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Polypoidal choroidal vasculopathy (PCV) is a disease characterized by subretinal

pigment epithelium (RPE) orange-red polypoidal lesions and abnormal branching

neovascular networks (BNNs). In recent years, various non-invasive imaging

technologies have rapidly developed, especially the emergence of optical

coherence tomography angiography (OCTA), multi-spectral imaging, and other

technologies, which enable the observation of more features of PCV. In addition,

these technologies are faster and less invasive compared to indocyanine green

angiography (ICGA). Multi-modal imaging, which combined multiple imaging

techniques, provides important references for the diagnosis and treatment of PCV

with the assistance of regression models, deep learning, and other algorithms.

In this study, we reviewed the non-invasive imaging techniques, multi-modal

imaging diagnosis, and multi-scene therapeutic applications of PCV, with the aim

of providing a reference for non-invasive multi-modal diagnosis and treatment

of PCV.
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1. Introduction

Polypoidal choroidal vasculopathy (PCV) is a disease characterized by orange-red

polypoidal lesions (PLs) and abnormal branching neovascular networks (BNNs) (1–3). It

was first described by Yannuzzi in 1982 and was officially published in 1990 (4). Compared

to wet age-related macular degeneration (wAMD), PCV has the characteristics of recurrent

hemorrhage, subretinal hemorrhage, lower age of onset, and poor response to anti-VEGF

therapies. The mechanism of PCV is still unclear, and it is a difficult and hot topic in the field

of retinal research due to its serious harm (5, 6).

The gold standard for the diagnosis of PCV in the past was indocyanine green

angiography (ICGA) (7). This involves observing focal hyperfluorescent lesions within 6min

on ICGA, as well as at least one of the following: observation of BNN on ICGA, visible

pulsation on dynamic ICGA, nodular appearance when ICGA viewed stereoscopically,

hypofluorescent halo on ICGA, orange subretinal nodule on a color photograph, andmassive

subretinal hemorrhage. This examination requires venipuncture and the injection of contrast

agents into the body, which carry risks such as systemic allergies and local infections.

Therefore, it is a contradiction for some patients. In remote areas, many PCV patients have

not been correctly diagnosed due to the lack of ICGA examination equipment.
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In recent years, non-invasive imaging techniques have been

rapidly developed. Some non-invasive imaging techniques, such

as optical coherence tomography (OCT), optical coherence

tomography angiography (OCTA), and multi-spectral imaging,

have emerged through the limitations of traditional non-invasive

imaging techniques (fundus photography, autofluorescence, etc.)

and provided more observational dimensions for the diagnosis

of PCV. In addition, with the advent of multi-modal imaging

technology and the emergence of artificial intelligence algorithms,

the diagnosis and treatment of PCV have gradually become less

dependent on invasive ICGA examinations.

Therefore, we review recent literature and summarize the

latest advances in imaging features, multi-modal diagnosis, and

multi-scenario treatment applications of PCV under non-invasive

imaging techniques.

2. Non-invasive imaging PCV
techniques

2.1. Fundus photography

Fundus photography can be taken using a traditional camera to

capture the patient’s dilated fundus or using a non-dilated camera

to record the characteristics of PCV in the fundus posterior pole

(8). The polypoidal lesion of PCV (formerly known as a polyp) can

appear as one or more orange-red nodules under the retina, which

can occur in the locations of the macular area, near the optic disk,

near the vascular arcade, and even in the mid-periphery, but most

of the polypoidal lesions appear in the posterior pole. In addition to

the polypoidal lesions, extensive subretinal hemorrhage is also an

important feature of some PCV cases, with a range often >4 disk

diameters (DDs), located under the retina or RPE, and sometimes

combined with vitreous hemorrhage (9).

2.2. Autofluorescence

Fundus autofluorescence (FAF) is a non-invasive diagnostic

technique based on the theory that pigments and molecules can

emit autofluorescence when excited by light. FAF can provide

information about RPE and photoreceptor cell metabolism and

activity. Oztas et al. (10) found that PLs may appear as granular

low autofluorescence. Zhao et al. (11) found that FAF features

of PLs include 49.8% high fluorescence rings, 22.6% mixed

fluorescence with low fluorescence, and 3.7% mixed fluorescence

with polyps, but there are still some (8.2%) PCV polyps with

no obvious FAF changes. Some studies have also reported that

autofluorescence can observe more pachydrusen, accounting for

61.8% of PCV (12). Overall, FAF has lower diagnostic efficacy

for PCV.

2.3. OCT

Optical coherence tomography (OCT) is a non-invasive

imaging technique that uses light waves to capture detailed images

of the retina and other structures in the eye (13). Initially, the

scanning rate of OCT was only a few hundred times per second,

and the imaging quality was low. However, recent OCT technology

can achieve scanning speeds of up to 400,000 times per second, a

scanning width of 24mm, and a scanning depth of 6mm, bringing

new momentum to clinical research (14, 15).

In earlier years, time-domain OCT technology was able

to roughly display the inverted V-shaped pigment epithelium

detachment (PED) of PCV, but the detailed features of the polyps

could not be shown (16). Swept-source OCT (SS-OCT) was

introduced in 2012, which used a longer wavelength light source

and a tunable laser to sweep through a range of frequencies,

producing a high-resolution image of the eye.

Some retinal and choroidal measurements obtained from SS-

OCT are important parameters for quantifying the anatomical

structure of the PCV. The central macular thickness (CMT) refers

to the distance between the inner limitingmembrane (ILM) and the

inner boundary of the RPE (17). Generally, active polyps may cause

retinal edema and hemorrhage, leading to an increase in CMT

values and affecting the patient’s vision. After anti-VEGF treatment,

the CMT of some patients may decrease, and thus monitoring

the CMT can be used to evaluate treatment efficacy (18). The

subfoveal choroidal thickness (SFCT) refers to the distance between

the Bruch’s membrane and the choroid–scleral interface of the

central fovea of the macula. Currently, PCV can be classified into

type 1 and type 2 based on SFCT and other parameters, and there

are reports suggesting that type 2 PCV have a different genotype,

thicker SFCT, and poor responsiveness to anti-VEGF therapy as

compared with type 1 PCV (19, 20).

In 2022, the PCV working group of the Asia-Pacific Academy

of Ophthalmology published the main OCT features of PCV in the

journal Ophthalmology (21), which include the following: (1) Sub-

RPE ring-like lesion, also known as bubble sign, refers to a round

structure observed under PED and characterized by hyporeflective

center and a hyperreflective outline; (2) Complex or multi-lobular

PED, which is characterized by notches on the PED, resembling an

“M” shape with visible multi-lobular PED; (3) Sharp peak PED, also

known as a thumb-like protrusion, presents as a narrow-peaked

PED with an inverted “V” configuration, with a peak angle of

>70 degrees on at least one side and a base-to-width ratio of >1;

(4) A double-layer sign refers to the separation of the undulating

RPE line and the underlying Bruch’s membrane, forming a double

layer; (5) Thick choroid with dilated Haller’s layer vessels, which

are characterized by a choroidal thickness of≥300µm at the foveal

center, Haller’s layer vessel dilation occupyingmost of the choroidal

thickness, and thinning of the choroidal capillaries above it; (6)

Complex or multi-lobular PED is visible as multiple high-reflective

branching vascular networks of PED on en face OCT; (7) Fluid

compartment is characterized by obvious subretinal fluid, which

may be accompanied by intraretinal fluid.

2.4. OCTA

The OCTA technology obtains three-dimensional data images

by establishing an en face mode based on the traditional cross-

sectional scan (B-scan) combined with a coronal scan (C-scan). By

identifying the displacement changes in blood flow signals, it can
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construct themorphology and structure of retinal vessels, choroidal

blood flow, and neovascularization (22, 23).

In the past few years, SD-OCTA has provided important

information on PLs and BNNs in PCV. For PLs, SD-OCTA

showed that these lesions are often located between Bruch’s

membrane and the RPE layer. The lesion morphology is often

“ring-shaped”, but it can also be seen as “cluster-like”, “dot-

like”, “ring-like”, or “nodular”. However, due to the variability

of blood flow signals and the limitations of SD-OCTA scanning

speed, the detection rate of PLs by SD-OCTA is approximately

17.0 to 92.3% (24). For BNNs, Huang et al. (25) proposed three

types of BNN morphology, namely, “Trunk” pattern, “Glomeruli”

pattern, and “Stick” pattern, with detection rates of approximately

70.0 to 100.0% and sensitivities of 0.67 and 0.86. Wang et al.

(26) conducted a meta-analysis and discovered that the average

detection rate of BNN (0.86) in PCV was higher compared to

the detection rate of PLs (0.67) in studies primarily utilizing SD-

OCTA as the detection tool. This difference in detection rates may

be attributed to the faster blood flow velocity observed in BNN

compared to that of the polypoidal lesions in PCV. Meanwhile,

OCTA combined with enhanced depth imaging (EDI) technology

can provide more information on PCV. The choroidal vascularity

index (CVI) is defined as the ratio between vascular luminal area

(LA) and total choroidal area (TCA), which is the sum of LA and

choroidal stromal area (SA) on EDI-OCT. Batioglu et al. observed

that typical PCV (a subtype of PCV) has a higher choroidal blood

flow and CVI compared to polypoidal CNV (17). In addition,

intervortex venous anastomoses were observed in PCV, and more

dilated anastomotic vessels were observed in the typical PCV (17).

In recent years, SS-OCTA has been developed with advantages

such as faster scanning speed and deeper scanning depth, providing

new insights into the understanding of PCV. Bo et al. (27) analyzed

23 eyes diagnosed with PCV by ICGA and found that SS-OCTA

was able to detect all 43 polypoidal lesions identified by ICGA,

displaying them as tangled vessels. In addition, SS-OCTA detected

16 tangled vascular structures that were not observed on ICGA.

Similarly, BNNs were detected in all eyes on SS-OCTA, while

ICGA only identified BNNs in 17 eyes (74%). Kim et al. (28)

also conducted a comparative study of ICGA and SS-OCTA in

the diagnosis of PCV. They found that SS-OCTA could identify

a larger number of polypoidal lesions than ICGA in 12 eyes and

detect BNNs in all cases. There was no significant difference in the

measurement of the PCV lesion area between ICGA and SS-OCTA

images. These results suggest that SS-OCTA imaging is comparable

to, and may even be superior to, ICGA for the detection of PLs

and BNNs.

2.5. Multi-spectral imaging

Multi-spectrum imaging (MSI) is an imaging method that

records images in spectral form and has been attempted for the

diagnosis of PCV. Ma et al. (29) found that PLs can be observed

at wavelengths of 680 nm and above as lobes of “hyperborder,

hypocenter” pattern lesions, and BNN can be vaguely observed as

an area of interlacing hyper-reflectance with linear or dot of signals.

Subretinal fluid appears as local blurred hyperreflective areas under

short wavelengths, and PED can appear as a slightly high-reflective

border. The sensitivity and specificity of MSI for diagnosing PCV

are 0.84 and 0.93, respectively, with positive and negative predictive

values of 0.94 and 0.81, respectively. Therefore, multi-spectrum

imaging has a certain diagnostic value for PCV.

3. Multi-modal non-invasive imaging
diagnosis

3.1. Theoretical basis

Multi-modal imaging is a joint imaging diagnostic technique. It

combinesmultiple imagingmodalities, complementing each other’s

strengths, and achieves rapid and accurate diagnosis of complex

and difficult fundus diseases through mutual “verification”. For

example, in the field of tumor radiology, integrating multiple

modal magnetic resonance sequences can improve diagnostic

efficiency. On the one hand, the data from multiple modalities

come from different imaging devices, with large amounts of

data and more comprehensive descriptions of diseases. On the

other hand, in regression analysis, or even deep-learning analysis,

the “interaction” between modalities can increase the amount

of diagnostic information, especially in deep learning, where the

connection layer between each vector connects the information,

making the diagnostic ability more advantageous than single-

modal imaging.

3.2. Combined diagnosis of PCV

Multi-modal diagnosis of PCV has various combinations,

mainly including OCT combined with fundus photography and

OCT combined with OCTA (8, 21, 30–36) (Table 1).

In a joint multi-modal study of fundus photography and OCT,

Yang et al. (31) found that by incorporating features such as

subretinal orange-red nodules on fundus photography, thumb-

like PED, notched PED, bubble sign, and Bruch’s membrane

depression under serosanguinous PED on OCT, the diagnostic

strategy using at least two of the five features had a sensitivity of

0.88 and specificity of 0.92 for diagnosing PCV. Chaikitmongkol

et al. (30) observed that the presence of at least two of the four

features (notched or hemorrhagic PED detected using color fundus

photography, sharply peaked PED detected using OCT, notched or

multi-lobulated PED detected using OCT, and hyperreflective ring

underneath PED detected using OCT) could diagnose PCV with a

sensitivity and specificity of over 90%. Using fundus photography

and OCT manifestations, the Asia-Pacific Ocular Imaging Society

PCV Workgroup found, through regression analysis, that the

positive predictive value for diagnosing PCV reached 0.93 when

sharp PED peak, sub-RPE ring-like lesion, and En face OCT

complex RPE elevation were observed simultaneously. Adding one

of the criteria of observation of an orange nodule on fundus

photography, complex or multi-lobular PED, thick choroid with

dilated Haller’s layer vessels, and double-layer sign could increase

the positive predictive value to 0.94.

In a multi-modal study combining OCT and OCTA, de Carlo

et al. (34) found that the sensitivity and specificity of OCT for

diagnosing PCV were 0.30 and 0.86, respectively, while the multi-

modal combination of OCT and OCTA improved the sensitivity
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TABLE 1 Diagnostic accuracy of multi-modal non-invasive imaging techniques for the diagnosis of PCV.

References Non-invasive
diagnostic
combination

Diagnostic criteria Meeting
criteria

Sensitivity Specificity PPV NPV AUC

Chaikitmongkol

et al. (30)

FP+OCT Four diagnostic criteria: (1) notched or

hemorrhagic PED on fundus photography; (2)

sharply peaked PED detected on OCT; (3) notched

or multi-lobulated PED on OCT; and (4)

hyperreflective ring underneath PED detected on

OCT.

≥1 criterion 0.98 0.67 0.76 0.98 0.83

≥2 criteria 0.95 0.95 0.92 0.95 0.93

≥3 criteria 0.84 0.95 0.95 0.85 0.90

4 criteria 0.53 0.97 0.94 0.66 0.75

Yang et al. (31) FP+OCT Five diagnostic criteria: (1) subretinal orange

nodule on FP; (2) thumb-like PED on OCT; (3)

notched PED on OCT; (4) bubble sign on OCT;

and (5) Bruch’s membrane depression under

serosanguinous PED on OCT.

≥1 criterion 0.92 0.75 0.79 0.90 0.83

≥2 criteria 0.88 0.92 0.92 0.89 0.90

≥3 criteria 0.81 0.96 0.95 0.83 0.88

≥4 criteria 0.69 0.98 0.97 0.76 0.84

5 criteria 0.46 1.00 1.00 0.65 0.73

Chaikitmongkol

et al. (8)

FP+OCT (1) Fundus photograph indications: orange-red

nodules, or hemorrhagic or fibrovascular PED, or

extensive subretinal hemorrhage, and other

characteristics; (2) OCT indications: sharp PED

peak, or PED notch, or circular lesion below RPE,

or double-layer sign, and other features.

Meet both

indications

0.83 0.83 0.77 0.88 0.83

Chong Teo et al.

(32)

FP+OCT Three diagnostic criteria: (1) sharp-peaked PED on

OCT, (2) sub-RPE ring-like lesion on OCT, and (3)

orange nodule on FP.

Meeting all criteria 0.65 0.82 0.68 0.88 0.85

Cheung et al. (21) FP+OCT Three major criteria: (1) sub-RPE ring-like lesion

on OCT; (2) sharp-peaked PED on OCT; and (3) en

face OCT complex RPE elevation.

Four minor criteria: (1) orange nodule on FP; (2)

complex or multi-lobular PED on OCT; (3) thick

choroid with dilated Haller’s layer on OCT; and (4)

double-layer sign on OCT.

Meet three major

criteria and one

minor criterion

0.78 0.91 0.94 0.68 0.91

(Continued)
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to 0.44 with a specificity of 0.87. Similarly, Cheung et al. (33)

found that the sensitivity for the combined diagnosis of PCV and

CNV/AMD using a two-step diagnostic algorithm with OCT and

OCTA was still 0.82 when adding OCTA information to the OCT

diagnosis, but the specificity increased from 0.52 to 1.00. This

suggests that the diagnostic efficiency of multi-modal non-invasive

diagnosis of PCV improved compared to single-modality diagnosis.

3.3. Artificial intelligence assistant diagnosis

In the field of artificial intelligence, multi-modal machine

learning combines the advantages of each modality through

algorithms and other techniques. Single modality refers to the use

of a single type of data or input modality to train a machine

learning model. Multi-modal learning refers to the use of the

complementarity between multiple modalities and the interaction

between each fully connected layer to learn better features.

In some studies, artificial intelligence has been used in the non-

invasive diagnosis of PCV. Wongchaisuwat et al. (37) developed a

model that trained on 2,334 OCT images of PCV using ResNet. On

the internal dataset, the model achieved a diagnostic sensitivity and

specificity of 1.00 and 0.60, respectively, whereas, on the external

dataset, the model achieved a sensitivity and specificity of 0.85

and 0.71, respectively. Chou et al. (35) trained a deep-learning

model based on color fundus photography and OCT biomarkers.

They introduced a multiple correspondence analysis algorithm

to train the PCV diagnostic model with a transfer learning

architecture on approximately 700 cases, achieving a sensitivity and

specificity of 0.81 and 0.85, respectively. Xu et al. (36) developed

a bimodal deep-learning convolutional neural network model

(DCNN-Combo) based on color fundus photography and OCT

that achieved a PCV diagnosis with an accuracy of 87.4%, which

was even more consistent with the diagnostic gold standard than

that of ophthalmologists.

4. Application of multi-modal
non-invasive imaging in PCV
treatment

4.1. Monitoring the treatment response of
PCV

Multiple studies have reported the use of non-invasive

methods, such as fundus photography, OCT, and OCTA, to

evaluate the response to PCV treatment. Cho et al. (38) reported

that based on the manifestation of fundus photography, 10% of

eyes in PCV patients at 5 years and 30% of eyes at 10 years

could observe subretinal hemorrhage in fundus photography,

which is significantly higher than typical nAMD, indicating

disease progression.

Using SS-OCT/SS-OCTA gives us the ability to measure the

choroid in PCV before and after treatment. Tan et al. (39) reported

the use of OCT to evaluate the treatment response of PCV patients

and assessed whether the polyp was closed by monitoring the

changes such as (1) the disappearance of subretinal fluid, (2) a
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significant reduction of PED height, (3) an increased reflection

within PED, (4) the disappearance of low-reflection ring, and (5) a

reduction of thickened RPE structure. The diagnosis AUC reached

0.90 when the criteria of (1), (3), and (4) were met. Montorio

et al. (40) used OCTA to evaluate changes in choroidal capillary

flow density and SFCT and found that the choroidal capillary flow

density in PCV treated with anti-VEGF drugs was significantly

reduced, and the CMT and SFCT were also significantly decreased.

Fukuyama et al. (41) found that the blood flow signal within the

polyp on OCTA was related to the response of PCV to anti-VEGF

drug treatment during a follow-up of more than 6 months, and a

low blood flow signal within the polyp lasting formore than 2 weeks

may indicate poor initial treatment response of PCV.

4.2. Monitoring of PCV recurrence

Some studies use OCT and fundus photography to monitor

PCV recurrence. Bo et al. (42) defined exudative recurrence as the

reappearance of IRF, SRF, or serous PED onOCT, or the appearance

of new subretinal or RPE hemorrhage on fundus photography.

Ma et al. (43) described the impact of different BNN patterns

observed on OCTA on the treatment response and outcomes of

PCV and found that type 2 (“Glomeruli” pattern) and type 3

(“Stick” pattern) were associated with thicker choroid and increased

recurrence of PCV, while type 1 (“Trunk” pattern) was associated

with thin choroid, vitelliform lesions, and AMD-like features.

However, because OCTA cannot display vascular leakage, it is

currently primarily used in combination with structural OCT for

treatment monitoring and as a reference for recurrence treatment

decisions.

4.3. Timing of rescue PDT

The APOIS PCV working group also reported the criteria for

identifying PCV in eyes previously diagnosed with wAMD and

with poor response to three injections of anti-VEGF treatment (32).

When one of the following three criteria is met, supplementary

PDT treatment may be considered: orange-red nodules observed

on fundus photography, peaked PED observed on OCT, and low-

reflectance ring structure observed on OCT. The combination of

these three criteria has a specificity of 0.82 and a sensitivity of 0.65

(AUC of 0.85) for detecting PCV.

5. Limitations in non-invasive
multi-modal imaging diagnosis of PCV

Although non-invasive multi-modal imaging has a certain

value in the diagnosis and treatment of PCV, there are still several

problems. First, the pathogenesis of PCV is not yet clear, and

the disease classification is complex (44). Some scholars believe

that the high fluorescence signal observed on ICGA may be a

common manifestation of many diseases, so the use of other non-

invasive imaging for the identification and diagnosis of PCV may

lead to misdiagnosis (45). Second, the current diagnostic criteria

for a combined diagnosis are mostly for newly diagnosed PCV.

However, many patients are misdiagnosed with other diseases, and

the possibility of PCV is only considered after various treatments

have been proven ineffective, which may affect the diagnosis of

PCV by non-invasive multi-modal imaging due to changes in

some PED and intraretinal fluid (46). Third, different non-invasive

multi-modal detection instruments may have different parameters

and may affect the accuracy of diagnosis, such as image quality

rating, degree of ocular refractive media opacity, and instrument

resolution (47).

6. Conclusion

In summary, non-invasive imaging diagnostic technologies

provide fast and safe diagnostic methods with high accuracy and

are comparable to or might be better than ICGA in some aspects.

The superiority of multi-modal non-invasive imaging diagnostic

technology, combinedwithmultiple devices and special algorithms,

fully leverages their interactive effects and has played an important

role in the diagnosis and treatment of PCV.
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