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Polypoidal choroidal vasculopathy (PCV) is difficult to diagnose subtype of
neovascular age-related macular degeneration (nAMD). Although advances in
optical coherence tomography (OCT) and OCT angiography (OCTA) have allowed
much improved diagnosis of PCV when indocyanine green angiography (ICGA),
a gold-standard for diagnosing PCV, is unavailable, the task may still represent a
challenge even for the most experienced ophthalmologists. Numerous diagnostic
errors (including failure in elicitation or interpretation of symptoms or signs) may be
partially due to the absence of a universal algorithm for identification of the pathology.
We believe that highlighting the pathological features of importance to confirm
diagnosis, and developing a clearly defined sequence of steps for interpretation of
OCT and OCTS results will be a valuable approach to improved diagnosis of this type
of nAMD. Three nAMD cases that had OCT signs consistent with PCV and required
Sfurther differential diagnostic assessment to confirm or exclude PCV are presented
as examples demonstrating the efficacy of the proposed algorithm. In these example
cases, the OCT findings suggestive of PCV are reported, and OCTA segmentation
steps with the related actions as per the proposed algorithm are described. The
example cases demonstrate that the stepwise assessment of OCT and OCTA results
for patients with nAMD allows to determine reliably whether PCV is present or not
(i.e., whether the diagnosis should be confirmed or refuted).

Although advances in diagnostic technologies for eye
diseases and advent of optical coherence tomography
(OCT) and OCT angiography (OCTA) have allowed
much improved diagnosis of various fundus pathologies
[1-4], diagnostic errors (including failure in elicitation
or interpretation of symptoms or signs) and cases of
misdiagnosis still occur [5, 6]. Age-related macular
degeneration (AMD) is no exception. Diagnosis of various
forms of AMD and various types of neovascularization may
still represent a challenge even for the most experienced
ophthalmologists. Polypoidal choroidal vasculopathy
(PCV) is difficult to diagnose subtype of neovascular AMD
[7]. OCT as well as OCTA is an important method for the
diagnosis of PCV as a subtype of neovascular AMD [8, 9].
The development of a step-by-step algorithm of the OCT
and OCTA diagnosis of PCV, along with its subsequent
incorporation in clinical practice, is an approach that can
help doctors improve the accurateness of diagnosis and
interpret OCT data more effectively [9, 10, 11].

The purpose of this paper was to demonstrate the
clinical use of the algorithm for OCTA-based differential
diagnosis of PCV in patients with supposed PCV.

Materials and Methods

Three example cases are presented. These cases
include selected patients with neovascular forms of AMD
who exhibited OCT features that are characteristic of
PCV. Patients underwent an eye examination including
visual acuity, perimetry and tonometry. The multimodal
fundus imaging included ophthalmoscopy, scanning laser
ophthalmoscopy, OCT, en face OCT and OCTA. AMD
diagnosis was based on the 2018 NICE guidelines [12],
including recommendations on classifying AMD.

This study was performed within the framework of
a planned research design for the department project
(VN.R.01.05-19 Ne0019U101932). The study protocol
was approved by the Bioethics Committee (Committee
Minutes dated 14.01.2019). Informed consent was
obtained from all participants.

The AngioVue OCTA system (RTVue XR OCT
Avanti, Optovue, Inc., Fremont, CA) was used for split-
spectrum amplitude-decorrelation angiography (SSADA)
measurements with OCT and OCTA. Retinal OCT was
performed using Cross Line, Retina Map, and 3D Widefield
scans. We used OCT to measure choroidal thickness
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manually at the foveal center and determine maximum
thickness. The AngioRetina 3 X 3 mm and 6 X 6 mm scan
protocols were used to perform OCTA in the macular area.
Angiography was assessed using manual and automatic
segmentation modes. The algorithm we had proposed and
reported [13] was used for analysis of OCTA results.

Example case 1

In this case, OCT showed a high retinal pigment
epithelial detachment (PED) with a sharp peak
characteristic of PCV, as well as the following characteristic
OCT features strongly suggestive of PCV: a “notch sign”,
hyperreflective area adjacent to the RPE, a double-layer
sign (DLS), and additional OCT features indicating
the activity of a suspected neovascular membrane
(neuroepithelial detachment (NED) and hyperreflective
inclusions in the outer retina).

Of note was the area of increased reflectivity above
PED, at the fovea, which was consistent with diffuse
edema of photoreceptors, but it was difficult to exclude the
presence of neovascularization in this zone based on the
results of OCT only. Therefore, in this example case, it
was impossible to reliably exclude the presence of mixed
choroidal neovascularization based on OCT only.

The choroidal thickness at the fovea was 338 mm,
which was above normal values.

OCTA-based analysis was used to confirm or reject the
diagnosis of PCV.

Algorithm for OCTA-based analysis

We started the analysis with the assessment of
automatic segmentation (Fig. 2). A pathological blood
flow signal in the form of a tangled CNV was detected
at the choroidal level. In addition, uncertain point-shaped
blood flow signals were detected within the outer retina at
the area of the supposed polyp. Manual segmentation was
used and analysis of the detected symptoms was performed
for further analysis (Fig. 2).

Step 1. An en face slice thickness of 30 um was
selected. In order to assess polypoidal complexes (areas
of the PEDs characteristic of PCV), the en face slice was
shifted step by step from the choroid towards PED apex.
With the slice shifted upward (or to the deeper retinal
structures) from the choroid, a neovascular network and
then other blood flow signals were detected.

Step 2. A single polyp was detected.

Step 3. The signals characteristic of PCV were
detected: ring-like blood flow signals were detected above
PED midheight, and high-intensity blood flow signals, in
the nodules, at PED apex.

Step 4. Choroidal neovascularization was detected
which was adjacent to the vascular complex underneath
PED and corresponded to the location of double layer sign
in the OCT. The neovascularization had the appearance of
a tangled web of fine vessels.

Therefore, the OCTA identified the characteristic
vascular complexes both within the polyp and within the
choroid, making it possible to confirm the diagnosis of late
wet active AMD with PCV.

Example case 2

A high QRS complex shaped PED characteristic of
PCV was found on examination of OCT scans for this
example case (Fig. 3). There were such characteristic OCT
features strongly suggestive of PCV as a “notch sign” and
hyperreflective area at PED apex. Although a DLS was
not detected on any macular B-scan, there were additional
OCT features (like NED and hyperreflective inclusions
in the outer retina) indicating the activity of suspected
neovascularization.

Choroidal assessment did not identify the presence of
dilated Haller's layer vessels, and the maximum choroidal
thickness at the macula was 203 um, indicating choroidal
thinning.

However, given the presence of not only PED, but
also two additional OCT features of PCV and signs of
activity of subretinal neovascularization, it was neccessary
to differentiate between type 1 (occult) subretinal
neovascularization and PCV, which required subsequent
OCTA imaging.

Algorithm for OCTA-based analysis

First, the assessment of automatic segmentation was
performed (Fig. 4).

Pathological blood flow signals without the presence
of apparent neovascularization were detected at the
choroidal level, along the inferior outline of the shadow
corresponding to PED. No pathological blood flow was
detected within the outer retina and at the level of the
retinal superficial and deep vascular plexuses. Manual
segmentation assessment was subsequently used for
deeper analysis (Fig. 4).

Step 1. An en face slice thickness of 30 um was
selected. In order to assess the PED region, the en face
slice was shifted step by step from the choroid towards
PED apex.

Step 2. No abnormal blood flow signal characteristic
of a polyp in PCV was detected above PED midheight, at
PED apex or at any other segmentation level. Taking into
consideration the results of our OCTA scan assessment at
various segmentation levels, Step 3 was omitted.

Step 4. No apparent neovascular network was detected
adjacent to PED.

The OCT scan results along with the absence of OCTA
signs of PCV or apparent subretinal neovascularization
suppose that neovascularization was present within a PED
and not visualized due to a high PED and hyperreflective
areas of potential hemorrhage.

Therefore, the OCTA-based analysis prompted us to
reject the presence of PCV and make a diagnosis of late
wet active AMD with a type 1 subretinal neovascular
membrane.

Subsequently, the patient was administered a course
of anti-VEGF therapy, and, at the subsequent follow up
examination, OCT and OCTA showed a lower PED, which
allowed to visualize neovascularization at the level of the
choroid, finally confirming the diagnosis for this case (Fig.

5).
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Example case 3

In this example case, OCT also showed a high dome-
shaped PED and a “notch sign” characteristic of PCV (Fig.
6). In addition, OCT B-scans showed a QRS complex
shaped PED as well as a double-layer sign as a sign of
the presence of neovascularization. The signs of activity of
suspected subretinal neovascularization noted during scan
assessment included cystic cavities and hyperreflective
inclusions in the outer retina.

Choroidal thinning was also noted (choroidal thickness
at the fovea was 237 pum, and minimum choroidal
thickness, 153 pm). Choroidal assessment did not identify
the presence of dilated Haller's layer vessels.

Given the presence of not only a major feature (i.e.,
PED), but also two additional OCT features of PCV, it
was necessary to perform the OCTA in order to confirm or
reject the diagnosis of PCV.

Algorithm for OCTA-based analysis

First, the assessment of automatic segmentation was
performed (Fig. 7).

No apparent sign of neovascularization or pathological
blood flow was detected on OCTA scans of four
segmentation levels. Mildly increased vascular signal at
the choroidal level was detected only around the shadow
region corresponding to PED. Manual segmentation of
OCTA scans was subsequently used for a more accurate
assessment (Fig. 7).

Step 1. An en face slice thickness of 30 pm was
selected and, in order to assess the area of PED, the en face
slice was shifted step by step from the choroid towards
PED apex.

Step 2. No abnormal blood flow signal characteristic
of a polyp in PCV was detected on OCTA within PED at
any manual segmentation level.

Taking into consideration the results of the previous
step, Step 3 was omitted.

Step 4. No apparent neovascular network was detected
adjacent to PED. However, a local pathological signal was
detected in the superior parafoveal sector, outside the PED
dome at all manual segmentation levels (Fig. 7).

With the B-scan section shifted to this region, there
was a vertical blood flow signal from PED towards inner
retinal layers corresponding to the location of retinal
superficial plexus (Fig. 8).

The changes detected by OCTA corresponded to
retinochoroidal anastomosis, the presence of which, along
with OCT features like uneven PED, a double-layer sign,
cystic cavities and hyperreflective inclusions in the outer
retina allowed us to make a diagnosis of late wet active
AMD with retinal angiomatosis proliferation.

The diagnosis of PCV was rejected.

In conclusion, when making a diagnostic assessment of
suspected PCV in neovascular AMD, a lack of awareness of
the clinical OCT and OCTA features of the disease, as well
as the similarity in the clinical picture between PCV and
other types of neovascularization, may cause misdiagnosis,
leading to an inadequate treatment strategy. Our example

cases demonstrated that the use of the proposed algorithm
for OCTA-based analysis of eyes with suspected PCV
allowed to minimize errors in the diagnostic assessment
of this pathology.
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Fig. 1. Example case 1. B-scan through the foveal center and optic disc.
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Fig. 2. Example case 1. Automatic and manual segmentation on OCTA images. (A) Segmentation
at the level of the choriocapillaris layer demonstrates a newly formed vessel network. (B)
Segmentation above pigment epithelial detachment (PED) midheight demonstrates uncertain
signals. (C) Segmentation above PED midheight and closer to PED apex demonstrates abnormal
ring-like signals. (D) Segmentation at the level of PED apex demonstrates a hyperreflective nodule.
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Hyperreflective area at PED apex

Fig. 3. Example case 2. B-scan through the foveal center and optic disc.
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Fig. 4. Example case 2. Automatic and manual segmentation on OCTA images. (A): Segmentation
below PED midheight. (B): Segmentation at the level of PED midheight. (C): Segmentation above
PED midheight. (D): Segmentation at the level of PED apex.
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Fig. 5. Example case 2. OCT and OCTA scan data
obtained in the course of anti-VEGF therapy. (A)
B-scan through the foveal center and optic disc. (B)
OCTA manual segmentation analysis demonstrates
wide neovascularization at the level of PED base.

QRS complex shaped PED  Hyperreflective inclusion in the

outer retina

“Notch sign”

Dome-shaped PED

Fig. 6. Example case 3. B-scan through the foveal center
and optic disc and vertical B-scan through the foveal
center.
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Fig. 7. Example case 3. Automatic and manual segmentation on OCTA images. An abnormal blood
flow signal characteristic of a polyp in PCV is seen on OCTA outside PED (and marked), but not
within PED at all segmentation levels. (A): Segmentation below PED midheight. (B): Segmentation
at the level of PED midheight. (C): Segmentation above PED midheight. (D): Segmentation at the
level of PED apex.

Fig. 8. Example case 3. Manual segmentation on OCTAimages. An abnormal blood flow signal characteristic
of a polyp in PCV is marked on OCTA outside PED at all segmentation levels, with an arrow pointing to a
respective vertical abnormal signal on the B-scan.
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