi W, Abe T, Tamai H, Nakazawa T. Choroidal excavation with
polypoidal choroidal vasculopathy: a case report. Ziz Optittalol 2012;6:
1373-1376

7 Katome T, Mitamura Y, Hotta F, Niki M, Naito T. Two cases of focal
choroidal excavation detected by spectral-domain optical coherence
tomography. Case Kep Optithalmol2012;3(1):96-103

8 Ellabban AA, Tsujikawa A, Ooto S, Yamashiro K, Oishi A, Nakata I,
Miyake M, Akagi—-Kurashige Y, Ueda—Arakawa N, Arichika S, Yoshitake
S, Takahashi A, Yoshimura N. Focal choroidal excavation in eyes with
central serous chorioretinopathy. A ./ Oplittalmol 2013;156(4):673-683
9 Xu H, Zeng F, Shi D, Sun X, Chen X, Bai Y. Focal choroidal excavation
complicated by choroidal neovascularization. phithalmology 2014;121(1):
246-250

10 Kumano Y, Nagai H, Enaida H, Ueno A, Matsui T. Symptomatic and
morphological differences between choroidal excavations. Oprom Vis Sci
2013;90(4):e110-€118

11 Obata R, Takahashi H, Ueta T, Yuda K, Kure K, Yanagi Y.
Tomographic and angiographic characteristics of eyes with macular focal
choroidal excavation. Aers/nz 2013;33(6):1201-1210

12 Wakabayashi Y, Nishimura A, Higashide T, Ijiri S, Sugiyama K.
Unilateral choroidal excavation in the macula detected by spectral-domain
optical coherence tomography. Aeczz Optittralimol 2010;88(3):e87-e91

13 Savastano MC, Rispoli M, Di Antonio L, Mastropasqua L, Lumbroso B.
Observed positive correlation between Epstein—Barr virus infection and
focal choroidal excavation. Zzz Optitthalmol 2014;34(4):927-932

14 Barishak YR. Embryology of the Eye and its Adnexa. 2" ed. London:
Karger;2001.28

15 Saint-Geniez M, D'Amore PA. Development and pathology of the
hyaloid, choroidal and retinal vasculature. Zzz ./ Der Bio/ 2004:48 (8-9):
1045-1058

16 Raymond SM, Jackson 1J. The retinal pigmented epithelium is required
for development and maintenance of the mouse neural retina. Curr Bro/
1995;5(11):1286-1295

17 Zhao S, Overbeek PA. Regulation of choroid development by the retinal
pigment epithelium. 4/ Vzs 2001;7:277-282



Int J Ophthalmol,
Tel:8629-82245172

Vol. 8, No. 3, Jun.18, 2015
8629-82210956

www. 1JO. cn
Email:ijopress @163.com

18 Jakobiec FA. Ocular anatomy, embryology, and teratology. Philadelphia:
Harpercollins; 1982:553-585

19 Chang L, Blain D, Bertuzzi S, Brooks BP. Uveal coloboma: clinical and
basic science update. Cuzr Opinr Oplithalmol 2006;17(5):447-470

20 Onwochei BC, Simon JW, Bateman JB, Couture KC, Mir E. Ocular
colobomata. Suzrr Ophittalimo2000:45(3):175-194

21 Keane PA, Bhatti RA, Brubaker JW, Liakopoulos S, Sadda SR, Walsh
relevant findings from high—speed

AC. Comparison of clinically

fourier-domain  and  conventional time-domain optical coherence
tomography. Am./ Op/ittialmo/ 2009;148(2):242-248.e1

22 Say EA, Jani PD, Appenzeller MF, Houghton OM. Focal choroidal
excavation associated with polypoidal choroidal vasculopathy. Opatthaliwe
Sung Lascrs lmaging fetina 2013;44(4):409-411

23 Tsujikawa A, Ojima Y, Yamashiro K, Ooto S, Tamura H, Nakagawa S,
Yoshimura N. Punctate hyperfluorescent spots associated with central
serous chorioretinopathy as seen on indocyanine green angiography. ez

2010;30(5):801-809
24 Massacesi AL, Sacchi L, Bergamini F, Bottoni F. The prevalence of

retinal angiomatous proliferation in age-related macular degeneration with

occult choroidal neovascularization. Graefes Arcth Clin Lip Oplittalmol
2008;246(1):89-92

25 Complications of Age-related Macular Degeneration Prevention Trial

(CAPT) Research Group. Risk factors for choroidal neovascularization and

geographic atrophy in the complications of age-related macular
degeneration prevention trial. Opsthalmology 2008;115(9):1474-1479

26 Yoshida T. Molecular mechanism of choroidal neovascularization in
age-related macular degeneration. Nilon Cauba Ciukhar Zasstr 20075111
(11):881-891

27 Al-Rashaed S, Arevalo JF. Long-term follow—up of choroidal
neovascularization secondary to angioid streaks: case series and literature
review. (L Optithalmol 2012;6:1029-1034

28 Neelam K, Cheung CM, Ohno—Matsui K, Lai TY, Wong TY. Choroidal
neovascularization in pathological myopia. Fog Reri Fye Fes 2012;31(5):
495-525

29 Dave V, Narayanan R. Choroidal neovascularization in pathologic

myopia. A ./ Ophittralmol 2010;150(5):752-753

521



