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Avoiding errors in the diagnosis of polypoidal choroidal vasculopathy
in patients with age-related macular degeneration (Part 1)
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Background: Poor availability of indocyanine green angiography (ICGA) raises the
question of how to improve the diagnosis of polypoidal choroidal vasculopathy (PCV)
using alternative imaging modalities, optical coherence tomography (OCT) and OCR
angiography (OCTA).

Purpose: To optimize the diagnosis of PCV in patients with age-related macular
degeneration (AMD) using non-invasive methods, OCT and OCTA.

Material and Methods: One hundred and sixty-nine patients (228 eyes) with
neovascular AMD underwent OCT and OCTA study as per the proposed algorithm to
differentiate between PCV and other types of subretinal neovascularization. Of these,
14 patients (8.28%, 14 eyes) were found to have PCV.

Results: Major and additional signs of PCV, secondary neovascularization and
activity of the process on OCT were determined. In addition, we determined the
signs of PCV on OCTA manual and automatic segmentation which will be helpful in
accurate differential diagnosis of the disease. On the basis of these data, we developed
a step-by-step algorithm of the OCT and OCTA diagnosis of PCV in patients suspected

coherence tomography angiography, age-
related macular degeneration, polypoidal
choroidal vasculopathy, differential
diagnosis

Introduction

Advances in diagnostic technologies for eye diseases
and advent of optical coherence tomography (OCT) and
OCR angiography (OCTA) have substantially improved
the diagnosis of age-related macular degeneration (AMD)
[1,2,3,4,5, 6]. Pathological morphological and structural
changes and/or microcirculatory changes in the retina
can be easily identified by current diagnostic methods.
Identifying the type and features of subretinal neovascular
membranes (SNM) is, however, important in making the
diagnosis and guiding treatment decisions. Considering
these aspects is especially important when making the
diagnosis of rare types of neovascularization such as
polypoidal choroidal vasculopathy (PCV) [6, 7, 8, 9, 10,
11, 12].

Although some experts believe that PCV is a subtype
of neovascular AMD, others believe that it is a separate
clinical entity [13, 14, 15, 16, 17, 18].

Unlike other types of AMD, PCV is the only type
of neovascularization which can be seen commonly in
increased choroid thickness and less commonly in normal
or reduced choroid thickness [7, 8, 10, 17].

of the disease, which allows the accurate diagnosis when ICGA is unavailable.
Conclusion: Systematic step-by-step interpretation of OCT and OCTA scans allow the
reliable differential diagnosis of PCV in patients with exudative AMD.

OCT and indocyanine green angiography (ICGA) are
common imaging techniques for the diagnosis of PCV [7,
10, 11, 14, 17, 18].

The diagnostic algorithm developed by the Japanese
Study Group of Polypoidal Choroidal Vasculopathy
(2005) was based on the clinical data and ICGA data; it
has significantly improved the diagnosis of PCV, and was
the major generally accepted diagnostic approach until the
advent of OCTA, a new method for the diagnosis of fundus
pathology [4, 7, 11]. The latter method is non-invasive
and allows detailed 3-D layer-by-layer evaluation of the
retinal and choroidal vascular network. The diagnostic
value of OCTA in suspected PCV has been demonstrated
in numerous studies [2, 4, 7]. Some authors have proposed
advanced PCV diagnostic algorithms on the basis of
clinical and instrumental findings, but not on ICGA data
[4, 15]. Although the ICGA has straightforward advantages
for the diagnosis of PCV, it also has disadvantages which
should be taken into consideration. First, the application of
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indocyanine green dye may lead to general complications
as mild as nausea to as severe as anaphylactic shock.
Second, there are contraindications to having the ICGA
(immune changes, hepatic failure, renal failure, etc.).
Finally, indocyanine green dye and facilities for performing
the ICGA are not always readily available. Therefore, we
believe that developing algorithms for the non-invasive
diagnosis of PCV is important.

The purpose of the study was to optimize the diagnosis
of PCV in patients with AMD through the use of non-
invasive methods, OCT and OCTA.

Material and Methods

One hundred and sixty-nine patients (228 eyes) with
neovascular AMD were examined. Of these, 14 patients
(8.28%; five men and nine women; 14 eyes) were found to
have PCV. Mean patient age was 65 + 7.7 years.

Patients underwent an eye examination, including
visual acuity, perimetry and tonometry. In addition, they
underwent a multimodal fundus examination including
ophthalmoscopy, scanning laser ophthalmoscopy, OCT, en
face OCT and OCTA.

Visual acuity ranged from 0.3 to 0.7.

This prospective and non-controlled study was
performed at the Zaporizhzhia Regional Clinical Hospital
from January 2020 to September 2020. Patients with
neovascular AMD were included. The exclusion criterion
was myopic, posttrombotic, diabetic, or post-inflammatory
neovascularization not associated with AMD.

This study was performed within the framework
of a planned research design for the department project
(VN.R.01.05-19 No0019U101932). The study protocol
was approved by the Bioethics Committee (Committee
Minutes dated 14.01.2019). The conduct of the study
adhered to the Declaration of Helsinki. Informed consent
was obtained from all participants.

The AngioVue 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
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.

Results and Discussion

Given that OCT is a major diagnostic technique for the
detection of macular pathology which has demonstrated
sensitivity and specificity in the diagnosis of PCV as
high as 87.5 — 94.6% and 86.2 — 92.9%, respectively,
we believed that it was reasonable to begin a step-by-
step process of the diagnosis of PCV from the analysis
of retinal morphological changes without taking clinical
manifestations into consideration [19, 20, 21, 22, 23, 24].
This diagnostic approach on the basis of objective data only

helps a clinician screen for fundus pathology and suspect
PCV. Thus, on the one hand, the absence of complaints and
ophthalmoscopic fundus changes and the presence of high
visual acuity in these patients cannot exclude the presence
of “quiescent” polyp in the absence of any intraretinal or
subretinal fluid or hemorrhage in the early disease, which
can give a false opinion and hampers early diagnosis of
PCV. On the other hand, in the presence of neovascular
complex activity, the ophthalmoscopic signs are marked
but ambiguous. Thus, a major clinical feature of PCV,
orange-red subretinal nodules, may not be observed for a
number of reasons (extensive hemorrhagic changes, etc.).
In addition, hard exudate is characteristic of PCV but may
be seen in some other types of neovascular AMD as well,
whereas drusen are not typical of PCV, but may be seen in
the fellow eye of the unilateral PCV patient.

Such variability of clinical manifestation in the
presence of an active neovascular complex may make the
differential diagnosis difficult at initial diagnosis of PCV.
The above explains why our approach to the diagnosis of
PCV was based on the detection of retinal morphological
changes only.

Therefore, at the first phase of this study, we
determined distinctive OCT features that are characteristic
of neovascular AMD on the basis of literature review [1, 4,
6,7,9, 10, 13, 14, 17,18, 22]. The findings of this review
are presented in table 1.

The morphological changes that are characteristic
of PCV only have been noted. Although retinal pigment
epithelial detachment (PED) is present in any type
of neovascularization and evidences the presence of
neovascularization, the clinician should determine
whether additional OCT scan features characteristic of
PCV (thumb-like, sharp-peak and QRS complex shaped
PEDs) are present or not. Therefore, in order to detect
PCV, it is important to take into consideration the type of
PED, whereas other OCT features seen in different types
of neovascularization are not important for the diagnosis
of PCV and just give evidence of the activity of the
process and presence of exudative only or exudative and
hemorrhagic changes.

Another important aspect of the diagnosis is to
determine whether the OCT features directly confirming
the presence of pathological neovascular network in the
retinal and choroidal structures can be seen. A Double-
layer Sign (DLS) is present in some types of neovascular
AMD and is pathognomonic of pathologic neovascular
network in the retina or choroid. Because the cause of
PCV is considered to be due to inner choroidal vessel
abnormalities, the pathological vascular network in eyes
with PCV is different from that in eyes with SNM. Notch
sign and bubble sign are additional OCT features which
are present in PCV only.

OCT assessment of the choroidal thickness at the fovea
helps a clinician differentiate between various forms of
neovascular AMD. There have been numerous studies on
this subject. Margolis and Spaide [19] measured choroidal
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thickness in normal eyes at different points using enhanced
depth imaging (EDI) OCT and to evaluate the association
of choroidal thickness and age. The mean age was 50.4
years, and the choroid was thickest underneath the fovea
(mean, 287 microm). Regression analysis suggested that the
subfoveal choroidal thickness decreased by 15.6 microm
for each decade of life. Some studies measured choroidal
thickness in eyes with PCV and found that the choroid
was thicker in these eyes than in normal eyes. Choroidal
thickness, however, tends to be normal or decreased in
other subtypes of neovascular AMD. Therefore, at initial
diagnosis of PCV (when making an initial diagnosis), OCT
scan data should be considered in the following sequence:
one or more retinal PED characteristic of PCV (dome-
shaped, thumb-like, sharp-peaked and QRS complex
shaped PEDs); additional OCT features which are present
in PCV only (notch sign and bubble sign); a Double-layer
Sign (DLS) confirming the presence of SNM; determining
whether the process is active (hyperreflective hemorrhage,
hard exudate, neuroepithelial detachment, and cystic
changes in the macula), and assessing choroidal thickness
by OCT in order to exclude other subtypes of neovascular
AMD.

Errors at initial diagnosis may occur due to (1) areas
of apparent exudate associated with the well-developed
neovascularization or (2) low height of the polyp which
makes the OCT features of PCV less obvious, suggesting
the presence of SNM or other subtypes of neovascular
AMD. Therefore, the disease may remain unrecognized.

In the current study, comprehensive evaluation (at the
initial diagnosis) revealed a diagnosis of suspected PCV in
68 eyes, with 28 patients having a diagnosis of unilateral
suspected PCV. Choroidal thickness at the fovea ranged
from 182 to 436 pm, with a mean of 281.2 £42.54 ym. The
choroid was thicker than normal (with evidence of dilated
Haller's layer vessels) in 6 eyes, of normal thickness in 9
eyes, and thinner than normal in 53 eyes.

The polyp detection (i.e., detection of anatomical
and functional changes in the retinal and choroidal
microvascular bed) is pathognomonic of the final diagnosis
of PCV. Until recently, ICGA has been the only method for
the diagnosis of the disease. However, the poor availability
of ICGA in Ukraine, evidence of the advantages of OCTA
in the diagnosis of the pathology and our extensive
personal experience accumulated with OCTA provided
the rationale for employing OCTA for making the final
diagnosis of PCV.

We took in consideration the literature review to
define typical OCTA features of PCV, and, on the basis of
these features, one can differentiate between the types of
neovascularization [4, 7,9, 10, 16, 17, 18] (Table 2).

Analysis of the results obtained showed that typical
OCTA features of PCV do exist on the basis of which one
can differentiate between the types of neovascularization,
thus making the next and final step in the diagnosis of
PCV. While assessing the results obtained with automatic
segmentation of OCTA, it is important to determine

correctly the location of pathological blood flow signal
(“ring” sign, nodular hyperreflective signal or point-shaped
signal at polyp area, and pathological vascular network),
particularly, in the choroid, outer retina, and deep vascular
plexus, which is characteristic of PCV. One should
take into account the fact that due to apparent changes
associated with exudation and hemorrhage, segmentation
may be altered, with abnormal blood flow signals localized
to the wrong layers [25]. This will lead to substantial errors
and final misdiagnosis. We believe that these errors may
be avoided with manual segmentation of OCTA. Using
the method only for detecting and assessing choroidal
neovascularization, however, is not enough for making the
differential diagnosis of PCV and determining the type of
pathological vascularization. The detection of blood flow
signal at the area of supposed polyp is nevertheless a key
point in making the final diagnosis of PCV. In addition,
selection of manual segmentation settings and scan
direction settings are important, and polypoidal complexes
should be assessed beginning from the choroid and ending
at PED apex with the use of en face slices not thicker
than 30 um, because ring-shaped blood flow signals can
be detected at PED midheight or higher, whereas nodular
hyperreflective signals, at PED apex. These symptoms are
specific of PCV, and the detection of blood flow signals in
these zones will confirm the presence of a polyp or polyps
[7, 8, 9, 10, 15]. At this phase of the diagnostic process,
it is important also to take into consideration quantitative
assessment of polyps, a major component of PCV. One
should remember that there may be either one or multiple
polyps, and multiple polyps may adhere to each other
in clusters, which is not characteristic of other types of
neovascularization.

Given the above, we used our algorithm for assessing
OCTA findings in 169 patients (228 eyes) with neovascular
AMD, and, of these, 14 eyes were found to have PCV.

The algorithm for analysis of OCTA findings was as
follows.

Step 1. Selection of manual segmentation settings
and scan direction settings

Detecting neovascularization in the area adjacent to or
underneath PED. In PCV, neovascularization is observed
only in the area adjacent to dome-shaped PED. Use en
face slices not thicker than 30 pm and review B scans for
the detection and confirmation of blood flow signals. In
order to assess polypoidal complexes (areas of the PEDs
characteristic of PCV), shift the en face slice step by step
from the choroid towards PED apex. When the slice is
shifted upward from the choroid, the clinician detects
neovascularization and then other blood flow signals.

Step 2. Polyp number assessment

There may be either one or multiple polyps, and
multiple polyps may adhere to each other in clusters.

Step 3. Polyp blood flow evaluation

Ring-shaped blood flow signals can be detected at
PED midheight or higher, whereas nodular hyperreflective
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signals, at PED apex. This feature is specific of PCV,
and the detection of blood flow signals in the regions of
suspected polyps will confirm the presence of PCV.

Step 4. Assessment of choroidal neovascularization
characteristics

Choroidal neovascularization that is adjacent to the
vascular complex underneath PED corresponds to the
location of double layer sign on the OCT. The branching
vascular network may exhibit patterns described as
“tangled”, “loop-shaped”, “medusa-head”, etc.

Step 5. If there is no abnormal blood flow signal

All cases of suspected pathological neovascularization
without abnormal blood flow signal should be identified if
there is evidence of hemorrhagic PED and neuroepithelial
detachment or PED with marked exudation. In these cases,
other research methods are not helpful in confirming the
presence of vascular changes. Only clinical analysis
and longitudinal condition monitoring in the course of
treatment will be helpful in making the correct diagnosis.

Table 3 presents the results of assessment of OCTA
signs in patients with PCV and SNM of other types.

Therefore, the OCT-based analysis of retinal
morphological changes with consideration of specific
symptoms allowed us to identify a group of patients with
suspected PED (68 eyes; 30%). Subsequently, an OCTA
study of patients with consideration of the proposed
diagnostic algorithm allowed us to confirm the diagnosis
of PED in 14 of 169 patients (8.28%). The developed
approach to OCTA study in patients with suspected PED
allows the clinician to (1) avoid errors in determining the
type of neovascularization and (2) make a correct diagnosis
when ICGA is unavailable.

Conclusion

The detection of blood flow in suspected polyp by
angiographic methods visualizing choroidal blood flow
(ICGA, a gold-standard for diagnosing PCV, and OCTA) is
areliable criterion for the diagnosis of the disease. Manual
segmentation and systematic step-by-step interpretation
of OCTA scans allows the clinician to detect specific
symptoms and signs of PCV and generate an adequate
differential diagnosis when ICGA is unavailable.
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Table 1. OCT criteria for different types of choroidal neovascularization

Symptoms PCV Type 1 CNV Type 2 CNV
Retinal pigment epithelial detachment + + +
(PED) -
PED pattern
Dome-shaped PED + + -
Sharp-peaked PED + - -
QRS complex-shaped PED + - -
Multiple PED + + -
Hemorrhagic PED + + -
PCV double layer sign + + -
Area underneath PED
Bubble sign + - -
Hyperreflective area adjacent to and + + )
underneath PED -
Other OCT symptoms
Notch sign + - -
Neuroepithelial detachment + + +
Intraretinal hemorrhage + - +
Hard exudate + + +
Cystoid retinal edema + + +
Increased choroidal thickness + - -
en face OCT

Hyperreflective ring + + -
PCV en face bola sign + - -

Table 2. OCTA features of morphological changes in the choriocapillaris in PCV, type 1 CNV and type 2 CNV

Features PCV Tgle\; TglevZ
Sign of CNV + + +
A hyperreflective ring at the middle of the height of PED (sign of blood flow) + - -
Hyperreflective signal at PED apex (nodular hyperreflective signal) + - -
Cluster of hyperreflective signals at the middle of the height of PED or at PED apex + - -
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Table 3. Incidence of OCTA features of morphological changes in the choriocapillaris for PCV, type 1 CNV and type 2 CNV

PCV Other types of CNV
OCTA (14 eyes) (54 eyes)
eyes | percentage eyes | percentage
Automatic segmentation

Features of newly formed vascular network 5 35.7 29 53,7

Hyperreflective ring 14.3 - -

I-!igh-intensity signal at the apex of PED (nodular hyperreflective 3 214 ) i

signal)

Cluster of hyperreflective signals 5 35.7 - -

Manual segmentation

Features of newly formed vascular network 9 64.3 41 75.9

Hyperreflective ring 571 - -

H_igh-intensity signal at the apex of PED (nodular hyperreflective 1 786 ) i

signal)

Cluster of hyperreflective signals 5 35.7 - -

Characteristics of choroidal neovascularization (CNV)

g:sl\:lv underneath PED with vessels producing patterns described 9 643 41 75.9
Tangled 4 28.6 12 22.2
Medusa-head 2 14.3 4 7.4
Loop-shaped 1 7.1 6 111
Coral-shaped 2 14.3 5 9.3
Tree-like - - 5 9.3
Wheel-shaped - - 7 12.9
Fan-shaped - - 2 3.7

CNV underneath PED - - 7 12.9

Signals of intraretinal blood flow - - 12 22.2

No signals of pathological blood flow 2 14.3 13 241
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