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Abstract

Optic disc coloboma (ODC) is a rare congenital anomaly of the optic nerve. Optical coherence
tomography (OCT) helps to monitor the complications when there is associated retinoschisis,
retinal detachment, or peripapillary neovascularization, while being minimally invasive. OCT
angiography could help to better understand this entity from a vascular perspective. We report
multimodal imaging of 3 children with large ODC associated with cat eye syndrome, CHARGE
syndrome (coloboma, heart defects, atresia choanae, growth retardation, genital abnormali-
ties, and ear abnormalities), and branchio-oculo-facial syndrome.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Optic disc coloboma (ODC) is a rare congenital defect resulting from incomplete proximal
optic fissure closure [1, 2]. It may occur as an isolated finding or associated with other eye
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colobomas, including coloboma of the lens, iris coloboma, and retinochoroidal coloboma [3].
Visual acuity is affected differently depending on the ODC itself or secondary complications.

Optical coherence tomography (OCT) is a helpful tool to monitor these patients when
there is an association of retinoschisis and retinal detachment. OCT angiography (OCTA) is
helpful in differentiating between ODC from other optic nerve defects including morning glory
syndrome [4]. OCTA has not been thoroughly explored regarding vascular physiology of colo-
bomas. It will also be beneficial to know whether OCTA helps to establish a better understand-
ing of the pathophysiology of the coloboma’s vascularization system and the possibility of any
correlation with visual function, as retinal and choroidal vasculature may impact vision.

Only a few studies describing the multimodal imaging aspects of congenital optic disc
anomalies have been published.

Subjects and Methods

A retrospective study of patients who presented to the Department of Pediatric Retina at
Bascom Palmer Eye Institute, Miami, Florida between January 2019 and January 2020 was
performed. Six eyes of 3 patients were identified. All patients were seen in the clinic and
brought to the operating room for examination under general anesthesia (EUA) to perform a
full ophthalmological examination, fundus photography, fluorescein angiography (FA), OCT,
and OCTA using the Heidelberg Spectralis Flex Module. Then, necessary treatment was imple-
mented as needed. The OCT and OCTA were performed by trained experienced photogra-
phers. The visual acuity in this paper is provided in the case descriptions whenever measure-
ment in these children was possible.

Results

Case 1

A 3-year-old female with a history of plagiocephaly and tetralogy of Fallot who had un-
dergone heart surgery was referred by the pediatric ophthalmologist for cat eye syndrome
OU. She had partial tetrasomy (four copies) of 22q11.1q11.21 chromosome by microarray.

During EUA, intraocular pressure (I0P) was 12 mm Hg OU and axial length was 20.1 mm
in both eyes. Anterior segment evaluation showed inferior coloboma of the iris in both eyes.
Indirect ophthalmoscopy of the posterior segment of the eye demonstrated tilted optic disc
and bilateral coloboma of nerve, retina, and choroid bilaterally; in the right eye exudation was
noticed starting superotemporally and compromising the macula with an adjacent hemor-
rhage consistent with choroidal neovascularization (CNV) (OD depicted in Fig. 1a). FA re-
vealed staining of the coloboma OU, with blockage from the hemorrhage, and leakage from
the neovascular membrane in the right eye (OD depicted in Fig. 1b). Three intravitreal beva-
cizumab injections and a subsequent subtenon triamcinolone injection were administered to
treat the patient’s right eye. Additionally, laser photocoagulation treatment was needed due
to persistent CNV. One year later the CNV had resolved with a best corrected visual acuity of
20/150. During the latest EUA, OCT showed retinochoroidal scleral excavation in the area of
the ODC, with a fine layer of retina representing the intercalary membrane directly covering
the sclera OU (OD depicted in Fig. 1c). In the right eye, CNV with cystic edema temporally to
the ODC was noticed (Fig. 1e). OCTA could not capture clear pictures of the ODC due to its
depth (Fig. 1f); however, we noticed a neovascular network growing from the choroid
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vasculature through Bruch’s membrane corresponding to the CNV at the temporal edge of the
ODC in the right eye (Fig. 1d). This OCTA finding is difficult to differentiate from a projection
artifact and segmentation errors. The patient continues to be monitored closely.

Case 2

A 14-year-old female with a history of CHARGE syndrome (coloboma, heart defects, atre-
sia choanae, growth retardation, genital abnormalities, and ear abnormalities) was referred
for retinal evaluation due to presence of retinal detachment in the right eye. Her best cor-
rected visual acuity was 20/400 OD and 20/60 OS. During the EUA, IOP was 12 mm Hg OD
and 13 mm Hg OS, anterior segment was normal, and indirect ophthalmoscopy showed a pos-
terior pole coloboma of the right eye with a superior focal retinal detachment. In the left eye
a chorioretinal coloboma with an attached retina was found (Fig. 2a). FA demonstrated bilat-
eral staining of the coloboma with peripheral nonperfusion (OS depicted in Fig. 2b). A pars
plana vitrectomy was performed OD with silicone oil tamponade. Eleven months after surgery
the patient developed a cataract. At this time, OCT was performed in the left eye and showed
retinochoroidal scleral excavation in the area of the ODC, with the retina reduced to a fine
intercalary membrane covering the sclera (Fig. 2c), while in OCTA a decrease in capillary per-
fusion was suspected OS (Fig. 2d); however, it is difficult to differentiate from a signal void.
The OCTA images were not completely conclusive as the quality was poor due to the signifi-
cant depth of the coloboma. Phacoemulsification was then performed with silicone oil re-
moval. During the surgery, retinal holes with subretinal fluid were noticed superiorly, laser
photocoagulation was applied along with C3Fg 18% gas tamponade ensuring retinal reattach-
ment, then intravitreal bevacizumab injection was given. At the most recent follow-up, the
retina remained attached, with a visual acuity of 20/200 OD and 20/60 OS.

Case 3

A 3-year-old female with a history of branchio-oculo-facial syndrome underwent EUA.
IOP was 15 mm Hg OD and 18 mm Hg OS, corneal diameter was 8.5 mm OU, and axial length
was 16.5 mm OD and 19.5 mm OS. The anterior segment showed keyhole iris with inferior
coloboma, prominent vascularization, and mild pupillary membrane OD, and coloboma of the
iris OS, with cataract OU. Indirect ophthalmoscopy OD demonstrated presence of persistent
fetal vasculature, coloboma of the optic nerve, diffuse retinal pigment epithelium hypertrophy
in the macula, and tortuous vessels with subretinal fluid in the four quadrants. Indirect oph-
thalmoscopy OS revealed coloboma of the optic nerve associated with inferior chorioretinal
coloboma (OS depicted in Fig. 3a). Two years after initial evaluation, evolution in the left eye
was unfavorable, with no view to the posterior segment of the eye. Axial length was 16.0 mm
0D and 20.4 mm OS. We noticed the presence of subretinal fluid OS, and FA showed patchy
perfusion with speckled fluorescence (Fig. 3b). The patient received multiple laser photocoag-
ulation treatments, intravitreal injections of bevacizumab, and subtenon triamcinolone injec-
tions OS, on a treat-and-adjust interval. OCT OS was performed during the most recent follow-
up and showed the coloboma with the intercalary membrane covering the sclera (Fig. 3c) and
subretinal fluid superior to the ODC (Fig. 3d). OCTA was also performed OS, but the images
were difficult to interpret overall; due to the significant depth of the coloboma, we could only
see the edge of the ODC in some portions showing decreased capillary perfusion, however this
is difficult to differentiated from artifact (Fig. 3e, f). The patient continues to be monitored
closely.
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Discussion and Conclusions

ODC is a rare congenital disorder resulting from incomplete closure of the embryonic fis-
sure during the 5th to 7th week of gestational age [1, 2]. The prevalence of ODC in the general
population is about 0.14, with 50% of patients having bilateral disease [5]. The closure defect
is often filled with glial tissue. ODC may be an isolated defect or associated with iris coloboma,
lens coloboma, or retinochoroidal coloboma [3]. Visual acuity varies according to the degree
of foveal involvement and overlying retinoschisis or detachment that can be associated with
this condition [6].

ODC can be sporadic or inherited in an autosomal dominant pattern, with reported asso-
ciations with variants in PAX2 [6]. It can also be associated with different syndromes: cat eye
syndrome (as seen in case 1), CHARGE syndrome (depicted in case 2), branchio-oculo-facial
syndrome (example seen in case 3), first arch syndrome that includes Treacher Collins syn-
drome and Patau syndrome, Fraser syndrome, amniotic band syndrome, Aicardi syndrome,
and others [4, 7].

There are only a few studies describing the OCT aspects of ODC. Spectral-domain OCT
demonstrates sclera just beneath the retinal tissue. When retinoschisis is present, it is found
above the excavation. Spectral-domain OCT also shows that the retinochoroidal-scleral exca-
vation in the area of the ODC is relatively shallow compared to that observed in morning glory
syndrome and peripapillary staphyloma. Furthermore, according to these studies, there is a
considerable overlap between the OCT findings in ODC and optic disc pits [6, 8, 9].

OCTA allows the evaluation of peripapillary vascular network in different layers. In nor-
mal eyes, there is a dense microvascular network with no focal capillary dropout [10]. One
study reported that OCTA in ODC shows absence of a radial peripapillary microvascular net-
work and a region of capillary dropout. This finding was similar in optic disc pits and in con-
trast to morning glory syndrome, where the microvascular peripapillary network is dense [9,
11].

Other studies demonstrated that there is a significant decrease in capillary perfusion den-
sity at the inside disc, inferior nasal, and temporal regions in optic disc pits eyes. Furthermore,
these studies showed that in morning glory syndrome, besides the increased density of the
radial peripapillary capillary network, there is an absence of superficial capillary plexus and
a rarefaction of the vasculature of the peripapillary area adjacent to the disc anomaly at the
deep capillary plexus and at the level of choriocapillaris [12, 13].

OCTA as a novel ancillary test is promising as it enables the analysis of the vascular net-
work of different layers of the eye. However, in the studies discussed above, OCTA only de-
scribed small ODC and optic nerve pit. In fact, the currently available OCTA is not capable of
capturing large ODC and the different vascular layers cannot be analyzed, which is the case in
our patients; we have included the best captures obtained in Figures 1-3. In large ODCs, OCT
is helpful to monitor the retinoschisis and the CNV that could accompany this condition; in
contrast, OCTA is of limited interest.
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Fig. 1. Case 1. a Color fundus photograph of the right eye showing the ODC; note the CNV at the superotem-
poral edge of the coloboma. b FA of the right eye showing staining of the coloboma and late leakage of the
CNV. ¢ OCT of the CNV superotemporal to the coloboma showing a hyperreflective nodular lesion above
the retinal pigment epithelium with intraretinal edema. d OCT of the coloboma showing retina directly on
top of the sclera with cystoid edema temporally. e OCTA (avascular complex) of the CNV membrane. f OCTA
(avascular complex) of the coloboma not showing clear details of the vasculature. CNV, choroidal neovas-
cularization; FA, fluorescein angiography; OCT, optical coherence tomography; OCTA, optical coherence
tomography angiography; ODC, optic disc coloboma.
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Fig. 2. Case 2. a Color fundus photograph of the left eye showing the ODC. b FA of the left eye showing late
staining of the coloboma. ¢ OCT of the coloboma showing a fine layer of retina directly on top of the sclera
with cystoid edema. d OCTA (RET) of the coloboma not showing clear details, but a decrease in vasculature
can be suspected. FA, fluorescein angiography; OCT, optical coherence tomography; OCTA, optical coher-
ence tomography angiography; ODC, optic disc coloboma.
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Fig. 3. Case 3. a Color fundus photograph of the left eye showing the ODC. b FA of the left eye showing
staining of the coloboma and a vertical inferior hypofluorescent line corresponding to a chorioretinal col-
oboma. ¢ OCT of the coloboma showing a fine layer of retina on top of the sclera. d OCT superior to the
coloboma demonstrating subretinal fluid. e, f OCTA of the coloboma (RET and deep vascular complex, re-
spectively) showing decreased vasculature although the details cannot be fully appreciated. FA, fluorescein
angiography; OCT, optical coherence tomography; OCTA, optical coherence tomography angiography;
0DC, optic disc coloboma.
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