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Optical coherence tomography angiography (OCT-A) is a rel-
atively new, noninvasive outpatient imaging test that provides
both structural and functional information about the mac-
ula and midperipheral retina. OCT-A is complementary to
traditional imaging modalities, such as fundus photography,
fluorescein angiography (FA), and spectral domain optical
coherence tomography (SD-OCT).

Advantages of OCT-A include visualization of vascular
flow signal, en face imaging, no need for dye injection, and
segmentation of the posterior segment structures from the
vitreomacular interface, through the retinal layers, and to
the choroid. Disadvantages of OCT-A include increased costs
and longer acquisition times than SD-OCT. Because of the
longer acquisition times, it may be difficult to obtain high-
quality OCT-A images in eyes with poor visual acuity that
cannot fixate well.

The use of OCT-A is currently best established in the
care of patients with retinal vascular diseases, choroidal
vascular diseases, and ophthalmic oncology. Its role appears
to be emerging in patients with other macular and retinal
diseases (including uveitis) as well as optic nerve diseases and
glaucoma.

This special issue, which had opened for 6 months in the
second half of 2017, focuses on various clinical applications of
OCT-A.

V. M. Villegas et al. present two patients with choroidal
nevi, including one halo nevus, and report decreased vascular

flow signal in most or all layers on OCT-A. This decreased
vascular flow signal is proposed to be due to blockage from
the choroidal nevus, true diminished blood flow (ischemia),
or unknown causes. Because choroidal melanoma frequently
demonstrates increased vascularity on FA, the authors pro-
pose that OCT-Amight represent a noninvasive test to screen
suspicious nevi for evidence of early malignant transforma-
tion.

V. Shah et al. report one patient with a unilateral congen-
ital retinal macrovessel in the macula. OCT-A demonstrates
replacement of the normal foveal avascular zone (FAZ) by
abnormal vascular bifurcations, yet this disturbance of the
FAZ is associated with relatively normal foveal anatomy, as
imaged by swept-source OCT, and a best-corrected visual
acuity of 20/20.

B. M. Hampton et al. present one patient with bilateral
choroidal neovascularization (CNV) due to punctate inner
choroidopathy (PIC). In this patient, OCT-A demonstrates
bilateral submacular abnormal vessels consistent with CNV,
and FA demonstrates late vascular leakage, confirming the
diagnosis.

V. M. Villegas and J. L. Kovach report one patient with
bilateral macular telangiectasia type 2 (MacTel2) and uni-
lateral subretinal neovascularization (SNV). In the eye with
SNV, OCT-A demonstrates abnormal submacular vessels
consistent with SNV. In the fellow eye, OCT-A demonstrates
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abnormal vessels temporal to the center of the macula
consistent with nonproliferative MacTel2.

P. Shah et al. present two patients with acute central reti-
nal artery occlusion (CRAO), including one with cilioretinal
artery sparing, imaged with both FA and OCT-A. In both
patients, the images obtained by FA and OCT-A are very
similar. Because of this similarity, the authors propose that
patients with acute CRAO in whom OCT-A can be obtained
might not require additional imaging with FA.

M. Kaya et al. report one patient with chronic combined
cilioretinal artery occlusion and central retinal vein occlusion
(CRVO). In this patient, FA performed 10 months after
the combined occlusion is relatively normal but OCT-A
demonstrates a wedge-shaped area of decreased vascular
flow signal consistent with the cilioretinal artery occlusion.
The authors propose that different imaging studies may be
relatively more useful in the acute and chronic phases of this
disease.

S. Wu et al. present a somewhat similar patient with com-
bined CRAO and CRVO. In this patient, symptoms began
immediately following cataract surgery with retrobulbar
anesthesia. OCT-A demonstrates profound decreased vascu-
lar flow signal in the superficial and deep retinal plexuses but
relatively normal vascular flow signal in the choriocapillaris
and choroid.

T. Y. A. Liu et al. report one patient with CNV due to
presumed ocular histoplasmosis syndrome (POHS). Three
monthly injections of intravitreal bevacizumab were given.
On follow-up examinations up to 6 months, CNV activity is
not detectable by FA or SD-OCT but is detectable by OCT-
A. The authors propose that OCT-A might be more sensitive
than FA for this indication.

H. Hamoudi et al. present one patient with unilateral
Purtscher retinopathy following thoracic trauma sustained
in a motor vehicle accident. OCT-A demonstrates decreased
vascular flow signal in the superficial and deep retinal
capillary plexuses of the affected eye and is normal in the
fellow eye.

V. S. Chang et al. report one patient with unilateral
retinal arterial macroaneurysm (RAM) treated with two
injections of intravitreal bevacizumab. At presentation, OCT-
A demonstrated increased vascular flow signal in the walls of
the RAM. After treatment with bevacizumab was initiated,
follow-up OCT-A studies demonstrate progressive reduction
in the vascular flow signal within the walls of the RAM,
suggesting progressive sclerosis of the lesion.

A. Fukutomi et al. present one patient with nonischemic
CRVO that progressed to ischemic CRVO. At presentation,
OCT-A demonstrated some reduction in vascular flow signal
in the small capillaries but relatively preserved vascular flow
signal surrounding the FAZ. Subsequent OCT-A studies
demonstrate progressive expansion of the area of decreased
vascular signal flow, consistent with progressive expansion of
capillary nonperfusion.

In summary, this special issue contains many interesting
case reports, which collectively illustrate many uses of OCT-
A in patients with retinal vascular disease, choroidal vascular
disease, and ocular oncology.
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We report the sequential changes of retinal vessels observed by optical coherence tomography angiography (OCTA) in a case of
nonischemic central retinal vein occlusion (CRVO) that converted to ischemic CRVO. An 81-year-old woman visited our Retina
Clinic because of visual acuity loss in the left eye. Funduscopic examination showed venous tortuosity and intraretinal hemorrhage
in all four quadrants of the fundus. OCT showed macular edema. Fluorescein angiography (FA) and OCTA showed loss of small
capillaries. Nonischemic CRVO was diagnosed. Antivascular endothelial growth factor (VEGF) treatment resolved the edema and
improved visual acuity.However, during follow-up, capillary dropoutwas observed onOCTA,which gradually enlarged. Eventually,
FA confirmed the conversion to ischemic CRVO. In this case, sequential observations usingOCTA showed that nonischemic CRVO
did not convert to ischemic CRVOabruptly but occurred stepwise. Additionally, vascular changes began around the veins and blood
flow changes were observed more clearly in deep capillary plexus than in superficial capillary plexus.

1. Introduction

Central retinal vein occlusion (CRVO) is a significant cause
of acquired vision loss [1]. CRVO was traditionally classified
into ischemic and nonischemic subtypes on the basis of
the degree of retinal capillary nonperfusion. These two
different types have very different outcomes. Ischemic CRVO,
defined angiographically as showing at least 10-disc area of
retinal capillary nonperfusion, has worse vision at initial
presentation and at follow-up than nonischemic CRVO [2].
In ischemicCRVO, neovascular glaucoma (NVG) develops in
at least 23% of the eyes after 15months [3]. However, in nonis-
chemic CRVO, development of NVG is rare. It is well known
that eyes with nonischemic CRVO may convert to ischemic
CRVO during follow-up. The Central Vein Occlusion Study
(CVOS) reported a conversion rate from nonischemic CRVO
to ischemic CRVO of 3.3% by 4 months after study entry
and an incidence rate 10 times higher by 3 years [2]. In
nonischemic CRVO, due to potential serious complications,
frequent follow-up is needed. Recently, optical coherence
tomography angiography (OCTA) has allowed visualization

of microvascular abnormalities without dye injection and
considered it useful for frequent follow-ups. Furthermore,
OCTA has been reported that it is useful to identify eyes with
low vascular densities which are at high risk of neovascular
complications [4]. We report sequential changes of retinal
perivascular capillaries observed using OCTA in a case
of nonischemic CRVO that converted to ischemic CRVO.
OCTA images were obtained using the RTVue XR Avanti
(Optovue, Inc., Fremont, CA, USA) and Cirrus HD-5000
AngioPlex (Ziess, Inc., Oberkochen, Germany).

2. Case Report

An 81-year-old woman was referred to our Retina Clinic
because of loss of visual acuity (VA) in the left eye 3
months ago. She had a history of uncontrolled hypertension,
hyperlipidemia, and diabetes mellitus. Her best-corrected
visual acuity (BCVA) was 20/20 in the right eye and 20/30
in the left eye. Funduscopic examination of the left eye
showed typical features of nonischemic CRVO, including
venous tortuosity and intraretinal hemorrhage in all four
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(a) (b) (c)

Figure 1: Image findings in the left eye at initial visit. (a) Fundus photograph demonstrating venous tortuosity and intraretinal hemorrhage
in all four quadrants of the funds. (b) Fluorescein angiography demonstrating an intact parafoveal capillary network. (c) Optical coherence
tomography demonstrating inner retinal cysts.

Figure 2: An OCTA image of the superficial capillary plexus in the left eye shows loss of small capillaries (arrowheads) in the upper right
region.

quadrants of the fundus. Fluorescein angiography (FA) and
OCTAshowed loss of small capillaries but nonperfusion areas
were not observed, confirming a diagnosis of nonischemic
CRVO.Optical coherence tomography (OCT) showed retinal
thickening in the fovea with associated inner retinal cysts.
(Figures 1 and 2)

Intravitreal injection of the antivascular endothelial
growth factor (VEGF) drug aflibercept was initiated. One
month later, visual acuity was improved to 20/25 along with
gradual normalization of fundus findings associated with
CRVO and macular cysts. After one more month OCTA
revealed enlargement of the foveal avascular zone and bro-
ken foveal capillary ring in the superficial capillary plexus
(SCP) and deep capillary plexus (DCP). Color fundus

photograph demonstrated cotton wool spots located near
the macula (Figure 3); OCTA revealed gradual enlargement
of the avascular zone in SCP and DCP; and visual acuity
was impaired. Extensive avascular areas were observed in
the DCP earlier than in the SCP (Figure 4). Nine months
after onset of symptoms, FA showed more than 10-disc
area of retinal capillary nonperfusion (Figure 5). Conversion
from nonischemic CRVO to ischemic CRVO was diagnosed.
In addition, detailed sequential observations with OCTA
revealed progressive capillary dropout from areas around the
vein, forming avascular areas. At a specific timeframe during
follow-up, the vein surrounded by avascular areas showed
loss of patency (Figure 6). There was no neovasculariza-
tion.
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(a) (b) (c)

Figure 3: Fundus photograph images in the left eye (a) 1 month, (b) 2 months, and (c) 4 months after the initial visit. (c) Fundus photograph
demonstrating cotton wool spots (arrowheads) located near the macula.

(a) (b) (c)

(d) (e) (f)

Figure 4: OCTA images of the SCP in the left eye (a) 1 month, (b) 2 months, and (c) 4 months after the initial visit. OCTA images of the DCP
in the left eye (d) 1 month, (e) 2 months, and (f) 4 months after the initial visit. OCTA images demonstrating expanding nonperfusion area
in both SCP and DCP. In DCP, extensive avascular areas are recognized earlier than in SCP (arrowheads).

3. Discussion

We performed sequential OCTA observations on a case ini-
tially presentedwith nonischemic CRVOwhich subsequently
converted to ischemic CRVO. OCTA demonstrated capillary
dropout occurring preferentially around the vein and these

areas gradually enlarged forming avascular lesions.Moreover,
OCTA revealed more extensive avascular zones in the DCP
than in the SCP. Previous study has also reported that retinal
vascular abnormalities in diseases of retinal veins develop
more frequently in the DCP than in the SCP [5]. Gradually
enlargement of retinal capillary dropout eventually led to the
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(a) (b)

Figure 5: Fluorescein angiography image in the left eye at (a) initial visit demonstrating loss of small capillaries, but nonperfusion areas
werenot observed. (b) 6 months after the initial visit demonstrating more than 10 discs areas of nonperfusion.

(a) (b) (c)

Figure 6: OCTA images in the left eye (a) 1 month, (b) 2 months, and (c) 4 months after the initial visit.The artery is colored red and the vein
is colored blue. Detailed sequential OCTA observations reveal progressive capillary dropout from the areas around the vein (arrow), followed
by disappearance of the vein surrounded by avascular areas (arrowheads).

conversion from nonischemic CRVO to ischemic CRVO.The
conversion to ischemic CRVO occurred stepwise rather than
abruptly.

In conclusion, the present case suggests that conversion
to ischemic CRVO starts in the areas around the vein
and progresses stepwise rather than abruptly. Moreover, in
OCTA study, avascular zones are more readily recognized
in the DCP than in the SCP. This is the first report of
sequential observations of conversion from nonischemic
CRVO to ischemic CRVO using OCTA. Further study of
more cases may contribute to elucidation of the mechanism
of conversion to ischemic CRVO.
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A case of retinal arterial macroaneurysm (RAM) is presented with multimodal imaging, including commercially available optical
coherence tomography angiography (OCT-A). Following treatment with intravitreal bevacizumab, reduction of flow signal through
the RAM is documented. OCT-A provides useful information for the diagnosis and management of at least some patients with
RAM, without the need for traditional fluorescein angiography.

1. Introduction

Retinal arterial macroaneurysm (RAM) is an acquired
dilatation of a retinal arteriole typically within the first
three bifurcations that may occur with varying degrees
of hemorrhage, edema, and exudation. Older women are
predominantly affected, and there are strong associations
with systemic hypertension and arteriosclerotic disease
[1]. Although RAMs may involute spontaneously, treat-
ment can be beneficial in the setting of associated mac-
ular edema, exudate, or neurosensory retinal detachment
[2].

Spectral domain optical coherence tomography (SD-
OCT) and fluorescein angiography are widely used in the
diagnosis andmanagement of retinal vascular diseases. More
recently, OCT angiography (OCT-A), a noninvasive imaging
modality that provides structural and functional (blood flow)
information from different layers of the retina and choroid,
has become available [3].

Using the commercially available Cirrus 5000 with
AngioPlex� (Zeiss, Jena, Germany), the OCT-A findings of
RAM in a patient treated with off-label intravitreal beva-
cizumab (Avastin, Genentech, South San Francisco, CA) are
described. A 6 × 6mm slab was used for all images, and no
subsequent image processing was performed.

2. Report of a Case

A 70-year-old Haitian female with a history of chronic
hypertension complained of decreased vision in the right eye.
Visual acuity (VA) was 20/50. Fundus examination revealed
a lesion along the infratemporal vascular arcade, consistent
with RAM, and surrounding subretinal hemorrhage and fluid
tracking into the macula (Figure 1(a)). SD-OCT showed
submacular fluid (Figures 1(b) and 1(c), bottom). The RAM
was well delineated on the OCT-A retina slab (Figure 1(b),
top) and superficial slab (Figure 1(c), top). The patient was
treated with intravitreal bevacizumab #1.

Onemonth later, the patient reported subjective improve-
ment, although the VA remained 20/50. Fundus examination
showed decreased blood and subretinal fluid, with lipid
exudates in the macula. Fundus photography was not per-
formed at this visit. SD-OCT showed reduced submacular
fluid (Figures 2(a) and 2(b), bottom). Lipid exudates appeared
as scattered hyperreflective signaling. The OCT-A retina slab
(Figure 2(a), top) and superficial slab (Figure 2(b), top)
demonstrated diminished signal due to artifact but also
reduced flow signal through the RAM. The patient was
treated with intravitreal bevacizumab #2.

Two months after presentation, VA improved to 20/30.
Fundus examination showed apparent sclerosis of the RAM,

Hindawi
Case Reports in Ophthalmological Medicine
Volume 2018, Article ID 5474903, 4 pages
https://doi.org/10.1155/2018/5474903

http://orcid.org/0000-0002-1441-9473
https://doi.org/10.1155/2018/5474903


2 Case Reports in Ophthalmological Medicine

(a)

AngioPlex, retina

(b)

AngioPlex, superficial

(c)

Figure 1: A 70-year-old female presented with decreased vision in the right eye. (a) Fundus photography shows the retinal arterial
macroaneurysm (RAM) along the infratemporal vascular arcade, with surrounding subretinal hemorrhage and fluid. (b) TOP: optical
coherence tomography angiography (OCT-A) retina slab clearly delineates the RAM. BOTTOM: spectral domain optical coherence
tomography (SD-OCT) shows submacular fluid. (c) TOP: OCT-A superficial slab reveals the RAM. Bottom: SD-OCT shows submacular
fluid.

AngioPlex, retina

(a)

AngioPlex, superficial

(b)

Figure 2: One month following presentation, following intravitreal bevacizumab #1. (a) TOP: optical coherence tomography angiography
(OCT-A) retina slab demonstrates reduced signal due to artifact anddecreased flow signal through the retinal arterialmacroaneurysm (RAM).
BOTTOM: spectral domain optical coherence tomography (SD-OCT) reveals reduced submacular fluid. (b) TOP: OCT-A superficial slab
shows reduced signal due to artifact and decreased flow signal through the RAM. BOTTOM: SD-OCT reveals decreased submacular fluid.

with persistent lipid exudate in the macula (Figure 3(a)).
SD-OCT showed further reduction of submacular fluid
(Figures 3(b) and 3(c), bottom). The OCT-A retina slab
(Figure 3(b), top) and superficial slab (Figure 3(c), bottom)
demonstrated reduced signal flow through the RAM with
persistent flow through the normal arteriole. The patient was
observed.

Four months after presentation, VA improved to 20/25.
Fundus examination showed persistent sclerosis of the RAM,
with reduced lipid exudate in the macula (Figure 4(a)). SD-
OCT showed restoration of the macular contour (Figures
4(b) and 4(c), bottom). The OCT-A retina slab (Figure 4(b),

top) and superficial slab (Figure 4(c), bottom) showed further
reduced signal flow through 4 the RAM with persistent flow
through the normal arteriole. The patient was observed and
was subsequently lost to follow-up.

3. Discussion

Many patients with RAM improve spontaneously, especially
if the center of the macula is not involved. For patients
with visual loss, treatment options include laser, antivascular
endothelial growth factor (anti-VEGF) agents, and combina-
tion therapies [4]. Laser for RAM has been reported using
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(a)

AngioPlex, retina

(b)

AngioPlex, superficial

(c)

Figure 3: Twomonths following presentation, following intravitreal bevacizumab #2. (a) Fundus photography shows apparent sclerosis of the
retinal arterialmacroaneurysm (RAM)with lipid exudate in themacula. (b) TOP: optical coherence tomography angiography (OCT-A) retina
slab demonstrates reduced flow signal through the retinal arterial macroaneurysm (RAM). BOTTOM: spectral domain optical coherence
tomography (SD-OCT) shows restoration of the foveal contour. (c) TOP: OCT-A superficial slab reveals reduced flow signal through the
RAM. BOTTOM: SD-OCT shows decreased submacular fluid.

(a)

AngioPlex, retina

(b)

AngioPlex, superficial

(c)

Figure 4: Four months following presentation. (a) Fundus photography demonstrates the sclerosed retinal arterial macroaneurysm (RAM).
(b) TOP: optical coherence tomography angiography (OCT-A) retina slab reveals further reduced flow signal through the RAM. BOTTOM:
spectral domain optical coherence tomography (SD-OCT) reveals resolution of the submacular fluid. (c) TOP: OCT-A superficial slab shows
reduced flow signal through the RAM. BOTTOM: SD-OCT reveals improved macular contour.

yttrium aluminum garnet (YAG), conventional photocoagu-
lation (argon or krypton), and subthreshold treatment using
infrared diode [5]. If the RAM causes vitreous hemorrhage,
then pars plana vitrectomy techniques may be considered
[6].

In the present case, OCT-A demonstrated a focal out-
pouching of the vessel with a hyperreflective lumen consistent
with an activeRAM.The lesion becamehyporeflective follow-
ing anti-VEGF treatment, suggesting that it had involuted.

OCT-A can provide clinically useful information in the
diagnosis and management of RAM. However, motion arti-
fact and signal attenuation due to hemorrhage may cause
degradation of the image quality. Nonetheless, OCT-A is

able to produce high resolution images, while avoiding the
long acquisition time and invasive nature of fluorescein
angiography [7, 8].

In patients with RAM in whom an adequate OCT-A can
be obtained, fluorescein angiography may not be necessary.
Further experience with OCT-A may clarify the precise
role of this technology in diagnosing and managing retinal
vascular diseases.
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Purpose. To describe optical coherence tomography (OCT) angiography (OCTA) in a case of Purtscher retinopathy. Methods. A
16-year-old male underwent ophthalmological examination including color fundus photography, spectral domain OCT, OCTA,
and microperimetry. Examination was performed 10 days, 1 month, and 6 months after the trauma. Diagnosis was based on the
characteristic clinical presentation. Patients. A single patient case. Results. Only the right eye was affected, and all examinations of
the left eye were normal. The visual acuity of the right eye was 0.03 (Snellen equivalent) at 10 days and at one month, improving to
0.16 at 6 months. The imaging confirmed the findings of Purtscher retinopathy with ischemic whitening of the retina and retinal
hemorrhages and thickened inner retina onOCT.Microperimetry showed reduced sensitivity in the central macula of the right eye.
OCTA revealed nonperfusion in both the superficial and the deep retinal capillary plexus of the right eye. Conclusion. The OCTA
in traumatic Purtscher retinopathy following traffic accident showed nonperfusion in both the superficial and the deep capillary
plexus of the retina. OCTA is a valuable noninvasive diagnostic examination in Purtscher retinopathy, and fluorescein angiography
became redundant in this case.

1. Introduction

Purtscher retinopathy is an extremely rare condition with
an estimated incidence of 0.24 per million per year. It is
a condition associated with numerous forms of trauma,
including cranial trauma and thoracic compression. It is an
occlusive microvasculopathy, and the clinical presentation
includes loss of vision of varying severity, occurring hours
to days after the trauma. The funduscopic findings include
whitening of the retina, multiple cotton wool spots, and
bleeding of different sizes. The retinal changes are explained
by acute ischemia [1, 2].

In this case report we describe a patient with Purtscher
retinopathy, examined with fundus photography, spectral
domain optical coherence tomography (OCT) using Heidel-
berg Spectralis (Heidelberg Engineering, Germany), OCT-
angiography (OCTA) (Topcon, Japan), and microperimetry
using Microperimeter MP-3 (Nidek Co., Ltd., Japan). The
novelty in this paper is the description of Purtscher retinopa-
thy on OCTA.

2. Case Presentation

A 16-year-old boy was involved in a car accident as a front
seat passenger. The patient had no previous or current
medical history. In the initial phase he was hospitalized in the
intensive care unit because of multiple injuries. He suffered
from bleeding in the abdominal cavity, pneumothorax, and
lesions of the spleen but experienced no direct head trauma
or loss of consciousness during the accident. There were no
signs of pancreatitis. He underwent abdominal surgery with
laparotomy and tube thoracostomy. After a couple of days
his general condition was stabilized and he was transferred
to the Pediatric Department at our hospital. Ten days after
the trauma he complained about blurred vision on the
right eye, and was therefore referred to the Department of
Ophthalmology.

His presenting corrected visual acuity was 0.03 (Snellen
equivalent) on the right eye and 1.0 on the left eye and
was unchanged at one-month examination. Six months later,
the visual acuity improved to 0.16 on the right eye and
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Figure 1

Figure 2

was still normal on the left eye. Anterior segment findings
and intraocular pressure were normal. Ophthalmoscopy and
fundus photo revealed an ischemic white posterior pole with
cotton wool spots and intraretinal hemorrhagesmainly in the
macula and nasally to the optic disc. The white lesions and
bleeding decreased already at the one-month visit (Figure 1),
and after 6 months, the white lesions were almost resolved.

OCT showed hyperreflective and thickened inner retinal
layers, a sign of ischemia in the inner retinal circulation.
(Figure 2). At follow-up visits the edema decreased signif-
icantly on OCT with disruption of the inner retinal layers
but also seemingly disrupted ellipsoid zone. In addition, the
thickness of the retina was reduced, from 427 microns at
onset to 207 microns at 6 months. A manual segmentation
of the OCT layers was conducted in order to ensure correct
layer identification and thus thickness calculation. Testing of
the central visual field by microperimetry showed a central
scotoma with decreased sensitivity in the fovea (Figure 1).

OCTA (Figure 3) revealed extensive nonperfusion in the
macular area in both the superficial (Figure 3(b)) and the
deep capillary plexus of the right eye (Figure 3(d)). OCTA
of the left eye was with normal capillary plexus and normal
foveal avascular zone (Figures 3(a) and 3(c)).

3. Discussion

Our patient had lower sensitivity in the fovea, which we
found to correlate morphologically with the subfoveal atro-
phy found on OCT. The novelty in this case report is the
description of Purtscher retinopathy on OCTA where we
found nonperfusion in both the superficial and the deep
capillary plexus in the macular region. OCTA allows a fast
and noninvasive assessment of the retinal vascular structures
and can detect vascular abnormalities without the need of
fluorescein angiography [3].

Purtscher retinopathy is a rare condition that was first
described by Otmar Purtscher in 1910 with findings of
multiple retinal white lesions and superficial retinal hem-
orrhages. This was in a patient with head trauma, and
the condition has since been described in various types of
trauma, including seatbelt and airbag pressure, malar bone
fracture, and chest trauma [4]. A similar retinal presentation
has also been seen in patients without trauma but with a
variety of conditions including acute pancreatitis, systemic
lupus erythematosus, renal failure, and lymphoproliferative
disorders. The condition is called Purtscher-like retinopathy
because of the comparable clinical presentation but different
etiological association.
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(a) (b)

(c) (d)

Figure 3

The diagnosis of Purtscher retinopathy is made on the
clinical presentation and the patient’s history. The symptoms
can be unilateral or bilateral and usually with immediate
decrease of visual acuity. The characteristic findings are the
Purtscher flecken, which are multiple cotton wool spots of
varying sizes.The conditionmust be differentiated fromother
ocular disorders that may have common clinical features, for
example, commotion retina, Terson’s syndrome, shaken baby
syndrome, and Valsalva retinopathy [5].

In our case the condition was unilateral, but the onset of
the decreased vision is uncertain because of the severe general
condition of the patient. The ischemia involving the inner
retinal layers during the acute phase which we describe in our
patient has previously been reported [6]. It is more difficult to
identify the involvement of the outer retina in the acute phase
because of the difficulty of its visualization. This is due to
the thickened inner retina that appears to be interfering with
the signal of the blood flow in the outer retina making the
OCTA image not optimal. However, there are reports on pho-
toreceptor disruption with loss of photoreceptor segments in
the acute phase, recognized bymultifocal electroretinography
[7]. In other retinal conditions the finding of an alteration of
the interface line between the inner and outer segments is
an indication of suffering photoreceptors [8], and this may

also be true in Purtscher retinopathy. The involvement of
the photoreceptors may explain the visual field abnormalities
found in this patient. The microperimetry provides the
functional aspect of the morphological changes found on
OCTwith fundus-controlled testing allowing a precise retinal
location [9].

The pathogenesis is still not completely clear, but some
hypothesis exist. An increase in the thoracic pressure leads to
a reflux in the venous system leading to endothelial damage.
This results in incompetence of the microvascular circulation
and subsequent occlusion and ischemia [5]. Another hypoth-
esis suggests that the ischemia is the result of an emboli. Both
air and fat emboli have been described due to trauma, and
the source of the emboli may be thorax [10]. There is no
standardized or recommended treatment, and the prognosis
varies, some experience a recovery with a visual acuity of 6/12
Snellen or better; however, the prognosis is generally poor
and the visual acuity may remain decreased particularly in
case of foveal photoreceptor atrophy [5].

In conclusion, OCTA is valuable in the assessment of
retinal vascular structures in Purtscher retinopathy and
may replace invasive dye-based angiography. It also reveals
ischemia at an earlier point.
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A 37-year-old Caucasian woman presented with acute decrease in central vision in her right eye and was found to have subfoveal
choroidal neovascularization (CNV) due to presumed ocular histoplasmosis syndrome (POHS). Her visual acuity improved from
20/70 to 20/20 at her 6-month follow-up, after 3 consecutive monthly intravitreal bevacizumab injections were initiated at her
first visit. Although no CNV activity was seen on fluorescein angiography (FA) or spectral-domain optical coherence tomography
(SD-OCT) at her 2-month, 4-month, and 6-month follow-up visits, persistent flow in the CNV lesion was detected on optical
coherence tomography angiography (OCTA). OCTA shows persistent vascular flow as well as changes in vascular flow in CNV
lesions associated with POHS, indicating the continued presence of patent vessels and changes in these CNV lesions, even when
traditional imaging of the lesion with OCT and FA indicates stability of the lesion with no disease activity. Additional cases with
longitudinal follow-up are needed to assess how OCTA should be incorporated into clinical practice.

1. Introduction

Presumed ocular histoplasmosis syndrome (POHS) can lead
to central vision loss with development of choroidal neo-
vascularization (CNV). Herein, we report a case of POHS
related CNV that was successfully treated with intravitreal
bevacizumab. The evolution of the CNV lesion on mul-
timodal imaging, including optical coherence tomography
angiography (OCTA), will be presented.

2. Case Presentation

A 37-year-old Caucasian woman, with no past medical or
ocular history, presented with acute-onset and decreased
central vision in the right eye. Her left eye was asymptomatic.
Visual acuities of the right eye and left eye measured 20/70
and 20/20, respectively, with no improvement with pinhole.
The anterior segment was normal with no intraocular inflam-
mation in both eyes. Dilated fundus examination of both

eyes showed peripapillary hyper- and hypopigmentation
and punched-out chorioretinal lesions in the midperipheral
retina consistent with a diagnosis of POHS (Figures 1(a)
and 1(b)). Additionally, the right eye showed foveal retinal
thickening with trace subretinal hemorrhage and parafoveal
intraretinal lipid. Fluorescein angiography (FA) of the right
eye showed early hyperfluorescence in the fovea with intense
leakage in the late frames, consistent with the presence
of CNV (Figures 1(c) and 1(d)). Spectral-domain optical
coherence tomography (SD-OCT) of the right eye showed
a foveal fibrovascular pigment epithelial detachment (PED)
with overlying subretinal hyperreflectivematerial and cystoid
macular edema (CME). A diagnosis of choroidal neovascu-
larization (CNV) in the right eye due to presumed ocular
histoplasmosis syndrome (POHS) was made. Intravitreal
bevacizumab therapywas initiatedwith close follow-up using
serial SD-OCT and OCTA images, shown in Figures 2 and 3,
respectively.
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(a) (b)

(c) (d)

Figure 1: Ultra-wide-field color photographs of the right eye (a) and left eye (b) at presentation showing peripapillary areas of hyper- and
hypopigmentation and punched-out chorioretinal lesions in the midperipheral retina, findings classic for presumed ocular histoplasmosis
syndrome. 30-degree fluorescein angiography of the right eye showed abnormal early hyperfluorescence in the fovea in the early frame (c)
and intense leakage in the late frame (d).

At her 1-month follow-up, the visual acuity of the right eye
improved from 20/70 to 20/40, with resolution of subretinal
hemorrhage and near resolution of CME. Intravitreal beva-
cizumab #2 was given.

At her 2-month follow-up, the visual acuity of the right
eye improved to 20/32, with no subretinal fluid (SRF) or CME
on SD-OCT and resolution of leakage on FA (Figure 4). How-
ever, optical coherence tomography angiography (OCTA)
showed persistent flow within the CNV lesion. Hence, a
decisionwasmade to administer intravitreal bevacizumab #3.

At her 4-month follow-up, the visual acuity of the right
eye improved to 20/25, with stable findings on SD-OCT and
FA.Although therewas persistent flowwithin theCNV lesion
on OCTA, observation was opted given her excellent visual
acuity.

At her 6-month follow-up, her right eye visual acuity
further improved to 20/20, with no CNV activity seen on SD-
OCT or FA. The area of vascular flow on OCTA appeared to
have enlarged slightly, but cautious observation was opted for
again given her excellent visual acuity.

3. Discussion

Our patient’s fundus examination was consistent with classic
POHS. Although she did not have a history of spelunking
or living in the Mississippi/Ohio river valleys, she endorsed
exposure to farm animals. The CNV in her right eye
responded well to intravitreal bevacizumab treatment. Her
visual acuity improving from Snellen 20/70 to 20/20 over a
span of 6 months, with only 3 monthly injections initiated at
her presentation. Our experience was consistent with that of
published case series, which showed intravitreal antivascular
endothelial growth factors (VEGF) injections to be effective
for POHS related CNV; on average, patients’ visual acuity
improved requiring relatively few treatments (range 2.6 to
7 injections per patient per year) [1–4] as compared to
neovascular age-related macular degeneration (AMD).

Previously, Wang et al. [5] reported that the peripheral
punched-out chorioretinal lesions in POHS corresponded to
areas of focal flow loss in the choriocapillaris and deeper
choroidal layers on OCTA. To the authors’ knowledge, our
report is the first reported case on the OCTA evolution
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(a) (b)
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(e)

Figure 2: Spectral-domain optical coherence tomography images obtained at the patient’s baseline visit (VA 20/70, CST 442, bevacizumab
#1 given) (a); 1-month visit (VA 20/40, CST 263, bevacizumab #2 given) (b); 2-month visit (VA 20/32, CST 259, bevacizumab #3 given) (c);
4-month visit (VA 20/25, CST 253) (d); 6-month visit (VA 20/20, CST 257) (e). Between her 2-month and 6-month visits, the appearance
of the fibrovascular PED remained stable with gradual decrease in the parafoveal intraretinal lipid. There was no recurrence of SRF or CME
or change in PED size between her 4-month and 6-month visits, despite the lack of treatment. VA = visual acuity; CST = central subfield
thickness; PED = pigment epithelial detachment; SRF = subretinal fluid; CME = cystoid macular edema.

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)

Figure 3: Optical coherence tomography angiography images obtained at the patient’s baseline visit (VA 20/70, bevacizumab #1 given) (a, f);
1-month visit (VA 20/40, bevacizumab #2 given) (b, g); 2-month visit (VA 20/32, bevacizumab #3 given) (c, h); 4-month visit (VA 20/25) (d,
i); 6-month visit (VA 20/20) (e, j). (a) to (e) represented the outer retinal layer, while (f) to (j) represented the choriocapillaris layer. At her
4-month visit, the superior aspect of the CNV lesion (d) continued to regress following her bevacizumab #3 treatment given 2 months prior,
while there was no change in the corresponding FA and OCT images. At her 6-month visit, there was subtle expansion of the superior aspect
of the CNV lesion (e), while the corresponding FA and OCT images remained stable.
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Figure 4: Fluorescein angiography (late frame) at the patient’s baseline visit (VA 20/70, bevacizumab #1 given) (a); 2-month visit (VA 20/32,
bevacizumab #3 given) (b); 4-month visit (VA 20/25) (c); 6-month visit (VA 20/20) (d). After the 2-month visit, there is complete resolution
of leakage. VA = visual acuity.

of CNV due to POHS. Using the classification developed
by Coscas et al. [6] for neovascular AMD, our patient’s
CNV lesion will be classified as Pattern I based on the
presence of (1) a well-defined lacy-wheel CNV lesion, (2)
numerous branching tiny capillaries, (3) peripheral arcade
and (4) perilesional hypointense halo at the level of the
choriocapillaris.

The serial multimodal images obtained for our patient
also provided several interesting observations. First, although
no CNV activity was seen on FA or SD-OCT at her follow-
up visits, persistent flow of the CNV lesion was detected on
OCTA.This suggests that OCTA is more sensitive than FA or
SD-OCT in detecting the presence of persistent CNV related
to POHS. This observation parallels the work published by
de Oliveira Dias et al. [7], in which subclinical macular
neovascularization was detected by swept source OCTA in
eyes with nonexudative AMD. Second, the CNV lesion in our
patient decreased substantially in size between her first visit
and 1-month follow-up, after the first bevacizumab treatment.
However, the central portion of the CNV lesion remained
essentially unchanged between her 1-month and 4-month
follow-up visits, despite 2 additional anti-VEGF injections.
This is consistent with the observation by Lumbroso et al. [8]
that the central trunk of CNV, as compared to the smaller
peripheral vessels, can be relatively resistant to anti-VEGF
treatments. Third, it was interesting to note that while no
recurrence of CNV activity was seen on FA or SD-OCT at
our patient’s 6-month visit, expansion of the area of flow in
the CNV lesion was detected on OCTA. While this was not
surprising, given treatment was deferred at the patient’s 4-
month visit, this suggests that OCTA is more sensitive than
FA or OCT in detecting very early increase or recurrence of
CNV activity. However, it also shows that an increase in CNV
activity onOCTAdoes not necessarily translate into clinically
significant or visually significant changes.

4. Conclusion

To the authors’ knowledge, this is the first reported case of
OCTA findings in CNV related to POHS. Our case suggests
that OCTA could be useful in the management of POHS

related CNV, similar to neovascular AMD, in that OCTA
seems to bemore sensitive than FA and SD-OCT in detecting
subtle changes in CNV lesions. What remains unknown is
whether the treatment based on subtle OCTA findings, in
the absence of fluid on SD-OCT, ultimately translates to
better outcomes. Additional cases of CNV related to POHS
with longitudinal follow-up imaged with OCTA are needed
to assess how OCTA should be incorporated into clinical
management decisions.
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Optical coherence tomography angiography (OCTA) is a new, noninvasive technology that enables detailed evaluation of flow in
the retinal and choroidal vasculature. The authors believe this to be the first report to describe the optical coherence tomography
angiography findings associated with combined central retinal artery occlusion (CRAO) and central retinal vein occlusion (CRVO).

1. Introduction

Combined central retinal artery occlusion (CRAO) and cen-
tral retinal vein occlusion (CRVO) is a rare vasoocclusive en-
tity that has been associated with multiple etiologies that can
cause devastating vision loss [1–8]. In the population without
age-related cardiovascular risk factors, the majority of the
combined cases has been attributed to rheological causes, in-
cluding thrombophilia, vessel wall inflammation, and me-
chanical compression [3].

Optical coherence tomography angiography (OCTA) is
a new, fast, noninvasive imaging modality that allows detec-
tion of blood flow through the retinal and choroidal plexuses
without intravenous dye injection [9]. The depth-resolved
imaging technique affords insight regarding various retinal
andchoroidal diseases that is not available throughother diag-
nostic modalities, such as fluorescein angiography (FA) [10].
OCTA is rapidly becoming an indispensable tool to describe
a spectrum of pathologies, including macular degeneration,
diabetic retinopathy, glaucoma, and choroidal neovascular-
ization [10, 11]. Recently, it has been utilized as an adjunct tool
to characterize retinal venous or arterial occlusion [10, 12, 13].

The authors believe this report to be the first to describe
the optical coherence tomography angiography findings asso-
ciated with combined central retinal artery occlusion and
central retinal vein occlusion. The commercially available
Cirrus 5000withAngioPlex (Zeiss, Jena, Germany) was used,
without any subsequent image modification or processing.

2. Case Report

A healthy 69-year-old female presented to the Emergency
Department with sudden, painless, visual loss that started
immediately following cataract surgery with retrobulbar
anesthesia in the left eye (OS) nine days prior to presentation.
The patient denied jaw claudication, temporal headache,
scalp tenderness, or visual loss in the right eye (OD). Imme-
diately following the event, the patient underwent a work-up
which included a transthoracic echocardiogram (TTE), elec-
trocardiogram (EKG), carotid ultrasound, erythrocyte sed-
imentation rate (ESR)/C-reactive protein (CRP), computed
tomography (CT), and magnetic resonance imaging (MRI)
of head. All tests were within normal limits.

A complete ophthalmologic exam was performed. Best
corrected visual acuity was 20/40 OD and hand motion OS.
Intraocular pressure measured by Tono-Pen XL (Reichert
Technologies) was 18mmHgOD and 19mmHgOS. Full duc-
tions were present without pain. Pupils were equally round
with an afferent pupillary defect OS. Anterior segment exam-
ination in the right eye was significant for a nuclear sclerotic
cataract and examination of the left eye revealed corneal ede-
ma, trace cell, +1 flare, and a well-centered intraocular lens.

Fundus examination by indirect ophthalmoscopy was
unremarkableOD. Funduscopic examOSdemonstratedmild
disc edema, macular edema, whitening of the macula, subtle
tortuosity of vessels, and flame-shaped hemorrhages and
cotton wool spots in all quadrants (Figure 1).
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Figure 1: Fundus color photography of the left eye.

Figure 2: Spectral domain optical coherence tomography of the left eye.

Spectral domain optical coherence tomography (SD-
OCT) was performed on OS and showed increased hyper-
reflectivity and edema of the inner retina with disruption of
the ellipsoid zone (EZ) (Figure 2).

OCTA revealed an absence of flow in the foveal and peri-
foveal area in the superficial and deep retinal capillary plexus-
es (Figures 3(a) and 3(b)). In contrast, there is minimal alter-
nation in choriocapillaris and choroidal vascular flow (Fig-
ures 3(c) and 3(d)).

3. Discussion

A combined CRAO and CRVO is a rare entity, and the eti-
ology is incompletely understood. Although cardiovascular
diseases, hypercoagulopathy, and inflammatory diseases are
potential risk factors, our patient presented with a combined
occlusion without any history of systemic diseases following
cataract surgery with retrobulbar anesthesia [1–4]. Several
studies have reported the occurrence of a combined CRAO
and CRVO following retrobulbar injections, suggesting it can
be a severe complication of periocular anesthesia [14–20].

The exact mechanism of combined CRAO andCRVOhas
not been elucidated, but there are multiple mechanisms pro-
posed to explain the association with retrobulbar injection.
Combined occlusion could result from optic nerve sheath

hematoma secondary to needle penetration or direct injec-
tion into the optic nerve sheath [16, 21]. Another potential
mechanism is the compromise of one circulation leading to
the occlusion of the other. Brown et al. described two patients
who initially presented with a CRVO and then developed a
subsequent CRAO, suggesting that increased venous pressure
could cross the capillary bed to impede the arterial flow and
cause ischemia [18].

Combined CRAO and CRVO is an ophthalmological
emergency that should be recognized as a serious postsurgical
complication due to its poor outcome. Without timely inter-
vention, combined occlusion can lead to rubeosis iridis, neo-
vascular glaucoma, retinal necrosis, periphlebitis of the cen-
tral vein, and eventually permanent vision loss [18, 22]. Vari-
ous treatment modalities have been attempted to reverse the
pathology with limited success, including triamcinolone,
bevacizumab, and hyperbaric oxygen therapy. However,
Vallée et al. demonstrated that timely intervention with fib-
rinolytics may restore retinal perfusion with visual improve-
ment [2, 4, 22].

In the current report, OCTA showed that the vascular
flow of the superficial and deep retinal plexuses were both
interrupted OS (Figures 3(a) and 3(b)). In contrast, the
choriocapillaris and choroidal vascular flow were minimally
affected (Figures 3(c) and 3(d)).These results together suggest
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Figure 3: Optical coherence tomography angiography of the left eye. Vascular flow in the (a) superficial retinal capillary plexus, (b) deep
retinal capillary plexus, (c) choriocapillaris plexus, and (d) choroidal plexus.

that the occlusion was limited to the retinal circulation
without significant involvement of the choroidal circulation.
Fluorescein angiography would have allowed us to assess the
macular flow impairment.However,OCTAenables visualiza-
tion of the flow disruption in the superficial and deep retinal
capillary plexuses. With the depth of vascular disruption as a
new metric for assessing disease severity, OCTA can provide
more information regarding visual prognosis for this condi-
tion and other retinal vascular diseases.

This case demonstrates clinical features of combined
CRAO and CRVO imaged with OCTA following retrobulbar
anesthesia associated with cataract surgery. OCTA technol-
ogy can facilitate diagnosis and extent of combined CRAO
and CRVO as it enables discrimination between superficial
and deep retinal vasculature. Additional advantages of OCTA
compared to FA include faster image acquisition and no
potential allergic systemic effects [9, 23, 24].

In conclusion, OCTA is a new, fast, noninvasive imaging
technology that has enabled improved understanding of the
pathophysiology of many retinal vascular diseases including
combined CRAO and CRVO. To the best of our knowledge,

this is the first reported case that describes theOCTAfindings
associated with combined CRAO and CRVO. Future studies
with OCTA will hopefully illuminate additional features of
combined CRAO and CRVO and provide a better under-
standing of this complex disease.
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We report retinal structural changes of a 37-year-old man diagnosed with the concomitant occlusion of cilioretinal artery and
central retinal vein. Comprehensive ophthalmological evaluation was performed, followed by spectral-domain optical coherence
tomography (SD-OCT, Heidelberg), optical coherence tomography angiography (OCT angiography, Optovue Inc., Fremont,
California, USA), fluorescein angiography, and color fundus photography. The use of OCT angiography and en face SD-OCT
imaging as an adjunct test to map out correlative paracentral scotomas during follow-up allowed us to evaluate cilioretinal artery
occlusion in the best way due to obtaining satisfactory images of the normal retinal vascular networks and areas of nonperfusion
and congestion at various retinal levels.

1. Introduction

The cilioretinal artery occlusion is very rare and accounts
for 5% of retinal artery occlusions [1]. Optical coherence
tomography angiography (OCT angiography) is a new imag-
ing technology that allows for fast, noninvasive assessment
of microvascular perfusion across the macular region, offer-
ing the potential to perform quantitative assessment. OCT
angiography has the capability to segment each layer of the
retinal microvasculature in normal and pathological eyes
without dye injection [2]. Herein, we aimed to characterize
the appearance of the peri- and parafovealmacularmicrovas-
culature in a visually asymptomatic young patient with the
cilioretinal artery occlusion in chronic phase using OCT-A
and to compare different imaging modalities.

2. Case Report

A37-year-oldmanwithout any history of ocular and systemic
pathology presented with painless visual decrease in his right
eye for 10 days. He had suffered from multiple episodes
of amaurosis fugax for 30 days. Clinical examination,

spectral-domain OCT (SD-OCT), OCT angiography (XR
Avanti, software version 2015.1.1.98, Optovue Inc., Fremont,
California, USA), fluorescein angiography, and color fundus
photography, as well as systemic and laboratory assessments,
were used to document findings in the patient with cil-
ioretinal artery occlusion combined with central retinal vein
occlusion. The patient presented in this report has given
informed consent for this publication.

At the first visit, his best-corrected visual acuity (BCVA)
was 20/60 in the right eye (RE) and 20/20 in the left eye (LE).
Fundus examination of the RE demonstrated a whitening
of the retina along the distribution of the cilioretinal artery.
The retinal veins were mildly dilated and tortuous and
accompanied by adjacent retinal haemorrhages (Figure 1(A)).
Fluorescein angiography demonstrated delayed filling and
emptying of this artery (Figure 1(B)). A SD-OCTexamination
revealed retinal hyperreflectivity and thickening with loss of
distinction of retinal layers (Figure 1(C)). Based on these find-
ings, the patient was ultimately diagnosed with a combined
cilioretinal artery and central retinal vein occlusion. His
blood laboratory findings, systemic physical examination,
electrocardiogram, carotid ultrasound imaging, and chest
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Figure 1: Color fundus photographs of the right eye (A) at the time of presentation. On fluorescein angiography (B), nonperfusion of the
cilioretinal artery was shown in the area of cilioretinal at the initial presentation. Optical coherence tomography (OCT) at baseline (C) showed
the presence of intraretinal and subretinal fluid and hyperreflective inner retinal layers.

X-ray were all unremarkable. Echocardiography revealed
normal findings. Cryoglobulin, lupus anticoagulant, and
anti-cardiolipin antibodies were all negative. Antithrombin
III, protein C, and protein S activities were normal. Dexam-
ethasone intravitreal implant (Ozurdex, Allergan Inc., Irvine,
California, USA), which is the first-line treatment option
according to health insurance policy in Turkey, was injected
into the right vitreous cavity to at least alleviate the central
retinal vein occlusion-related concomitant optic disc and
macular edema. The patient was examined monthly over a
6-month period.

Upon follow-up, BCVAhad increased to 20/20, the haem-
orrhages were absorbed, and the dilatation and tortuosity
of retinal vessels had resolved. In OCT angiography, of the
affected RE, there was attenuation of both the superficial cap-
illary plexus and deep capillary plexus (Figure 2).The circula-
tion of the retinal vessels had improved on FA (Figure 3(A)).
The SD-OCT density map clearly delineates the areas of
atrophy corresponding to the distribution of the sclerotic
arterioles (Figure 3(B)). Spectral-domain OCT scan demon-
strated diffuse thinning of the inner nuclear layer, corre-
sponding to the central zone of the cilioretinal artery occlu-
sion (Figure 3(C)). Color fundus photographywas unremark-
able.

3. Discussion

The superficial retinal capillary plexus is located in the nerve
fiber layer near the disc, but is present more predominantly

within the ganglion cell layer in the central macular region
[3–5]. The deep retinal capillary plexus is composed of an
intermediate and deep plexus located at the inner and outer
planes of the inner nuclear layer [3–5]. These capillary layers
are interconnected by perpendicularly oriented vessels [6]
and may be disproportionately affected by ischemic retinal
vascular disease. Although retinal vasculature changes in
retinal artery occlusions arewidely described in the literature,
precise assessment and analysis of the deep retinal capillary
plexus with FA is limited mostly by light scattering from
the inner retinal layers. At the follow-up, not all imaging
modalities are useful for retinal artery occlusion, so, for retina
specialists, it is important to be well informed in order to
make the best choice from all of the various available imaging
modalities [4, 5].

In this case in the chronic phase, on OCT angiogra-
phy, we demonstrated nonperfusion of both the superficial
and deep capillary plexus levels in areas with persistent
ischemia. In chronic cilioretinal artery occlusion, regres-
sion of retinal edema is usually followed by development
of retinal thinning and subsequent disorganization of the
inner retinal architecture. En face OCT showed delineating
areas of atrophy corresponding to distribution of cilioretinal
arterial occlusion. However, FA did not show measurable
filling delay and the capillary network seemed normally
perfused.

When evaluating the acute phase of the isolated retinal
artery occlusion, FA technique is an important diagnos-
tic tool to reveal the affected arterial vasculature, with
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Figure 2: OCT angiographywas performed 10months later.Wedge-shaped area of capillary nonperfusionwas revealed in both the superficial
(A) and deep (B) retinal capillary plexus in area supplied by the cilioretinal artery and the choriocapillaris (C) was not affected.

typically normal choroidal filling. However, it is limited
to imaging only the superficial vascular plexus. Fluores-
cein angiogram provides information regarding the local-
ization and extent of vascular disease. In chronic phase,
FA did not consistently reveal any correlation to these
lesions.

In the acute phase, OCT images demonstrate the in-
creased reflectivity and thickness of the inner retina and a
corresponding decrease of reflectivity in the outer layer of
the retina and retinal pigment epithelium/choriocapillaris
layer. Follow-up OCT images demonstrate a decrease in the
reflectivity and thickness of the inner retinal layers and a
corresponding increase of reflectivity in the outer retina and
retinal pigment epithelium/choriocapillaris layer compared
with the baseline OCT image, suggesting a generalized atro-
phy of the neurosensory retina as a late finding [3].Therefore,
the use of OCT may help facilitate prompt recognition of
acute and chronic cilioretinal artery occlusion. En faceOCTA
may prove useful to quantify and further localize the foci
of retinal ischemia in retinal artery occlusive disorders as
demonstrated by SD-OCT [5].

OCT angiography represents a relatively new technol-
ogy with the ability to not only noninvasively image the

superficial capillary plexus traditionally seen on fluorescein
angiography but also capture the flow of the deeper capillary
plexuses. In the chronic phase, there were pruning and
dropout of the deeper plexuses on OCT angiography match-
ing the middle retinal atrophy [2, 5]. When compared to the
current standard of FA, OCT angiography is fast and nonin-
vasive and can provide improved visualization of the micro-
vasculature.

The use of OCT angiography and en face SD-OCT
imaging as an adjunct test to map out correlative paracentral
scotomas during follow-up allowed us to evaluate cilioretinal
artery occlusion in the best way due to obtaining satisfactory
images of the normal retinal vascular networks and areas of
nonperfusion and congestion at various retinal levels. Fur-
thermore, OCT angiography might help to assess accurately
the extent of macular ischemia and vascular flow changes
during the course of retinal vascular occlusions.
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Figure 3: At follow-up, early phase of FA showing quite normal filling of the cilioretinal artery sparing (A).The retinal capillary network is well
perfused on this magnification of the posterior pole. Spectral-domain OCT density map delineating areas of atrophy (blue) corresponding to
cilioretinal arteriole occlusions (B). Spectral-domain OCT delineating areas of atrophy (arrows) corresponding to distribution of cilioretinal
artery occlusion (C).
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Two illustrative cases of acute central retinal artery occlusion (CRAO) are presentedwithmultimodal imaging, including fluorescein
angiography (FA) and commercially available optical coherence tomography angiography (OCT-A). In both patients, retinal
ischemia was imaged well using both FA and OCT-A, and the two imaging studies provided comparable pictures. OCT-A provides
useful information for the diagnosis and management of patients with acute CRAO, without the need for dye injection.

1. Introduction

Central retinal artery occlusion (CRAO) results from
obstruction of blood flow due to embolic, thrombotic,
inflammatory, or traumatic causes. In some eyes with CRAO,
visual loss is relatively less severe due to sparing of the
cilioretinal artery [1].

In most patients, the diagnosis of CRAO may be made
with ophthalmoscopy alone, although ancillary testing is
frequently used to confirm the diagnosis and to docu-
ment the findings at presentation. Multimodal imaging
includes fluorescein angiography (FA), spectral domain opti-
cal coherence tomography (SD-OCT), and optical coherence
tomography angiography (OCT-A). Although FA has been
used traditionally to evaluate the retinal circulation, OCT-
A is an emerging technology that provides clinically useful
information.

The present manuscript uses OCT-A to identify the
pathologic features in two illustrative cases of CRAO. In
both patients, OCT-Awas performed using the commercially
available Cirrus 5000 with AngioPlex (Zeiss, Jena, Germany)
with no subsequent image processing. A 6 × 6mm slab was
used for all images.

2. Cases

2.1. Case 1. A 77-year-old male with a history of atrial fibril-
lation and nonneovascular age-related macular degeneration
(AMD) presented about 4 hours following acute visual loss

in the left eye. Best corrected visual acuity (BCVA) was count
fingers. Fundus examination revealed macular drusen as well
as mild macular whitening and an early cherry red spot
(Figure 1(a)). SD-OCT demonstrated thickening and hyper-
reflectivity of the inner retinal layers (Figure 1(b)). FA at 26.58
seconds revealed delayed retinal perfusion (Figure 1(c)). The
OCT-A retina slab (Figure 1(d)), superficial slab (Figure 1(e)),
and deep slab (Figure 1(f)) revealed absent flow very similar
to the FA.

2.2. Case 2. An 81-year-old male with a history of hyper-
tension presented about 13 hours following acute visual
loss in the left eye. BCVA was 20/50. Fundus examination
revealed macular whitening in a pattern consistent with
CRAO with cilioretinal artery sparing (Figure 2(a)). SD-
OCT demonstrated thickening and hyperreflectivity of the
inner retinal layers temporal to the center of the macula
(Figure 2(b)). FA at 18.67 seconds revealed delayed retinal
perfusion consistent with the pattern of macular whitening
(Figure 2(c)). The OCT-A retina slab (6 × 6mm) revealed
absent flow in the same distribution as the FA (Figure 2(d)).
There was diminished signal superiorly on the OCT-A due to
artifact.

3. Discussion

OCT-A characteristics of CRAO have been reported pre-
viously [2–5]. These two cases illustrate the benefits of
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Figure 1: Acute central retinal artery occlusion, left eye. (a) Fundus photography reveals macular drusen and mild macular whitening
with an early cherry red spot. (b) Spectral domain optical coherence tomography (SD-OCT) reveals thickening and hyperreflectivity of the
inner retinal layers. (c) Fluorescein angiography (FA) at 26.58 seconds reveals delayed retinal perfusion. (d) Optical coherence tomography
angiography (OCT-A) 6 × 6mm retina slab reveals absent flow similar to that seen on FA. (e) OCT-A 6 × 6mm superficial slab reveals absent
flow. (f) OCT-A 6 × 6mm deep slab reveals absent flow.

OCT-A in providing clinically useful information in the
management of patients with acute CRAO without the
need for fluorescein injection. In both patients, there is
substantial concordance between the findings of the FA
and the OCT-A performed on the same day. A similar
concordance has been reported between FA and OCT-
A for patients with chronic branch retinal vein occlusion
[6].

OCT-A offers several advantages compared with tra-
ditional FA. OCT-A is noninvasive and has no risks of
allergy [7]. In most patients, OCT-A can be obtained
faster than FA. However, OCT-A is expensive and the
image quality is affected by the patient’s ability to fixate.
In patients with poor vision, such as those with acute

CRAO, it may not be possible to obtain good OCT-A
images.

In patients with acute CRAO in whom an adequate OCT-
A can be obtained, FA may not be necessary. Since many of
these patients have serious systemic vascular diseases,OCT-A
is an easily performed, quick, noninvasive alternative to FA.
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(a) (b)

(c)

AngioPlex-retina

(d)

AngioPlex-superficial

(e)

AngioPlex-deep

(f)

Figure 2: Acute central retinal artery occlusion with cilioretinal sparing, left eye. (a) Fundus photography reveals macular whitening with
cilioretinal artery sparing. (b) Spectral domain optical coherence tomography (SD-OCT) reveals macular thickening and hyperreflectivity of
the inner retinal layers temporal to the center of the macula, consistent with cilioretinal artery sparing. (c) Fluorescein angiography (FA) at
18.67 seconds reveals delayed retinal perfusion with cilioretinal artery sparing. (d) Optical coherence tomography angiography (OCT-A) 6
× 6mm retina slab reveals absent flow similar to that seen on FA. There is diminished signal superiorly due to artifact. (e) OCT-A 6 × 6mm
superficial slab reveals absent flow. There is diminished signal superiorly due to artifact. (f) OCT-A 6 × 6mm deep slab reveals absent flow.
There is diminished signal superiorly due to artifact.
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Optical coherence tomography angiography (OCTA) is a recently established noninvasive technology for evaluation of the retinal
and choroidal vasculature. The literature regarding the findings in macular telangiectasia type 2 (MacTel2) is scarce. We report
the OCTA findings associated with a subject with MacTel2 and secondary subretinal neovascularization (SNV). The commercially
available Cirrus 5000 with AngioPlex (Zeiss, Jena, Germany) was used, without any subsequent image modification or processing.
Subretinal neovascularization was detectable with OCTA at the level of the outer retina and choriocapillaris. Microvascular
abnormalities associated with MacTel2 were present mostly in the deep capillary plexus of the retina temporally.

1. Introduction

Macular telangiectasia type 2 (MacTel2) is a bilateral retino-
vascular disease that is typically acquired during middle
age and may lead to visual loss [1–3]. The hallmark of the
disease is retinal vascular ectasia and neural atrophy of the
macula [4]. This condition may pose a diagnostic challenge
when evaluated with indirect ophthalmoscopy due to the
subtle foveal findings. Initially, the only finding on fundus
examination could be a decrease in retinal transparency
temporal to the fovea. In the early nonproliferative phase of
this condition, other clues to diagnosis can be an increase
in central foveal autofluorescence related to a reduction in
macular pigment. Fluorescein angiography typically demon-
strates leakage from abnormal retinal vessels temporal to
the fovea. Spectral domain optical coherence tomography
(SDOCT) has offered great insight into the pathogenesis of
this condition and shows atrophic abnormalities throughout
the retinal layers in the foveal including an inner lamellar
cyst with internal limiting membrane drape and disruption
of the ellipsoid zone. These changes are thought to be due
to degeneration of Müller cells and photoreceptors [5, 6].
Secondary subretinal neovascularization (SNV) can arise in

the proliferative phase and form connections with choroidal
vessels [7]. The presence of these vessels can be challenging
to identify on FA in the setting of temporal foveal leakage.

Optical coherence tomography angiography (OCTA) is a
new, fast, noninvasive imagingmodality that allows detection
of blood flow through the retinal and choroidal plexuses
without intravenous dye injection [8]. Various retinal and
choroidal diseases have been described using OCTA, includ-
ing macular telangiectasia [9–20]. Currently, the literature
regarding OCTA characteristics of MacTel2 patients with
SRNV is limited.

The purpose of this report is to discuss the OCTA
features of nonproliferative and proliferativeMacTel2 imaged
with OCTA. The commercially available Cirrus 5000 with
AngioPlex (Zeiss, Jena, Germany) was used, without any
subsequent image modification or processing.

2. Case Report

A 63-year-old male with history of well-controlled type 2
diabetes mellitus, essential hypertension, and heart disease
was referred to our clinic due to visual loss in the right eye
(OD). Prior ophthalmic history included radial keratotomy
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(a) (b)

(c) (d)

Figure 1: Macular telangiectasia type 2 initial presentation. (a) Fundus photograph of the right macula shows foveal pigment mottling and
changes in the perifoveal vasculature. (b) Fundus photography of the left macula shows foveal pigment mottling. (c) Spectral domain optical
coherence tomography (SDOCT) reveals an atrophic cyst and ellipsoid zone disruption in the right macula. (d) Similar SDOCT changes are
present in the left macula.

and LASIK in both eyes (OU). He also had uneventful
cataract surgery with intraocular lens implantation OD and
YAG capsulotomy. Best-corrected visual acuity was 20/50OD
and 20/20 in the left eye (OS). Manifest refraction was −1.00
+ 1.50 × 52 OD and +1.50 + 1.75 × 42 OS. Intraocular pressure
was 17mmHg in both eyes (OU). Pupils were equally round
and equally reactive to light. Anterior segment examination
was remarkable for radial keratotomy with pseudophakia
OD and nuclear sclerosis +1 OS. No evidence of intraocular
inflammation was seen.

Fundus examination was remarkable for foveal pigment
mottling OU. No diabetic or hypertensive retinopathy was
present. SDOCT revealed atrophic cysts and ellipsoid zone
disruption OU (Figure 1). Given the characteristic SDOCT
findings, a diagnosis of macular telangiectasia type 2 was
made and the patient was monitored every 6 months. Two
years after initial examination, the patient developed acute
visual loss to the level of 20/150 and presented with macular
hemorrhage OD (Figure 2).

Macular OCTA was performed bilaterally. OCTA OD
at the level of the outer retina and choriocapillaris shows
subretinal neovascularization (Figure 3). OCTA OS reveals
microvascular abnormalities in the deep capillary plexus of
the retina most prominent temporally.

3. Discussion

This case demonstrates clinical features of nonproliferative
and proliferative MacTel2 imaged with OCTA. Early in this
condition changes in the retinal microvasculature begin
temporal to the fovea in the deep capillary plexus. These
abnormalities then extend circumferentially and into the
superficial capillary plexus. Anastomoses form between both
plexuses and retinal atrophy progresses. This can progress to
SRN that can form connections with choroidal vessels [21].

OCTA technology can facilitate diagnosis of all stages of
MacTel2 and essentially obviate the need for FA which does
not discriminate between superficial and deep retinal vascu-
lature. Also, the detection of subretinal neovascularization in
cases in which there is no macular hemorrhage and when
temporal leakage on FA is prominent can become challenging
on FA.

MacTel2 etiology continues to be poorly understood.
Perifoveal Müller abnormalities may be a common pathway
associated with the disease [1, 4]. Loss of regulation of
these cells may lead to photoreceptor death, dysregulation of
angiogenic and inflammatory factors, vascular ectasia, and
subsequent subretinal neovascularization [22]. Histopatho-
logic studies have shown thickening of retinal capillaries and
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(a) (b)

(c)
Figure 2: Fundus photography 2 years after initial presentation. (a) Macular hemorrhages are present in the right eye. (b) Stable foveal
pigment mottling is present in the left eye. (c) SDOCT of the right macula reveals a subretinal neovascular membrane.

(a) (b)
Figure 3: (a) OCTAOD at the level of the outer retina and choriocapillaris shows subretinal neovascularization. (b) OCTAOS demonstrates
microvascular abnormalities in the deep capillary plexus of the retina most prominent temporally.
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loss of Müller cells in subjects with macular telangiectasia
[6, 23]. Recent studies have suggested that subjects with
diabetes mellitus and hypertension are more likely to have
MacTel2 [24]. This may be due to ischemic changes at
the level of Müller cells. However, the mechanisms behind
systemic disease and MacTel2 remain poorly understood.
Further studies will elucidate the mechanisms that explain
such associations.

In conclusion, OCTA is a new, fast, noninvasive imaging
technology that has enabled improved understanding of the
pathophysiology of many retinal vascular diseases including
MacTel2. For this condition, OCTA not only facilitates
diagnosis but also enables the clinician to monitor disease
progression and quantify response to anti-VEGF therapy.
Future studies with OCTA will hopefully illuminate addi-
tional features ofMacTel2 and provide a better understanding
of this complicated disease.
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Purpose. To report a case of bilateral choroidal neovascularization (CNV) in punctate inner choroidopathy (PIC) visualized utilizing
optical coherence tomography angiography (OCT-A). Methods. Case report. Results. A 29-year-old woman presented with new
visual symptoms in both eyes. Fundoscopic exam revealed bilateral multifocal, small, well-defined lesions consistent with PIC.
Optical coherence tomography demonstrated subretinal fluid and retinal pigment epithelium detachments (RPEDs) in both eyes.
OCT-A revealed bilateral abnormal increased flow within the RPEDs consistent with CNV. Fluorescein angiography confirmed the
presence of bilateral CNV. Conclusion. CNV secondary to PIC may be identified using noninvasive optical coherence tomography
angiography.

1. Introduction

Punctate inner choroidopathy (PIC) is a posterior uveitis
belonging to the group of idiopathic white dot syndromes. It
tends to present in young tomiddle agedwomenwithmyopia
[1]. Choroidal neovascularization (CNV) may develop in the
setting of PIC, leading to visual impairment [2]. Optical
coherence tomography (OCT) and fluorescein angiography
(FA) are most commonly utilized to identify and monitor
CNV in patients with PIC.

Optical coherence tomography angiography (OCT-A) is
a relatively new, noninvasive imaging modality that had been
previously shown to successfully identify CNV in patients
with diseases such as neovascular age-relatedmacular degen-
eration (AMD) before a recently published series demon-
strated its utility in PIC [3, 4]. This report highlights the
usefulness of OCT-A in cases of PIC to guide management.

2. Case Presentation

A 29-year-old woman with no prior medical history pre-
sented with a new black spot in her right eye and wavy
lines in her left eye. Best corrected Snellen visual acuity

was finger count in the right eye and 20/40 in the left eye.
Anterior chamber examination was unremarkable and trace
vitreous cell was noted in both eyes. Fundoscopic exam
revealed multiple, small, punched-out variably pigmented
lesions in the posterior pole of both eyes with scattered
peripheral lesions (Figure 1). OCT (Spectralis HRA + OCT,
Heidelberg Engineering, Inc., Heidelberg, Germany) demon-
strated RPE disruption and deposition with intraretinal fluid
with retinal atrophy in the right eye (Figure 2(a)) and
RPE disruption with subretinal and intraretinal fluid in the
left eye (Figure 2(b)). OCT-A (RTVue-XR Avanti, Optovue,
Fremont, CA) at the level of the RPE disruption in both eyes
revealed increased abnormal flow consistent with bilateral
CNV (Figure 3). FA (Optos, Optos Inc., Dunfermline, United
Kingdom) demonstrated late leakage corresponding to the
CNV (Figure 4). The patient received bilateral intravitreal
injections of bevacizumab and was lost to follow-up after a
single treatment.

3. Discussion

FA and OCT are the current gold standard for identifying
and monitoring CNV. One limitation of these techniques is
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(a) (b)

Figure 1: Fundus photography of the right (a) and left (b) eyes demonstrating multiple posterior small variably pigmented lesions consistent
with punctate inner choroidopathy.

(a) (b)

Figure 2: (a) Right eye optical coherence tomography revealing retinal pigment epitheliumdisruption and elevation and subretinal deposition
with intraretinal cystic changes. (b) Left eye optical coherence tomography revealing retinal pigment epithelium disruption with associated
subretinal and intraretinal fluid.

(a) (b)

Figure 3: Optical coherence tomography angiography at level of retinal pigment epithelium elevation in right (a) and left (b) eyes
demonstrates abnormal flow consistent with choroidal neovascularization.

(a) (b)

Figure 4: Fluorescein angiography of right (a) and left (b) eyes reveals late leakage posteriorly consistent with choroidal neovascularization.
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that CNV and inflammatory lesions may present similarly
with elevation of the retinal pigment epithelium (RPE) and
subretinal fluid onOCT and leakage on FA [5]. It is important
to be able to differentiate the two, as CNV typically requires
prompt treatment with intravitreal antivascular endothelial
growth factor (anti-VEGF) agents whereas treatment of
inflammatory lesions relies on immunosuppressant therapy
[5]. A recently published case series demonstrated the value
of OCT-A in detecting CNV in PIC. In some instances, FA
was unable to distinguish active inflammation from CNV
while OCT-A clearly revealed abnormal flow corresponding
to CNV [4]. OCT-A carries the additional advantage of being
noninvasive and avoiding potential rare side effects such as
anaphylaxis from fluorescein dye.

As the technology continues to evolve, OCT-A should
continue to provide more information about classically
described disease processes such as PIC. In the same case
series, OCT-A showed the progression of CNV activity as
measured by flow while OCT imaging remained stable [4].
Beyond its ability to simply visualize CNV, in the future
OCT-A may ultimately help elucidate how those new vessels
respond to anti-VEGF treatment [6].
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Purpose. Congenital retinal macrovessels (CRM) represent rare aberrant vasculature of the retinal vessels that can supply or drain
themacula. In this report, the optical coherence tomography angiography features of a congenital retinal macrovessel are discussed.
Methods.The history and examination findings are presented alongside swept-source OCT angiography with corresponding B scan
and en face OCT imaging. Patients. The case is a 12-year-old female patient with excellent best-corrected visual acuity in both eyes.
Results. Swept-source OCT angiography demonstrated considerable loss of the foveal avascular zone at the levels of the superficial
and deep capillary plexus. Discussion. In this case there was no detrimental effect on vision despite anatomical loss of the foveal
avascular zone.

1. Introduction

Congenital retinal macrovessel was first described by Mau-
thner as “an aberrant retinal vessel” in 1869 [1]. Aberrant
retinal vessels were noted to be rare and small in size with
little or no branching and passing only to the macular region.
Most were purported to arise directly from the short ciliary
vessels, with occasional cases noted to communicate directly
with the choroidal circulation. They were also noted to arise
at both the nasal and temporal disc margins [2]. Aberrant
macrovessels crossing the fovea can cause visual impairment
but this is not always the case [3]. The pathophysiology
is unknown; however one theory proposes a role for an
intrauterine hypoxic stimulus that may then permit vascular
proliferation reaching the center of the foveola [4]. In this
report we describe OCT-A features in a case with congenital
retinal macrovessel (CRM).

2. Case Presentation

A 12-year-old girl presented to the department having been
referred from her opticians with an incidental finding of
aberrant vasculature in the right fundus. She had no his-
tory of trauma or ocular surgery and no family history of

ophthalmic disease. On examination the vision was 20/66
unaided correcting to 20/20 with glasses in the right eye
and 20/16 with glasses in the left eye. Near vision was N5
bilaterally. Refraction performed at referral revealed that she
was moderately myopic bilaterally (−3.50 diopters). Anterior
segment examination of both eyes and intraocular pressures
were normal (11 and 16mmHg in the right and left eyes,
resp.). Examination of the right fundus revealed a healthy
optic disc, with an aberrant retinal macrovessel (Figure 1)
arising from the inferotemporal major vascular arcade and
extending towards the fovea. There were no exudates or
haemorrhages and no epiretinal membrane.The appearances
of the remaining retinal vessels and peripheral fundus were
unremarkable. The left fundus was completely normal.

Swept-source optical coherence tomography angiography
(SS-OCT-A) imaging of the right fundus (Triton, Topcon)
(Figure 2) demonstrated the aberrant vessel encroaching into
the foveal avascular zone (FAZ) but not passing through
the center of the fovea. The anatomy of the neurosensory
retina appeared preserved, despite the elevation of the foveal
depression. No evidence of retinal layer loss, cysts, leakage, or
exudation was noted. There was no evidence of disturbance
in the vitreoretinal interface and no disturbance of the RPE-
choriocapillaris complex (Figure 3).
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Figure 1: Right fundus photograph of a 12-year-old patient with a congenital retinal macrovessel (arrow) extending towards the fovea in a
superotemporal course. The foveal reflex appears disturbed by the macrovessel.

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

Figure 2: Swept-source OCT angiography (a, b, c, and d) with corresponding segmentation B scan (e, f, g, and h) and en face OCT imaging
(i, j, k, and l) of the right eye of a 12-year-old patient with congenital retinal macrovessel (a, e, and i). At the level of the superficial capillary
plexus the principal stem of the macrovessel and two main bifurcations are noted (+). Microvascular interconnections obliterate the foveal
avascular zone (a). Corresponding SS-en face OCT does not indicate any leakage from the macrovessels (b, f, and j). At the level of the deep
capillary plexus there aremultiple branches emanating from the principal stem and the bifurcations directed at the level of the outer plexiform
layer.The latter extend and bifurcate further horizontally prior to fusing with the capillaries of the deep vascular plexus.The remaining foveal
avascular zone is also depicted (arrow), considerably reduced in extent. En face OCT also clearly demonstrates the aberrant vasculature and
no evidence of leakage at this level. Scans at the level of outer retina (c, g, and k) and choriocapillaris (d, h, and l) demonstrate projection
artefacts of major vessels without evidence of coexisting pathology.
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(a)
(b)

(b)

(a)

(c)

(d)

(c)

(d)

Figure 3: Swept-source OCT at the level of the right fovea (a) and inferior to the fovea (b) in a 12-year-old patient with congenital retinal
macrovessels.The stem of the vessel is depicted at the level of the inner nuclear and plexiform layers (arrow) and its branches at the level of the
outer nuclear layer (+). The foveal anatomy is largely preserved, though the foveal depression is reduced. There is no evidence of disturbance
of the RPE-choriocapillaris complex also confirmed by OCT-A in the previous image. Corresponding swept-source OCT scans at the level of
the left fovea (c) and inferior to the fovea (d) are included for comparison.

Swept-source OCT angiography demonstrated consid-
erable loss of the foveal avascular zone at the levels of
the superficial and deep capillary plexus (a). Outer retinal
and choriocapillaris SS-OCT-A did not yield any abnormal
findings. Corresponding en face SS-OCT again confirmed no
leakage from the macrovessels (b, f, and j).

3. Discussion

Archer et al. [5] classified congenital vessels into three
categories based on the caliber of communicating vessels,
presence of capillary plexus bridging the vessels, and the
grade of visual impairment. Group 1 is defined as anomalous
arteriovenous communications being localized to a single
sector of the retina, most frequently the macula. Group
2 demonstrates direct arteriovenous communications that
are larger in size than the vessels in Group 1 but in the

absence of interposition of arteriolar or capillary elements.
In Group 3 the arteriovenous vessels are large and entangled
and give rise to retinal complications and consequent severe
visual impairment. Chawla and colleagues recently reported
a similar case of CRM [6].This case was associated with poor
BCVA in the affected eye since childhood and they attributed
this to the distorted FAZ. This effect of aberrant retinal
vasculature on vision was also emphasized in a previously
reported case of a whitemale with twomacular arteriovenous
anastomoses and a small venous tributary crossing the fovea.
The authors associated reduced visual acuity with the loss of
the normal architecture of the fovea [7]. Goel et al. recently
reported a case of reduced visual acuity due to vitreous
haemorrhage secondary to congenital retinal macrovessel,
highlighting the potential complications of such aberrant
retinal vasculature [8]. In this case, there was no detrimental
effect on vision, despite anatomical loss of the foveal avascular
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zone. Interestingly this disturbance of the vascular status of
the macula did not considerably reflect in the anatomy of the
neurosensory retina.
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Optical coherence tomography angiography (OCT-A) is a recently established noninvasive technology for evaluation of the retinal
and choroidal vasculature.The literature regarding the findings in choroidal nevi is scarce.We report theOCT-A findings associated
with two different variants. Subject one had decreased vascular flow signal in the choroidal, choriocapillaris, deep retinal, and
superficial retinal layers. Subject two had decreased vascular flow signal in the choroidal, choriocapillaris, and deep retinal layers
with a normal vascular flow signal in the superficial retinal layer. To our knowledge, these patterns of decreased vascular flow signals
have not been previously reported using OCT-A. This may be due to blockage from the choroidal nevus, true diminished blood
flow (ischemia), or other factors.

1. Introduction

Optical coherence tomography angiography (OCT-A) is a
recently established technology that allows visualization of
the chorioretinal vasculature without intravenous dye injec-
tion [1–4]. The application of this noninvasive technique is
mainly designed to evaluate blood flow [1]. Various retinal
and choroidal diseases have been described using OCT-
A, including some intraocular tumors [2–10]. However, the
literature regarding OCT-A characteristics of choroidal nevi
is relatively limited [11].

The purpose of this report is to illustrate some of the
OCT-A characteristics associated with two lesions diag-
nosed clinically as benign choroidal nevi. In both cases the
commercially available Cirrus 5000 with AngioPlex (Zeiss,
Jena, Germany) was used, without any subsequent image
modification or processing.

2. Case Report

2.1. Subject 1. A 65-year-old female with history of polymyal-
gia rheumatica presented for scheduled follow-up of a
choroidal nevus of the left eye (OS). Visual acuity was 20/20
in each eye (OU). The examination was normal except for a

juxtapapillary pigmented choroidal nevus OS, with overlying
drusen, and without orange pigment or subretinal fluid
(Figure 1).OCT-A6mm× 6mmshowed a decreased vascular
flow signal in the choroidal, choriocapillaris, deep retinal, and
superficial retinal layers (Figure 2).

2.2. Subject 2. A healthy 60-year-old male presented for
scheduled follow-up of a choroidal nevus of the right eye
(OD). Visual acuity was 20/20 in both eyes (OU). The
examination was normal except for a pigmented choroidal
nevus OD with a depigmented halo around it. No drusen,
orange pigment, or subretinal fluid was present (Figure 3).
OCT-A 6mm × 6mm showed a decreased vascular flow
signal in the choroidal, choriocapillaris, and deep retinal
layers with a normal vascular flow signal in the superficial
retinal layer (Figure 4).

3. Discussion

Theevaluation of choroidal nevi can be a diagnostic challenge
because in some cases a distinction between a benign nevus
and a small choroidal melanoma is not readily apparent [12].
Multiple studies have reported hypervascularity using fluo-
rescein angiography (FA) in patients with uveal melanoma
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Figure 1: Fundus photography OS shows juxtapapillary pigmented choroidal nevus.

AngioPlex, choroid Structure, choroid

(a)

AngioPlex, choriocapillaris Structure, choriocapillaris

(b)

AngioPlex, superficial Structure, superficial

(c)

AngioPlex, deep Structure, deep

(d)

Figure 2: AngioPlex OCT-A 6mm × 6mm. (a) Choroidal plexus layer showing a decreased vascular flow signal. (b) Choriocapillary plexus
layer showing a decreased vascular flow signal. (c) Superficial retinal plexus layer showing a subtle decreased vascular flow signal. (d) Deep
retinal plexus layer showing a subtle decreased vascular flow signal.

[13, 14]. Increased vascularity in solid tumors is a hallmark
of malignant transformation [15]. For example, a recent
study that evaluated subjects with iris melanomas with OCT-
A reported increased vascularity, with disorganized and
tortuous intratumoral vascular patterns and increased vessel
density [16].

OCT-A may offer certain advantages over FA in this
situation. OCT-A is fast and noninvasive and has no risk
of allergy. OCT-A can readily distinguish different layers of
the retina and choroid, which cannot be performed with FA
[17, 18]. A previous study that imaged choroidal nevi with

OCT-A reported decreased vascular flow signal only in the
deep retinal layer [11]. Subject 1 in the current series showed
decreased vascular flow signal in the superficial, deep, and
subretinal layers. Subject 2 had normal vascular flow signal
in the superficial retinal plexus but decreased vascular flow
signal in the deep and subretinal layers.

To our knowledge, these patterns of decreased vascular
flow signals have not been previously reported using OCT-
A. This may be due to blockage from the choroidal nevus,
true diminished blood flow (ischemia), or other factors. If
ischemia is truly present, then diminished blood flow in the
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Figure 3: Fundus photography OD shows a temporal halo choroidal nevus.
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(d)

Figure 4: AngioPlex OCT-A 6mm × 6mm. (a) Choroidal plexus layer showing a decreased vascular flow signal. (b) Choriocapillary plexus
layer showing a decreased vascular flow signal. (c) Superficial retinal plexus layer showing a normal vascular flow signal. (d) Deep retinal
plexus layer showing a subtle central decreased vascular flow signal.

superficial retina may explain the atrophic changes that are
typically seen in the retina overlying some nevi [19].

OCT-A has some limitations, including expense and
the relatively long image acquisition time, approximately 3
seconds. Some patients cannot hold their gaze for this long,
especially because most nevi are not in the macula. Fur-
thermore, inadequate penetration through highly pigmented
or thick tumors may limit the use of this technology to
small nevi/melanomas (less than 2mm in thickness). It might

be interesting to compare OCT, OCT-A, and B-scan but
echography was not performed on these two patients because
the lesions were clinically flat.

In summary, OCT-A may provide a simple, quick, and
safe way to monitor choroidal nevi. OCT-A may be particu-
larly useful in cases with high-risk features to detect changes
in vascularity. As more clinical examples are collected, our
understanding of using OCT-A to image pigmented lesions
should increase.
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